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EFFECTIVENESS OF STANDARD TEST FLUIDS IN

EVALUATING TifE FUEL RESISTANCE OF ELASTOMERS

I. INTRODUCTION

I. Subject. This report details investigations conducted and results obtained
in efforts to evaluate the reliability of standard reference or test fuels used to deter-
mine the resistance of elastomeric compounds to deterioration in physical properties
resulting from contact with aromatic and other deleterious constitutents of commer-
cial gasoline and related fuels.

2. Background. Deterioration of rubber end items such as gaskets, O-rings,
hoses, and coated fabrics used in fuel storage tanks is essentially proportional to the
aromatic content of the fuel to which the elastomer is periodically or continually
exposed. The technology of producing gasolines and their ultimate composition is
constantly changing. Ecological factors, such as pollution consciousness, and the
uncertainties associated with immediate and future sources of supply (grade and
composition of petroleum resources) have further complicated the task of keeping
pace with the state-of-the-art. Fuels having an aromatic content as high as 601, are
known to be in use to satisfy certain engine performance requirements.

The evolution in recent years of three distinct classes of gasolines - leaded,
low-leaded, and unleaded - to satisfy tighter exhaust emission control standar':,,
has created additional confusion. Additives placed in, or removed from, fuel:- to
reduce emission pollution have confounded correlation of these deterioration/aromatic
content relationships. Since these additives are in low concentrations, their cor.-
tribution. if any, to accelerate rubber deterioration is practically impossible to discern.

Fuel resistance of elastomeric compounds is generally determined by measur-
ing the amount of swelling and deterioration of physical properties after immersion
of specimens in standard reference fuels of known aromatic content. Thcse reference
fuels are detailed in ASTM Method D-471 and Federal Test Method Standard (FTMS)
601. Method 6001. ASTM Reference Fuel A of D-417 corresponds to Medium No. 4
in Method 6001 and is composed of 100', isooctane. Reference Fuel B of D-417
consists of 70Y/ isooctane and 30'7, toluene, by volume, and is equivalent to Medium
No. 6 in Method 6001. D-471 also lists a Reference Fuel C which is 50/50 isooctane/
toluiene by volumne. The nearest Method 6001 equivalent is Medium No. 5, a blend
ol" isooctane, toluene. xylene. and benzene in a 60/20/15/5 ratio by volume. Method
6001 also refe!rences Mediums 7, 8, and 9 which consist of I00'/, benzene. toluene,
and xylene. respectively.



Recent discoveries regarding th¢ carcinogenic nature of bhcnene and suL-
,equent OSIIA directies forbidding it-, further list hlave distqualified Medium 5 of
Method )Ol. Thus. at pr.•snt there is no ac•.epted reference fuel C'olnainliul 4(0'
aromatic hydrocarbons.

rFhl .bject ,s of, thi. progranim were. therelore:

3. To evaluate the fuel r istannce of representative vla•.omucri"
compounds exposed in ommn'rcial leaded. low-l'aded. and unleaded gasolines.

b. To ascertain whelther relationships could be established between
the stverity of delertoration .nd the relative content of aromalic constituents or
other additives in the ga.)olnes.

C. To determine th1 reekvance of the various aromatic components
of Medium No. 5 and to detcrnine their indi% idual contribution ito lastomner deter-
ioration.

d. ro recouimncnd a satisfactory alternative in lieu ol Mediunm No. 5.

C. ro provide recommendations which would effect adoption of a
standard series of fuels accepted by both ASTM and DOD.

II. INVESTIGATION

3. Scope. Work wider this project was divided into two phases. Meh first
phase encompassed the determination of the extent of deterioration in physical pro-
perties of clastomneric compounds exposed to commercial fuels antd gasolines of known
composition. These fuels included leaded, low-leaded, and unleaded types. The
second phase concerned similar determinations. employing laboratory-prepared test
fuels. both standard and nonstandard, of varying known aromatic content. Fuels
and materials used in each phase are detailed as follows:

a. Pha.t: i 34 leaded, low-leaded, and unkladed fueis were used in this
investigation. Thley were obtained by various means front protdcers, other govern-
ment agencies,'and laboratories - and to maintabi randomnes-,, were purchased at
service stations in the Washington. D.C. metropolitan area. ,\dditionally. Ret',rente
Fuels B and C of ASTM D-471 and Medium No. 5 of FTNIS. Melhod bt)OfI. were
included 4s typical currently used reference standards. These fuels, their sources,
classes, and code'dentifications for further refem jure shown in ['able I.
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Fluel Nt'ii•i.latture ('omtpanv Rltncrý F-uel (Cl~a, (Code'

14 Molik Ihc-. \t Mobile O)il Corp h liiwago. I I L eaded M-

15. Mobil Regular Miohil Oil Corp. ('Chiago. IL Leaded M-2
Simple 37144

lb. Mobil Splial Mobil Oil c :rp. (hicago. IL Low-Leaded 1-3
Sample 3 145

?17. W'•taco Le.ad- Majco, tIlnc. LosA Angel¢, (>A tCA Unleaded 0-I
Fre ('ode 3(5 LAP-

2')7

SI I co Iire' I Ytaco, Inl, I.,nk%. '.\ I o -Icadcd 1-2
("hIw (ode
370LAP-29)

19). [Ctemo. SJim- te•x~ico, nc. Ob)ltaine~d fronm Lkom-[.ad'd 1"-3
pi M(-F-712 (Coming & ('hrucil'al

inig Ground, MI)

20. CRC Saimpl Oblained froimi U n leiaded C- I
No. CCL(--743 Comling & ('hcmicial

Lib. Aberdehein Prto-
ingt Ground, MID

21 I towll ".irn- Otained from t ow-I ciadd !10-I
p le No. C(L -IF- 744 t'oaliug & 'eromical

Lab. Alicrilverl Pro%-

tIng Grotld, M11)

2 uss!o IhW Plus• lluml, (Mi Bal~inte. id I ow-Leadkd !1-1

23, .1114 (Ml~Aind lRoml Unletade'd J-1

oft F RAI)CONI

4



-rib'a I. Phae i Fuel Identification (('ontId)
Fuel Nomenlature ('Corai,' Refiney Fuel (Clas (Code
.24. .ioga(as Obtained trom I caded (- I

