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COMPATIBILITY OF REFRIGERANTS AND LUBRICANTS

WITH

ELASTOMERS

ABSTRACT

The infom_ation contained in this report is designed to assist the air-conditioning and refrigeration
industry in thb selection of suitable elastomeric gasket and seal materials that will prove useful in
variousrefrigeran t and refrigera tion lubricant environmen Lt.9 7 %of the swell meas uremen ts ha vebeen
made to date. The other 3 % oft he measurements are contingent on the availability of additional
quantities orR-32. Swell beha vior in the tluids 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 arerepeated after 2 hours and 24hours for samples removed from
the refrigerant test tluids and 24 hours after removal from the lubricants.

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, miring

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.

Third quarter (July 1, 1992-September 30, 1992) efforts centered around the completion of
phase I work. Approximately 97 % of the Phase I testing has been completed. Work also

focused on preparing immersion pressure vessels for the Phase II work effort.



Sianificant Results

Presently, nearly ali of the rubber formulations (#1-85)

proposed have been tested for swell in refrigerants: R-123, R-142b,

R-124, R-22, R-125, R-134, R-134a, R-143a, R-152a, R-32, and in

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). The rubber

formulations include general purpose and specialty thermoset

elastomers, and thermoplastic elastomers. Some compounds were

filled, others were not. In addition, several vendor supplied

materials (#86-95) have been tested for swelling resistance in the

various fluids. Results are given in Figures 1-3: Figures la-ld for

the HCFCs, Figures 2a-2f 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 14 days of

immersion. A blank indicates that the composition has not been

tested. In ali cases, filled compositions had less swelling compared

to corresponding unfilled ones. R-123, the dichloro-substituted

HCFC, generally gave the greatest swelling. There were, however,

several compositions which swelled little in this refrigerant,

including EPDM/PP thermoplastic elastomers (#45-48), a butyl

rubber/PP TPE (#85), and four of the vendor supplied compositions

(#88-91, 93). Some compositions (e.g., #46-48) shrunk during

immersion, indicating that the swellant was removing plasticizer

from the rubber.



The refrigerants with the next highest swelling power were

the monochlorinated HCFCs, R-124 and R-22, which usually had

similar swelling behavior. A notable exception was #91, which

swelled significantly in R-22 but not in R-124. Compositions #45-

48, #56-57, #74, #86, #88-90, #92-93 ali had good resistance to

R-124 and R-22. The other monochlorinated HCFC, R-142b, swelled

most elastomers less than the previous two. Epichlorohydrin and

nitrile elastomers were much more resistant to R-142b than they

were to R-124 or R-22. Additionalty, compositions #45-48, #49-

51, #56-59, #63, #85-93, and #95 were resistant to R-142b.

The HFCs (Figures 2a-2f) give much less swelling than the

HCFCs. The two tetrafluoroethane isomers, R-134 and R-134a,

show similar swelling behavior. The fluoroelastomers and

fluorosilicone elastomers exhibit high swelling in the HFCs.

However, most of the elastomer samples have 5% or less increase in

diameter after immersion in the HFCs. A great variety of

elastomers are resistant to swelling in the HFCs including both the

inexpensive, general purpose hydrocarbon elastomers as well as

several of the specialty and thermoplastic elastomers. Among the

vendor samples submitted #94 is clearly the worst for swelling

resistance. Some of the vendor samples resisted swelling in ali

refrigerants.

The hydrocarbon lubricants, AB and MO, greatly swelled the

general purpose hydrocarbon elastomers, while the nitrile rubbers,

fluoroelastomers, and nitrile/PP thermoplastic elastomers were

quite resistant to these lubricants. The glycol and ester lubricants



swelled the hydrocarbon elastomers a little. The two penta-

erythritol ester lubricants (PEMA and PE BA) gave similar swelling

behavior.

Several of the compositions including some of the vendor

supplied materials were resistant to swelling in ali lubricants.

These included: #89-93, #17-18, #28-30, #53-55, #49-51, and

#56-59.
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FIGURE ld 12
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FIGURE 1d

13

In SiLu Diameter Change
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FIGURE 2a 14

In Sit.u Diamet.er' Cl ange
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In Situ Diameter Change
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FIGURE 2b 16
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In Situ Diamet.er Change
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FIGURE 2c 18
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In Sit tl Diameter Change
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56 -- I Polrsulhde Rubber
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FIGURE 2d
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In Sit.u DialT_et.,c'_" Change
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(1,1,l ']"rlfl_lc_v(_ethane)

49_ ...................................................................

48 ,[ { EPDWm',"TP_/Sho_D SO

4 7 }- [ [:PDt_..'PP/TPE/Shore D- 40

46 I EPDId/PY/'TPE/Snore A 73
/

45 _ EPDtd PP/TPE/Shore A- 87

44 - mm Pluoros=heone

4.3 I Sll_c one Rubber

42 • lde,, h ylphe n ylvm ylsll o,, a n e Rubber

4 1 I Dm;ethyl Slhcone Rubber

40 _-- I Ideth)'l Vm.vi Silicone Rubber

39 t-

38 i | Ep_chlorohydr,n/EO/AGE/Terpolyrne :

/

37 'r- I Ep)chlorohydrJn/Ethylene Oxide Cop(,lyme) Cb

_)t: ' I [,.'p c:_lo)ohydr.n/'Eth?,'lene Oxlde fr,p, _T):ef

_ F I E.I,), hlorohydrm Hon_opolymer/'C|__J,

%a [- I El_,( blorohydr:h Homopol)'meri

?_)-)' I Yluc)ro/Chloroelaslomer,,'luRO Cur(- _'1_

3_ I FILoro/Ct',loroelastomer/tdgO (' J r,,

_)] L- I t"luor(-)/Chloroelsstollser ,/hlthargo _uf ,-
{

30 b I FIt, oroelastomer/C[_

29 h
Fluoroeiastomel

:/_, I Fluoroelastorr, er
i

. 27;--I F.uoroeJastorr, er

_. __'6 }- I Hydrogenated Nttrile,'4flX ACN/('B

- :'*-,' I Hydrogenated h)tr}le/'45% ACN

" 2, L i Hyd)ogen_ted hltrtle,"3_Y,ACN/CB-- i

," "e,_ }"- I Hydrogenated h'ltrLle,'38Y. ACN

_'2 ; I N_lrHe Very High At'l',,, CE

• " 21 _ I Nitrde,'Low ACN C[4

20i-I s,...,'_.,cst

19L I Nltrl.e/Ided|un, ACN

!8 I-- I N1trtie/H,lh ACS

17 _- I NitrHe/Very H_gh ACN

16I I SBR/40X St_ene

15 I SBR/29X Styrene ,.

14 I SBR/23.5% Styrene/CB

13 - I SBR/Z3 57. Styrene

12- I Chlorobutyl/CB

I I - I Chlorobutyl

I 0 - i Bromobutyl/CB

9 - I Bromobutyl

8 -- I Butyl/2 27,, Unsaturatlon/CB

7 - I Butyl/2.2X Onsaturatton

6 - I Butyl/7_ Unsaturlstlon

5 - I Neoprene/CB

4 - I Neoprene

-- _ Polylsoprene/EV Cure
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FIGURE 2d 21
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E
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-- "; " I Ethyl_=- Propylene (,,pol_m_r _]LPM)
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" -' I Ch!r_rc,.ullo!lated [>_ t hl:_,...- "_", ::u,_)_" ', (-:;
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b8 J Polyru_ide Rubber
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56 - J Poly_Llhde Rubber

55 - I Copolyester TPE/Shore L,- 72
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FIGURE 2e
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II1 itu Diamet(:'T' (:I   nge
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(1.1 I)lfluoro_,tllalll')

4[4 j EPDW/PP/TPI_/Shure D 50

4 7 I EPDM .'PP/TPE/Shore O " 40

4b I EPDMI'PP,'TPE/SI, ore A 73

45 t [:PDM/PP/TPi_/Shore A --8"_

44 -- _ Irluc_rnslhcone

4 _ -- I Sthcone Rubber

4_ -- I Uethylphenyh'inylsdoxane Rubber

4 l ,-+ I blmethyl Sillcone ._ubber

40 -[ I Methyl VIIJVI Slhco.'3e Rubber

_9 I__ I Eptchlorohvdrm,, I':O,/ACE .Terpolymer/Ctt-_ I Eplch]orohydr In/EO/ACE/l'er polymer

3]' }- ' Ep,c hlorohydr,n,',:, hylene Ox ,de Copoly ...... ('_

_(_ i i EFl¢l.lorohydrN:,"Ethylene Ox,de Cop_;l>'t1_,',_" I IEp:c hlor.,hydr.h Homep,:,lymt'r/(_B
I

z'4 i • Eph t:lorohydrlL Holnc, F_lyt_irr

_,3 [ • r_luoru,(.hloToelostom_-t MI_(_ (u_t.C|J

"_,_ _-- _ Flunro/Ol'Aor_,e _.stomer'U_O ('Jr,'/

J,_ _ _ Fluoro'('hlorr,*. _stc_nLer _.ltha:_ 'u1_

')0 t'- I Fluoroelt_tomet 'Li"

/

'_ _[.. _ Fiuoroelaston.,,

.__ ._'_' i-/ ml l"luoroelaslonel (

.. _)7 t- Fluoroelastomer

2(' [- [] Hydrogenated N_trde/45.', ,_('N,t'l_[-, :'" -- 1 tiydrogcnated Nttrde,'4!.': A('._

" 24 F I Hydrogenated N_trl e/3_'_ AC'_ '('l_

_ _'_ F I Hydrol_ennted Ntlrlle./38% A('N

_'. _-'" I ,_,trlle.'Very High AC'I', :b

L_ "_1 [] Nitr,le."Low ACN/CB

2o [] N_tr_le.,'l_,ow ACN

19- I _ltrile/'Medluni A('N
1_- I Nitrile/Hil_h ACN
1 7 -- [] Nitrlle/Very High ACN

I 6 -- I SBR/40X Styrene

I _ -- I SBR,/29X StyTene

14- I SBR/23 5Y. Styrene/CB

1_- I SBR/23 5_ Styrene

12 - l Chlorobutyl/CB

11- I Chlorobutyl

10- I Bromobutyl/CB

9 I Bromobutyl

8 - I Butyl/2 2% Unsaturation/CB

7 - I Butyl/2 2_.Un_aturatlon
6 - I Butyl/ "/_, Unsaturat_on

5 - 1 Neoprene/CB

4 - I Neoprene

- I Polylloprene/FV Cure
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1 - l Polyisoprene
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FIGURE 2e
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ll_ Situ Dian_c'.te_ (:l_-.tnge
'-) _!1.1 !.3ays In R 15,.,
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_c __ I BLIIy] Rubber PP, TPE
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/

II 7(;, _-. i Ethylene/Acryhc El_stzrr. er, (;t_

- -_'_ _- I Ethylene.._.try_lc Elastom¢r/

_ 74 [- I Ethvlene/Prol,vle:_e Copolymer (El'N),
(|]
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c- 7r_ ] I Chlorosulfonated PE'Ct orm_- 35= Sulf u: I 0%
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6sl-I Chlorosull(',llated }_S,,'C|lioll:_' ,_iS?.ur" 0 %

_ _9,./._ ul. ur67 i Chlorosulfonated PE/Chlorine "_ " _ ' ' 4..

e,0- I Poh,'urettmne 'Ester Type/Wdlable\fB

6_ - I Polyurethane/Ether Type,"U,llable
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63 - ! Polyurethane/Ester Type/Shore D-50

62 - I Polyurethane/Ester TYl)e/Shore A-BO

6] - I Polyurethane/Ether Type/Shore o - 50

6o- I Polyurethane/Ether TYl_e/Shore A-BO

59 -- I Polysulflde Rubber/CB

_,_- I Polysulhde Rubber

57- I Polysullide Rubber/CB

56 - I PolysuJfIde Rubber

55 - I Copolyester TPE/Shore D- 7;t

54 - I Copolyester TPE/Shore D-63

53 - I Copolyester TPE/Shore D-55

52- I Copolyester TPE/Shore D-40
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50 -- I Nitrile/PP/TPE/Sbore A-BO
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FIGURE 2f 24

In Sift1 Diamet.er Chang('
l,q I) . vs In R-32
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4 r ,

4 , l FPDll./PP/TPl:.,'Shore I) 40
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4' . I EPDbl/PP/TPE/Shore A 8?
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1tb F | SBR/40X Styrene
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12 _ !. Chlorobutyl/C_]
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I I Butyl/2 2¢ Ulz=aturat_on/CB
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FIGURE 3a
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Diametel" llang '
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48 I EPDu/pI'/TPE/Shore D- 50

4 ? I EPDM/PP/TPE/Shore D- 40

46 I EPDg,/PP/TPE/SI,ore A ?3

4_ I t2PDM/P|'/TPF/Shore A- 87

, 4 4 - j Fluorost|;cone

4 .!J - [] Slhcofle F(ubber

42 -- _ gethylphehylvlnyls|lo_ane Nubb,.r

4 'i ,-- I D_methyl SiIl(-one Rubber

40 I" I Methyl V_nyl SHicone Rubber
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=

" . _ * ttydroger._ted h_'.r:t_','4,q'_ t._'h
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- , I Nltll.e |t)- A _ N L'[_
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l,: I Nltrlle'lded u _= A_ _,

" _, __ ] NItrlie/"Hl_h A( N
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_ _- IIIIIII su.,'40=sty,_,,..!

!5 k IiiIII SBR'_g_ _ty_e:,e

_ [ _ sB,/_._s,. st_.... .'cB
: 5 - _ sBR/Z3 5_. Slytene

I .") _ Chlorobutyl/CB

1 1 Ctilorobutyl

10 - _ Bromobutyl,/CE}

9 -- IiIIII [Iron',obut yl

8 -- _ Butyl/2 2_, Uns_tur_t_or_/'CB

7 -- _ Butyl/2 ;t'_ tlnsatur_t_on
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4 - I Neoprene

-_ - iii Poly,soprene/EV Cure

2 - IilII Polymoprene/CB
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FIGURE 3a 26

DiameCer Change

• 14 Days In Lubricant
(Alkyl Benzene)
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,'[ I_ J
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?'_ ; |

:', , ] Neoprene/Synthetic Fibers (Vendor Supplied)

i; ; ; I ACN Compound (Vendor Supphed)

_', t 1 Chloroprene (Vendor Supphed)
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". _ EPDM Sulfur Cure

"' , _ EPD_/H:gh Ul,_aturat=o),

EPD_ /H:£h f.thvlene Conter, t

- 1 Chlorinated PE/Chlorine :_5,"o/CB

•_ [] Chlor:hated PE/Chlorine 35"7.

_- ": i 1 r._h:_,.ne/A_ry,_Elastonier/CB

II Etbylene/Acryhc Elastorner
,_, -4 _- Illlll Ethylene/Propv!ene Copolymer (EPU)/CB

"_._._ -" •,, _ Ethylene/Propyiene Copolymer (EPM)
I

-----. '" I- _ Ethylene/Propylene Copolymer (EPIC)

:_ _,-1 Chloros_lfonated PE/Chlorine 35_./Sultur l 0_.i
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.... " :J i- J Chlorosulfonated PE/Chlorlne 357.1'Sulfur I OT.

,= ]V I Ch]orosuHonAted PE/Chlorane 357./Eulfur I 0 _.

' ? _" I ChJorosul/oflated PE/Chlorine 297./Sulfur I 47,

Lr_' - I Poly_reLhane/FIter Type/Mdlable\CB

_5 - I Polyur_th_e/Ether TY1_/Mfllable

64 --

65 -- I Pol)-ureUhaoe/EsLer Type/Shore D-50

62 - [] Polyllretb_e/E=t.er Type/Shore A-80

6 I -- J Polyurethame/E;ther Ty_e/Shore D-50

60 - 1 Polln_ureth_e/Etber Type/Shore A-B0

59 - J Poly=ullide Rubl_r/CB

58 -

57 - I Poly$ulllde Rubl_er/CB

56 -- J Polylulfide Rubber

5.5 - [ CopolyeIter TPE/Shore D-?Z

.54 -- _ Copolyester TPE/Shore D-63

.53 -- I CopolyerLcr TPE/Shore D-55

52 - I Copolye=ter _PE/Sbore O-40
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50 -- l Nitrile/PP/TPE/Shore A-B0
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FIGURE 3b 27

DiameLer Cl]a]]ge

14 Days In l,_bl'i_:_]lt
(MlIleral ()ii)

40 ......................................

4B- I EPDM/PP/TPE/Shore b 50

47 -- I EPDM/PP/TPE/Shore D- 40
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45 - I EPDM/PP/TPE/Shore A-El?

44 -- I Fluoros|hcone

4_ - I Silicone Rubber

,2 - I Methylphenylvlnylsiloxane Rubber
41- [] Dimethyl SIIleorieRubber
40 I Methyl Vinyl Sll,-one Rubber
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_ I Eplchlorohydr,n/EO/ACE/Terpolymer

_7 I Eplchiorohydrln/Ett.ylefle Oxide Copolymer/(?l-I
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I
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I

I :_ ." l r Fluoroelnstomer
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i

_'r_ _- Hydrogenated Nltr,t_ ,1f/%A('N '('|_

-- , .. ! Hydro£enated Nltr;h 4[,._ ACN
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I
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.' *- J Nltrlle ';'Pr'.,' H*_h A(N 'I'H
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'f'I- [] N:tr,le,'L,ow A'h
I 9 _-- _ Nitrde,/Wed,um ^CN

?" i- t Ndrde/HN_h ACN
!

17 b- J Nitrde/Very Hmgh ACN

1(:_ I" _ SBR/4OX StyreneI ._.. SBR,/29_, Styrene

4 - _ SBR/23 5_ Styrene/CB

13 - _ SBR/23 5_ Styrene

! 2 --- Chlorobutyl/CB

11 -- _ Chlorobutyl

10 -- _ Bromobutyl/CB

9 - _ Bromobutyl

8 - _ Butyl/2 2% Uns,,turation/CB

7 Butyl/22_ Unsaturntlon

ro Butyl/ 7X Unaaturatton

5- I Neoprene/CB

4 - _ Neoprene

3 - IIIIlI Polyisoprene/EV Cure

2- _ Polytsoprene/CB

] - _ Polyisoprene
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_4 EPDM,IPeroxtde Cure

_,__, _ EPDM./K:gh Ethylene Cont(nt,',."CPi

_ _ EPD_ Sullur Cur_"

1 C.:DM/H=¢h LInsa',..ur_Amn

._0 EPDM ,."'.'a.l_h Eth_,_ene Content

79 [] Chlorinated PE, Ct IcrH e 42_

)'_ l Ct-..orlnated PE."ChlorDne 35%, CB

77 / (hlorlllated PE/Chlorine 35%

:; _(_ [] Eth_lene/AcryI.c Elastamer/CB

-_L:.J l Et.qvlene ,'Acrvltc Elastomer

74 Ethylene/Propylene Copolymer (KPId)/CB

". 7.3 Ethylene/Propylene Copolymer (EPM)

... 7.? _ Ethylene/Propylene ('oFolyn_er (EPM)

_' 7 I 1 Chlorosulfonated PE/Chlorine 35_/Sulfur 10_

" .;'0 l Ch orasul,qonated PE/Chlorine 35% 'S.uHu: I 0"_

' 69

68 m Cr.lc, rosu!fonated PE/Chlorlne 357-,/Sulfur I 0 ,_

m Cniorosulfonated PE/Chlorine 297,/Su:fur 14T.

I_6 i PolyureLhane/Ester Type/Mzllable\, CB

65 I Polyurethane/Ether Type/Mlllable

64

63

62 I PolyL_rethane/Ester Type/Shore A-BO

61 I Polyurethane/Ether Ty"pe/Sbore D-50

60 1 Polyurethane/Ether Type/Shore A-80

59 [ Polysuffide Rubber/CB

58 I PolysuJf,de Rubber

57 I Polysulf_de Rubber/CB

_6 I Poly=uffide Rubber

55 l Copolyester TPE/Shore D-72

54 | Copoiyester TPE/Sbore D-63

5,3 | Copolyester TeE/Shore D-55

52 [] Copolyester TPE/Shore D-40

51 I NItrIie/PP/TPE/Sk ore D-40

50 I NiLriI¢/PP/TPE/SEore A-80

49 I NiLrile/PP/T'PR/Sbore ,t-B?

48 r--,-_-,-_-
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FIGURE 3c 29

CI_9i _ II I e i.e._v 1]all _ _:'

(l)el_ta('rvtllrltol ('stormlX_'(t _'l(t)
._.

4q ...................................

4h J EI'DM/PP/TI'E/._h_,_e I_ .q(-,

4 7 J EPD&I/PP/TPE/S _:, D 40

4 (, 'I EI'DM/PP,/TPE/Sho_ e A ".B

4_-) I EPDM/PP/TPE/_hor_ A 8".