Fuels Hiandling Div
of MF'RAI)COM

j 25. Reference Fuel - Prepared in B
B of ASTIM D-47 1 Laboratory

26. Reference Fuel - Prepared in FC
C of ASTM D-471 Laboratory

27. Med. No. 5 Prepared in

FTMIS 60 Laboratory

2. Sample No. Obtained Iroin Leaded ('-5
(C't.j-!:-75.5 (5'oaling & (Chemnial

Lab. AberdeeLn P'rov-

ing Ground. MI)

21). Sample No. (Obtained from Leaded ('-6

('('L-F-T, C(Xoaling & ('heicial
Lab, Aberdeen Prov-
ing (;round. MD

30. Sample No. Obtained from Unleaded (-"

CCL.|:-777 Coating & Chemical

Lab. Abhrdecnl Prov-
ing tround. Mi)

31. Sample No. Obtained Iroms Unnl,,eded C-
C('Li-'5-75 Coatingj & (hemlieil

Lab. Aberd-cen Proi-
ing (;roiiiid. MI)

... ioio. A.ilrisian Oil ()Iliied11\ bS OLSolh- U 11lCaded SW-I
:NFIRI ('RCode \%st Re•carchs Irom
No 3.•)4 1 C\.i (il\ . I

U.• . U1ito (1 (UMltaitld bh Sout h- lo\%-ladcd S\%.2

_.FI RF (Codti'le %..wt tls'e.rlh Itoi

S_\4 No. 4 101) San Francisco. ('C
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Table I. Phase I - Fuel Identification (Cont'd)
Fuel Nomenclature ('ompany Refinery Fuel (lass Code
34. Texaco, Texaco Obtained by South- Low-Leaded SW-3
AFLRF ('ode west Research from
No. 4138 Los Angeles, ('A

35. Chevron, ('hevron Obtained by South- Low-Leaded SW-4
AFLRF ('ode west Research from
No. 4013 Oakland, CA

36. Blend 1, Amoco Obtained by South- Unleaded SW-5
Amoco Indolene west Research.
Clear. AFLRL Described as 100%
Code No. 4145 Indolene ('lear

37. Blend 2 Blended by South- Unleaded SW-6
west Research con-
taining 86% Indolene
clear (Blend I) and
14'" aromatic blend
(comnposed of 44.3,';

toluene. I 7.51';

xylenes, and 38.2,;
aromatic solvent No.

100 boiling range
3 1o-350 ':F).

38. Blend 3 Blended by South- Unileaded SW-7
west containing 70M,
Indolene clear and
.I(, aromalic blend
(sec item 37 for

I•h.end comilposition).

JN

/-)



Gas chromatography and other lAboratory analytical procedares were
employed it) oblain j breakdown ol each fuel in terms of aromtatic concentration
by type tor chain structure and tetrethyl/tetrainithyl lead Lonlent. This iritorilution
is contained in 'Table 2. A -goodl representative ranpe of aronvatic content was oh-
tained front a low 8. 1 " to a relatively high conacentration otbfr

Seven clastoaneric comnpounds, representative of those used in appli-
citiolls rvqWring (tuel resistanice, were selected, mixed. and vuakanjied as ti- by b-inch

j ~~test shieets having a It1~iuckeSs of aliout 0.080 invih. Formulations and curing conditions
for these compouands are shown in 'rabic 3.

Fuel-reistatit clastoaners also. play a significant role tit military ajiplu-
cations as coated fabrics in futel storage links and related end iteins. lTherefore, two
fabnic-coafing materials, a polyelther urethane and a polyester urethane, were -.list)
included ill this study. Thiese materials. whose formnulations are proprietary, were
supplied lin large cured shecets by Uniroyal. lite.. thle IlanIufact urer.

b. Phnse 11 two Compounds. the j'olysaalftide and lthe inediurn NBR
(designatedt J-2.12 and 1- 234). were mit incluided in this phase of lthe p'rogrami. Other-
wise. fornim~itions and sample lire para Ition were (lie% saine a% in Viase 1. Suffigent
tinaterials were preplared initijally lin lte laboratory ort were obtlained tronti Uniroyal.
Inc. to conduct all tests uinder bioth phases. Fu'mels used in Phase 11 were lthe standard
ASTNI 0)-471 tit JorNIS i0l . Ntetliid. (100W rct~mrece fucls or variations thereot'. 111e
variations were selected to ascertain more p~recisely the relationships between toluenie.
\vlenec. and ben/eni' as are encomantertil in kielk such as Medium No. 5. Additionlal
data obtained could Mleni Ite sub~jected to uanal\sis byv Compipteriled reduction tec:h-
nitlues. Coniposiolo ot tile Phase II fuels is Shown in rable 4.

4. rTem C'onduaectd. lniftial physical properties tensile Strength. elongation.
200 ; modulus. and Shore A hardlness were dtrie crdntoprocedures
detailed lin AS I'M D4 I12 and AS I'M D-.2240. Volume swell after 4-, and 7-day room
tempeirature illiercsion lor Phlase: I mid Phase II tests, res-pectivclv. Was detei-miled
according it) Method 621 of iiiI: IS. Re teil ion of Itenile Strenlgth .111d eloag.itlion
at'ter inullrsion wais ascertaiite-acd IL tltl ito [: FINS ('t) I Niet hod ('I I 11 .Wit h %ahuics
obtaiuled hased till theV miollen croms sctaosoal area per paragrirhi 4.5.1 of Methodt
o IlI I . hac difiusion rate tests Whlam- I oiflý ) \ttcrc perl'orned inl ac-ordance with
he,. priOsimi~ts ohl Ml Ji-5FS2573.1 taralrapla 4,.t.2.2. t' llaly sd to ec ultiate coated-k

habracVi materials. tfor 1,110 talsks. lest p~rocedul~res* hollowed wetv smul. l'roth phases
oti lthe pirogra.IIi lioueier, all liiel mmilersltin tests %tkee no1.'1thcidcted ni either phaseI.W
I )a a of'il.1med were dee-med %tifatic ic ii to S411st ailit alk: co lit- ic iis l111 an recom11111 d I hh

lions~ ~ ~~~11 11 i'ih I110 i ht Ipf.