44 I Fluoroslhcone

4 _ I _,hcone Rubber

4_) IB Met hylphenyh'In ylsllox ane kubber

4 I JJ rL)imethyl Slhcone kubbPr

4('_ -- 'l Methyl Vinyl t;Dl=con_ l'hJbber

,: I r,.plcl-.ior ohyd] _L I-X)/A(; E/Te r polyn)er/CB

kF I EP lc hl°r °h yd r In ''l'O'''AG l_:''Ter I'°I yme r

' ' ' I Eplchlorohydrlr Ethylene Oxide Copo yrher."CH

:,_ [] Epic't,;or<:hydr,_, [_ItL'_ene OxLdr ('<_polyn_et

,=, I El_l(hl'_l_'hv'::lh }I'_I:I°I'_'IYH'eI"CB
: .; , _ Fl.h hh.,r, LvLlr11: ilolllopc_lyrlmer

: U rluoro,. Chh.,,0 l._*t_,zl_el/MI_U ('tire,."('l]
T .

:. ', ll_.e,_;'('hloroela._tnll,erl},(_ (_ £ur_

:' _ l'h._*r ,'llj,_ic_f.',i,s_¢_lllf'r "l._tharge ('ur,.

J l'luoroelaston_et _ h

• ' I l-Idoroelastomer

_; '. J .Vluoroelust':'Iner

I }'__.](H"O¢ ',e_St OIT,1e !

' I Hydrogenated N_'r:l, '4Y,% a('h/('_l

i Hydroge:=ated N_t:=;e 38_ ACN,'('[I

z, _. I Hydrogenated N:_r_h,/_li_,'. ACN

J N_trlle.'Very HIKh AI_N'_'I_

" i NitrlJe/Low AC,W, ('h

Nit r_le/Lo_, AIN

: I N_trH¢/Med|uln ACN

_-,i I Nltrlle/HIKhACN

' _i-I N,tnle/very H,_h ACN
I 6 i- _ SBR/40_. Styrene

"'-' i- i SBR/_9_ Styrene
!

a - mm SBR/a3 5_. Styrene/CB

I _ _ SBR/23 5_, Styrene

2 - I Chlorobutyl/CB

,1.- I Chlorobutyl

1 0 - II Bromobutyl/CB

- B Bromobutyl

- I Butyl/2.2% Unsaturat|on/CB

7 I Butyl/22_, Unsaturat=on

I Butyl/ 7_ Unseturat=on

- _ Neoprene/CB

4 - _ Neoprene

3 - mm Poly_=oprene/EV Cure

2 - I Poly_=oprene/CB

1 -- _ Polyisoprene
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FIGURE 3c
30

Diarnet.er' Change

14 Days In l_,ubricanl.
(peritaerytt_ritol ester mixed acid)

9,/ ........................................................................................

96 --

95 ,- li

94 - I

93 I
92 I
91 I
90 I
89 - I
88 -- I Neoprene/Synthet|c Irlbers (Vendor Supplied)

87 -. 1 ACN Compound (Vendor Supplled)

86 - 1 Chloroprene (Vendor Supphed)

85 - l Butyl Rubber/PP/TPE

84-- I EPDM/Peroxide Cure

_.3 - I EPDM/HI£h Ethyler_e Content,,'/CU

_2 '- I EPDIa Sulfur Cure

81 - 1 EPDM/HIgh Unsaturatlon

sf, - I EPPId /High Ethylene Content

29 _ Chlorinated PE/Chluri==e 42,",

78 1 Chlor=hated PE/Chlor,ne 35%/'Cti

-27 1 Chlorinated PE/Chlorlne .357.

7_", -- _ Ethylene/Acryhc Elast.omer/Cl_

75 - _l Ethylene/Acryl=c Elastomer

.., 74 - I Ethylene/Propylene Copolymer (EPM)ICB

- 7_,- I Ethylene/Propylene Copolymer (EPM),_, --

.... 72.-1 Ethylene/Propylene Copolymer (EPR)

_ 71 - 1 Chlorosulfonated PE/Chlorine 35%/Sulfur 1 0,_

70 _ Chlorosulfonated PE/ChlnrJne 35_, ':';uHur :l,E

!'- 69

68 _ Chlor(_sulfonated PE/Chlorine BS,_/Su:fu,, I U

67 1 Chlorosulfonated PE/Chlorine 29_./Sulfur 1 4".

66 I Polyurethane/Ester Type/Mdlable\CB

6_ - _ PolyurethaneEther Type/MHlable

64 -

6.3 - I Polyurethane/Ester Type/Shore D-50

62 - I Polyurethane/Ester Type/'Shore A-80

61 - | Polyurethane/Ether Type/Shore D-B0

60 - • Polyurethane/Ether Type/Shore A-BO

59 - I Polysulfide Rubber/CB

58 -II Polysulfide Rubber

57- I Poly_ulflde Rubber/CB

56 - 1 Po|ysulflde Rubber

55 - ] Copolyester TPE/Shore D-72

54 - | Copolyester TPE/Shore D-63

53- I Copolyester TPE/Shore D-55

52 - 1 Copolyester TPE/Shore D-40

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

50- I Nitrile/PP/TPE/Shore A-B0

49 - I N,trde/PP/TPR/Sbore A-87

48 ' I .... I .... I .... I .... I .... I ' _ _T l_ I_7 -_ _ -_ g_'-'-'"l -'_'-_-T-"

0 25 50 75 100 125 150 175 200.. _'"_.:. 2f,O_.
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FIGURE 3d 31

(p('ntaerythrJtc_l (_._t(+1• l)ratl<'h(,(t ac'ld)
4(-5 [ ..............................................

4P, l | EI'Dkl FP.'TPF./Shore D++50
!

47
} I l';PlIId 'Pi'.'TPF/Shore D. 40,+,, ....,+|

4 5 f _ EPDt_/PP,.'TPE/Shore A- 8V. 44 - FluorosHlcone

43 _- | S_m-ur,+- Rubber

42 l-- i Meti'lylphel.ylvlnylslloxanP kl. bh, r

!

4] i- U [)ltlieth_'l Silicone ['lubber

40 ! I uetr.yi Vl.yl Sol_cone Rui,i,_.r

.V.3. i. I Ep+chh.,rohydrlt+/Et)/'AC;E "T,'rp,,Iv:h+'+ tP1

._ _ [] EIHc).,oroh)'drIII/EO/ACIZ./TePI+(+IY l:i+'r

571 I El,, h',orohydrm/Eth)'lene Oxld+' ,"r,|,c'l+,'l'Tler,,'('H

5(, , i 't: I _-t. lorohydr_n/gthylent. C_:h" I ,,I,_.l_m(.i

".' n [p4rt_lnr_li)'drli+ Horiio|,t,i+,'n.,.r ,'h

_. } I iJb|_'hhJrc, hydrH'_ llolx1,,l,o._,li., t

+_ ,' I F:acro,'Chluroelaslorner 1,41_{., t_:, c'l_

_.' ' f'luc_ro.JChlt,rr,+.++ ' t,,vl,-t MgO Cur+.

t,_ , _ l'luorn..'('l urr, e.l:_t*.tv+,.l :.+tl:+:r¢o Cure

_!': " i _' I U OI ": P+Ig S lo I11¢' r '" C_t'l

'Q " I i'l _. 3rc,+.i,_ sl orrH,r

"-]_' " I _"luo_t,,-laston':er

:',+• n f'.uoroelnstomet&

, _'_,, I Hvdro_,er_atPd Nltrlle/4,_". A(INt I_
-- j) c . I tt>t:r+.gerle_ted N_tr_',e/'45_ A++N

- 24. [] ttyd_.ogellated N_t,-e/38_ArN(1'_
.- :': I llydrogent_ted Nitrlle/38'7. ACN

- ,: - I NIIrlleVer_High A("N,/'CB

L_ -,; : I .%;lTlieli,owACN/CB

:'(:+ ;" I n,*i,i,./_o- ^CNI

1tj _- I N_trl'e/Mcdium ACI'w'

I 7 ["- I N_tr_le Very Hqgh ACN

_- I SBR/40_. Sty-rene

1 =_ L _ SBFl/29_ Styrene

oi-m SBR/2a *XSilene/CB
I _ t m SBR/_3 5_,, Styrene

1

12! m Chlorobutyl/CB1I I Chlorobutyl

10 ff I Bromobutyl/CB

9t- I Bromobutyl

-- I Butyl/2 27, Unsnturation/CB

7 --- I Butyl/2 27, Unsaturation

6 - I Butyl/ "t_ Unsaturatlon

- _ Neoprene/CB

4 - _ Neoprene

- I Poly'_.,,ioprene/EV Cure

2 - I Poly|soprene/CB

1 - _ Polyisoprene

0 -+ 1 .... 1 .... 1 ' ' ' ' 1' ' ' ' 1"" ' ' 1 ' ' ' ' 1"'""'""1"' ' ' 'l '-'-+_-T +'-'r-T_
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FIGURE 3d
32

Diameter Change

• 14 Days In Lub)"i('_nl.

(pentaerythritol ester b)'a_lclled ac'ld)

96

95 []
94 []
03 [

., 92 I
9] - |

9o I
89 I
88 J Neoprene/Synthetl( F:ber._ (Vendor Supphed)

87 I ACN Compound (Vendor Nulqqted)

81_ -- [] Chloroprene (Vendor Supplied)

-_'_ "-' I Butyl Rubber/PP/TPE

_4 , I E|'D_/Peroxlde (-urr.

_:' -" I EPD_/'Hlgh Ethylene ('cu,t,.,,1 ,'t'H

_;} I EPDU Sulfur Cure

_, 'l i EPDM/HIgh Unsaturatloll

8(_ " I EPDM /H=gh Ethylene L ontent

'_ _ Chlorinated I'E,'('hl()_lrle 4_'_,

-7_ I Chiorinated PE,'Chl.r.r;e :_:_.%/CB

"" l Chlorinated PE/Chlotll)(. "If}_,,

/{, _ Ethylene,,'Acryl;c Elast on;ct r"('[}:_

-tc F _ Ethvl_u,,:Aerylfe Flostor_,er, .J
_j

t , 74 -- I Ethylene/Propylene CopolyT_el (EPt_)/'('B

;. ?_- i Ethylene/'Propy]er.r ('opulyn=rr (EPM)

-- ;"_ -- m Ethylene/Propylene Copolymer (EPV)._.j , , . .
F'-c:: 71 - I Ch|orosulfonated PE,,'Chlurme 35%/ Sulfur I O_

'_ 70 - _ Chlorosulfon(_led PEiChlnrlne 35_./Hul,'ur ! t._

L: 69 -- _ Chlorosul|oz_,,ted PE,/Chiorltle 35%/Sulfur I 0 _,

68 - 1 Chlorosulfonated PE/Chlorine 35'%/Sulfur ! 0

_,7-. m Chlorosulfonated PE/Chlorine it9%/Sulfur i 4.".

66 -- l PolFurethAne/£ster T_pe/Millable\CB

_ -- I Poly%lrethane,'Ether Type/Mtllable

64 --

_.3 - I Polyurethane/Ester T_e/Shore D-50

_2 "- l Polyurethane/Ester Type/Shore A-Bn

1 - I Poly'urethane/Ether Type/Shore D- 50

o0- [] PolTu.reth_ne/Ether Type/Shore A-BO
_9 - I Polysulfide Rubber/CB

58 -

57 - I Polysulfide Rubber/CB

56 - i Polylulfide Rubber

_- I Copolyester l"PE/_hore D-72

_4 -- I Copo|ye=ter TPE/Shore D-63

53 -- | Copolyester TPE/Shore D-55

_2 -- 1 Copolyester TPE/Shore D-40

_l - I Nltrile/PP/TPE/Shore D-40

_0 -- I Nitrile/PP/TPE/Shore A-B0

49 - I Nitrile/PP/TPR/Shore A-B?

48 ' I .... t .... 1 .... I .... -T-r_-_-_-l-_-_-T--_--_-r-l-_-___-F_--'_-__-I --T_-r-T-

0 25 50 75 100 125 150 175 200 225 2 _rJ,

Diometer Change (%)
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FIGURE 3e 33

1)l_lllet('i' ('hall_( -_

1,1 l)<_v._ Iii l,t]l)l"i(:_:xnt
{l,{;Ivl)i'oi_vlull{' t,ly('ol (tiol)

4_ f .............

4F. I I F.t'_il I't'"Tl'Et.ql,,re :, SO

4 7 }- I t._+lJli. 'l'_ ' 'T.;'E.,F:bule lJ 40

4L tl EPDW/l'l'llt'li/Sh(ar_ A ?;_

4.L _.--I EI'DM/I'P'TI'E/Shc:+ _ 8v

44 I rluorosiliconei

4 ._= I Silicon_ Rut,bf"

4_' t- I Metl, ylpl,,.nylvlr, v.-,h_ai,_ Rubbei

4] I Din-ieth)'l [ill(cr.e _ubber

40 i I Wettlvl Vinyl .";lliro:,e Rut, ber

_£ i I Epirl.;oroi_)drlr. FO, AGE,,lerpc, lvl;_er t 14
i

Jib i I Epichloruh>dr,n EO, AOE..'Terpol)'lllel
!

_','I l'- [] t-]plclil(Ircih_,dflh.l[th%lellt • Olldt' (ollolvilit'r lit

_ 11 ' I [_,,)iiC,!OD'.;ll.:i "__'t;i_llPll(" {)lliJ(' ,_'<,lJtl:',ll,* l

'= ; I _'l',-hh s, l,x,;" r, |t,',n (,],,_l)':r:t_i i']:

,.,. I t:!.,..lill,,ii'. lr..*) tlCrll,l[,,;l:vll.ei

t z , I t'luo:o ( hlo:',,.-la<Irr_il-r Ml() ('.ifp ( t4

,,: ;- I [;'Iu(,PO Cillerrll-ll___lO.'her _.10 CLIro

' ' m Pluc, rl ('.'il.'rof ]a_l<,m., [.ithl_r_e ('uri'-

', ,- I ['IuoIot_la-_tofl.elCi:'J
"" I i.'il.Ll(,elri_ioIIier

'" " I ._quor,..lela,_t_n _-r

• 7 ;. I ._°[Lt t, I t) f I,P._ *.t" Tl #'l

' ' I tly,:r(,g,:_ated _.itfi.e 4£_ At'% '(bl

.. .' I tt)tlieLE__l ated Nl:r.i,- 4[,". A.t N

. ,'4 ;- I H_,d'L,Fertit_.'J kit¢ll_ ;_'_; AIN C}4

.

• '' I N,trlh-\er) Milli _('% ?["

.- ...• Nitr=.e Low ACN IB

':,- I Nl'r.le Low ACNI

I_i-[] Nitrl.e fled;urn AC'%

Nit rz_e,' Htl_h ACN

17 F- m Nitrlle/Very High ACh

]6__m SBRI40% Styrene1 5 - I SBR,,'29X Styrene

l° '_ I SBR/22 5Z Sty'rene, CB
15- I SBR/23 5% Styrene

I 2 - I Cb "_robutyl/CB

1 1 -- | Chlorobutyl

io- I Bromobutyl/CB

9 - I Bromobutyl

8 -- I Butyl/: > 2X Unmaturat:on/CB

7 - I Butyl/22_l Un$1turatlon

6 - I Butyl/ 7l Unsaturation

5 - I Neoprene/CB

4 - [] Neoprene

.5 - I Polylsoprene/EV Cure

2- I Polyisoprene/CB

: - I Polyisoprene

0 --r- 1 .... 1 ' ,_1 .... I .... 1 .... T' ' ' ' I ' ' ' " l--r-_-r-r-T -FT-'-_

0 25 50 75 I00 125 150 175 200 225 250

Oiometer Chonge (%)



FIGURE 3e 34

l)iamet.e]'Ch_i:_('

14 Days I::l,:ibr'ic'::l:t

(polyprot)yle:l(' /4ly('ol d:(,l)

!_ t ................................

'_4i I

9-_I I

, 9 / -

._0 I
_,9i L
8_ I Neoprezle/Syl_lhet:( F'_t,_.rs (Ver_dor Nupl,lt_'d)

F,-] -- i (N CompourJd {Vefldor ,%upphed)

_(, - J Chloroprene (Vetlanr Supplied)

P'_' "i Butyl Rubber/PP/TPE

_,4 I Ll'SM,,'l'erox,dv ( ',st_"I

__._. J L|'_M. ttigh I'.thvl,'l_, ,._ht*':lt , B

_'., i [:PDki '.-ulfur ('ur(-

_,1 !- I El'DM/lttgh Uz_s._ul.tbof

,_0 }- l KPI)W /llk_h /':the.en,- (Ohteht

,_[ I (LlOllP,_ted [)[: 'CJll,,ltlle 4_. W.

"_" _ I ('hJorllsnted Pr'. ('hlolil)e :_f,,"., :N

7 !-I Chlorinated PE (t,lorlnv 35%
1

L' '

74 [- J Ethylene/Propyiene Copolymer (El'M) XII

- )'?,,I Kt _,' vr e./Prol,ylehe i'_,l,olymer (EPI4,

.... , _. ! Ethylet_e/Propy!et:e fupulyrner (El"k,il

.'.: 71L I Chh, rosulformted PK,'('hlortrt*. :L_.".,'_',_Hut I {";

" 't ; I Cl-.lorosd:lor;_:t'J I'[. L hlorkl,e :(,r._, . 3ii,Jr :_".

'" _'_ I I Chlorosulfcnated }'.;: _';=;(Jril=_' ,_L% ,:._lfJ_ I _".

_:,_,' I Chlorosullolialed ;.}[l'('hlc, lizi; :,L','_,.':i.f i" I t, "

F,:,.-.I Chlorosulfon_ted PK,,('hlor=r,e 29% ::ulfut 4-.

_)_, [] PolyureLhane/E_tet Type,'Mdlabl*- ('H
6_ -- _ Pc.iyureth_zte.'Ethe) Tyl,v. Iddl_t,;*-

04 --

0.3 - I Poly'urethane/Ester Type/Shore O %0

62 - I PolyurethaneEster Type/Shore A- BO

6 I - I Poly'urethane/Ether Type/Shore D-.%0

60 -- I Polyureth_ne/FAher "Type/Shore A--BO

59 - I Polysulhde Rubber/CB

58 --

_7 -- J poJyt:ulf|de Rubber/CB

_6 I Polysulhde Rubber

_ I Copolyester TPE/Shore D 72

_4- I Copolyester TPE/Shore D-63

53 - I Copolyester TPE/Shore D-55

_ - I Copolyester TPE/Shore O-40

_1 -- J N)Lrile/PP/TPE/Shore D-40

_0 t Nitrtle/PP/TPE/Shore h-80

49 I Nttrtle/PP/TPR/Shore A-B7

48 --,-T-_:--r-r-T-_-_--,---r-F-_--_'-)--r-F_-T-" -: ," ] '"-: -:I "-' '-,-:T-, -'-_1 '-_ -"-'-T -_-_-'_--_
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FIGURE 3f
35

Di a m e t e l (7tl a n g
14 Days In [,tlbl'i('al_t

(polypropyl(,n(" _lycol blltyl l_oI_o('ttl('v)
49 ........................................................... -

48 [ EPDu/Pp/TPE/Sbore D- 50

4 7 | EF'DM/PP/TPE/Sbore D -- 40

46 l EPDM/PP/TPE/Shore A- 7:1

4b l F-PDW/PP/TPE/Sbore A-87

44 I _luoroIdlcone

4,._ I Slhcobe Rubber

42 I Ide t h y;phen ylvlr,).ls,lo x ar=_- Ruhr,ct

41 k I Dlnlethyl Silicone Rubber

/

40 I J Meth_l Vinyl SlhcorJe Rut, ber3(:1 I Eplchlorohydr|h/EO/AGE ,'7er polVlIlel ,('P,

3_, } I gp.cLlorohydrl_.,'EO.,'AGE, :erpolymer

/

37 }- [ l;:p chtornhydrm 'Elh_,lene C_ld_ Col.mlyrrler,,"('N

._{_ LI I }_pl(hlzrohydrm/[t:r.,'lellr L,Izdr ( :'tm:Ymer

_, I | Ep_,t..o-ohydrln Homobc, I,r_., r "b
I

),4 } I I:plchlorohydrm Holr.c,p,,l;-1 , i

33 } I Fluo:o Chloroe]e.qom(.).ui,.. l" ,r, (I<

_'_'" _ I Fl_,crc _hloroelos:o:r_r Idi(' _L',"

31 [ rlunro ': l-._oroela s tC,Ill_ r , l_ I t,,_ r _, "ur,

,_C) [- t F'luorce.astomer, :B

29 }- i F'luoro_lsston_er

28 [- I l-'l ..... iastome,

:,7 I ! _-I..... I._to.,e,

_.', 2b Hvdrc_geriaLed NltrLe.45% a "_ t'B

.-- ". _ { %;-a "/'3 Hvdro_er.ated h=:r.le '4.,_ :

lD 24 I Hydro_rennted N_trile 3_% a -_, ('1_

23 I tlydrogen_ted NitrHe,"39,_ A(

(:.. _, ,'- 1 N)trHe 3'er-y H_{h AC,, ('b

:,1 - I N_trLe'Low AC_, CB

20 1 _nrJe,'bo- AC',

19 I NltrLe"Wedlurn _.CN

18 - I NItrtle Hq_h AgN

1 7 - I NltnJe %'cry H_gt. aC_

1o - 1 sBR,,,0=Styrer.e

15- i SBNI29XSty_er.e

14 - i SBR,'Za 5_. Styrene, CB

13 - l SBR/Ca 5X Styrene

12 -- [ Chlorobutyl/CB

I 1 -- I Chloro_utyl

1 0 - I Bromobutyl/CB

9 - I Brom_butyl

8 - J Butyl.'2 _X Un_.eturat._n,, ?_

7 - J Butyl,'2 2_ Unsaturat_c:l
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Formula # 1 Ingredient pphr

Polyisoprene 100
Zinc Oxide 5

Stearic Acid 2

Sulfur 2.25

N-t-butyl-2-benzothiazyl sulfenamide 0.7

Swell Data:

24 Hour 72 Hour 14 Dav 14 Day

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

R-22 10.3 10.4 10.2 [45.3/42.4] 43.9

R-32 2.8 2.7 27 [8.9/8.6] 8.8

R-124 5.6 5.6 58 [30.2/29.8] 30.0

R-134a 1.4 1 2 [4.9/4.8] 4.9
,,,,

R-125 4.6 4.2 42 [14.9/14.3] 14.6

R-143a 2.2 1.7 19 [5.4/4.9] 5.2, ,

R-152a 4.1 4.2 4.2 [12.3/13.1] 12.7

R-123 48.1 47.5 480 [328/327] 328.0

R-142b 10.3 10.0 102 [40.1/38.7] 39.4

R-134 1.7 1.5 1.5 [7.8/7.6] 7.7

AB 41.8 [57.3/55.7] 56.5 [264/261] 263.0

MO 43.1 [53.1/53.2] 53.2 [248/247] 247.0

PEMA 16.1 [29.Z/28.0] 28.6 [117/113] 115.0

PEBA Mw.6 - [26.5/25.7] 26.1 [106/104] 105.0

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 1.7 - [2.3/2.8] 2.6 [8.5/8.6] 8.6

PEMA Pentaerythritol Ester Mixed Acid MPG Modi£z_:i Polyglyc.ol

PEBA Pentaerythritol Ester Brat_c.hed Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil



4O

Formula # 2 Ingredient pphr

Polyisoprene 100
Zinc OxiMw 5

Stearic Acid 2

Sulfur 2.25

N-t-butyl-2-benzothiazyl sulfenamide 0.7
N330 Carbon Black 35

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 9.3 9.3 9.0 [33.3/30.8] 32.1

_,-32 1.7 1.6 1.4 [4.9/4.8] 4.9

R-124 5.5 5.8 5.6 [22.4/22.5] 22.5

R-134a 1.1 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

R-123 36.0 36.0 37.6 [220/221] 221.0

R-142b 7.8 7.8 7.8 [31.2/29.8] 30.5
,,

R-134 1.3 1.3 1.1 [5.7/5.7] 5.7

AB 29.5 - [46.2/45.9] 46.1 [186/182] 184.0

MO 3_.0 - [41.1/40.3] 40.7 [166/165] 165.0

PEMA 11.5 [21.8/21.6] 21.7 [77.6/77.6] 77.6
,=

PEBA 9.8 [18.4/17.9] 18.2 [65.9/62.9] 64.4

PPGD 1.6 - [2.3/2.1] 2.2 [6.6/6.5] 6.6

PPGBM 3.4 [7.0/6.2] 6.6 [21.0/20.6] 20.8

MPG 1.0 [2.2/2.1] 2.2 [7.0/7.0] 7.0

PEMA Pentaerythritol Ester Mix_ Acid MPG Modif'_d Polyglycol

PEBA Pentaerythritol Ester Branehod Acid PPGD - Polypropylene Glycol Diol

PPGBM PolypropyleneGlycolButylMoaoether AB AlkylBetmeae

MO Mineral Oil
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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.
mean mean

R-22 9.6 10.1 8.9 [44.4/42.5] 43.5

R-32 1.3 0.8 1.5 [4.7/4.4] 4.6

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 52.7 52.3 51.8 [386/390] 388.0

R-142b 9.2 9.1 9.5 [40.1/39.1] 39.6

R-134 0.8 0.9 1.0 [6.3/5.9] 6.1

AB 47.0 [56.2/55.6] 55.9 [257/257] 257.0

MO 49.5 [56.7/57.0] 56.9 [271/272] 271.0

PEMA 18.8 [22.0/21.9] 22.0 [83.1/83.2] 83.2
,,u_L

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 1.2 [1.8/2.2] 2.0 [5.7/6.4] 6.1
, ,

PEMA PentaerythritolEsterMixedAcid MPG ModifiedPolyglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycol I)iol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MineralOil
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Formula # 4 Ingredient pphr

Poly(chlorobutadiene) 100
Zinc Oxide 5

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.
ll'nean mean

R-22 6.3 6.1 6.1 [22.2/21.6] 21.9

R-32 1.1 1.1 1.0 [4.3/4.4] 4.4

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

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

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 -0.1 0.3 0.6 [3.3/3,4] 3.4

AB 10.0 [19.6/20.1] 19,9 [51.1/53.2] 52.2

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] 206.0
. , ,, .H , ,

PEBA 11.4 - [35.4/26.0] 30.7 [128/77] 103.0

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

MPG 0.4 - [3.9/4.1] 4.0 [11.7/12.0] 11.9

PEMA Pentaerythritol F_ter Mixed Acid MPG - Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl lkn2_ene

MO Mineral Oil
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Formula # 5 Ingredient pphr

Poly(chlorobutadiene) 100
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.
mean mean

R-22 4.8 4.9 4.9 [17.2/16.8] 17.0

R-32 1.3 1.6 1.4 [3.7/3.6] 3.7

R-124 1.1 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 [2.5/2.1] 2.3

R-152a 2.5 2.9 2.9 [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 4.8 [14.4/14.5] 14.5

R-134 0.4 0.9 0.9 [2.7/2.7] 2.7

AB 7.6 [16.1/15.3] 15.7 [23.5/38.5] 31.0

MO 7.9 [18.9/18.2] 18.6 [49.0/48.4] 48.7

PEMA 12.5 - [30.5/28.7] 29.6 [93.0/91.8] 92.4

PEBA 7.3 - [22.1/22.1] 22.1 [65.9/63.6] 64.9

PPGD 2.5 [5.0/4.8] 4.9 [13.2/13.9] 13.6

PPGBM 3.2 [9.2/9.5] 9.4 [23.0/23.0] 23.0

MPG 8.4 - [2.8/2.9] 2.9 [8.3/6.7] 7.5

PEMA Pentaerythritol Ester Mixed Acid MPG - Modified Polyglyc, ol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monocthcr AB Alkyl Benzene

MO Mineral Oil
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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.
mean mean

R-22 4.5 4.5 3.9 [21.8/22.4] 22.1

R- 32 0.5 0.7 1.0 [4.0/4.0] 4.0

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
L

R-134 -0.1 01 0.5 [2.9/2.8] 2.9

AB 23.4 [67.5/67.7] 67.6 [341/338] 339.0

MO 27.7 - [72.1/65.7] 68.9 [386/335] 361.0

PEMA 1.6 - [3.1/2.8] 3.0 [10.1/9.9] 10.0

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/-0.1] -0.1

PPGBM 0.0 - [0.2/0.2] 0.2 [-0.4/0.4] 0.0

MPG 3.2 - [-2.1/-0.3] -1.2 [-0.1/-0.1] 4).1

PEMA Pentaerythritol Ester Mixed Acid MPG Modified PoSyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM PolypropyleneGlycolButylMonoether AB AlkylBe.n,_ene

MO MineralOil
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Formula # 7 Ingredient pphr

Isobutyl isoprene (2.2% unsaturated) 100
Zinc Oxide 3

St,,'aric 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.
mean mean

,,

R-22 5.6 5.2 5.2 [22,5/22.5] 22.5

R-32 0.4 0.6 1.2 [4.0/4.0] 4.0
....

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
, ,,

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. l 6.5 6.6 [26.7/25.8] 26.3

R- 134 -0. l 0.6 0.5 [3.2/2.9] 3.1
,,, j

AB 18.0 - [54.6/55.2] 54.9 [254/253] 253.0

MO 24.7 - [59.4/56.4] 57.9 [292/271] 282.0

PEMA 1.8 [3.0/3.0] 3.0 [10.0/10.'/] 10.4

PEBA 0.1 [1.3/2.6] 2.0 [7.2./7.9] 7.6
,,,

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 -0.1 - [-0.2/0.2] 0.0 [0.2/0.2] 0.2
: .......

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglyeol

PEBA Pentaerythritol Ester Branched Acid PlaCiD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Beaz_ne

MO Mineral Oil
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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 I
N330 Carbon Black

50

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 4.2 4.4 4.4 [15.0/15.1] 15.1

R-32 0.4 0.8 1,0 [2,8/2.6] 2.7
m

R-124 0.4 1.0 2.7 [19,5/18.2] 18.9
,,

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 0.6 0.4 1.6 [1,2/1.4] 1.3

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 -0.2 0.1 0.4 [1,8/1.7] 1.8

AB 8.1 [35.9/35.3] 35.6 [129/126] 128,0

MO 10.7 - [39.8/39.4] 39.6 [151/151] 151,0

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 -0.1 [0.4/0.3] 0.4 [0.0/0.2] 0.1

PPGBM 0.2 [0.5/0.5] 0.5 [0.7/0.6] 0.7

MPG 0.1 - [-0.1/4).1] -0.1 [-0.1/-0.1] -0.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modifir.xl Polyglyco_

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoetber AB Alkyl Benzxne

MO - Mineral Oil

..................... h........ _,,.... --_*,....._.,._., .* ..,._._m_.w,,,,.,Ni,J_,a_wmmm,mln_a_m'mlm m Hl milima_Nl_la mllllmlllllll|il|lNl|||i|lg
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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.
mean mean

R-22 5.3 5.6 5.3 [23.5/23.4] 23.5

R-32 0.8 1.1 1.1 [4.1/4.0] 4.1

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] 102.0

R-142b 4.9 6.7 6.5 [26.9/26.3] 26.6

R-134 0.3 0.2 0.2 [2.9/2.7] 2.8

AB 30.3 [85.9/77.2] 81.6 [523/447] 485.0

MO 37.8 [86.2/86.2] 86.2 [521/509] 515.0

PEMA 1.6 [5.9/6.0] 6.0 [21.2/21.51 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 0.1 [0.2/-0.1] 0.1 [1.1/1.1] 1.1

PEMA Pentaerythritol Ester Mixext Acid MPG Modifie.,d Po_yglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Be_

MO Mineral 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.
mea n mea n

R-22 3.9 3.9 3.8 [17.0/16.8] 16.9

R-32 0.3 0.2 0.5 [3.5/3.3] 3.4

R-124 0.8 1.4 2.5 [12.5/12.6] 12.6

R- 134a 0.2 0.4 [1.6/1.9] 1.8

R-125 1.3 2.0 2.7 [7.9/7.1] 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 [71.6/71.8] 71.7

R-142b 2.2 5.3 5.6 [19.2./19.2] 19.2

R-134 -0.1 0.4 -0.2 [2.1/2.4] 2.3

AB 15.5 - [47.1/47.6] 47.4 [i87,"190] 188.0

MO 19.2 - [52.2/50.9] 51.6 [229/225] 227.0

PEMA 1.5 - [4.0/3.9] 4.0 [12.6/12.0] 12.5

PEBA 0.2 [2.0/2.2] 2.1 [8.0/6.41 7.1

PPGD 0.5 - [1.4/1.11 1.3 [3.2/3.2] 3.2

PPGBM 0.5 - [1.0/0.6] 0.8 [3.0/2.7] 2.9

MPG -0.1 - [0.3/0.2] 0.3 [0.8/0.7] 0.8

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branclt_d Acid PPGD - Polypropyl_t_ Glycol Diol

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.
mean mean

R-22 , 5.8 6.1 5.7 [26.2/25.5] 25.9

R-32 0.6 0.7 1.2 [4.5/4.6] 4.6

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 1.8 2.1 2.5 [8,1/7.2] 7.7

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-134 -0.2 0.1 -0.1 [3.0/2.7] 2.9

AB 299: - [62.7/61.3] 62.0 [304/292] 298.0

MO 38.3' [69.1/69.0] 69.0 [385/371] 378.0

PEMA 1.4 [4.2/4.1] 4.2 [15.0/14.5] 15.0

PEBA 1.0 - [3.4/3.7] 3.6 [13.0/13.1] 13.1

PPGD 0.3 - [1.3/1.4] 1.3 [4.4/4.4] 4.4

PPGBM -0.2 - [0.6/0.7] 0,7 [3.1/3.3] 3.2

MPG 0.5 [0.1/0.1] 0.1 [1.1/1.1] 1.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modi£md Poayg,lycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropyldme Glycol Diol

PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene

MO Mineral Oil
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Formula # 12 Ingredient pphr

Chlorobutyl 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.
mean mean

R-22 5.0 5.0 4.0 [26.0/15.0] 25.2
....

R-32 0,3 0.3 0.4 [3.0/3.0] 3.0

R-124 1.0 2.0 3.0 [13._13.2] 13.2

R-134a 0. I 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

R-152a 0.4 0.6 1,1 [5.1/4.9] 5.0

R-123 13.8 13.6 13.6 [73,_73.4] 73.3

R-142b 3.7 4.9 5.3 [20.0/20.1] 20.0

R-134 -0.1 0.1 -0.6 [2.5/2.0] 2.3

AB 17.6 [39.5/38.6] 39.1 [151/145] 148.0

MO 23.4 [45.1/43.9] 44.5 [186/183] 184.0

PEMA 1.0 [3.3/3,4] 3.3 [10.4/10.5] 10.5
,,,,

PEBA 1.I - [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

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Po4yglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polyprop)_cne Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB AlkylBenzoic

MO Mineral Oil
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Formula # 13 Ingredient pphr

SBR (23.5 % Styrene Content) 100
Zinc Oxide 3

Sulfur 1.75

Steanc Acid 1

N-t-butyl-2- benzothiazyi sulfenamide 1

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

I

R-22 ] 9.9 10.0 9.8 [41.1/39.5] 40.3

R-32 2.0 1.6 2.0 [7.0/6.6] 6.8

R- 124 5.9 5.4 4.1 [22.5/22.5] 22.5

R- 134a 1.1 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 [11.1/10.6] 10.9

R-123 41.4 41.2 40.8 [271/271] 271.0

R-142b 7.8 7.5 7.3 [31.1/30.3] 30.7
,,m,

R-134 1.9 2.0 1.4 [7.3/7.5] 7.4
,,,,

AB 29.7 [43.6/42.3] 43.0 [175/171] 173.0
,, ,,,

MO 32.5 [44.5/44.1] 44.3 [186/186] 186.0

PEMA 16.3 [22.9/22.6] 22.8 [85.6/84.7] 85.2

PEBA 9.4 - [16.0/16.1] 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 1.6 - [2.5/2.7] 2.6 [8.1/8.3] 8.2
,,

PEMA PentaJwythritd_ MixedAcid MPG ModifiedPolyglyeol
PEBA PentaerythritolEsterBranchedAcid PPGD - Polypropyk_ GlycolDiol
PPGBM PolypropyleneGlycolButylMouoether AB AlkylIkazene
MO MineralOil



,52

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.
mea n mea n

R-22 7.6 7.1 7.1 [26.9/27. I] 27.0
.....

R-32 1.2 1.2 1.1 [4.5/4.4] 4.5

R-124 3.4 3.4 3.1 [15.0/15.3] 15.2
,,,

R-134a 0.9 0.6 [3.3/3.7] 3.5
H, ......

R-125 2.0 2.1 2.1 [7.0/6.5] 6.8

R-143a 0.9 1.1 0.9 [3.7/3.6] 3.7
,,,

R-152a 2.3 2.1 2.0 [6.4/6.6] 6.5
., .......

R-123 24.3 24.2 24.9 [138/138] 138.0
p...... ,,

R-142b 6.0 6.0 5.9 [20.1/20.0] 20.1
.,.

R-134 1.2 1.3 1.1 [4.6/4.8] 4.7

AB 15.7 - [24.0/24.2] 24.1 [81.9/81.2] 81.6

MO 17.4 - [24.2/23.7] 24.0 [88.8/88.6] 88.7

PEMA 8.8 - [13.2/13.2] 13.2 [45.5/45.1] 45.3

PEBA 4.2 - [9.2/9.2] 9.2 [31.3/30.8] 3 I. 1

PPGD 1.1 - [2.I/1.4] 1.8 [5.0/4.8] 4.9

PPGBM 3.3 - [5.5/5.4] 5.5 [18.8/18.0] 18.9

MPG 1.1 [1.8/1.8] 1.8 [5.6/5.6] 5.6
,,

PEMA Pentaerythritol Ester Mixed Acid MPG - Modif'r._d Poiyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropyleue Glycol Diol

PPGBM PolypropyleneGlycolButyl Monoether AB AlkylBenzene

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. % Wgt. Chg.
mean mean

R-22 10.2 11.3 11.4 [43.8/41.9] 42.9
....

R-32 1.3 1.2 1.2 [7.8/7.4] 7.6
-,.

R-124 4.4 4.2 3.7 [24.0/23.1] 23.6

R-134a 1.9 1.6 1.7 [7.5/7.4] 7.5
..

R-125 2.3 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 2.7 2.4 3.0 [10.2/10.0] 10.1
m,

R-123 43.5 44.6 45.7 [316/313] 315.0

R-142b 8.3 8.6 7.6 [-0.7/-0.9] -0.8

R- 134 1.2 1.3 1.2 [8.5/8.1] 8.3
.= ., ,. ,.

AB 34.0 - [43.5/61.3] 52.4 [179/292] 236.0
,,,,,,

MO 32.7 - [42.1/41.1] 41.6 [179/176] 178.0
,,,

PEM A 14.0 - [20.3/20.2] 20.3 [78.0/78.0] 78.0
.,,

PEBA 11.0 - [16.!)/47.0] 32.0 [ [64.5/62.2] 63.4

PPGD 2.6 - [3.4/3.2] 3.3 I [12.7/12.1] 12.4
, ,,,,., ....

PPGBM 5.2 - [8.5/7.7] 8.1 [28.5/28.1] 28.3
.,,, , .

MPG 2.2 [2.8/2.6] 2.7 [10.0/10.2] 10.1
....

PEMA - Pentaerythritol Ester Mixed Acid MT_G Modif'md Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoethe¢ 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.
mean mean

R-22 10.7 10.6 10.2 [44.7/42.5] 43.6

R-32 2.3 2.3 2.3 [14.0/0.4] 7.2

R- 124 5.2 5.1 5.1 [22.4/22.4] 22.4

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 3.8 3.4 3,5 [10,3/10.1] 10.2

R-123 52.9 53.1 52.6 [380/393] 386.0

R-142b 7.9 7.8 7.8 [31.0/30.1] 30.5

R-134 1.6 1.5 1.7 .[7,5/7.6] 7.6

AB 38.6 [59.3/59.0] 59.2 [275/271] 273

MO 36.3 [53.4/52.5] 53.0 [268/255] 261.0

PEMA 15.8 [32.0/28.2] 30.1 [141/112] 127.0

PEBA 12.4 - [20.9/22,0] 21.5 [83.6/82,6] 83.1

PPGD 2.1 - [3.6/3.2] 3.4 [11.3/11.4] 11.4
. m

PPGBM 5.9 [11.1/11.0] 11.1 [37.3/37.0] 37.2

MPG 2.4 [3.7/3.0] 3.4 [11.0/11.0] 11.0

PEMA Pentaerythritol Ester Mixed Acid MPG Modil'_xl Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropyk-'ne Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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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.
mean mean

R-22 47.8 47.5 47,6 [255/238] 247.0
--, ....

R-32 8.5 8.5 8.4 [30.0/29.3] 29,7

R-124 39,6 39.7 40.2 [257/241] 249.0

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

R- 1524 7.8 7.9 7.9 [24.9/24.3] 24.6
,,

_ ,

R-123 78.5 79.2 77.5 [669/664] 666.0

R-la2b 3.8 5.6 7.3 [28.8/28.7] 28.8

R-134 21.7 22.0 21.4 [111/109] 110.0

AB 0.2 [0.2/-0.ll 0.] [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

PEBA 0.4 - [1.0/1.1] 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

MPG 0.4 - [-0.4/-0.3] -0.4 [-0.2/-0.1] -0.1

PEMA - Pentaerythritol Ester Mixed Acid MPG - ModiF_l Polyglyeol

PEBA PeuULerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13601

PP(3BM Polypropylene. Glycol Butyl Monoether AB Alkyl Benzeue

MO MiDeral 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 sulfena.mide 0.7

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 51.4 50.8 51.4 [275/260] 268.0 ,,,

R-32 8.3 8,3 8.3 [30.0/29.3] 29.7

R-124 45.4 45.3 45.9 [289/274] 282.0

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] 716.0
....