Trable- 2. !( t i)o n or Liquid Hlydrocarbon FIels
Towa

Aromatic 
Ethyl M + P 0 TFL/Fuel By ((' lienc' 1  Toluenc Ocnizene XylcgK. Xylvne TML (', ('•o+

(C o d e N o . 1 ," 
M L ,,,

62.9 .8 5.1 5.4 14.1 5.8 .07 23.9 7.0
A•-2 56.5 2 19.0 2.2 7.1 2.3 .015 9.7 5.8

AM-A 55.3 .4 33.2 1.6 5.2 2.2 .07 8.1 4.4
SW-7 52,A .7 22.6 2.1 4.6 2.4 >.0i 12.9 5.0

FC 50.0 50.0 -

C- 49.8 .4 23.9 2.1 7.4 2.4 .025 7.7 5.8
AM.4 48.4 .1 23.4 .7 2.0 1.1 .01 12.5 8.5
Sw-_I 46.4 .8 15.9 2.9 10.8 3.6 ;-01 12.44
110-I 45.7 3.6 16.5 2.1 9.5 2.9 .24 6.5 4.3
SW-6 41.9 .7 20.5 1.4 3.8 1.8 U0 P -3.7a -

T-3 41.4 1.6 9.9 2.6 10.9 3.6 ,04 7.8 4.9
SW-2 40.6 .9 6.9 1.9 8.2 3.0 .44 19.7a

40.0 5.0 20.0 - i5.o
T-i 38.9 1.5 9.8 2.6 10.2 3.5 .02 9.4 1.8
T-2 38.6 .9 5.6 2.1 8.0 2.1 .40 9.1 10.6
AR.2 38.6 1.5 7.0 2.0 8.3 2.8 .01 7.3 ,.9

SW-3 36.4 .7 4.7 1.5 7.0 2.4 .35 20.1".AM-3 3..4 .5 5.6 _.3 8.5 3.4 .045 9.4 6.5
AR-3 35.2 1.2 6.8 1.8 7.6 2.6 8.8 6.3

8
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Table 2. Composition of Liquid Hydrocarbon Fueld (Cont'd)

Total
Aromatic Ethyl M -t P 0 TEL/

Fuel By GC Benzene Toluene Benzene Xylene Xylene TML Cq C0+.
Code No. M5) (/f) (%) (%) (1/) (/0) (1$) ( ,A) %1

l-1 33.5 1.7 7.4 1.7 6.2 2.3 .44 7.2 6.9

AR-I 33.1 1.1 12.4 1.1 3.2 1.1 .01 7.3 6.9

* C-8 32.9 .4 18.6 .7 3.3 1.2 - 3.1 5.6.

AM-6 32.6 1.0 11.9 1.4 3.9 1.6 .005 8.0 4.6
J

* M-3 31.1 1.0 4.5 2.7 7.1 2.6 .20 7.7 5.3

SH- 1 30.8 1.4 10.8 2.0 4.9 2.0 .02 5.6 3.9

M-I 30.7 1.6 5.6 2.3 5.6 2.1 2.50 7.9 5.4

SW-5 30.0 .9 12.9 1.0 2.9 1.2 .01 11.11 -

B 30.0 - 30.0 .. . . . .

S-I 28.9 1.1 5.6 1.2 4.7 1.8 .015 6.0 8.4

S-2 27.9 .9 3.9 .9 3.9 1.4 .41 6.7 10.1

SW-4 27.0 1.2 5.5 2.8 4.0 1.6 .44 12.01 -

G-1 26.7 .8 4.0 1.3 4.6 1.7 .84 6.3 7.9

AM-7 25.1 1.5 6.2 1.8 5.1 2.0 .40 5.9 2.5

AM-5 24.4 1.5 6.0 1.7 4.9 1.9 .0075 5.7 2.6

J-1 13.5 .3 .7 .3 1.1 .4 .025 1.7 9.1

C-6 12.4 .3 1.7 .6 3.3 1.0 2.26 3.7 1.7

C-5 8.1 .5 2.2 .4 1.5 .5 2.68 1.4 1.6
NOTES:

SC,+

. o :,
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Table 3. Test Compound Formulations

Parts by Weight

Ingredients J-22) J-230 J-231 J-232 J-234 J-235 J-236

Ilydrin 200 I UWCO Rubber) 100. .. . .-

"Thiokol ST (Poly sulfidc) 100.

:"" ~Neoprene WRT Rubber 100. '-•

Paracril AJ (Low NBR) 100. -
. t .

FR-N 501 (Med NBR) -- 100.

tlycar 1001 (lligh NBR) 100. "",.

Paracril OZO INIBR/PVC) 'o100.

Magnesium Oxide 4.0 .

Stearic Acid 0.5 1.0 I. 1.0 1.0 1.0

' Zinc Oxide - 5.0 5.0 - 5.0 3.0 5.0

NBC (Nickel dibutyldithio- I. -

carbamate)

Zinc Stearate I. -

Neozone A (N-phenyl-alpha- 2.0
naphlthylamine)

LIAF, carbon black 50. - - -

SRF, carbon black - - 50. 00. 50. 50. 50.

F.F, carbon black 30. - -

Lime - I.

Red Lead 5. ---

-. .. TP-95, Plasticizer 10.

10
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"rable 3. Test Compound F ormlulatlions (('ont'd)
• Parts by ""'eight

Ingredients J-221) J-230 J-231 J-232 J-234 J-235 J-23i

Sulfur 1.5 1.5 1.5 1.5

* i- Zinc Peroxide 5. -

MBTS (2.2' Benzo'rhiazyl 1.5 1.5 1.5 1.5
"disulfide)

NA-22 (2-inercaptionmi- 1.5 .5
dazoline

Antioxidant MB (2-niel•apto 1.5
benzimidazole)

-'*-, (Curing Conditions
1'emnperaItuire., "F 320 310 310 300 310 310 310
Time. minutes 3)0 3(0 30 40 30) .() 0 )0

I

!/

#I

C
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S. Results Original physical properties lor all compounds are shown in Table
5. Tables (v through 14 contain tensile stret-gth retention, elongation retention. volume'

& ~swell, and diffusion datw for all Phase I tests Table 15 gives vluins s.well data for
eac.h or the seven elastorner tyl4!s alter immnersion for 7 days in one of the fourteen
Phase 11 media. Tables lot and 17 contain percent tensile strength and elongation
retention values after similar immesio of dumbbell specimiens in usi of the tuelsi.
Table 18 compares actutal and predicted volumec swell data for tested and untest~ed
reference fuel/rubber contbinations.