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

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/-0.31 -0.2 [0.1/0.0] 0.1
..... , H

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglyeol

PEBA - Pentaerythritol Ester Branched Acid PPGD Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Be_

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 0.7

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 49.8 49.8 50.4 [262/244] 253.0

R-32 7.7 7.7 7.8 [26.8/26.0] 26.4

R-124 46.2 46.1 45.8 [311/284] 298.0

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] 879.0

R-142b 11.6 11.6 11.6 [47.2/46.8] 47.0

R-134 14.9 14.5 14.6 [75.5/74.8] 75.2

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
,,

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

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoether AB - Alkyl Be_

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 0.7

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 35.6 35.1 35.4 [180/174] 177.0

R-32 6.2 6.1 6.1 [21.6/21.0] 21.3
,,,

R-124 31.0 31.2 29.9 [199/187] 193.0

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 28 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] 747.0

R-142b 13.8 14.1 14.0 [59.9/58.9] 59.4

R-134 9.4 9.1 8.9 [45.4/44.1] 44.8

AB 4.8 - [6.9/7.11 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 [4.3/3.91 4.1 [13.9/14.3] 14.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modifmd Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Betaz_ne

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-butyl-2-benzothiazyl sulfenamide 0.7
N330 Carbon Black 35

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 25.8 23.0 22.0 [121/115] 118.0

R-32 4.3 4.5 4.2 [15.9/15.7] 15.8
"'I _

R-124 20.3 23.5 23.5 [110/106] 108.0

R-134a 3.3 3.4 3.5 [15.5/15.4] 15.5
.... , ,,...

R-125 3_3 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 5.6 5.3 5.2 [19.6/19.0] 19.3

R-123 42.5 41.9 40.9 [352/362] 357.0

R-142b 8.5 9.0 9.1 [41.3/40.5] 40.9
t

R-134 7.3 7.3 7.0 [33.9/33.3] 33.6

AB 3.4 - [4.8/4.4] 4.6 [13.7/14.1] 13.9

MO 2.9 [5.3/5.0] 5.2 [18.2/18.3] 18.3

PEMA 7.3 [15.0/14.0] 14.5 [57.0/57.0] 57.0

PEBA 5.8 - [12.2/11.6] 11.9 [46.5/46.4] 46.5

PPGD 4.7 - [6.1/7.1] 6.6 [26.6/27.1] 26.9

PPGBM 2.1 [4.5/4.4] 4.5 [16.0/15.6] 15.8

MPG 1.4 [2.5/2.9] 2.7 [9.7/9.8] 9.8
.......

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Ben_ne

MO Mineral Oil
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Formula # 22 Ingredient pphr

Very High ACN Nitrilc 100
Zinc Oxide 3

Stearic Acid 1

MgCO._ Coated Sulfur 1.5

N-t-bu tyl-2-benzothiazyl sulfenamide 0.7
N330 Carbon Black 35

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 31.5 31,6 31.7 [157/165] 1610
,,,

R-32 6.3 6.4 6,2 [22.4/22.2] 22.3

R-124 27.9 29.2 28.7 [136/138] 137.0

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 5.6 5.9 5.6 [18.3/18.4] 18.4

R-123 49.3 49.4 49.7 [388/391] 390.0

R-142b 1.9 4.2 5.5 [21.1/21.3] 21.2

R-134 16.0 15.6 16.5 [80.4/78.6] 79.5

AB 0.0 [0.1/0.1] 0.1 [0.3/0.3] 0.3
, ,

MO 0.0 [0.4/0.5] 0.5 [1.1/1.21 1.2

PEMA O.l [0.8/0.81 0.8 [3.0/2.51 2.8

PEBA 1.3 - [5.6/3.8] 4.7 [15.3/13.1] 14.2

PPGD 1.0 - [2.2/2.0] 2.1 [6.4/6.6] 6.5

PPGBM 0.2 - [0.2/0.1] 0.2 [0.3/0.3] 0.3

MPG 0.0 [0.0/0.0] 0.0 [-0.4/-0.2] .0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modify! 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 # 23 Ingredient pphr

38 % ACN Hydrogenated Nitrile 100

Zinc Oxide 5

Stearic Acid 1

Magnesium oxide I0

2,5-dimethyl-2,5-di(t-butyl-peroxy) hexane 10
Ricon 153-D 6.5

Swell Data

24 Hour 72 Hour 14 Day 14 Day

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

R-22 33.7 34.1 34.2 [171/159] 165.0
.......

R-32
,,,

R-124 31.8 32,2 31.8 [189/181] 185.0
,,,

R- 134a 4.2 4.9 5.0 [23.3/23 3] 23.3

R- 125 4.4 7.6 7.1 [30.0/29.2] 29.6

R-143a 0.7 0.8 1.3 [3.6/3.5] 3.6

R-152a 7.7 6.8 6.8 [22.8/23.1] 23.0
,,,

R-123 45.8 44.0 45,2 [314/317] 316.0
............

R-142b 9.7 10.6 10.8 [44.1/44.0] 44.1
,,,

R-134

AB 0.3 [1.6/1.8] 1.7 [5.5/6.0] 5.8
.......... -- , i .......

MO 1.2 [2.8/2.6] 2.7 [10.9/9.6] 10.1

PEMA 0.4 - [4.2/5.3] 4.8 [17.6/17.9] 17.8
j .....

PEBA 1.3 - [5.6/3.8] 4.7 [5.7/7.6] 6.7

PPGD

PPGBM -0.1 - [0.4/0.3] 0.4 [3.4/3.1] 3.3
p,

MPG 0.0 - [-0.1/0.1] 0.0 [2.1/1.2] 1.7

PEMA Pentaerythritol Ester Mixed Acid MPG Modifbed 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 # 24 Ingredient PPhr

38 % ACN Hydrogenated Nitrile 100

Zinc Oxide 5

Stearic Acid !

MgCO_ Coated Sulfur 1.5

TMTM 0.3

MBTS !.5

N774 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia (?hg. % Dia. Chg. % Dia. Chg. % Wgt. Chg

R-22 68.4 66.4 66.0 [320/208[.] 264.0

R-32 6.3 6.2 6.0 [20.4,'20.5] 20.5

R- 124 69.9 68.9 [338/328] 333.0

R.134a 4,7 5.3 5.5 [21.1/21.2] 21.2

R-125 5.2 6.7 6.7 [26.00,6.1] 26.1
,..

R-143a 1.2 2.1 2.4 [8.0/15.2] 11.6

R- 152a 7.1 6.9 7.0 [22.0/22.0] 22.0

R-123 122 121 115 [1293/1301] 1297

R.142b 10.8 10.6 11.0 [42.1/40.8] 41.45

R-134 15.3 15.5 15.4 170.8/69.91 70.4

AB 1.0 li .9/1.9] 1.9 14.9/4.91 4.9
,..

MO 1.3 13.3/3.01 3.2 18.8/8.71 8.8

PEMA 3.4 16.9/6.81 6.9 116.0,'28.11 22.1

PEBA 2.0 15.7/7.61 6.7 118.4/18.4] 18.4

PPGD -0.6 10.1/2.71 1.4 18.6/8.51 8.6

PPGBM -1.4 i-1.3/0.61 -0.4 il.6/1.71 1.7
.,

MPG i.0 - i-0.6'-.11 -0.4 102/0.41 0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modifmd Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Bet_ne

MO Mineral Oil
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Formula # 25 Ingredient pphr

45 % ACN Hydrogenated Nitrile 100
Zinc Oxide 5

Stearic Acid 1

2,5-dimethyl-2,5-di(t-butyl-peroxy) hexane 10
Ricon 153-D 6.5

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 41.9 41.9 42.0 [215/23] 209.0

R-32

R- 124 39.5 39.3 39.1 [260/246] 253.0

R-134a 4.3 5.4 5.2 [25.3/25.8] 25.6

R-125 4.0 6.2 6.2 [29.0/30.0] 29.5

R-143a 1.3 1.6 2.1 [7.9/7.7] 7.8
,,,

R-152a 7.8 8.0 7.8 [26.6/25.6] 26.1

R-123 56.1 56.9 57.2 [442/449] 4460
,,,

R-142b 9.9 10.2 10.1 [42.9/42.4] 42.6
,,

R-134

AB 0.4 [0.9/0.3] 0.6 [3.5/2.5] 3.0

MO 0.4 [1.6/1.9] 1.8 [7.8/7.5] 7.7

PEMA 1.4 - [4.5/3.4] 4.0 [12.8/12.3] 12.6

PEBA 1.0 - [2.6/3.3] 3.0 [9.5/11.2] 10.4

PPGD 1.5 - [2.6/2.2] 2.4 [7.0/7.3] 7.2

PPGBM -1.5 - [-0.9/0.4] -0.3 [2.0/2.8] 2.4

MPG -0.3 - [-0.6/-0.2] -0.4 [0.6/0.4] 0.5
,,,

PEMA Pentaerythritol Ester Mix¢_l Acid MPG Modi/'_d Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Motaoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 26 Ingredient pphr

45 % ACN Hydrogenated Nitrile 100
Zinc Oxide 5

Stearic Acid !

2,5-dimethyi-2,5-di(t-butyl-peroxy) hexane 10
Ricon 153-D 6.5

N774 Carbon black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 24.3 25.3 25.8 [130/123] 127.0
,,.

R-32

R-124 23.2 23.6 23.7 [145/129] 137.0

R-134a 3.1 3.2 3.1 [16.4/16.1] 16.3
,.,

R-125 3.6 4.6 4.8 [22.7/23.2] 23.0

R-143a 0.6 0.6 0.6 [3.4/3.5] 3.5

R-152a 6.1 4.8 5.3 [16.3/16.3] 16.3

R-123 32.4 31.7 35.2 [211/216] 213.0

R-142b 5.6 6.7 6.6 [27.5/27.4] 27.4
,,

R-134

AB 0.4 [0.3/0.51 0.4 [1.2/0.9] 1.0
,,,

MO 0,1 . [1.0/0.5] 0.8 [3.8/3.1] 3.5

PEMA 0.1 - [2.2/2.7] 2.5 [8.2/9.2] 8.7
_.

PEBA 0.5 [2.8/2.1] 2,5 [7.3/7.0] 7.2
,,--

, ,

PPGD 0.5 [1.0/1.1] 1.1 [4.2/4.2] 4.2
m

PPGBM -0.6 - [-1.0/-0.4] -0.7 [-.07/-0.5] -0,7
,, ,

MPG -0.4 - [-1.1/-0.2] -0.7 [-1.7/-1.9] -1.8
....

PEMA Pentaerythritol Ester Mixed Acid MPG Modifted Polygly_,oi

PEBA Pentaerythritol Ester Branched Acid PPGD - Pdypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 27 Ingredient pphr

Fluorinated rubber 100

Magn_ium oxide 15

N,N'-dicinnamylidene- 1,6-hexanediamine 3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 34.2 34.2 33.2 184.4/81.5] 83.0

R-32

R- i 24 27.9 29.6 28.9 191.0/88.0] 89.5

R-134a 29.5 29.8 29.3 168.2,'67.3] 67.8.

R-125 11 0 11.8 il.7 131.5/31.2] 31.4

R-143a 17.1 14.3 13.6 128.6/28.0] 28.3

R-152a 39 0 39.4 39.1 183.8/79.3] 81.6

R-123 34 8 31.8 31.6 1105/103] 104.0

R-142b 32.6 326 318 182.4/77.9] 80.1

R-134

AB 0.7 10.1 0.11 0.1 10.4/0.5] 0.5
, ,

MO -1.1 1-1a 0.21 -0.6 10.6/0.51 0.6

PEMA 1.3 13a 3.31 3.3 [6.6/6.01 6.3

PEBA 2.2 18.1 8.91 8.5 {16.5/16.7] 16.6

PPGD 1.0 10.8 1.21 1.0 11.4/1.7] 1.6
m

PPGBM -0.2 10.l 0,31 0.2 10.7/0.91 0.8

MPG 0.l [0.II 10.71

PEMA - Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoethet AB Alkyl Benzene

MO Mineral Oil
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Formula # 28 Ingredient pphr

Fluoroelastomer 100

Magnesium oxide 15

N,N'-dicinnamylidc he- 1,6-haxanodiamine 3

Swell Data:

24 ttour 72 Hour 14 Day 14 Day

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

R-22 37.2 36.4 35.6 199.6/94.0] 96.8

R-32

R- 124 38 6 38.4 37.8 1125/120] 123

R. 1"_4a 29.2 2q.9 29.4 184.1/81.5] 82.8

R-125 15.1 15.2 15.2 [42.0/41.6] 41.8

R-143a 16.9 16.6 17.1 136.5/36.2] 364

R-152a 41.0 40.7 40. I 192.9/82.81 87.9

R-123 37.5 37.9 37.4 1131/1341 133.0

R-142b 386 39_ 38.7 [102/96.6] 991

R-134

AB 05 10,3/0.11 0.2 10.5/0.31 0.4

MO -05 10.2/0,11 0.1 10.5/0.41 0.5

PEMA 0.5 li .0/0.91 1.0 12.3/2.21 2.3

PEBA 0.8 12.1/1.9 i 2.0 13.5/4.01 3.8

PPGD -0.5 ii.3/o.61 !.o 11.1/1.21 1.2

PPGBM -0.1 1-0.1/-1.01 -0.5 11.0/1.11 1.1

MPG -0.7 I-0.6/0.91 0.2 10.7/0.61 0.7

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - PolypropyleneGlycoi Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil

-

z
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Formula # 29 Ingredient pphr

Fiuorodastomer 100

Litharge (Sublimed) 3

Triallyl Isocyanurate 3

2,5-I)imet hyi-2,5-bis(t-but ylperox y) 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 35.9 35.5 191.2/83.8] 87.5

R-32 19.5 19.6 19.6 [35.8,'32.5] 34.2

R-124 39.8 40.4 39.9 1125/120] 122.0

R-134a 30.4 30.4 30.2 179.0'77.0] 78.0
...... 1 , •

R-125 lq8 19.7 19.6 149.9.,48.7] 49.3
,.,

R-143a 20.7 20.7 20.8 [38.4'_7.8 i 38.1

R-152a 34.8 35.0 34.4 162.7,'58.9 i 60.8

R-123 35.7 37.0 37.8 [121/121] 121.0

R-142b 37.9 38.0 37.6 [95.2/91. i] 93.2

R-i 34 32.4 32.3 32.3 [87.0/84.9] 86.0
,.,

AB 0.8 10.20.01 0.1 10.2./0.11 0.2

MO -06 I-0Z081 0.3 10,2/021 0,2

PEMA 1.0 10.7O.71 0.7 I1,1/I.11 l.l
........ , .......

PEBA 0.8 [1.3 0.9 ! 1.1 11.6/1.7] 1.6

PPGD 1.0 10..g1.0] 0.7 10.g/071 0.7
,,

PPGBM 0.5 {0.Z'0.01 0.1 10.4/0.31 0.3

MPG 0.1 - 1-0.30.11 -0.1 lO.Z/0.2] 0.2

PEMA Pentaerythritol Ester Mixed Acid MPG Modit'_cl Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPOD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 30 Ingredient 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.
mean mean

R-22 22.0 22.2 22.5 [57.8/56.4] 57.1

R-32 13.6 12.7 13.7 [27.0/25.6] 26.3

R-124 24.1 23.4 24.0 [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 19.9 19.1 21.1 [54.0/53,0] 53.5

AB 0.3 - [0.1/0.I] 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

PEMA Pentaerythritol Ester Mixed Acid MPG Modif_d Pol)glycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoelher AB Alkyl Benzene

MO Mineral Oil
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Formula # 31 Ingredient pphr

Fluoroelastomer 100

Litharge (Sublimed) 1.8

Triallyl Isocyanuratc 1.8

2,5-Dimeth yl-2,5-bis(t-butylperoxy) hexane 1.8

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 25,8 25.6 259 71.6/69.1 70.4

R-32 17.4 17,5 16 7 [34.2/34,0] 34.1
,,,

R-124 20.8 21.1 21 5 [64.0/63.5] 63.8

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 27.9 27,2 270 [59.3/57.0] 58.2

R-123 27.8 27.3 29.1 106/108 107

R-142b 26.3 25.9 251 67.1/66.9 67.0

R-134 22.7 22,8 223 [67.0/66.1] 66.6

AB -2.6 - [-0.III.41 0.2 [0.310.3] 0.3

MO 0.0 - [0.6/0.3] 0.5 [0.4/0.3] 0,4

PEMA 10.8 - [31.5/31.5] 31.5 [50.2/43.9] 47.1
, ,,

PEBA 14.6 [35.6/28.7] 32.2 [86.0/66.8] 76.4

PPGD 1.5 [4.5/4.9] 4.7 [9.8/9.6] 9.2

PPGBM 0.1 - [0.4/0.1] 0.3 [1.0/1.1] 1.1

MPG 0.1 - [0.5/0.4] 0.5 [1.0/0.8] 0.9
,,,

PEMA Pentaerythrilol Ester Mixod Add MPG Modified Polyglycoi

PEBA Penta_ythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoclher AB Alkyl Benzene

MO Mineral Oil

i
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Formula # 32 Ingredient pphr

Fluoroelastomer I00

Magnesium oxide 15

N,N'-dici nnamylidene- 1,6-hexanediamine 3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 24.8 24.9 23.5 [87.0/81.0] 84.0

R-32

R-124 19.3 20.1 19.7 [81.0/78.0] 79.5

R-134a 12.6 13.2 13.0 [45.0/4.4.5] 44.8

R-125 5.2 6.0 6.5 [22.3/22.7] 22.5

R-143a 7.6 7.5 8.1 [22.2/22.0] 22.1

R-152a 26.1 26.8 25.4 [70.0/66.5] 68.3

R-123 34.1 36.8 36.0 [169/166] 168.0

R-142b 29.3 27.3 28.9 [91.1/80.2] 85.6

R-134

AB 0.5 - [0.7/0.1] 0.4 [1.5/1.3] 1.4

MO 0.5 [1.5/0.4] 0.9 [2.1/1.6] 1.9

PEMA 9.9 - [50.2/43.9] 47.1 [197/167] 182.0

PEBA 8.9 - [48.8/45.7] 47.3 [171/143] 157.0
, ,

PPGD 1.3 - [3.5/3.1] 3.3 [9.5/9.0] 9.3

PPGBM 1.0 - [0.9/0.7] 0.8 [3.0/3.3] 3.2
,,

MPG -0.1 [0.8/0.8] 0.8 [2.5/3.2] 2.9

PEMA Pentaerythritol Ester Mixed Acid MPG Modil'_ed Polyglycol

PEBA Pentaerythritol Ester Branc.h_ Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol But,d Monoether AB Alkyl Benzene

MO Mineral Oil

_p_ _l , , r_ .... _r rl II ' II ' ' ' l'[r ' IIrqll
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Formula # 33 Ingredient pphr

Fluoroelastomer 100

Magnesium oxide 15

N,N'-dicinnamylidene-1,6-hexaney,.tiamine 3

IRB6 (Carbon black) 30

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 7.0 7.0 6.5 [22.8/20.8] 21.8

R-32

R-124 4.5 5.3 5.0 [24.1/29.2] 26.7

R-134a 3.4 4.6 4.1 [18.2/17.3] 17.8

R-125 2.7 4.0 4.8 [14.7/13.2] 14.0

R-143a 4.5 3.3 3.0 [12.8/11.9] 12.4

R-IS2a 4.9 6.1 6.0 [16.7/16.6] 16.7

R-123 2.4 5.8 6.5 [23.6/28.8] 26.2
,,,

R-142b 5.5 6.8 5.7 [21.3/18.0] 19.7

R-134

AB 0.4 - [0.2/0.21 0.2 [0.9/1.01 1.0

MO -0.1 - [-0.1/-0.II -0.1 [0.7/0.7] 0.7

PEMA 0.8 [6.7/5.4] 6.1 [16.8/17.6] 17.2

PEBA 2.1 [6.0/5.9] 6.0 [20.3/-30.0] -5.2

PPGD 0.4 [2.1/1.7] 1.9 [5.5/5.5] 5.5

PPGBM -0.1 - [0.2/1.6] 0.9 [1.3/1.3] 1.3

MPG 0.5 - [1.0/0.8] 0.9 [1.6/1.5] 1.6

PEMA Pentaerythritol Ester Mixed Add MP(3 Modified Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl BenzJene

MO Mineral Oil
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Formula # 34 Ingredient pphr

Epichlorohydrin Homopolymer 100
Stearic Acid 1

Nickel Dibutyldithiocarbamate 1

Red Lead 5

Ethylene Thiourea 1.85

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg % Wgt. Chg.
mea n mea n

R-22 12.3 21.1 12.3 [38.9/38.4] 38.7

R-32 4.7 4.3 4.2 [11,9/11.8] 11,9
•= b, ,=

R-124 0.8 1.7 3.4 [11.7/!_ 3] 11.5
.......

R-134a 0.3 ().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 4.3 4.9 4.8 [11.9/11.9] 11.9
........

R-123 16.4 17.5 17.1 [68.0/68.0] 68.0
L ,- ,

R-142b 2,3 4.3 5.0 [14.4/14.3] 14.3

R-134 1.3 2.8 3.5 [12.7/12.0] 12.4
.........

AB 1.6 [0.2/0 3] 0.3 [0.5/0.5] 0.5
......

MO 0.6 - [1.2/0,7] 1.0 [2.6/2.6] 2.6
....

PEMA 13,4 [26.8/26.8] 26,8 [73.0/72.7] 72,9
....

PEBA 7.7 [17.2/17.5] 17.4 [44.0/45.0] 44.5
.....

PPGD 9.0 [18.2/17.9] 18,1 [46.4/46.6] 46.5
......