111. D)ISCUSSION

6. Phase 1. The data for total aromatic content of' the 34 different ruese
(Table underu.core the wide variation in composition and timnate deleterious
cftects on1 clasboreric compounds observed in this investigation. When categorii~ed
according to lead content, the unleaded and low-leaded fuels dispta) tke wides.1
range 24.4', to RSb.5 and 8.1", to .62.41c, repectively. The, leaded fuels occuply
a narrower mnid-range area 26t.71( to 38.thi' aromatic content. As arornatic content
decreases, a proportionately greater aniount of these coimponents are clas mtied under
C,. and C,,, groupings. the esact structure of which is indeterminate.

The data in Tables 6 through 14 were organi/ed as input to in-lhlsise Coln-
pasterized regression analy sis sof-tware routines. ItI was hoped Ohat this analysis would
uncover certain patterns or relationships linking a particular aromatic constituent
with thle severity of deterioration observed tor onte. several, or all clastoiniers. No
sat istac tory correlat ion could be established. More sophi st icated techtiques. im~olving
stepwise linear regressiion, were then applied. htere again., results, were nocaie
Aromatic groups Ivariables) removed early fromw the step wise analysis. of one rulbber.
were retained uintil the end lor ainother rubber. Also. in inost csretsi was,
complete aftelr I'w passes.

Dljat for those rubber/t'uel exposures which were employed throtighout the
Phase I sltudi were plotted as bar graphs for each of lthe nine rubbers. Percent tensile
retelition and soluitie1 swell for these mimleaded. lo%-leaded. leaded twhere Included).
ind test tuelrubber comblitiations Ire shown InI ligItrvs I through 1). While fio distinct
pat tern alpplcable to all rubber fuel combin.itgon is discernible, certain generaliiations
canl be nulde. Ujnleaded fileds tenid ito piroduce preaiter tensile sitength loss and higher
%oluiiice sw ell Main lowk-aleadd or leaded fuets. InI some cawss jall MIR%'. neoprene, and
th. two uiremhanei. tensile loss is. sonmte~~ .it gieater thani that oltisersed (Or t he thireeý
icNi I tick. w hida- Also -ontainled no lead& In lit- hetor situations wshere lowm-leaded and
in111IN le-aded b1u0s Can1 be ettualareil results aike misedl. \% thil the presitel fadma t.

lead 11.1 lilt! Ito 4,0i rcsTY141ulmiag greater adsh erse e'tte , Ontil ensilme relventiont or %ohmic



Uqeisil Stro'ig~th I Imiig. Itim 2W4) NtMdutis lirthi.'%

kim p2 u I k I,()ý I I)' Shor A ~

J-230-Neoprowi 312o; -1352.o7
J-,3Il %)% NOIR 23 I so
.1*2,32-1\'h %uItilde '41 No20
J-234-Nkel. MIRK 1880 345 SO0 o8
i-235-11igl MlIR 2,40 425 12 '700
j .3kNARR PV(C 2270 _220 2120 'S
Fster Urelhjne' -3 ' 555 840 85
1-ther Urvihjlic 4O0i 4io 1410 S5

Rv?!'t'r [ i'.ei to I iquid IINdrotarlbon Fuels~'

F~uel RN CC o f Ro'taittd Rela1inied Swell Rate
Code' No.~ Gas~oline' (or kv, I

AI21IT 40.0 52.8 40.1 141
SW-7 5Z.I UL 50.4 556 25A4 Ah4 3

FC 50.0 *r 45.8 47.2 t)840
SW- I 4tv.4 1IL 56.7 61.1 25.1 .4111

Sw-o 41.0) 111 54.4 oz.5 25.4 .28Xso
Sw.2 4o.o 1, 1 I o.o o0.4 23.5 .2341
II 40.0 r 56.5 52.3 27.4 .3431)
SW-3 3ts.4 1 ('31 oo. 2 2. 3 .17 S7
sw-i 3.0o~ It (13.9 70,8 10. I .1-747
8 30.0 F b2.8 0i3.4 21.5 .23'00
SW-4 271j) L 1i 1.4 75.0 18.0 A I io

14



Aromatic 1'\ ( hle Vi)lfl 1: )oiail voui I o.D ,iff jvl

AM ~- 2 stl.5 LlL 23.0) 42.1) 917.9 2.05I2

SW-7 52.1 UIL 25.4 47.0 ('N89 2.11i23

[Fc 50.o 25 i.0 18.0 9.30 1.5670)

SW- I 4o.4 U 1. 23.4) 47.0 95.0 :,6814

SWo 41.9 UL. zz.', 42.4) 85.0 1.4943

SW-z 40.o LI1. 23.0 42.0) 87.0) 2.ow97

1I 40.0 F~ 27.0 47.0 74.9 1.2210

SW-.l 3.1i.4 I l 2i 47.0 $2.7 2.4486

SW-5 30.0 UL 30.8 57.0) 66.7 1.3 IN)

B 30.0 T' 33.1 57.0 61.5 0.0020

SW-4 27.0 I1. .12.1 52.4 i13 LS



ralmk 8. Properties ot Low Acrylonitrilc Ruhtbxr
I- x1owd it) I iquid llb drocirbon Fuck

1')tal

Aromlatic Ty IV,," r.ile Flongalion Volume Diffusion

1u:1cl II (I" of RReitcd Rained Sll Raite
('oIu Nov t' ) (a,l,.imn I; ) ("i ) 4' ) to'r • d~ /d~y),