PPGBM 0.4 [2.0/2.0] 2.0 [3.9/4.0] 4.0

MPG 0.3 [0.4/0.4] 0.4 [0.5/0.6] 0.6

PEMA PentaerythritolEster MixedAcid MPG Modif_l Polyglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - Polypropyle_ Glycol194o1
PPGBM PolypropyleneGlycolButylMonoe_her AB AlkylBcny,'ne
MO MineralOil
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Formula # 35 Ingredient pphr

Epichlorohydrin Ilomopolyn_r !00

Stearic Acid 1

Nickel Dibut yidithiocarbamate 1

Red Lead 5

Ethylene Thiourea i.85

N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia, Chg. % Dia. Chg % Dia. Chg. % Wgt. Chg.
n'lean mean

R-22 8.7 8.7 5.6 28.8/28.1] 28.5

R-32 3.7 3.4 3.3 18.5/8,31 8.4

R-124 0.5 i.0 1.8 17.4/7.7] 7.6

R-134a 0.2 0.3 1.0 12.7/3.01 2.8

R- 125 0.0 0. ! 0. i [0.9/0.9] 0.9

R- 143a 0.2 0.4 0.6 [ 1.6/ 1,8] 1.7

R- 152a 2.0 3.5 3.5 [8.5/8,4] 8.5

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 0.4 1.5 2.8 [8.7/8.7] 8.8

AB -0.1 10.3/0.41 0.4 10.4/0.41 0.4

MO 0.4 11.1/_.01 1.1 [2.0/I.91 2.0

PEMA 5.8 115.6/15.11 15.4 139.7/40.21 40.0

PEBA 3.6 14.7/5.01 4.9 [12.4/12.51 12.5

PPGD 4.1 ii0.5/10.5] 10.5 126.2/27.01 26.6

PPGBM 0.4 [I .4/1.4] 1.4 [2.8/2.6] 2.7

MPG 0.2 !o.2/0.21 0.2 IO.5/o.51 o.s

PEMA Pentaerythritol Ester Mixed Acid MPG Modif_d Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benz_ne

MO Mineral Oil
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Formula # 36 Ingredient pphr

Epichlorohydrin Copolymer 100
Stearic Acid 1

Nickel Dibutyldithiocarbamate 1
Red Lead 5

Ethylene Thiourea 1.85

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 36.3 36.5 36.0 [133/120] 126.0

R-32 6.9 6,4 6.3 [20.7/20.4] 20.6

R-124 22.7 22.3 22.0 [83.2/82,2] 82.7

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 4.8 4.8 5.0 [16.3/16,0] 16,2

R-123 67.3 67,2 68.0 [418/418] 418.0
, ,

R-142b 6.8 6.6 5.8 [20.8/20.6] 20.7

R-134 13.4 13.3 12.7 [51.4/50,1] 50.8

AB _._2 - [0.5/0.1] 0.3 [0.4/0.4] 0.4

MO 0.5 [1.0/0.9] 1.0 [2,3/2,31 2.3

PEMA 6.6 [6,7/7.0] 6.9 [17.2/17.6] 17.4

PEBA 3.6 - [4.7/5,01 4.9 [12,4/12,51 12.5
.,

PPGD 10.4 - [12.4/12.5] 12.5 [33.1/33.71 33.4

PPGBM 0.8 [0.9/1.0] 1.0 [1.4/1.6] 1.5

MPG -0.1 [-0.3/-0.3] -0.3 [-0.7/-0.7] -0.7

PEMA PentaerythritolEsterMixedAcid MPG ModifiedPolyglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolD,iol

PPGBM PolypropyleneGlycolButylMonoe_her AB AlkylBenzene
MO MineralOil
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Formula # 37 Ingredient pphr6

Epichlorohydrin Copolymer 100
Stearic Acid 1

Nickel Dibutyldilhioczrbamate 1
Red Lead 5

Ethylene Thiourea 1.85
N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 25.6 26.1 23.8 [89.6/83,8] 86.7....

R-32 5,5 5,7 5,4 [14.7/14.6] 14.7
,,,

R- 124 16,4 15.9 15,6 [55.0/52,4] 53.7

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 5.7 5.2 2.0 [11,6/11.5] 11.6

R-123 43.1 44.6 43.2 [210/113] 211.0

R-142b 5.0 5.3 4.8 [14,9/15.0] 15.0

R-134 9.8 9.2 9.0 [35.2/34.5] 34.9
___

AB -0.2 [0,1/0.2] 0,1 [0.2/0,2] 0.2

MO 0.5 - [0.5/0.9] 0.7 [1.9/1.9] 1,9

PEMA 3.9 [5.1/5,0] 5.1 [11.5/11.7] 11.6

PEBA 2,I [3.8/3.7] 3.8 [8.5/8.7] 8.6

PPGD 6.5 - [8.5/8.2] 8.4 [20.8/21.0] 20.9....... ,

PPGBM 0.2 - [0.7/0.5] 0.6 [1.1/1.5] 1.3

MPG -0.4 [-0.2/-0.1] -0.2 [-0.2/-0.2] -0.2
....

PEMA Pentaerythritol Ester Mixed Acid MPG Modified 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 # 38 Ingredient pphr

Epichlorohydrin Terpolymer 100
Stearic Acid 1

Nickel Dibutyldithioc._.rbanaate 1
Red Lead 5

Ethylene Thiourea 1 85

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg % Dia. Chg % I)ia. Chg % Wgt. Chg
mean mean

R-22 39.8 39.0 38.4 [154/145] 149.0
._

R-32 7,5 7.4 7.3 [21,7/21.0] 21.4

R-124 26.2 26.1 25.6 [97.0/95.0] 96.0

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 6.9 6.7 6.8 [18,0/17.9] 18.0

R-123 69.4 69.5 70.5 [447/449] 448.0

R-142b 8.0 7.4 7.4 [22.5/22,3] 22.4

R-134 14.9 15.0 14.3 [56,4/56.3] 56,4
_,,

AB 0.2 [-1.5/0.31 -0.6 [0.8/0.7] 0.8

MO 0.1 [0.8/0.9] 0.9 [2.6/2.7] 2.7
,,

PEMA 5.4 - [8.1/7.6] 7.9 [18.9/19.0] 19.0
..... ,,

PEBA 4.0 - [5.1/6.4] 5.8 [13.3/13.5] 13.4

PPGD 10.9 - [13.9/13.5] 13.7 [37,0/37.1] 37.1
,,

PPGBM 0.2 - [1.3/1.1] 1.2 [2,7/2.9] 2.8
.....

MPG 0.0 [-0.1/-0.2] -0.2 [0,2/0.3] 0,3

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'_.A Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PP(3[) - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Bulyl Monocther AB Alkyl Benzene

MO Mineral Oil
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Formula # 39 Ingredient pphr

Epichlorohydrin Terpolymer 100
Stearic Acid 1

Nickel Dibutyldithiocarbamate 1
Red Lead 5

Ethylene Thiourea 1.85
IRB6 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 26.7 26.8 26.3 [102/96.0 99.0

R-32 5.1 5.5 5.4 [15.4/15.2] 15.3
,,,

R-124 17.6 17.7 17.4 [70.4/68.9] 69.7

R-134a 3.0 3.0 3.1 [10.2/10.3] 10.2

R-125 20 2.5 3.0 [9.0/8.6] 8.8
,,

R-1434 1.0 - -
,,,

R-1524 5.1 4.7 4.8 [12.6/12.6] 12.6

R-123 42.3 43.2 41.8 [227/227] 227.0
,,,

R-142b 5.5 5.5 5.1 [16.4/16.1] 16.3

R-134 9.8 10.0 10.3 [39.3/38.8] 39.1

AB 0.2 - [-2.0/0.31 -0.9 [0.2/0.31 0.3

MO 1.3 - [-1.1/1.01 -0.1 [2.1/2.0] 2.1
......,

PEMA 4.0 [5.2/5.2] 5.2 [12.9/13.0] 13.0

PEBA 1.8 [3.7/3.8] 3.8 [9.3/9.2] 9.3

PPGD 7.8 - [8.7/8.6] 8.7 [22.7/22.9] 22.8

PPGBM -0.2 - [1.3/1.2] 1.3 [1.9/2.3] 2.1

MPG 0.8 [0.8/0.2] 0.5 [0.3/0.31 0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modifie, d Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM Polypropylene Glycol Butyl Monoether AB Alk)_ Benzene

MO Mineral Oil
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Formula ht 40 Ingredient pphr

Silicone elastomer 100

Peroxide 1.5

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 64.0 64.4 64.3 [395/332] 364.0

R-32

R-124 53.9 54.1 52.8 [338/315] 326.0
,. ,,,

R-134a 6.5 6.2 5.9 [26.6/25.3] 26.0

R-125 8.4 8.5 8.4 [34.3/33.5] 33.9

R-143a 11.2 11.5 11.0 [25.5/21.3] 23.4
, __

R-152a 21.3 21.0 19.4 [53.6/50.2] 51.9

R-123 74.6 74.2 73.5 [639/635] 637.0

R-142b 66.8 67.1 66.2 [363/318] 341.0

R-134

AB 14.8 [14.4/18.4] 16.4 [58.4/58.9] 58.7.... ,,,,

MO 10.1 [9.2/10.1] 8.7 [26.9/26.2] 26.6

PEMA 1.7 - [1.6/1.2] 1.4 [4.7/0.8] 2.8

PEBA 2.5 . [2.9/2.9] 2.9 [7.7/7.8] 7.8

PPGD 0.6 [-0.6/-0.21 -0.4 [-0.5/0.1] -0.2

PPGBM 0.7 [0.3/0.5] 0.4 [0.1/0.1] 0.1
,,

MPG 1.5 - [0.4/0.3] 0.1 [-0.1/-0.61 -0.4

PEMA Pentaerythritol Ester Mixed Acid MPG Modifie.xt Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl ik:tmene

MO Mineral Oil
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Formula # 41 Ingredient pphr

Dimethyl Silicone Rubber 100

Dicumyl Peroxide on Calcium Carbonate 1

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 50.0 51.9 52.4 [222/199] 211.0

R-32 5.8 5.9 5.8 [15.4/12.2] 13.8

R-124 41.5 41.0 40.0 [210/190] 200.0

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-IS2a 17.3 17.1 17.0 [49.0/39.7] 44.3

R- 123 60.4 60.9 59.9 [398/387] 393.0

R-142b 53.0 51.6 50.7 [247,'216] 232.0

R-134 4.8 5.1 5.5 [18.5/17.6] 18.1

AB 15.9 [15.7/15.9] 15.8 [44.6/44.2] 44.4

MO 7.9 [7.1/7.4] 7.3 [1_.5/19.4 19.5

PEMA 1.5 - [1.2/1.5] 1.4 [3.7/3._ 3.7

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 [0.7/0.6] 0.6

MPG 4.7 - [-0.3/-0.4] -0.4 [-0.2/-0.4] -0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'w.,d Polyglycoi

FEBA Pentaerythritol Ester Branched Acid PPGD - Polyprc, pylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB - Alkyl Benzene

MO Mineral Oil

-

-

-h



80

Formula # 42 Ingredient pphr

Methylphenylvinyl Silicone Rubber 100

Dicumyl Peroxide on Calcium Carbonate 0.6

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 50.8 51.3 50.5 [218/210] 214.0

R-32 4,8 4.8 4.7 [9,8/8.8] 9.3

R-124 41.8 41.8 42,6 [195/193] 194,0
,,

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] 407.0
..........

R-142b 52.8 55,6 53,5 [252/227] 240.0
m

R-134 4.7 4.4 5.9 [14.7/13.3] 14.0

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
,,,

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

PPGBM 4.5 [4.2/3.5] 3.8 [9.5/9.5] 9.5

MPG 3.0 [2.8/2.8] 2.8 [8.6/8.9] 8.8

PE.MA Pentaerythritol Ester Miami Acid MPG Modif'r..,_l Polyglycoi

PE.BA Pr,ntacrythritol Ester Brancl_d Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monocthcr AB - Alkyl Benzene
MO ]_4ineral Oil
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Formula # 43 Ingredient pphr
J

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.
mean mean

R-22 21.3 21.6 22.1 [97.1/86.6] 91.9

R-32 3.4 3.8 3.7 [8.7/7.2] 8.0

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 9.1 9.2 [28.0,'25.7] 26.9

R-123 23.0 23.0 22.3 [139/136] 137.0

R-142b 22.0 22.0 22.0 [91.5] 91.5

R-134 3.2 3.0 3.3 [12.8,.12.1] 12.5

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

PEMA PentaerythritolEsterMixedAcid MPG Modifie,d Polyglycol

PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycol13401
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MineralOil

=

z
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Formula # 44 Ingredient pphr

Fluorosilicone 100

Iron Oxide 1.5

Bis(2,4-dichlorobcnzoyl peroxide) 1.3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 42.0 42.0 43.0 [141/129] 135.0

R-32 31.6 31.7 31.4 [68.0/63.6] 65.8

R-124 32.5 33.1 32.2 [137/127] 132.0

R-134a 34.6 35.0 35.4 [127/122] 125.0

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

R-152a 39.6 39.8 39.4 [106/102] 104.0
, ,,

R-123 31.7 31.0 31.4 [137/137] 137.0

R-142b 43.3 43.0 42.0 [151] 151.0

R-134 34.0 36.2 33.3 [145/134] 140.0

AB 0.8 .. [-0.3/0.3] 0.0 [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 [0.6/0.5] 0.6

MPG -0.6 [-0.7/0.01 -0.3 [0.3/0.5] 0.4

PEMA Pentaerythritol Estcr Mixed Acid MPG Modif'md Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylenc Glycol Diol

PPGBM Polypropylene Glycol Butyl Monocther AB Alkyl Benzene

MO Mineral Oil



83

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
mean mean

R-22 -0.7 -0.9 -0.9 [5.9/3.1] 4,5

R-32 0.7 0.9 0.8 [3.3/3.2] 3.3

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 0.4 0.5 0.5 [2,7/2.5] 2.6

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 -1.7 [-2.1/-2.5] -2,3 [-4.1/-3.7] -3.9

PEMA Pentaerythritol Estc: Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol I_ol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Bert_ne
MO Mineral Oil
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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.
mean mean

R-22 -2.5 -3.2 -3.5 [-7.0/-8.1] -"I.6,,

R-32 0.7 0.7 0.7 [3.6/3.5] 3.6

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 ol.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 0.6 0.6 0.5 [2.7/2.9] 2.8
,,,

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/-I7.9] -18.0

MPG -5.0 [-6.4/-6.4] -6.4 [-18.6/-18.6] -18.6

PEMA PentaerythritolEsterMixedAcid MPG Modif'w.dPolyglycol
PEBA PentaerythritolEster BranehodAcid PPGD - Polypropyl,zneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB Alkyl Benzene
MO Mineral Oil

m
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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.
mean mean

i,

R-22 -0.4 -0.4 -0.5 [7.6/3.4] 5.5
..............

R-32 0.4 0.2 0.2 [3.0/2.7] 2.9

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
...... t .......

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 0.1 0.2 0.1 [1.5/1.8] 1.7
..........

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] _ "_
-- _,.. ...... _,,

PPGD -1.0 [-1.2/-1.1] -1.2 [-3.2/-3.2] .i, ii

PPGBM -0.4 [-0.3/-0.9] -0.5 [-0.4/-0.5] 4; 5
............ -_._

MPG -0.2 [0.4/-0.7] -0.2 [-0.3/-0.3] -0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modified i_, :.:_:I,;e_;i

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropyt,.'n= _._J,:,_.,,!_._i,ei

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

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 14 I)ay

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

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
L

R- 134a 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 0.1 0.2 -0.1 [2.6/1.8] 2.2

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/-1.61 -1.6

PPGBM -0.5 . [-0.4/-0.4] -0.4 [0.8/0.7] 0.8
,,

MPG -0.2 - [-0.8/-0.7] -0.8 [0.9/0.8] 0.9

PEMA Pentaerythritol Ester Mixed Acid MPG Modif_d Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13401

PPGBM - Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 49 Ingredient pphr
J

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.
mean mean

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
, ,

L

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 1.1 0.4 -0.4 [0.7/1.5] 1.1

R-152a 1.0 0.3 0.4 [2.6/3.4] 3.0,,,

R-123 19.6 20.0 20.6 [140/139] 139.0

R-142b 2.3 1.7 1.7 [12.3/12.1] 12.2

R-134 2.1 1.7 1.2 [14.7/14.6] 14.7

AB 1.0 [0.5/0.7] 0.6 [-0.9/-0.9] -0.9
,,

MO 1.8 [0.9/0.4] 0.7 [1.1/1.1] 1.1

PEMA 0.9 - [0.7/1.1] 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/-2.1] -2.1

MPG -1.4 - [-1.2/1.2] 1.2 [-2.7/-2.4] -2.6
....

PEMA Pentaerythritol Ester Mixed Acid MPG ModiFied Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropyler_e Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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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.
mean mean

R-22 14.3 14.6 14.6 [78.4/75.5] 77.0......

R-32 ,,,....

R-124 10.5 10.2 10.6 [7'7.7/74.8] 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] 2160

R-142b 1.5 1.1 0.6 [11.1/11.5] 11.3

R-134 3.0 2.2 1.6 [19.1/19.4] 19.3

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

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'_..xi Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dioi

PPGBM - Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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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.
mean mean

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 [1.8/20] 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] 102.0

R-142b 2.3 1.9 1.7 [12,0/11,5] 11.8
......,,,

R-134 1.6 1.6 0.8 [11.9/12.6] 12.3

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
......

PEMA 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
m,

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
....... i .....

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 # 52 Ingredient pphr

Polyester TPE (40 shore D) 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 25.5 25.7 26.4 [128/124] 126.0

R-32

R-124 19.9 19.8 19.3 [109/102] 105.0

R-134a 3.7 3.3 3.3 [12.3/12.0] 12.2

R-125 4.4 4.6 4.9 [16.4/16.2] 16.3

R-143a 1.6 2.2 2.1 [5.3/5.2] 5.3
,,,

R-152a 4.1 4.4 4.2 [12.1/11.5] 11.8

R-123

R-142b 7.1 6.6 6.7 [24.4/22.8] 23.6

R-134

AB 2.4 - [2.8/3.3] 3.1 [6.4/6.3] 6.4

MO 1,8 [9.5 i,.4] 6.5 [8.7/8.9] 8.8

PEMA 3.2 [4.6/4.7] 4.7 [12.7/12.9] 12.8

PEBA 3.0 - [4.7/4.4] 4.6 [10.3/10.5] 10.4

PPGD 3.5 - [4.2/4.4] 4.3 [11.4/11.4] 11.4

PPGBM 1.6 [2.3/2.71 2.5 [6.0/6.2] 6.1
t,

MPG 0.7 [1.9/1.9] 1.9 [3.8/3.6] 3.7

PEMA Pentaerythritol Ester Mix_ Acid MPG Modif'Kxi Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol I_ol

PPGBM PolypropyleneGlycolBut._1Monocther AB AlkylBenzene

MO - MineralOil
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Formula # 53 Ingredient pphr

Polyester TPE (63 shore I_)) 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 14.4 14.0 13.8 [52.0/47.6] 49.8

R-32

R-124 8.6 9.5 9.4 [39.0/38.3] 38.7
r"

R-134a 2.4 2.7 2.5 [8.7/8.3] 8.5

R-125 1.9 2.6 2.8 [10.0/10.4] 1(].2

R-1434 1.4 1.3 1.2 [3.5/3.4] 3.5

R-152a 3.5 3.0 2.8 [1.1/1.4] 1.2,,

R-123 25.4 25.0 24.9 [125/128] 126.0

R-142b 5.0 4.4 4.5 [13.9/13.6] 13.7,,

R-134
.....

AB 0.8 [1.3/1.7] 1.5 [2.7/3.1] 2.9

MO 0.9 [1.9/2.0] 2.0 [4.6/4.7] 4.7

PEMA 0.6 [1.9/1.81 1.9 [5.2/5.4] 5.3
,,,

PEBA 0.8 - [1.8/1.6] 1.7 [4.0/4.2] 4.1

PPGD 1.2 - [1.9/2.0] 2.0 [5.1/4.8] 5.0
,,,

PPGBM 0.6 [0.8/0.9] 0.9 [2.5/2.4] 2.5

MPG 0.3 - [0.6/0.5] 0.6 [1.4/1.5] 1.5
,,,_

PEMA Pentaerythritol Ester Mixed Acid MPG Modit'_..d Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil

qmm_mamJum|!nWallllmlnUminnl,IwminnMI_
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Formula # 54 Ingredient pphr

Polyester TPE (72 shore I)) 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 9.9 10.3 9.9 [40.7/38.6] 39.7
....

R-32

R-124 7.2 7.0 6.9 [2.9/2.4] 2.7

R-134a 1.2 1.9 2.(1 [7.7/7.5] 7.6
...........

R-125 0.4 2.1 2.2 [7.4/7.8] 7.6
.,.

R-143a 1.1 1.4 1.2 [2.9/2.8] 2.9
,m....

R-152a 3.1 2.6 2.6 [6.8/6.5] 6.7

R-123 14.7 15.4 16.4 [74.4/80.5] 77.5

R-142b 3.3 3.6 3.4 [12.9/11.2] 12.1

R-134

AB 0.3 - [0.7/1.01 0.9 [2.0/2.1] 2.1

MO 0.7 - [1.0/1.9] 1.5 [3.4/3.2] 3.3
.,,

PEMA 0.0 - [1.2/1.2] 1.2 [3.4/3.6] 3.5
_

PEBA 0.0 [0.8/1.1] 1.0 [2.8/2.7] 2.8

PPGD 0.6 [1.4/1.0] 1.2 [3.5/3.6] 3.6

PPGBM 0.3 - [0.5/0.61 0.6 [1.8/1.6] 1,7
,.