C-'7 o2.9) LL 22.9 35.9 102.9 2.320
AM-2 5t.5 UL 18.2 32.8 90.5 2.621
AM-! 55.3 *IL 21.3 30.1 05.5 Z..04
SW-7 50.8 LIL 18.0 34.4 85.3 2.124
F. ikl.0 27.2 45.3 84.1 1.535
C-(1 49.8 U7L 16.2 32.8 78.9 1.544

ANI-4 48.4 UL 14).3 30.I 88.1) 1.855
SW-I 4o.4 UtL 20.5 34.4 80.5 2.237
110-1 45.7 LL 21.7 40.1 79.4 1.701)
SW- 414.1) U L 27.4 48.4 70.3 1.621
r-3 41.4 I.L 27.4 46.1) 72.2 2.040
SW-2 40.6 L 24.2 42.2 73.3 2.125
II 40.0 27.5 46.0 t5.4 1.133
r-i 38.') UiL. 20.4 40.6 81.1 2.186
r-z 38.6 L 23.7 45.3 75.b 1.788
AR-2 38.6 UL 28.7 48.4 60.2 1.364
SW-3 3o.4 tL 25.0 45.3 65.) 1.710
ANt-3 3o.4 UL 27.0 45.3 64.1 2.055
AR-3 35.2 UL 23.4 43.7 66.0 1.405
1-I 33.5 LL 24.2 46.) 73.) 1.720
AR-I 33.1 UL 27.0 50.0 6"0.5 1.182

-8 32.4) UIl. 27.9) 51.6 t,4.2 L.oII
ANI-0 32.b UL 23.') 43.8 %8.5 1.38')
M-3 31.3 LL 23.2 45.3 60.5 0.)07
Sil-I 30.8 UL- 23.7 45.3 ,2.2 1.407
NM-I 30.7 L- 30.2 53.1 60.5 0.779
SW-i 30.0 IL 20.0 48.4 %6.3 I. 120
H 30.0 2S.t,6 48.4 54.3 0,903
S-I- 28.') UL 25.1 45.3 M0.3 0.927
S-2 27.') LL 20.0 48.4 58.4 O.6hl
SW-4 27.0 L L 27.4 43.8 54.3 1.215
G-1 2t,.7 L 34.0 53.1 53.1 1.151
ANI.7 25.4 LI 26.5 45.3 57.5 1.141
AM-5 24.4 lit 30.3 50).0 5').5 4.1 18
J-1 13.5 58.3 73.4 30.8 0.150
(-I 12.4 LL 45.4 64.1 38.1 0.558
(-5 8.1 IL 31.3 54.7 3o.4 0. b)5

16



rabk. 9. Prolprtics of Pol}ysullide Rubber Expos4wd to Liquid Hlydrocarbon Ftils

Total
Aronatic Type Tensile Elongation Volume Difftusion

Fuel By (;C of Retained Retained Swell Rate
Code No. ('; ) Gasoline C' 1 4O/yd2 ,'day )

AM-2 56.5 U I. 64.9 68.0 : 10.7 .2271
SW-7 52.1 UL 0.6 72.0 8.7 .1837
F" 50.0 T 52.2 56.0 10.9 .2114
SW-I 46.4 UL 72.5 72.0 8.7 .1493
SW-6 41.9 U L 75.8 80.0 6.7 .1305
SW-2 40.6 LL 68.2 80.0 5.,) .1 120
II 40.0 T 63.0 h4.0 6.4 .0979
SW-3 36.4 LL 80.6 88.0 5.2 .0745
SW-5 30.0 UL 77.1 80.0 4.0 .0037

1 30.0 T 70.2 7b.0 4.4 .0831
SW-4 27.0 LL 82.6 72.0 3.8 .0703

Table 10. Propwrties of Mciditn Acryklonitrif Rubber
l'x[o".,.d to Liquid llvdrtwarboli Fucis

rotal
Aromatic type emnsile U-ongation Volume Diffusion

Fuel By G(' of Retained Retained Swell Rate

C'ode No. f"1 (; asolinie ' ( ;) C;) t1 'd daj
AM-2 56.5 I'lI 23., 42.7 82.1 1.7 1 Q
SW-7 52.1 UL 26.6 53.3 66.4 1.07"0
FC 50.0 V 28.2 48,0 (5.(, 1.2747

SW-I 4(1.4 LUL 24.4 4(0.7 l 0.8 1.2180

SW-6 41.9 UI. 28.3 54.7 51.4 .80(0
SW-2 40. 1.L 24,9 52.0 53.5 .8870
II 40.0 T 31. 5%.0 50.5 .8831

SW.3 3o.4 I L 36.6 (Q,.7 i47.2 .175

SW-5 30v Ut. 3o.8 62.7 42.2 .5870

II 30.0 I' 32.8 53. 4 1. 5441)

SW-4 '17 ... 33.s 5'7_ 30.3 .5000

1' '



Table II. Prol'rti•s of High AcryloniIrikl Rubber
Fliwxpd io Liquid lIhdrocarbon Fuels

Trotal
Aromatic lType ]'ensile Flon.,tion Volume lDiffisyimn

ml ly (;(' ofI Retained Retained SNCII Rate
C'ode No. C.' ) Gasoline V('; ) c , ) Ci' ) I,,y "ta

('-7 62.9 LL 33.8 60.7 41.3 0.317
AM\I-2 56.5 LJE 25,7 55.4 36.2 0.511
ANM-I 55.3 UL 25.5 51.8 42.0 0.508
SW-7 50.8 UL 28.0 53.o 37.8 0.2o4
F" 50.0 29.3 51.8 40.2 0.535
('-1 40.8 UL 3').0 03.6 34.2 0.232
AN14 48.4 tiI. 29.3 35.4 018
SW-I 4(.4 IL 30.7 55.7 34.8 0.2,0
!!O-I 45.7 LL 30.5 62.5 33.2 0.234
SW-t 41.9 UI. 41.5 60., 20.8 0. 105
T-3 41.4 L 1. 53.2 78.o 30.8 0.144
SW-.. 40, 1i. 321.4 58.9 28.70"
!1 40.0 3w.,) 4.3 30.4 0. 11) 1
F- I .,8.9 U t. 38.0 10.1 230.5 0. 148
T-2 3.&o I. 44.j 73.2 25.4 0.053
AR.2 2.'~ Uti. 45.7 2 3., 27.5 0,077
SW-3 3t.4 LI. 47.5 75.0 25.4 0.052
.. -3 3o.4 U i tI. I 78.o 24. 7.0,2
AR-3 35.2 UL 56.4 83.9 2.0 0.070
I1-1 33.5 LI, 58.3 83.0 27.8 0.00!
A.R-I .33.. 1 U 4).0 75.0 27.4 0.0"4
C-8 32.0 l1i 41.7 71.4 25.7 0.l28
..\I-h • 32•.(s U 1 4 1.7 (,7,Q 0t't

M-3 31.1 LL 60.I 87.5 21.7 0.015
SII-I 30.8 Utl 48.3 If, 8 23.2 0..042

.I 30).7 I 48.3 73.. 2 0.'8 .04
S\%-5 30.0 LI 54.0 804 2 I.') i.t54
Ii .0).0 45.4 73 2 25.4 0.1 1o
S-I 28. ULI. 48.5 83.o 21.3 0.0)5
S-_ 2".') II 54.1 80.4 0. 1 0.t)02
S%%-4 27.0 I 55 o 80.4 2t0.(, 0. lOs
(G-I 2.7 I 52.1 8-.5 15.8%i 0,O05
N\\-' 25 I II 52.8 82.1 1 5 0)0tlt

\\ 24I 4 IIl 43o (0 , SA2
.I-I 13.5 ' S It)l.8 4.1 ) 0.t03

-, I 2.-1 I I S0. I QS... (1 0.00S
(-5 8 . II '4, ) " 0 00t "

Is



Table 12. Properties of Nitrite/PVC Blend Compound
Fxposed to Liquid Hlydrocarbon :uels

Total
Aromatic Type "tensile Elongation Volune Diffusion

Fuel By (" of Retained Retained Swell RateCode No. t") Ga,,oline c ) (7) (;) (zyZdy

AM-2 56.5 UL 28.0 42.4 65.9 1.3273

SW-7 52.1 UL 28.2 48.5 54.0 .9848

FC 50.0 T 26.0 57.6 56.1 .92G.

SW-I 40.4 UL 4 1.8 72.7 50.0 .9440

SW-6 41.9 U L 50.1) 84.8 42.8 .6488

SW-2 40.6 LL 4n.5 75.81 43.2 .b183

II 40.0 T 46.0 60.6 42.0 .5554

SW-3 3t.4 LL 50.3 75.8 39.9 .4697

SW-5 30.0 UL 56.3 109.0 35.2 .3380

B 30.0 1 62.7 4().( 37.3 .377/

SW4 27.0 LL 45.7 63.6 33.0 .3i70



Table 13. Properties of Polyester PolyUrethane Coating
F\ plosed to Liquid I lydrocarbon Fuels

Total
Aromatic Type "Tensile Elongation Volumiie Diffusion

F icl By GC of Retained Retained Swell Rate
('odle No. I"() G;asoline (1/1 1)f (1,1( ) (ozfyd1tdayl

C-7 02.9 LL 70. 100.9 9.9 .0039
AM-2 56.5 UL 59.5 105.0 13.3 .0080

AM -I 55.3 UL 53.8 100.8 16.4 .0140

SW-7 50.8 UL 62.9 100.9) 11.7 .0120

FC 50.0 58.5 98.3 16.9 .0400

c-! 49.8 UL 58.4 103.4 9.7 .0041

\M-4 48.4 LIL 70.4 107.7 11.3 .0165

SW- I 46.4 UL 71.8 101.7 9.7 .0090

. FI0-1 45.7 LL 61.0 104.3 11.1 .0036

SW-6 41.9 UL 71.8 102.6 8.3 .0080

T- 3 41.4 LL 69.2 104.0 8.3 .0029
SW-2 40.6 LL 70.6 99.1 6.7 .0065

I11 40.0 75.6 100.0 12.3 .0130

TA 38.9 Ut. 67.3 102.5 7.7 .0050

T-ý2 38.6 L 73.1 105.1 5.8 .0023

Ak-2 38.6 U1. 66.6 107.7 6.8 .0070

sW-3 36.4 LL 78.3 100.9 5.3 .0070

AM-3 36.4 UL 67.0 103.0 6.0 .0100
AR-3 35.2 UL 67.6 107.7 6.6 .0090
FI-I 33.5 LL 66.0 105.0 10.4 .0030

AR-I 33.1 UL 66.3 99.2 7.6 .0100

c'- 32.9 UL 73.0 99.7 6.6 .0027
A91-6 32.6 UL 81.1 101.7 7.2 .0006

M43 31.1 LL 70.5 102.6 5.0 .0023

SF1-I 30.8 UL 61.2 100.8 6.3 .0027
\I4i 30.7 L 73.8 103.4 7.1 .0021

SW-5 30.0 UL 80.1 104.3 5.6 .0070

B 30.0 83.7 102.0 8.0 .0070

S-I 28.9 UL 71.4 104.3 6.8 .0060

S-2 27.9 LL 76.2 102.6 6.3 .0021

SW-4 27.0 LL 81.6 107.7 5.1 .0110

G(-I 26.7 L 68.4 102.5 ,-" 5.9 .0027
AM-' 25.1 L 78.0 100.9 6.6 .0017

AM-5 24.4 UL 84.6 104.3 5.7 .0007

Ji- 13.5 77.3 104.3/ 1 .0020
C-6 12.4 LL 92.0 100.1 2.4 .0002

('-5 8.1 LI. 88.4 100.9 , 3.4 .0026

/220



lrable 14. Properties of lPolyvethr Polyurethancl'oatiing

Uxposcd Ito Liquid I I:drocarboni Fuclk

Total
Aromna tic Ty Iv "Tcnsilc h loongalion Volumin Diffusion

Fulc By (GC of Retained Retained Swell Rate
Codc No. (,1; (;1 iGasine (%; 1 (1,; ('4 4 o oZ/v(d2 fdjy a