MPG -0.3 - [-0.1/0.5] 0.2 [0.9/1.0] 1.0

PEMA Pentaerythritol Ester Mixed Acid MPG - Modifkr, d 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 # 55 Ingredient pphr

Polyester TPE (55 shore D) 100

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 70 6.8 6.9 [26.8/25.3] 26.1
,,,

R-32

R-124 0.8 4.2 4.2 [16.9/17.1] 17.0

R-134a 0.2 0.8 1.3 [3.8/3.8] 3.8

R-125 -0.1 0.1 0.3 [2.5/2.1] 2.3

R-143a 0.1 0.2 0.4 [0.8/0.8] 0.8

R-152a 1.0 2.1 1.9 [5.5/5.3] 5.4

R-123 6.1 9.6 9.5 [40.4/42.1] 41.3

R-142b 0.2 1.8 2.2 [7.6/7.6] 7.6

R-134

AB -0.2 [0.1/-0.1] 0.0 [0.3/0.4] 0.4
....

MO 0.2 [0.4/0.3] 0.4 [0.7/0.9] 0.8
.°

PEMA -0.1 [-0.1/-0.2] -0.1 [0.6/0.4] 0.5

PEBA 0.2 [0.1/0.31 0.2 [0.1/0.21 0.2

PPGD -0.4 [-0.3/-0.6] -0.5 [1.0/1.1] 1.1
.....

PPGBM 0.1 [-0.1/-0.1 ] -0. 1 [0.2/0.2] 0.2

MPG -0.1 [-0.1/-0.1] -0.1 [0.I/0.1] 0.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modit'r.xl Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil



94

Formula # 56 Ingredient pphr

FA Polysulfide Rubber 100
Zinc oxide 10

Stearic acid 0.5

2,2'-Benzothiazyl disulfide 0.4

Di phenyl guanidine 0.1

2-mercapto imidazoline 0. I

Swell Data:

24 Hour 72 Hour If Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wg Chg.
mean mean

R-22 3.5 4.4 3.8 [12.3/12.3] 12.3

R-32
, , ,

R-124 -0.1 0.4 0.5 [1.6/1,7] 1.7

R-134a -0.7 -0.5 -0.4 [-0.4/0.4] 0.0

R-125 -0.1 0.3 0.6 [0.5/i.0] 0.8

R-143a -0.2 0,3 0.1 [-0.3/0.1] -0.1

R-152a 0.5 1.0 0.5 [1.0/1.5] 1.3

R-123 7.6 8.0 7.8 [32.2/32.3] 32.2

R-142b 0.5 0.7 1.0 [2.3/2.7] 2.5

R-134
,,

AB -0.3 - [-0.8/-0.9] -0.9 [-3.9/-3.7] -3.8

MO 0.4 - [-0.4/-0.2] -0.3 [-1.8/-1.1] -1.5

PEMA -0.3 [-3.0/-2.7] -2.9 [-9.0/-8.3] -8.7

PEBA -0.6 [-3.9/-3.1] -3.5 [-10.8/-8.7] -9.8

PPGD 0.0 [-3.7/-2.4] -3.1 [-11.2/-10.4] -10.8

PPGBM -1.9 [-3.2/-4,1] -3.7 [-8.6/-6,5] -7.6

MPG -1.1 [-2.6/-2.5] -2.6 [-8.4/-6.2] -7.3

PEMA - Pentaerythritol Ester Mixed Acid MPG Modifiea:l Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoethcr AB Alkyl Beta._ne

MO Mineral Oil
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Forrnula# 57 Ingredient pphr

FA Polysulfide Rubber 100
Zinc oxide 10

Stearic acid 0.5

2,2'-Benzothiazyl disulfide 0.4

Diphenyl guanidine 0.1

2-mercapto imidazoline 0.1

IRB6 (Carbon black) 60

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 4.0 2.3 3.1 [8.1/8.3] 8.2

R-32

R-124 0.1 0.2 0.3 [0.9/1.2] 1.1

R-134a -0,1 -0. I 0.1 [-0.3/-0.1] -0.2

R-125

R-143a -0.4 0.3 -0.1 [-0.3/-0.2] -0.3

R-152a 0.7 1.0 0.9 [0.6/0.8] 0.7

R-123 4.1 5.9 6.0 [20.3/20.5] 20.4

R-142b 0.2 0 , 0.5 [1.6/1.9] 1.8

R-134

AB -0.5 [-0.9/-0.7] -0.8 [-1.7/-1.7] -1.7

MO -0.1 - [-0.5/-0.7] -0.6 [-0.4/-0.2] -0.3

PEM0 -0.5 - [-0.6/-1.4] -1.0 [-1.5/-1.61 -1.6

PEBA -0.7 - [-0.7/-0.8] -0.8 [-1.5/-1.7] -1.6
,.,

PPGD -0.6 - [-0.6/-0.5] -0.6 [-1.7/-1.4] -1.6
.....

PPGBM -0.8 - [-1.0/-0.7] -0.8 [-1.9/-1.3] -1.6

MPG -0.8 [-0.6/-0.7] -0.7 [-2.4/-2.2] -2.3

PEMA - Pentaerythritol Ester Mixed Add MPG Modif'r.,d 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 # 58 Ingredient pphr

ST Polysulfide Rubber 100

Zinc peroxide 5
Stearic acid 1

Calcium Hydroxide 1

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 8.1 10.6 8.6 [30.6/30.2] 30.4

R-32

R-124 1.2 1.7 2.5 [11.2/9.6] 10.4

R- 134a -0.1 -0.1 -0.1 [1.5/2.0] 1.8

R-125 -1.2 -0.1 0.2 [1.8/2.4] 2.1

R-143a 0.1 0.2 0.3 [08/0.9] 0.9

R-152a 2.1 2.3 1.6 [3.7/4.0] 3.9

R-123 59.1 57.6 56.0 [330/321] 325.0

R-142b 1.3 2.3 2.1 [6.5/7.1] 6.8

R-134

AB

MO -0.1 - [-1.8/-1.3] -1.6 [-4.5/-2.8] -3.7

PEMA 1.0 - [-3.9/-3.7] -3.8 [-11.0/-10.5] -10.8

PEBA
u

PPGD
,,

PPGBM -0.7 [-4.8/-4.8] -4.8 [-12.3/-10.7] -11.5

MPG

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'r..,d 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 # 59 Ingredient pphr

ST Po]ysulfide Rubber 100

Zinc peroxide 5
Stearic acid 1

Calcium Hydroxide 1

IRB6 (Carbon black) 60

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 396 7.8 6.3 [0.9/0,1] 0.5

R-32

R-124 1.3 2.2 1.4 [5.1/5.4] 5.3

R-134a 0.6 -0.1 0.1 [0.9/1.1] 1.0

R-125 -4.1 0.9 0.7 [0.9/1.8] 1.4

R- 143a 0.2 0.3 0.3 [0.3/0.3] 0.3
,,,

R-152a 1.6 1.9 1.5 [2.1/2,2] 2.2

R-123 26.9 26.5 27.2 [115/116] 116.0

R-142b 0.8 1.7 1.6 [3.4/3.3] 3.4

R-134

AB -0.4 - [-0.9/-0.9] -0.9 [-2.0/-2.3] -2.2

MO 0.2 - [-0.5/-0.41 -0.5 [-0.9/-0.5] -0.7

PEMA -0.3 [-1.7/-1.4] .1.6 [-3.4/-2.8] -3.1

PEBA -0.4 [-1.7/-2.0] -1.9 [-3.4/-4.0] -3.7

PPGD 0.6 [-0.5/-0.7] -0.6 [-2.0/-1.3] -1.7

PPGBM -0.5 - [-2.0/-2.3] -2.2 [-4.0/-2.4] -3.2

MPG -3.4 - [-2.2/-1.7] -2.0 [-.34/_3.1] -3.3
.....

PEMA PentaerythritolEster MixedAcid MPG - ModiF_xlPolyglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO - MineralOil
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Formula # 60 Ingredient pphr

Polyurethane (Ether - 80 shore A) 100

Moca - 95% stoichiometry

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 31.0 31.0 31.3 [151/144] 148.0

R-32

R-124 29.6 29.6 29.7 [157/158] 158.0

R-134a 4.6 4.6 5.0 [20.9/20.8] 20.9

R-125 7.0 6.9 6.9 [27.3/27.4] 27.4

R-143a 2,8 2.8 2.6 [9.6/9,6] 9.6

R-152a 6.3 6.6 6.5 [1.7/1.9] 1.8

R-123 57.7 56.4 58.7 [419/424] 422.0

R- 142b 12.1 12.1 12.1 [47.4/46.6] 47.0

R-134
......

AB 2.8 [5.1/5.0] 5.1 [14.4/14.1] 14.3

MO 4.8 [6.0/5.5] 5.8 [16.8/16.5] 16.7

PEMA 3.5 [7.2/7.1] 7.2 [23.2/23.1] 23.2

PEBA 2.3 - [5.5/4.8] 5.2 [19.8/19.5] 19.7

PPGD 7.4 - [13.6/13.5] 13.6 [41.0/41.0] 41.0
,,,

PPGBM 2.8 - [6.0/5.8] 5.9 [19.5/19.3] 19.4

MPG 1.5 - [3.0/6.2] 4.6 [11.1/11.3] 11.2

PEMA Pentaerythritol Ester Mixed Acid MPG ModiFied 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 # 61 Ingredient pphr

Polyurethane (Ether- 50 shore D) 100

Moca - 95% stoichiometry

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 15.5 15.7 16.1 [58.3/79.2] 6.8

R-32

R-124 11.5 12,7 13.0 [59.9/58.1] 59.0

R-134a 1.0 2.0 2.0 [10.1/8.9] 9.5

R-125 0.1 2.1 1.9 [8.5/8.4] 8.5
,,

R-143a 0.6 1.2 1,3 [4.2/4.2] 4.2
,,

R-152a 2.9 3.3 2.5 [10.0]10.0] 10.0

R-123 28.9 29.0 30.6 [168/173] 170.0
,,,, , ,, ,

R-142b 2.8 5.9 5.1 [19.4/19.2] 19.3
,,,

R-134

AB -0.3 [0.4/1.2] 0.8 [2.0/1.8] 1.9

MO 0.1 - [1.8/1.4] 1.6 [2.9/3.9] 3.4

PEMA 0.2 - [2.0/0.8] 1.4 [2.5/2.9] 2.7
,, -- H,

PEBA 0.5 - [0.9/0.9] 0.9 [2.2/2.6] 2.4

PPGD 0.7 - [3.8/4.5] 4.2 [12.4/13.9] 13.2

PPGBM 0.2 - [1.0/1.3] 1.2 [2.6/2.9] 2.8

MPG -0.4 - [0.3/0.1] 0.2 [1.2/0.9] 1.1
,,,

PEMA Pentaexythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA - Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Dtoi

PPGBM - Polypropylene Glycol Butyl Moaoether AB - Alkyl Benzene

MO Mineral Oil
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Formula # 62 Ingredient pphr

Polyurethane (Ester - 80 shore A) 100

Moca - 95% stoichiometry

Swell Data:

24 Hour 72 Hour 14 Day I :'._,Day

Test Fluid % Dia. Chg. % Dia. Chg % Dia. Chg. % W gt. Chg
mean mean

R-22 32.2 32.1 32.1 [135/144] 13.0

R-32
.....

R-124 32.2 31.7 32.5 [211/147] 179.0

R-134a 2.2 3.8 3.7 [14.0/14.3] 14.2

R-125 0.7 1.3 2,4 [10.9/10.7] 10.8
,,,

R-143a 0.2 0.9 1.0 [4.5/4.7] 4.6

R-152a 4.4 4.8 4.3 [-9.9/16,3] 3.2

R-123 61.4 61.8 62.0 [391/374] 382.0

R- 142b "_.7 4.4 5.0 [16.3/16.8] 16.6
,,,

R-134 17.5 20.7 19.2 [88.0/84,8] 86.4

AB (/.5 [11.85/-0,5] 5.5 [0.4/0.3] 0.4
....

MO 0.4 [0.II-0.I] 0.0 [3.111.2] 2.2
....

PEMA -0.4 [-0.2/0.8] 0.3 [1.2/1.4] 1.3
,,,

PEBA 0.3 [0.2/0.5] 0.4 [1.1/1.4] 1.3

PPGD 1.2 [5.4/4.6] 5.0 [14.6/12.7] 13.7

PPGBM -1.1 - [-1.1/-0.1] -0.6 [1.0/0.6] 0.8

MPG 0.8 - [0.1/-0.6] 0.3 [8.2/-7.6] 0.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modifkxl Polyglycol

PEBA Pentaerythritol Ester Branclx'd Acid PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoetber AB Alk_1 Benzet_e

MO Mineral Oil
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Formula # 63 Ingredient pphr

Polyurethane (Ether - 50 shore D) 100

Moca - 95% stoichiometry

Swell I)ata:

24 Hour 72 Hour 14 Day 14 Day

Tesl Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg.
mean mean

R-_2 17.0 15.7 16.5 [59.7/58.2] 59.0

R-32
....

R-.+24 2.8 8.9 8.'J [39.6/39.6] 39.6

R-134a 1.1 1.0 1.4 [5.0/5.8] 5.4

R-125 -2.0 -0.9 0.8 [2.3/2.4] 2.4

R-143a 2.4 0.3 0.5 [1.1/1.2] 1.2

R-152a 0.2 3.0 3.3 [8.8/8.9] 8.9

R-123 20.0 2,:l.0 24.0 [115/114] 115.0
, ,

R-142b 0.1 1.3 1.5 [6.7/7.2] 6.9

R-134

AB 0.1 [0.6/-0.7] -0.1 [-0.4/-0.3] -0.4

MO

PEMO -2.4 - [-2.1/-1.5] -1.8 [-0.1/-0.1] -0.1

PEBA -2.0 - [0.3/0.2] 0.3 [-0.1/-0.1] -0.1

PPGD 0.1 [1.3/1.0] 1.2 [2.6/2.5] 2.6

PPGBM

MPG -0.3 [-0.4/-1.1] -0.8 [-0.3/-0.3] -0.3
_.,

PEMA Pentaerythritol Ester Mixed Acid MPG Modif_cl Polyglycol

PEBA Pentaerythritol Ester Branelxxl Acid PP(3D . Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 64 Ingrcxticnt pphr

Polyurethane (Millablc - Ester based) 100
Moca - 95%/,_stoichiomct_'

Swell Data:

24 Hour 72 Hour 14 l)ay 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg % Wgt. Chg.
mea n mea n

R-22 48.4 46.0 48.7 [196/152] 174.0
.........

R-32

R-124 49.3 48.7 51.9 [299/270] 285.0

R-134a 4.6 4.(.) 4.0 [15.9/14.9] 15.4

R-125 1.5 3.(3 2.6 [11.8/12.2] 12.0

R-143a 0.2 1.4 1.3 [3.3/3.5] 3.4

R-152a 5.,._ 5.8 6.(,) [15.1/14.8] 15.0

R-123 92._ 924 93.6 [717/752] 734.0
......

R-142b 6.4 5.(i) 4.7 [16.4/16.4] 16.4
,,.

R-134
,.

AB

MO
.....

PEMA
,., -- ,.,

PEBA

PPGD

PPGBM

MPG

PEMA PentaerythritolEsterMixedAcid MPG Modif'r.xlPolyglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDioi
PPGBM PolypropyleneGlycolBut_,lMonoether AB Alkyl Beaz_t:ne
MO MineralOil
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Fommla # 65 Ingrc, dicnt pphr

Polyurcthanc (Millablc Ether based) lfR)

Moca - 95% sloichiomctr)'

Swell I)ata:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 48.0 48.0 46.9 [246/235] 2,10.0
.,

R-32

R-124 527 52.9 51.4 [343/325] 334.0
,,.- -- ,, .....

R-134a 5.4 5.6 5.3 [19.9/19 9] 19.9
,,_

R-125 7.2 7.0 6.8 [26.4/26.9] 26.7

R-143a 2.8 2.7 2.7 [9.2/9,3] 9.3
,,,

R-152a 7.2 6.7 6.9 [21.3/21.6] 21.5
,,

R-123 96.2 98.8 103 [917/920] 918.0
.......

R-142b 15.5 15.8 15.2 [61.2/59.4] 60.3

R-134
,,

AB 6.6 [9.7/9.8] 9.8 [24.7/25.2] 25.0
,,

MO 9.0 [7.8/8.7] 8.3 [26.0/27.0] 26.5

PEMA 22.9 [27.3/27.4] 27.4 [100/98.9] 99.6
.........

PEBA 8.9 [17.5/18.7] 18.1 [60.8/58.9] 599

PPGD 23.5 [48.2/48.5] 48.4 [216/216] 216.0
..... ,

PPGBM 22.7 - [32.8/31.01 31.9 [126/1211 123.0
........

MPG 4.3 - [11.1/10.61 10.9 [36.0/36.0 36.0

PEMA PentaerythritolEsterMixedAcid MPG Modif'_edPobglycol
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MineralOil
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Formula # 68 Ingredient pphr

Chlorosulfonated polyethylene 100

Litharge 25

Bet_othiazyi 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.

rll]w._ i'l l[l]_a rl

R-22 9., 8.6 8.2 127.8/27.9] 27.8

R-32
,.

R-124 1.1 1.4 3.5 112.7/12.8] 12.8

R- 134a 0.3 0.3 1.2 13.5/3.2] 3.3

R-125 0.7 0.9 !.2 13.5/2.8] 3.2

R- 143a 1.0 1.4 2.2 [5.0/4.9] 4.9

R- 152a 1.8 3.0 3.5 18.3/8.4] 8.4
....

R-123 18.6 18.9 18.8 [75.Z_75.0] 75.1

R-142b _.6 6.0 6.1 [17.7/17.91 17.8

R-134 0.5 0.9 1.5 14.7/4.81 4.8
,,

AB 3.2 [7.6,'73] 7.5 [15.5/15.>"] 15.5

MO 4.3 112.2,'12.11 12.2 129.0/28.5] 28.8
,..

PEMA 10.0 123.2/23.01 23.1 164.0/64.01 64.0

PEBA -0.6 [15.5/15.31 15.4 140.0/39.01 39.5

PPGD 1.7 [3.5/3.21 3.4 [7.5/7.31 7.4
.,

PPGBM 0.3 [1.5/1.7 ! 1.6 13.7/3.7] 3.7

MPG 0.0 10.3/0.21 0.3 !1.1/1.1] 1.1

PEMA Pentaerythritol Ester Mixed Acid MPG Modifw,.,d Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13601

PPGPM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula # 69 Ingredient pphr

Chlorosulfonaled polycl_'lcne (CI 35%, S 1.0%) 100

Magnesia 4

Pentaerythritol 3

Dipentamethylenethiuram hexasulfide 2
Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg % Wgt. Chg
mea n mea n

,, ,,

R-22 7.9 7.5 7.5 [30.5/30.9] 30.7
,,,

R-32

R-124 1.0 2.7 3.0 [13.0/13.1] 13.1

R-134a 0.3 0.6 1.0 [3.8/3.1] 3.5

R-125 0.7 1.6 1.9 [5.7/5.7] 5.7
,,,,,,,

R-143a 0.3 0.9 1.1 [3.0/2.5] 2.8

?-152a 1.7 3.0 3.0 [8.4/8.4] 8.4
.....

J4-123 19.2 18.6 18.1 [87.0/89.1] 88.0

R-142b 4.6 5.8 5.8 [19.7/19.9] 19.8

R-134
,,

AB 2.4 [8.2/5.2] 67 [18.7/14.3] 16.5

MO
,,,,

PEMA
....

PEBA 5.5 - [22.7/24.3] 23.5 [72.7/76.8] 74.8

PPGD -0.4 - [1.8/1.7] 1.3 [5.1/3.8] 4.5

PPGBM

MPG -1.0 [0.2/0.1] 0.2 [1.0/1.2] 1.1
,,,

PEMA - PentaerythritolEstcrMixedAcid MPG ModifbedPol_glycol
PEBA PentaerythritolEslerBranchedAcid PPGD - PolypropyleneGlycolDlol
PPGBM PolypropyleneGlycolButylMonoether AB Alkyl Benzrne
MO MineralOil
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Formula # 67 Ingredient pphr

Chlorosulfonated polyethylene (CI 29°/0, S 1.4%) 100

Litharge 25

2,2'-Benzothiazyl disulfide {1.5

Dipentamethylenethiuram hexasulfide 2

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

, ..

R-22 9.1 9.0 8.9 [31.3/30.6] 31.0
,,

R-32
i . _ ,

R-i24 2.4 3.7 4.0 [13.2/8.5] 10.9

R-134a -0.1 0.1 0.6 [4.0/4.2] 4.1

R-125 1.4 1.5 2.3 [5.8/5.2] 5.5

R-143a -0.8 0.8 1.3 [4.1/4.1] 4.1

R-152a 2.5 3.6 4.0 [11.1/15.9] 13.5

R-123 23.3 22.4 22.6 [107/107] 107.0
• - j.,i ii

R- 142b 6.4 6.2 5.6 [21.4/21.4] 21.4
, .....