C-7 02. " IT. 35.8 79.2 12.2 1.074
AM-2 5o.5 UL 41.3 85.2 60.2 1.844
AM-I 55.3 UL 42.1 87.8 62.6 1.510
SW-7 50.8 UL 43.2 84.3 57.8 l.660
F" 50.0 49.2 7o.5 58.9 1.431)
C-_I 49.8 U L 46.61 93.0 54.5 1.6,44
AM-4 48.4 UL 42.2 86.6 52.8 1.325
sw-i 46.4 UL 44.4 80.9 54.3 1.718
110-I 45.7 LL 46.6 91.3 54.5 1.539
SW-4 41.9 UL 47.2 86.1 49.0 1.298
T-3 41.4 LL 47.0 87.8 50.4 1.258
SW-2 40.1 LL 45.0 83.5 50.2 1.277
I1 40.0 50.3 71.3 48.7 1.004
T_-1 38.9 U L 49.4 91.3 51.7 1.261
T-2 38.6 t 50.6 93.0 48.0 1.081
AR-2 38.6 UL 46.8 86.1 49.1 1.180
SW-3 31.4 LL 46.3 82.6 47.3 1.1916
AMl3 36.4 UL 50.5 90.4 47.5 1.03o
AR-3 35.2 UL 49.2 89.6 48.3 1.129
ti-I 33.5 LL 47.9 86.9 51.0 1.378
AR-I 33.1 UL 46.8 90.4 49.7 !.010
C8 32.9 UL 45.4 91.5 41.2 1.162
AM-( 32.6 UL 48.8 93.4 43.0 1.092
M-3 31.1 II L 53.2 95.7 42.0 .855
Sill 30.8 UL 51.8 94.8 43.7 1.100
M-I 30.7 L 53.1 87.8 45.6 .831)
SW-5 30.0 UL 47.7 84.3 42.8 .979
B 30.0 52.7 71.3 42.3 .778
S-I 28.9 UL 54.4 90.4 44.6 .818
S-2 27.9 LL 52.2 87.8 44.8 .878
SW.4 27.0 L LL 51.(; 87.0 41.1 .)81
(-i 26.7 L 51.8 93.0 39.t) _.91
AM-7 25.1 LL 48.) 94.5 39.5 .93b
AM-5 24.4 UI1. 40.2 9)0.8 38.5 .813
J-I 13.5 58.7 97.4 24.8 .271
C-6 12.4 LL 55.4 9X.4 30.8 .425

C-5 8. I l't 55.4 W.3 30.5 .6h4



Code I(CO Ne'ircm, I o% NHI fl"ig NiR MIR PVC UIrethane Urethail

1 3 14) 14 1 4 1 12
- 154 1t2 174) 112 142 41 102

NO•K 1 5.V l-1.1cl h • I 'q

I 3 112 I! 4 I0 42 2I 91

4 IS- 1S7 181 131 157 5') 114
5 22 62 54 25 37 8 42

0 28 78 o7 32 43 1 47
7 31 81 70
8 2o 77 05

9 31 80 70)
1 0 30 78 o'8 31 44 18 46

II 29 77 o4 30 43 15 47
12 38 91, 84 3') 55 20) 50
13 51 117 102 48 6) 25 65
14 o8 131 11 5() 86 27 76

T~ible I I. IP'rc'entI F'cnile Strength Reltnlion Phaset II 'rc s
C,'I1Ioll llou ds

1:1el UIsltr F.I her
('ode I"((O Neoprene Low NBR Iligh NBR NlIR/PV(' Urethan¢e Urethane

I 89) 55 82 84 ()O 115 83
5 o3 33 3o 45 o3 84 53
6 53 21 32 39) 43 05 41

12 45 17 23 33 40 5') 3M
13 3, 15 17 27 30 50 35

14 21) 15 I1 22 29 43 32

lable 17. Percent Ilongalion Reltntion ,Phase, II rests

(Collnllolllds

Fuel ster Fther
Code (TO Neoprene I ow NBR IH•gh NIR NBR/PV(' Irclhaetne Urethane

I 88 77 8() 77 110 98 101
5 6,4 57 58 73 91 102 71
0 ()3 45 58 57 8t) 108 q1

12 5o 40 50 52 82 105 8(

13 4') 38 3o 45 64 102 90
14 42 36 3') 3) (18 0), 88

'17
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F'our of the five unleaded fuels, only one of the low-leaded fuels, and in lie
of the leaded fuels compared contained an aromatic content of over 40%. When his
factor is considered in evaluating the data in Figures I through 9 or in considering
the whole spectrum of rubber/fuel combinations studied, the results fall in line with
what one could predict. Iligheraromatic content results in more severe swelling and
deterioration, regardless of the presence or absence of lead. Likewise, the test fuels
currently used remain fairly reliable indicators of performance. However, it becomes
obvious that test fuels having 4O'Y. 50W,". or, perhaps, even 6(Y;' aromatic content
must now be used to assure adequate evaluation of elastomer performance. Finally,
among the representative elastomer types evaluated, C'(O, polysulfide, high NBR, and
the ester polyurethane are preferable choices if other requirements do not preclude
their use.

l)iffusion of the fuels through circular specimens of the nine rubbers general-
ly follows the same pattern as the other properties evaluated. Iligher aromatic content
fuels escape through the rubber at a faster rate than those of low aromatic conte It.
"rihe low rate of fuel escape shown by the ester urethane is one significant reason w Iy
this material is now being used in fabrication of coated fabric fuel storage tanks in
preference to the previously favored, but more porous, low and mnedium NBR's anid
neoprene.

7. Phase II. I.xtensive previous studies of the performance characteristiks
of fuel-resistant rubbers have shown that swelling and loss of tensile strength "mid
elongation stabilizes after 48 to 96 hours' exposure. Prolonged exposure beyoitd
96 hours may produce further changes but they are of little significance. Seven days'
exposure time was employed in Phase It tests to insure that all test huel/rubber coih-
binations had stabilized, particularly those having 60'; and 701'; aromatic content
levels not generally employed previously. Figures i0, II, and 12 compare the peY-
centage loss of tensile strength and elongation and the increase in volume swell ob-
served for all of the seven rubbers selected for this study. No diffusion testing was
conducted in Phase II.

The elongation retention data of Figure I I are a bit erratic and some anoni-
alies are evident. Ilowever. the tensile retention data of Figure 10 and, particularly.
the volume swell data of Figure 12 clearly show that there is no leveling-oft or plaleau
effect. ])egradalion of strength and swelling continues at a rate proporltionale to the
total aromatic conlhtent of' the test I'Lil. At the 60'; aromiat"ic conltent level (observed
in some of thie Phase I coommercial Ituels) volume swe'. of neoprene amid low NBIR,
two of [tho, t IIoli Commoily uised clstonmer Iylpes, exceeds I()(Y; and less than -1'0"
of the original tensile strength is retained. Suplleriorily of the polh'ster urethane
is apparenl and is further evidenced by the fact that even al the 110'; aromatic level.
tItc •cl of I lthi ruibbcr is less than 6)'; 0 labl¢ 15). I
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How well do these test fiueis reflect performance characteristics of elas-
tomeric compounds exposed directly in commercial fuels? This was examined by
extracting data from the Phase I work which could be compared with results from
Phase II. Data for the low and high NBR's and the two urethane rubbers exposed in
unleaded fuels of 30% and 50.8% aromatic content and low-leaded fuels of 40.6%'7r
and 62.9/ aromatic content were selected. Tensile strength retention and volume
swell of these rubber/fuel combinations are shown in Figures 13 and 14, together
with comparable data for the same rubbers exposed in the test fuels of 30%1, 40%, 50%,
and 60% aromatic content. Correlation of test and commercial fuel data is generally
good, the only significant exception being the lower volume swell of the polyester
urethane in the commercial fuels. This comparison again demonstrates that the pres-
ence or absence of lead in a commercial fuel, to which an elastomeric compound is
exposed, is not important as the selection of test media having comparable or slightly
higher aromatic content.

The issuance of directives forbidding the use of benzene in test fuels
prompted further work to ascertain whether this carcinogen could be eliminated
from Medium No. 5 of FTMS 601, Method 6001 and replaced with toluene or xylene.
Volume swell testing was conducted, therefore, on six laboratory prepared test fuels
having the following composition:

Isooctane Toluene Xylene Benzene
X(I) (%) (%(%)

60 40 0 0
60 25 15 0
60 20 15 5
60 15 20 5
60 20 5 i5
60 5 15 20

Volume swell results for each of the seven Phase II rubbers exposed in the

above test fuels are shown in Figure 15. No significant increase or decrease in volume
swell attributable to variation in benzene content was observed. Any variance ot less
than 591 such as occurred here is easily within the span of allowable experimental error.
These data also indicate that the necessity for inclusion of xylene in Medium No. 5
is questionable. A reference fuel consisting of 60',1 isooctane and 40Y:, toluene would
be adequate as a replacement for Medium No. 5 and as an additional 4(Y; aromatic
reference fuel in ASTM D-47 1.
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Data generated in the above benzene study and other Phase 11 work provided
sufficient information to attempt prediction of the volume swell of randomly selected
test fuels wherein the isooctane content was varied between 30%1, and 70'/% and the
toluene, xylene, and benzene, between 0% and 50%. The composition of the con-
stitutents of the tested fuels, expressed as a percentage of the total volume, together
with observed volume swells for the seven Phase I! rubbers formed a matiix of data
input to a computer program for simplified regression analysis, written in the Basic
language. Regression coefficients obtained were then used to calculate the predicted
volume swell for untested rubber/fuel combinations. Results of this analysis are
contained in Table 18. In order to spot check for accuracy, volume swells for nine
selected untested rubber/fuel combinations were then determined, with the resultant
values also included in Table 18.

Agreement between actual and predicted volume swell in the nine cases
where the comparison was made was excellent. More important, however, is the
fact that closer examination of the predicted volume swell data lends further support
to the rationale for selecting a 60/40 isooctane/toluene mixture as a replacement
for Medium No. 5. In all Phase I work, the benzene content of the commercial fuels
never exceeded the 5% level of Medium No. 5. When the 4(Y0, aromatic content
consisted entirely of benzene (No. 20 of Table 18), in three cases (ECO, neoprene,
and low NBR), the predicted volume swell exceeded that of the test fuel containing
40% tolvene (No. 8). However, when the test fuel contained only 4OYlr xylene (No.
19), the predicted volume swell for ECO, low NBR, and the NBR/PVC rubbers was
significantly lower and in none of the other cases did it exceed that of the 40% toluene
test fuel by more than 4%. Finally, even when the prediction matrix was extended
to include combinations of 60%/, aromatic content (Nos. 25 to 29). volume swell
values were predominantly within the range of the ±5% allowable for experimental
error.

IV. CONCLUSIONS

8. Conclusions. It is concluded that:

a. The wide variations in type and level of aromatic constitutents of
unleaded, low-leaded, and leaded commercial fuels preclude establishment of definite
relationships between fuel composition and deleterious effects on rubber compounds
beyond that which can be ascertained through use of laboratory reference or test
fuels.

b. The presence, absence, or concentration of lead in commercial fuels
cannot be correlated with relative degradative effects on elastomeric compounds.
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c. Unleaded fuels by virtue of their enerally higher aromatic cotntent

are somewhat more deleterious to nibber 'ompoi-ds, bul anomalies. prsiilially
related to the preseince of other alditiv.., nua) occur when comllparisos•s are itadt

with low-leaded or leaded fuels.

d. (*hnungt. in physical properties of elastome'ric compounds exposed

in laboratory test fuels of inica,.,ing arom"atic content (3.0-7(Y: occur at a rate proplor-
tionate to the aromatic content. No levvling-otT or plateau ettect is discernible.

e. The benzene content of commercial fuels is less than 5'14, a level low

enough to justify elimination from laboratory test- fuels in compliance ,,ith OSIIA

directives.
.1 1

f. Substitution of additional toluene tor both xylene anti bentene in

Medium No. 5 or FrMs wOl. Mctho• homl will have no adverse effect on the reliabil-

ity of estimating the deleterious effects oi luels on elastonmeric conmpounds.

g. A new reference fuel consisting of ta 0/!40 ratio of iso•c'tane and

toluene by volume should be included in both ASITA-I)471 and FESIS (101. MNethl!
•OI to fill the need for a 4t; aromatic test mnidijui.
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