R-134 0.7 1.0 1.0 [4.9/6.1] 5.5

AB 4.2 [11.4/12.6] 12.0 [29.7/28.9] 29.3

MO 8.5 [17.2/19.9] 18.6 [53.6/5a. 1] 53.9

PEMA 5.5 [16.9/21.9] 19.4 [65.8/68.6] 67.2

PEBA 6.1 - [16.4/14.4] 15.4 [48.7/46.2] 47.5

PPGD 0.5. - [2.1/2.3] 2.2 [8.6/8.2] 8.4
-_._ ___ ill illll

PPGBM (L8 - [1.2/3.0] 2.1 [7.5/7.9] 7.7
,,,

MPG 0.1 - [-1.8/-9.8] -5.8 [2.9/2.7] 2.8

PEMA PentaerythritolEsterMixedAcid MPG ModiFy! Polyglycol
PEBA PentaerythritolEster BranchedAcid PPGD - PolypropyleneGlycolDiol
PP(3BM PolypropyleneGlycolButylMonoelher AB Alkyl Ben_nc
MO MineralOtl
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Formula # 66 Ingredient pphr

Polyurethane (Millable - Ester based) 100

Moca - 95% stoichiometry

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 36.9 34.4 34.8 [147/117] 132.0

R-32

R-124 33.7 35.2 35.8 [169/145] 157.0

R-134a 3.2 3.0 3.1 [10.8/11,0] 10,9

R-125 1.2 2.2 2.3 [8.7/9.3] 9,0

R-143a 0.2 1.0 1.1 [2.7/2.8] 2.8

R-152a 4.5 4.3 4.2 [10.5/11.0] 10.8

R- 123 61.9 59.4 63.9 [360/360] 360.0

R-142b 4.6 4.1 3.7 [12.1/12.3] 12.2

R-134

AB -0.2 - [-0.4/-0.8] -0,6 [-1.2/-1.1] -1,2

MO -0.5 [-1.1/-0.1] -0.6 [-0.8/-0.4] -0.6

PEMA -0.7 [-0.1/-0.8] -0.5 [-0.1/-0.1] -0.1

PEBA -0.2 [-0.4/-0.6] -0.5 [-0.2/-0.2] -0.2

PPGD 1.4 [5.5/6.1] 5.8 [13.8/14.5] 14.2

PPGBM -0.4 [-0.4/-0.6] -0.5 [-1.0/1.4] 0.2

MPG -0.8 - [-1.0/-0.1] -0.5 [-1.6/-1.6] -1.6

PEMA PentaerythritolEsterMixedAcid MPG ModiFmdPolyglycol

PEBA Pentaerythritol EsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonocthcr AB Alky_Benzene
MO MineralOil
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Formula # 70 Ingredient pphr

Chlorosulfonat _1 polyelhylene 100

Litharge 20

Benzothiazyl disulfide 0.5

Dipen tamethyllenethiu ram hexasulfide 0.75

Magnesia 10

Nickel Dibutyldithiocarbamate 3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg,
mea ta mea n

R-22 7.8 7.2 7.3 [3,2/23.1] 23.1

R-32

R-124 0,9 1.7 3.0 [11.1/11.1] 11.1
,,

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 1.7 3.0 3.1 [7.6/7.5] 7.6

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 0.4 0.6 0.8 [4,5/4.2] 4.4

AB 3.5 - [8.2/7.9] 8.1 [17,4/17.8] 17,6

MO 2.6 - [12.2/11,3] 11.8 [54,9/26.5] 30.7

PEMA 14.0 - [34.3/31,4] 32,9 [107/99.1] 103.0

PEBA 8.1 - [25.9/25.0] 25.5 [73.7/71. I] 72.2
.......

PPGD 0.7 [1.8/2.2] 2.0 [4,9/5,4] 5.2

PPGBM 1.1 [1.5/1.31 1.4 [2,7/2.91 2.8

MPG -0.1 [-0.2/-0.1] -0.2 [0.7/0.81 0,8

PEMA Pentaerythritol Estcr Mix_! Acid MPG Modil'_l Polyglycol

PEBA Pcntacrythritol Estcr Branclacd Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monocthcr AB Alk_t Benzene

MO Mineral Oil
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Formula # 71 Ingredient pphr

Chlorosulfonated polyethylene 100

Litharge 25

2,2'-Benzothiazyl disulfide 0.5

Dipentamethylenethiuram 2
Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Test Fluid % Dta. Chg. % Dta. Chg. % Dta. Chg % Wgt. Chg
mean mean

R-22 7.8 8.0 8.8 [26.6/26.5] 26.6
, ,,

R-32

R-124 2.9 3.7 5.1 [21.1/4.9] 13.(.)

R-134a 0.1 0.1 0.6 [2.2/2.3] 2.3

R-125 0.5 0.4 1.0 [2.4/2.5] 2.5

R-143a -0.1 0.5 0.7 [2.3/2.2] 2.3

R-152a -0.6 0.6 -1.8 [-1.6/13.7] 6.1
.........

R-123 16.8 17.6 16.5 [68.5/68.3] 68.4
,,,

R-142b 3.1 5.1 5.7 [17.0/17.0] 17.0

R-134 0.1 0.7 -04 [4.0/4.0] 4.0
.......

AB 1.1 - [4.3/4.6] 4.5 [9.4/10.1] 9.8

MO 3.9 - [9.2/9.5] 9.4 [22.5/23.5] 23.0
,,,

PEMA 4.7 - [17.7/20.3] 19.0 [50.0/53.6] 51.8

PEBA 2.5 [10.6/11.6] 11.1 [27.2/28.7] 28.0

PPGD 0.7 [1.9/1.8] 1.9 [5.2/4.9] 5.1

PPGBM 0.9 [1.4/1.4] 1.4 [3.7/3.6] 3.7

MPG 0.2 [0.3/-2.5] -1.1 [1.6/1.4] 1.5

PEMA Pentac-rythritolEsterMixedAcid MPG Modif_dPolyglycol
PEBA i_ntacrythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM - PolypropyleneGlycolButylMonoethcr AB Alkyl Benzene
MO MineralOil



110

Formula # 72 Ingredient pphr

EP Rubber !00

Dicumyl Peroxide 3

Swell Data:

24 Itour 72 Hour 14 Day 14Day

Test Fluid %Dia. Chg. %Dia. Chg. %Dia. Chg. %Wgt Chg.
lneal3 _n

R-22 6.0 6.0 5.9 127.6/26.9] 27.3

R-32

R-124 2.8 3.0 2.7 [19.1/18.2] 18.7
,, ,

R-134a !.8 2.3 3.4 [10.3/5.6] 8.0

R-125 3.3 3.3 2.8 19.2/7.6] 8.4

R-143a 1.4 !.5 0.9 [4.1/3.7] 3.9

R-152a 1.0 1.0 1. i [5.8/5.0] 5.4

R-123 15.9 16.1 16.2 i105/105] 105.0

R-142b 7.5 7.4 7.6 131.71 31.7

R-134 0.6 0.6 0.1 13.5/3.41 3.5

AB 58.9 170.7/72.81 71.7 ' [434/425] 4_.0

MO , 66.2 183.4/83.3) 83.4 [560/534] 547.0

PEMA 3.1 13.2/3.11 3.2 112.7/12.6] 12.7

PEBA 3.2 13.2/2.61 2.9 112.1/12.31 12.2

PPGD 0.1 10.2/0.11 0.1 I0.4/0.31 0.3

PPGBM 0.7 10.4/0.41 0.4 11.5/!.6] 1.6

MPG -0.2 I-0.4/-0.11 -0.3 !-0.3/0.41 0.1

PEMA P,:ntaerythritol Ester Mixed Acid MPG Modified Polyglycoi
PEBA Pentaerythritol Ester Bra_bed Acid PPGD - Polypropylene Glycol Diol

PPGBM !PolypropyleneGlycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil
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Formula # 73 Ingredient pphr

EP Rubber 100

Dicumyl Peroxide 3

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 4,5 4.4 4.5 [19.5/19.3] 19.4
p

R-32

R-124 2,1 2.4 2,4 [10.8/11.3] 11.1
,,,

R-134a 0.9 1.1 0.8 [2.0,/1.3] 17

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 1.1 1,1 1.2 [4.3/3.8] 4.1

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 0.3 0.6 0,9 [2.5/2.4] 2,5

AB 41,0 - [49.7/48.4] 49.1 [231/232] 231.0

MO 53.6 - [58.2/59.3] 58,8 [314/317] 315.0

PEMA 2.6 - [2.5/1.6] 2.1 [9.4/9.3] 9.4

PEBA 2,5 [2.8/2.4] 2.6 [9.6/9.8] 9.7
....

PPGD 0.8 [0.4/0.1] 0.3 [1.2JI.4] 1.3
..... i i,i

PPGBM 1.3 [1.1/0.4] 0.7 [2.9/1.3] 2.1

MPG 0.4 - [0.1/0.1] 0.1 [0.3/-0.1] 0.1

PEMA pentaerythritol Ester Mixed Acid MPG Modif_l Po4yglycol

PEBA - pentaerythritol Ester Branched Acid PPGD - Polypropyknc Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoethcr AB Alkyl Bcnzct_

MO Mineral Oil
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Formula # 74 Ingredient pphr

EP Rubber 100

Dicumyl Peroxide 3
N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

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
p,

R-142b 3.5 3.4 3.3 [13.6/13.3] 13.5

R-134 0.3 0.6 -0.2 [1.4/1.1] 1.3

AB 31.5 - [36.6/36.6] 36.6 [148/147] 147.0

MO 38.5 - [45.0/43.4] 44.2 [206/200] 203.0
........,

PEMA 2.0 - [1,4/1.1] 1.3 [6.0/6.0] 6.0

PEBA 1.4 - [1.9/1.4] 1.6 [6.3/6.5] 6.4

PPGD 0.3 - [0.1/0.1] 0.1 [0.4/0.4] 0.4
....

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

MPG 0.1 [-0.6/-0.11 -0.4 [-0.2/-0.2] -0.2

PEMA PentaerythritolEsterMixedAcid MPG Modif'_ Po4yglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonoc_her AB - AlkylBenzene
MO MineralOil
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Formula # 75 Ingredient pphr

Ethylene Acrylic Elastomer 100

Methylene Diamine 1

Di phen ylguanidine 3.2

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 78.6 77.5 77.4 [116/334] 225.0
.m

R-32

R-124 88.8 87.3 86.3 [602/564] 585.0

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 14.4 14.3 14.2 [46.4/44.9] 45.7

R-123 119.0 117.0 116.0 [1210/1190] 1200
,. r

R-142b 31.4 30.6 31.1 [130/126] 128.0
,,.

R-134 27.2 27.3 27.0 [135/128] 131.0

AB 8.1 - [14.2/14.3] 14.3 [40.9/41.2] 41.1

MO 6.1 - [11.0/10.6] 10.8 [31.6/31.81 31.7

PEMA 38.8 - [54.7/54.7] 54.7 [260/257] 259.0

PEBA 28.9 - [51.2/51.3] 51.3 [242/233] 237

PPGD 37.5 [50.9/50.8] 50.9 [237/235] 236.0

PPGBM 22.0 [47.8/46.5] 47.2 [208/2041 206.0

MPG 19.1 [49.4/40.5] 45.0 [221/180] 201.0
,,,

PEMA PentaerythritolEsterMixedAcid MPG Modi£c...dPolyglycol
PEBA - PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol

PPGBM PolypropyleneGlycolButylMonocther AB AlkylBenzene
MO Mineral Oil
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Formula # 76 Ingr_ient 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.
mean mean

R-22 47.2 46.0 46.7 [183/164] 174.0

R-32
......

R-124 51.2 50.9 48.0 [277/248] 263.0
,,,

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 9.4 9.5 9.5 [27.2/27.5] 27.4
....

R-123 65.3 66.0 69.1 [458/455] 456.0

R-142b 21.2 20.5 20.1 [81.4/78.6] 80.0
..... ,,

R-134 18.9 18.2 18.1 [76.6/20.1] 53.4
....

AB 3.9 - [7.3/7.5] 7.4 [19.3/20.1] 19.7

MO 5.1 - [10.2/10.!] 10.2 [24.4/24.7] 24.6

PEMA 23.7 - [32.4/32.6] 32.5 [117/117] 117.0
....

PEBA 17.9 [31.5/30.7] 31.1 [108/I07] 108.0

PPGD 23.0 [29.7/29.9] 29.8 [105/105] 105.0
,,,

PPGBM 14.6 [28.3/28.2] 28.3 [93.2/92.6] 92.9

MPG 7.6 - [25.4/28.1] 26.8 [82.0/100] 91.0

PEMA - PentaerythritolEsterMix_ Acid MPG Modif_l Polyglycol
PEBA PentaerythritolEsterBrancht_clAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonocther AB AlkylBenzene
MO MineralOil
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Formula # 77 Ingredient pphr

Chlorinated Polyethylene 100

Magnesium oxide 10

Triallyl Isocyanurate 2

Dicumyl pcroxide 8

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

,.,

R-22 7.0 3.7 6.8 [25.9/25,6] 25.8
.......

R-32

R-124 0.9 1.2 2.6 [6.4/6.8] 6.6
,.

R-134a 0.2 0.1 0.8 [3.1,/2.5] 2,8

R-125 0.2 0.2 0.7 [3.0/2.8] 2.9

R-143a 0.3 0.5 1.0 [2.4/2.5] 2.5

R-152a 0.8 2,0 1.9 [1 1.0/10.2] 10.6
....

R-123 15.8 15.0 14.9 [22.4/22.8] 22.6

R-142b 3.1 4.8 4.9 [7.2/7,0] 7,1

R-134 0.1 02 0.5 [3.1/3.4] 3.3

AB 1.9 - [7.5/7.4] 7.5 [18.5/18.7] 18.6

MO 4,9 - [13.8/12,9] 13.4 [39.1/34,81 36.9
....... ,

PEMA 6.6 [21.6/21,2] 21.4 [63.8/68.8] 66.3

PEBA 3.5 [13,2/14.0] 13.6 [40.3/43.0] 41,7

PPGD 0.4 [1.6/1.4] 1.5 [4.6/4.3] 4.5
...

PPGBM 0.3 [1.2/1.1] 1.2 [3.8/3.6] 3.7

MPG 0.1 [0.2/0.21 0.2 [0.5/1.0] 0.8

PEMA PentaerythritolEster MixedAcid MPG ModifiedPolyglycoi
PEBA PentaerythritolEsterBranchedAcid PP(3D - PolypropyleneGlycolDioi
PPGBM PolypropyleneGlycolButylMonoether AB Alkyl Bettzene
MO MineralOil
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Formula # 78 Ingredient pphr

Chlonnated PE 100

M agnesi um Di oxide 10

Triallvl Isocyanurate 2

I)icumvl Peroxide on Clay 4
N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 4 7 4.2 4.5 [18.6/18.4] 18.5
,,

R-32

R-124 0.0 0.4 1.3 [7.5/7.3] 7.4

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 1.1 2.0 2.0 [4.7/4.9] 4.8

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 0.1 0.2 0.4 [1.7/2.2] 2.0

AB 3.1 [9.9/9.4] 9.7 [25.8/25.4] 25.6
.,.

MO 1.8 [6.4/6.5] 6.5 [14.5/14.8] 14.7
.....

PEMA 5.7 [14.2/13.8] 14.0 [42.0/40.8] 41.4

PEBA 2.1 - [11.1/10.7] 10.9 [31.6/30.2] 30.9
.... ,,.,

PPGD 0.6 - [1.3/1.6] 1.5 [4.0/4.1] 4.1

PPGBM 0.2 - [1.0/1.0] 1.0 [2.1/2.0] 2.1

MPG 0.4 - [-0.1/-0.1] -0.1 [0.1/0.1] 0.1
.........

PEMA - PentaerythritolEster MixedAcid MPG ModifkxlPolyglycol
PEBA PentaerythritolEsterBranchedAdd PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolBut)t Monoether AB Alkyl Benzene
MO MineralOil
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Forml_la # 79 Ingredient pphr

Chlorinated Polyethylene 100

Magnesium oxide 10

Triallyl Isocyan urate 2

Dicumyl peroxide 8
Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 5.4 5.3 5.0 [18.6/18.8] 18.7

R-32
...............

R-124 0.6 0.8 0.8 [4.2/3.7] 4.0

R-134a 0.0 -0.1 -0.1 [0.5/0.9] 0.7

R-125 0.0 0.6 0.8 [1.9/2.5] 2.2

R-143a 0.0 0.4 0.3 [0.6/0.6] 0.6

R-152a 1.4 1.9 2.3 [5.1/6.2] 5.7

R-123 9.8 10.2 9.8 [47.2/46.2] 46.7

R-142b 1.7 2.6 3.4 [12.7/13.3] 13.0

R-134
,,,

AB
.......

MO -1.2 - [5.6/5.7] 5.7 [14.3/15.81 15.1

PEMA 8.3 - [31.7/34.5] 33.1 [119/131] 125.0
..............

PEBA 6.6 - [23.2] 23.2 [78.2] 78.2
,,, ,, ,, ,,,

PPGD 0.2 [0.1/0.7] 0.4 [2.0/2.1] 2.1
, ,,, ..

PPGBM -0.3 [-0.2/-0.2] -0.2 [1.3/1.0] 1.2

MPG

PEMA PentaerythritolEster MixedAcid MPG Modif_i Polyglycoi
PEBA PentaerythritolEster BranchedAcid PPGD - PolypropyleneGlycol Diol
PPGBM PolypropyleneGlycolBut_tMonoether AB Alkyl Beazene
MO MineralOil
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Formula #80 Ingredient pphr

EPDM 100

Zinc Oxide 5

Sulfur 15

Stearic Acid 1

TMTD 1

MBT 0.5

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

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-lM 0.5 0.8 0.6 [2.6/2.5] 2.6

AB 30.3 - 135.8/35.6] 35.7 [142/141] 142.0

MO 37.6 - [42.4/42.2] 42.3 [186/185] 186.0

PEMA 2.7 - [2.3/2.3] 2.3 [7.1/7.4] 7.3
,, ,

PEBA 1.9 [2.3/2.4] 2.4 [8.2/8.0] 8.1
,,,

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 -0.9 - [-0.2/-0.3] -0.3 [0.2/0.1] 0.2

PEMA Pentaerythritol Ester Mixed Acid MPG Modif'w.A Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol But)t Monoether AB Alkyl Benzene
MO Mineral Oil
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Formula # 81 Ingre_zlient pphr

EPDM 100

Zinc Oxide 5

Sulfur 1.5

Stearic Acid 1

TMTD 1

MBT 0.5

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

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 36 3.6 [11.5/10.9] 11.2

R-143a 1.1 1.2 1.0 [5.0/4.5] 4.8
p

R-152a 1.4 1.6 1,6 [5.6/5.9] 5.8
.....

R-123 146 14 6 145 [79.3/79.6] 79.5

R-142b 63 63 6.1 [25.5/25.3] 25.4

R-134 0.3 08 -0.6 [4,1/3.6] 3.9
,i

AB 28.5 [35.6/37.1] 36.4 [149/148] 148.0
illl iii ii

MO 32.0 [41.7/42.6] 42.2 [188/188] 188.0

PEMA 2.6 [3.2/3.2] 3.2 [10.6/10.6] 10.6
.....

PEBA 2.2 [3.4/3.3] 3.4 [11.1/10.9] 11.0

PPGD 0.5 [-0.6/-0.1] -0.4 [0.3/0.6] 0.5

PPGBM 0.5 [-0.3/0.6] 0.2 [2.2/2.4] 2.3

MPG 0.3 - [0.2/0.2] 0.2 [0.8/0.9] 0.8

PEMA Pentaerythritol Esler Mixed Acid MPG Modil'_l Pol)glycol

PEBA Pentaerythritol Ester Brar_bed Acad PPGD - Polypropyleoe Glycol Dioi

PPGBM Pol)propylene Glycol But)l Monoether AB Alkyl Bcnz_n¢

MO Mir)eral Oil
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Formula #82 Ingredient pphr

EPDM 100

Zinc Oxide 5

Sulfur 1,5

Stearic Acid 1

TMTD 1

MBT 0.5

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

Tes: Fluid % Dla Chg % Dia. Chg. % Dia. Chg. % Wgt. Chg
mean mean

R-22 4.4 4,9 4.5 [19.0/18.5] 18,8

R.3"_

R-124 22 2.5 2.5 [12.5/12.1] 12.3
,,

R-134a 0.3 0.3 0.2 [2.9/2.9] 2.9

R,.125 2.6 3.5 3.3 [10.6/9.5] 10.1

R-143a 0.8 0.7 0.6 r3.4/3.4] 3.4

R-1524 1.3 1.3 1.3 [4.0/5.2] 4.6

R-123 10,0 9.8 96 [56.4/56.2] 56.3

R-142b 4.9 5.0 5.1 [19.5/19.1] 19.3

R-134 0.6 0.9 0.6 [2.9/2.6] 2.8

AB 28.4 [35.1/34.9] 35.0 [143/143] 143.0
Illl.....

MO 35.9 [41.9/41.8] 41.9 [184/186] 185.0

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] 43.1 [0.1/0.0] 0.1

PPGBM 0.4 - [-0.5/1.1] 0.5 [1.6/1.6] 1.6

MPG 0.2 - [0.0/0.0] 0.0 [0.2/0.1] 0.2

PEMA PentaerythritolEsterMixedAcid MPG ModiFiedPobglycol
PEBA PentaerythritolEster BranchedAcid PPGD - PolypropyleneGlycolF_ol
PPGBM PolypropyleneGlycolButylMonoe_her AB AlkylBenzene
MO MineralOil
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Formula #83 Ingredient pphr

EPDM 100

Zinc Oxide 5

Sulfur 1.5

Stearic Acid 1

TMTD 1

MBT 0.5

N330 Carbon Black 40

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 3.1 3.4 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 2.5 [7.4/7.4] 7.4

R-143a 0.8 06 0.4 [2.1/1.9] 2.0

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 3.8 3.8 3.4 [11.1/10.9] 11.0

R-134 0.3 -0.3 0.7 [1.4/2.0] 1.7

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] 112.0

PEMA 0.6 [1.3/1.5] 1.4 [5.3/5.3] 5.3

PEBA 1.5 [1.8/1.51 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 [1.3/1.21 1.3

MPG 0.1 - [0.2/0.1] 0.2 [0.1/0.2] 0.1

PEMA PentaerythritolEsterMixedAcid MPG ModifiedPc_yglycol
PEBA PentaerythritolEsterBranchedAcad PPGD - PolypropyleneGlycol Diol
PPGBM PolypropyleneGlycolButylMonoether AB AlkylBenzene
MO MiacralOil
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Formula # 84 Ingredient pphr

EPDM 100

Zinc Oxide 5

Stearic Acid 1

Dicumyl Peroxide 1

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

"_.

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-134 0.6 0.9 0.8 [3.3/3.2] 3.3

AB 48.5 [59.0/59.5] 59.3 [285/286] 285.0

MO 61.8 [72.8/72.3] 72.6 [412/403] 407.0

PEMA 3.0 [2.6/2.5] 2.6 [8.7/6.81 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 [1.9/1.81 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 PentaerythritolEsterMixedAcid MPG - ModiFcdPo4yglycoi
PEBA PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMono_her AB AlkylBenzene
MO MineralOil
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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.
mea n mean

R-22

R-32

R-124 0.4 -0.2 -1.8 [-0.7/0.7] 0.0

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 [-1.5/0.1] -0.8

R-123 2.1 1.9 2.4 [33.7/33.7] 33.7

R-142b 0.3 -1.2 -2.4 [-1.2/-0.8] -1.0

R-134 0.4 0.8 0.7 [3.4/3.2] 3.3

AB 11.9 [20.5/20.9] 20.7 [87.4/85.1] 86.3

MO 16.7 [2507/25.1] 25.4 [114/112] 113.0

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/-6.1] 0.2

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

MPG -1.6 - [-4.9/-4.8] -4.9 [-14.7/-14.9] -14.8

PEMA - PentaerythritolEsterMixedAcid MPG ModifiedPolyglycol
PEBA PentaerythritolEsterBranchedANd PPGD - PolypropyleneGlycolDioi
PPGBM PolypropylencGlycolButylMonoaber AB Alkyl Benzene
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 Fluicl % Dia. Chg. % Dia. Chg. % Dia. Chg. % Wgt. Chg
mea n mea n

R-22 0.3 -0.6 -0.8 [2.1/2.3] 2.2

R-32

R-124 1.3 0.8 -1.3 [2.6/3.0] 2.8

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 -1.3 -2.0 -3.1 [-5.2/-5.2] -5.2

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 -0.9 -1.2 -2.0 [-1.9/-1.4] -1.7
,,

AB 2.8 [5.8/3.7] 4.8 [12.1/12.0] 12.1

MO 2.3 [3.4/3.6] 3.5 [6.1/6.1] 6.1

PEMA 6.4 [8.7/8.9] 8.8 [21.1/21.0] 21.1

PEBA 1.7 [6.2/6.4] 6.3 [15.0/14.8] 14.9

PPGD -07 [-0.6/-0.6] -0.6 [-0.2/-0.2] -0.2

PPGBM -0.7 [1.3/1.3] 1.3 [2.9/3.0] 3.0

MPG -2.4 [0.7/-1.9] -0.6 [-3.5/-3.0] -3.3
,, ,

PEMA Pentaerythritol Ester Mixed Acid MPG Modified 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 #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 21.1 21.1 20.5 [111/101] 106.0

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 3.3 2.8 2.6 [8.0/8.0] 8.0

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 7.1 7.1 6.8 [29.6/30.0] 29.8

AB 0.4 [1.0/1.2] 1.1 [1.7/2.0] 1.9

MO -0.3 [0.1/0.11 0.1 [-0.7/-0.9] -0.8

PEMA 1.5 [4.0/4.1] 4.1 [11.3/11.2] 11.3

PEBA 1.0 [3.1/3.0] 3.1 [8.0/7.9] 8.0

PPGD 1.2 [1.9/1.6] 1.8 [4.3/4.3] 4.3

PPGBM -0.6 - [-0.6/-0.8] -0.7 [-2.6/-2.3] -2.5

MPG -0.7 - [-1.5/-1.7] -1.6 [-4.7/-4.5] -4.6

PEMA PentaerythritolEsterMixedAcid MPG Modif'mdPo4yglycol
PEBA PentaerythritolEsterBranchedAdd PPGD - PolypropyleneGlycol Diol
PPGBM PolypropyleneGlycolButylMonocther AB AlkylBenzene
MO MineralOil
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Formula #88 Ingredient pphr

Neoprene/Synthetic Fiber Compound (Vendor Supplied Cured Sheets)

Swell Data:

24 Hour 72 Hour !4 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 0.0 0.0 0.2 [13.0/7.7] 10.4

R-134a 0.5 -0.3 -0.4 [11.5/8.4] 10.0

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 -0.4 -0.2 -0.4 [7.5/4.9] 6.2

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 -0.1 0.5 0.3 [12.0/10.5] 11.3

AB -0.3 - [0.1/0.6] 0.4 [12.7/12.9] 12.8

MO 0.6 [0.8/-0.1] 0.4 [10.0/10.6] 10.3

PEMA 0.8 [1.1/0.1] 0.6 [16.6/16.0] 16.3

PEBA 0.2 [0.3/0.1] 0.2 [13.6/13.3] 13.5

PPGD -1.0 [-0.1/0.6] 0.3 [11.6/11.2] 11.4

PPGBM 2.2 [1.5/8.3] 4.9 [I 1.1/11.0] 11.1

MPG 0.3 - [0.3/0.1] 0.2 [10.8/11.2] 11.0

PEMA PentaerythritolEst¢rMixedAcid MPG Modif'_,dPolyglycol

PEBA - PentaerythritolEsterBranchedAcid PPGD - PolypropyleneGlycolDiol
PPGBM PolypropyleneGlycolButylMonocthcr AB AlkylBcnz_ne
MO MineralOil



127

Formula #89 Ingredient pphr

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

R-22 0.0 -0.1 -0.4 [58.1/31.8] 44.9

R-32

R-124 0.1 0.2 0.2 [69.6/28.1] 48.9

R-134a 0.3 0.3 -0.1 [37.3/19.0] 28.2

R-125 0.2 0.2 0.2 [3.7/2.0] 2.9

R-143a -0.3 0.4 0.2 [13.5/2.4] 8.0

R-152a 0.2 0.4 0.2 [23.5/9.4] 16.5

R-123 0.4 0.5 0.0 [95.6/95.6] 95,6

R-142b 0.4 -0.1 -0.1 [35.7/29.4] 32.6

R-134 0.3 0.1 0.1 [48.8/30.7] 39.8

AB 2.5 - [2.1/0.4] 1.3 [22.2/20.9] 21,6

MO -0.2 - [-0.4/0.1] -0.2 [24 3/23.6] 24.0

PEMA -0.2 [-0.1/0.2] -0.1 [27.9/26.8] 27.4

PEBA 0.2 [-0.1/-0.21 -0.2 [27.2128.01 27.6

PPGD -0.6 [0.1/-0.2] -0.1 [33.9/34.6] 34.3

PPGBM -0.4 [-0.2/-0.1] -0.1 [26,4/27.7] 27.1

MPG -0.4 - [-0.5/-0.2] -0.4 [29.1/27.1] 28.1

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



128

Formula #90 Ingredient pphr

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

_t'l iI'W._ tl

R-22 0.1 0.1 -0.6 170.4/21 4] 45.9

R-32
, ,

R-124 0.6 1.0 0.8 [30.4/17.6] 28.5

R- 134a 0.0 0.1 -0.1 [17.5/0.6] 9.1
,,,

R-125 -0,1 -0.1 O.I 113.7/2.21 7.9

R- 143a -0.1 0.1 -0.3 [7.2/0 8] 4.0

R-152a 0.3 03 0.1 [27.2/-I.21 13.0

R-123 0.5 00 06 [121/135] 1_.0

R-142b -0.3 02 01 [20.1,'141] 17.1

R-134 0.5 -0.2 132.0/9.11 206

AB -0.1 I-0.50 11 -02 117.6/12.31 14.9

MO -0.4 [-O.X-0. II -0.1 [17.9_2.21 20.1

PEMA -0.2 [0 1.-0.2] -0 1 126.7/28.8] 27.8

PEBA 0.1 I-Oz-o.31 -03 [23.6/23 7] 23.7
,,

PPGD 0.1 101,-0.11 0.0 122.8/27.81 25.3

PPGBM -0.4 [-0.I,-0.21 0.1 122.8/196] 21.2

MPG -1.0 I-0.50.I] -0,2 122.6/22.01 22.3

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB AlkylBenzene

MO Mineral Oil



129

Formula $$91 Ingredient pphr

Swell Data:

24 l|our 72 }tour 14 Day 14 Day

Test Fluid % Dia. Chg. % Dta. Chg. % Dia. Chg. % Wgt. Chg.
lllea rl

R-22 23.0 23.1 23.0 [11.9/4.4] 8.2

R-32

R-124 -2.8 -2.1 -2.9 [7.9/15.7] i i.8

R- 134a -0.1 -0. i -0.2 [9.3/5..'t] 7.3

R-125 0.1 0.3 0.1 [1.9/1.0] 1.5

R- 143a -02 0.0 -0.2 [7.0/1.9] 4.5

R-152a 2.9 3.1 2.6 ]15.2/-0.4] 7.4

R-123 0.5 0.7 0.7 [19.0/19.1] 19.1

R-142b 0,5 0.4 0.4 ]12.1/11.41 11.8

R-134

AB 0.5 !.5'0.51 0.5 [12.4/12.11 12.3
....

MO 0.7 [0 7/0.5] 0.6 [13.2/13.7] 13.5

PEMA 04 I0,7/0.51 0.6 [14.8/14.6] 14.7

PEBA 0.9 I0 6'4.11 2.4 114.0/143] 14.2

PPGD 05 10.4'0.51 0.5 [13.1/12.6] 12.9

PPGBM 1.0 10.6'6.21 3.4 113.5/13.41 13.5
,,,

MPG 0.5 10.3/0.5] 0.4 [12.0/12.4] 12.2
,,

PEMA Pentaerythritol Ester Mixed Acid MPG ModiFw,,d Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene
MO Mineral Oil



130

Formula #92 I ngm.dient pphr

Swell Data:

24 Hour 72 ]tour 14 Day 14 Day

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

R-22 4.0 2.8 1.9 [_0.3/13.2] 21.8

R-32

R-124 1.8 1.9 1.8 130.2/16.5] 23.4

R- !34a -0.1 0.5 O. 1 18.5/4. 5! 6,5

R- 125 0.5 0.4 O. 1 12.5/1.7] 2. !

R-143a 0.6 0,2 0.4 13.8/1 4] 26

R- 1S2a 0.9 0 9 0.8 18.8/3.21 60

R-123 5.0 04 4.4 [53.5/54.9] 54.2

R-142b 7.2 7.0 1.0 I11.8;!1.1] 11.5

R-134

AB O.6 10.2/0.5 i 0.4 [7.5/6.91 7.2

MO 0.5 10.4/0.6] 0.5 110.6/10.5] 10.6

PEMA 1.l I-0.8/1.21 0.2 !11.7/11.51 11.6

PEBA 0 5 10.7/0.51 0.6 li0.2/10 31 _0.3

PPGD 0.8 IO.7/ 121.5/222] 21.9

PPGBM 0.3 10.1/O.ll O.l [9.7/9.11 9.4

MPG 0.7 10.3/0.21 0.3 18.8/9.01 8.9

PEMA Pentaerythritol Ester Mixed Acid MPG Modified Polyglycoi

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol 13401

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral Oil
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Formula #93 Ingredient pphr

Swcll Data

24 ]]our 72 ]tour 14 Day 14 Day

Tesi Fluid % Dia. Chg. % Dia. Chg % Dia. Chg. % Wgt. Chg.

R-22 0.6 0.6 0.6 [-0. I/-0.2] -0.2

R-32

R-124 0.4 0.4 0.4 136.0/14.0] 25.0

R- i 34a -0. I 0.3 0.1 !15.1/1.2] 8.2

R-125 0.3 0.4 0.1 [1.8/I.2] 1.5

R-143a -0.4 -2.7 -0.3 11_7_/0.6] 09

R- 152a -0.3 -0. i 0. I ii 6.0/1.9] 9.0

R-123 0.5 0.2 0.5 160.2/6021 602

R-142b -0.4 -0.1 -0,4 [18.0/15.81 16.9

R-134

AB -0.1 i-0.1/-0.1] -0.1 {16.0/159] 16.0

MO 0.2 i-0.1,,-0,1] -0.1 120.3/18.5] 19.4

PEMA 0.4 Io.l/o 21 0.2 120._18.7] 19.5

PEBA -4.0 10.1/201 11 118.5/18.21 J84

PPGD 0.1 !-0.1/011 0.0 121.5:22.21 21.9

PPGBM 0.5 10.1;2.21 !.2 119.0:21.21 20.1

MPG 0.4 I-O.1/o.31 0.1 [19.7/18.7] 19,2

PEMA Pentaerythritol Ester Mixed Acid MPG Modif_cl 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 #94 Ingredient pphr

Swell Data:

24 Hour 72 Hour 14 Day 14 Day

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

Itl3_an 1'131¢_ 1"1

R-22 25.8 24.2 23.4 168.6/65,0] 66.8

R-32

R-124 20.9 2.5 20.7 166.0/58.5] 62.3

R-134a 19.1 20.7 20.3 [53.0/51.0 ! 52.0

R-125 10.1 10.0 !.0 127.1/26.4] 26.8

R-143a 11,7 12.2 11.8 125.6'25 5] 25.6

R-152a 29.1 28.8 30.2 157.9.54 7] 56.3

R-123 21.8 21,7 23.2 169.0,69 1] 69.1
, ,,

R-142b 26.3 23.8 23.8 158.3 _57,0] 57.7

R-134

AB 0.1 IO.l/O_1 o.1 1o.5,'oal 0.4

MO -0.5 10. I/0.2] 0.2 12.4/231 2.4

PEMA 1.1 13.o/371 3.4 [7.5,:76] 7.6

PEBA 1.5 [7.3/9 _l 8.3 [14.6;14.8 ! 14.7

PPGD 0.6 11.1/0,1_I 1.0 12.1/2.21 2.2

PPGBM -0.1 I-0.2/0_! -0._ 10.8/0.81 08

MPG 0.2 10.1/011 0.1 10.5/031 04

PEMA Pentaery:hrttol Ester Mixed Acid MPG Modil'md Polyglycol

PEBA Pentaerythritol Ester Branched Acid PPGD - Polypropylene Glycol Diol

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Benzene

MO Mineral O_I
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Formula #95 Ingredient pphr

Swell l)ata

24 Hour 72 ]iota" 14 Day 14 Da),

Test ]quid % Dta ('hg % Dta. Chg. % Dia Chg % Wgt Chg
ii'g'_a n Ill_'..a n

R-22 65 5.._ S.S 1168'16.4] 16.6

R-_2

R-124 0.5 1.5 2.5 19 0'9 4] 9.2
......

R-1_4a 0 ! 0.1 0.3 [10 1 21 ! 1

R.125 -0.4 0.1 -0.2 10.20 6] 0 4

R 14_a 0.1 0.2 0.1 10"_02] f.)_
,_

R-152a 25 2.l 1.7 12.o 2g] ?7 ii
II

R-12_ 101 8.8 9.1 12otj'298i ?'_4 ii
, ,

R-142b 19 2.4 18 {41 46j 4

R.i_4

AB -09 1-0.6'-0.8] -07 I-I 7 ]q_ .18
--..

Mt} .I 2 I-I 4'-0.6] .IU [-10.(}.g] -0.9

PEMA 20 111.8i20J li 9 12662651 266

PEBA i 6 1795.21 7.6 1168 1701 1"9
.... -- __

PI_;D 2 5 18,4;7.41 7.9 I!7 0 17 61 17 _ i

PPGBM 0.0 102O21 li2 iJ

IIMPG -0 7 {-09,'-0.81 -09 I.1 g -1 71 . l

PEMA Pentaerythruol Ester Misexl Acid MPG Modified Polyglycol

PEBA Pentaerythritol Ester Branched Acad PPGD - Polyprop)lcne (;I)ool DUd

PPGBM Polypropylene Glycol Butyl Monoether AB Alkyl Bctxzene

MO Mineral Oil
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APPENDIX B
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TEST METHODOLOGY

Mixing: Most of the formulations tested in this study were mixed on a
laboratory size rubber mill. The base polymer was milled for a
short period of time to allow the normal breakdown of the
elastomer. The ingredients were then added to the elastomer on
the 2 roll mill in the order they appear in the compound recipe.
The materials are mixed thoroughly until the rubber compound
appears to be homogeneous.

Cure Characteristics: The cure time for each of the formulations is determined using
normal cure temperature ranges as suggested by the
manufacturers or temperatures commonly used by the rubber
industry. The oscillating disk rheometer (ODR) is used to
determine the cure characteristics of the compound in question at
the appropriate temperature.

The ODR is used to obtain information concerning the state of
cure of the formulation with time. This instrument produces a
cure curve (torque vs. time) and the cure time to 95 % of the
maximum torque is calculated from this graph. All test
compounds formulated at the University of Akron were cured

into sheets at the T9s % cure level.

Other Compounds: The thermoplastic elastomer materials were either tested as
received (when received in sheet form) or injection molded when
received in pellet form.

Gasket materials received from vendors were tested as received.

Sample Preparation: Sheet materials were placed on a vacuum table attached to a drill
press fitted with a cutter assembly. The cutter assembly consists
of a holder and a stainless steel blade. The machine was turned on

and the cutter lowered so as to cut through the rubber sheet.
Round disk-like samples were prepared in this manner for the
swell tests.
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Measurements: Diameter measurements were obtained using a travelling

microscope.

Thickness measurements were obtained using a thickness gauge.

Weight measurements were obtained using an analytical balance.

Lubricant Swell: The round disk samples were measured (2 each test) and placed

in 2 oz. jars with licks,the predriezl lubricants were poured into

each ot'the containers and sealed. The containers were placed in

an oven at 60 degrees centigrade.

Diameter measurements on the top most sample were taken at 1

day and 14 days. Weight, thickness and diameter measurements
were taken on both samples at 14 days.

Refrigerant Swell: The round disk-like samples were measured (2 each test) and
placed in the bottom of the refrigerant test ves_l (figure 4).

Stainless steel ,screens were placed in between the samples so that

the samples coald be differentiated from each other'. They also

acted as weights to submerge the rubber disks.

The test vessels were closed using a hydraulic press to compress

the die springs. The springs maintained a constant force (2500

lbs.) on the Teflon O-Ring such that the volatile refrigerant gases
were contained in the vessel.

Test vessels were filled with refrigerant by first pulling a vacuum

in the chamber. The refrigerant valve was then opened and

refrigerant was allowed to fill the chamber to a mark slightly

above the samples.

In situ diameter changes were taken at 1 day, 3 day and 14 days

through the use of a travelling microscope and microscope lights.
These measurements were made possible by the use of a

glass/polycarbonate window in the top of the test vessel.



137

FIGURE 4
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APPENDIX C
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Vendor SuoNied Gasket Material Formulation Numbers

Formula # 86 Precision Rubber Products #2167

Formula # 87 Precision Rubber Products #7507

Formula # 88 Gariock 2930

Formula # 89 Armstrong N-8092

Formula # 90 Specialty Paperboard NI-2085G

Formula # 91 Victopac 69

Formula # 92 Klingersil C-4401

Formula # 93 Specialty Paperboard NI-2099

Formula # 94 Parker V747-75

Formula # 95 Green Tweed 956



Addendum to

Compatibility of Refrigerants and Lubricants with Elastomers

Quarterly Report: 1 July 1992 - 30 September 1992

October 1992

Lubricants Utilized in the Research

mineral oil

MO naphthenic mineral oil Witco Suniso 3GS (32 cSt)

alkylbenzene

AB alkylbenzene Shrieve Zerol(a) 150 (32 cSt)

polyglycols

PPGBM polypropylene glycol butyl monoether ICI Emkarox(a) (32 cSt)

PPGD polypropylene glycol diol Dow P425 (32 cSt)

MPG modified polyglycol Allied-Signal BRL-150 (32 cSt)

polyolesters

PEMA pentaerythritol ester mixed acid ICI Emkarate(a) RL 244 (22 cSt)

PEBA penta erythritol ester branched-acid Emery 2927-A (32 cSt)
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