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EFFECTIVENESS OF STANDARD TEST FLUIDS IN

EVALUATING TiiE FUEL RESISTANCE OF ELASTOMERS

. 1. INTRODUCTION

1. Subject. This report details investigations conducted and results obtained
in ¢fforts 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. v

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 60% are
known to be in use to satisty certain engine performance requirements.

The evolution in recent years of three distinct classes of gasolines — ieaded,
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 corn-
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. These reference
fucls are detailed in ASTM Mcthod D-471 and Federal Test Method Standard (FTMS)
601, Mcthod 6001, ASTM Reference Fuel A of D-417 corresponds to Medium No. 4
in Mcthod 6001 and is composed of 100% isooctane. Reference Fuel B of D417
vonsists of 70% isooctane and 307 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/
toluene by volume.  The nearest Method 6001 equivalent is Medium No. 3, a blend
ol isooctane, toluene, xylene, and benzene in a 60/20/15/5 ratio by volume. Method
6001 also references Mediums 7, 8, and 9 which  consist of 100% benzene. toluene,
and xylene, respectively.




Recent discoveries regarding the carcinogenic nature of benzene amd sub-
sequent OSHA directives Torbwdding its further use have disqualificd Medium 5 of
Mcethod 6001, Thus, at present there s no aceepted relerence fuel containing 30 ¢
aromatic hydrocarbons,

The objectives of this program were, therelore:

a. To evaluate the fuel resistance of representative elastomeric
compounds exposed in commercial leaded. low-leaded, and unieaded gisolines.

b, To ascertain whether refationships could be established between
the severity of detentoration and the relative content of aromatic constituents or
other additives in the gasolines.

¢.  To determine the relevance ol the various aromatic components
of Medium No. 5 and to determine their individual contribution to elastomer deter
woration,

d. Torecommend a satisfactory alternative in licu of Medium No. §,

¢.  To provide recommendations which would effect adoption ot a
standard series of fuels accepted by both ASTM and DOD.

I INVESTIGATION

3. Scope. Work under this project was divided into two phases.  The finst
phase encompassed the determination ol the extent of deterioration in physical pro-
perties of clastomeric compounds exposed to commercial tuels and gasolines ol known
composition.  These fuels included leaded, low-leaded, and _unkeaded types.  The
second phuse concerned similar determinations. employing laboratory-prepared test
fuels, both standard and nonstandard, of varying known gromatic content.  Fuels
and materials used in cach phase are detailed as follows:

N

a.  Phase 1 34 leaded, tow-leaded, and unleaded fuels were used in this
investigation.  They were obtained by various means  from producers, other govern-
ment ugenciq;:"/und laboratories ~ and to maintain randomness, were purchased at
service statigns in the Washington, D.C. metropolitan srea. Additionally. Reference
fFucls B ur/,id C of ASTM D-471 and Medium No. § of FTMS, Mcethoed 6001, were
included ,ls typical currently used reference standards.  These fuels, their sources,
classes, and uydcmiﬁca!iuus for further refereace are shown in Table 1.
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Pable 1. Phase |

Fuel Kennitication

Fucl Nomendaturne

L onipam

Rotinerny

Fucl Class - Code

Voo tlcar
2. AnvoClear
3 ArcoClear

4. Sun's no-lead
ezpenmental
gasoline, Sample
Nov, |

SOoSun's low-lenl
cxvpermental

sasaoline, Sample
No. 2

tv. Shell-ot-the
Future

Amowvo

SO Amovo Super
Prenuum

S Amuwo

1O Amoco Super
Premiunm

H. Amoweo

12 Amoco 40
weular prade to
meet VG- 1000
P Amenvan 948

regitlar grade to
meet VVG-Tovo

\haottic- Rachitschd

Atlantc-Rwhiweld

Athlantic-Richfield

Sun il Co.

Sun i Co.

Shefl i Co,

Amencan il

American Ol

American (hl

Amencan il

Amenican Oil

Amenican (il

Amencan Ol

Houston, 1\
Phaladetphia, PA
Wilinaeton, CA

Phubadelphig, PA
Pluladeiphia, PA

‘Yooud Rver, 1

Purchased tocaily

Purchased in
Fredenchsbure, VA

Purchased i
Froedenchsburg, VA

Chicago, 11
Chicaga, 1

Chicaeo, 1

Chavaeo, 1L

.o

t nleadad YR
Unbeaded AR-D
Unleadal AR-3

Unteaded N |

Low-leaded S-2

Unleaded sH

Unleaded AM-

Unleadad AM-2
l'llls'.h!\'\[ M3
U ndeaded ANV

Ulll\'.ld\‘\l AM-S

Univeadaed WMo

l\\\\~l caded M



Fable 1. Phaw U Fuel Klentitication (Coat™d)

Fucel Nomenclatare Compuny Rehnery Fuel Clas  Code
: 14 Mobile Pre- Maobale Wil Corp Chacago, 11 Leaded M-
! i Sample
; 37143
15, Mobil Regutar Mobil Oif Corp, Chicago, 1L Leaded M-2

Sample 37134

16, Mobid Special Mobil i C :ep. Chicago. 1L - Low-Leaded M-3
Sample 37145

17, Texaco Lead-  Tesaco, Inc, Los Angeles, CA Unleaded T-1
Free Code 36SLAP-

a7

I8 Tesaco bire Fesaco, Ing, Los Angeles, CA Fow-leaded 1-2

Chaet Code
370LAP-298

L 19, Texaco Sam- Texacu, Ing, Obtained trom Low-Leaded 1-3
ple No. CCL-F-712 Coating & Chemial

Lab, Aberdecn Prov-

my Ground, MD

200 CRC Sample Obtained trom Unleaded -1
No., CCL-F-743 Coating & Chemical

Lab, Aberdeen Prov-

ing Ground, MD

21, Howell Sam- Obtained from Low-l caded HO-
ple No, CCL-E-744 Coating & Chemical

Lab, Aberdeer Prov-

ing Ground, MD

*

220 bsso Big Plus Humble Oid Bayonne, NJ Low-lLcaded H-1 -

23104 Obtained tfrom Unleaded J-1
Fuels Handling Dy
of MERADCOM
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Table 1. Phase !

Fuel tdentification (Cont'd)

Fuel Nomenclature Company Refinery Fuel Cluss — Code
24, Mogas "Obhtained trom I caded G-

Fuels Handling Div

of MERADCOM

25. Reference Fuel - Prepared in B
B of ASTM D-471 Laboratory
26. Reference Fuel - Prepared in FC
C of ASTM D-471 Laboratory
27. Med. No. § Prepared in It
FTMS 60l Laboratory
28, Sample No. Obtained trom Leaded [N
COL-¥-755 Coating & Chemical

Lab, Aberdeen Prov-

ing Ground, MD
29, Sample No. Obtained from Leaded C-6
CCL-F-7606 Coating & Chemical

Lab, Aberdeen Prov-

ing Ground, MD
30. Sampie No. Obtained from Unleaded -7
CCL-¥-777 Coating & Chemical

Lab, Aberdeen Proy-

ing Ground, MD
31, Sample No. Obtaned from Unleaded -8
CCL-F-785 Couating & Chenical

Lab, Aberdeen Prov-

ing Ground, MD
32 Amovo, Amerncan Oyl Obtained by South-  Unleaded SW-1
AFLRL Code wost Rescarch from
No 3894 Fexas Oty X
33 Umon, Union O Obtained by South-  Low-Leaded SW-2

AFLRY Code
No. 4109

west Research frrom
San Franciswo, CA

> 1



Table }. Phase I - Fuel Identification (Cont’d)

Fuel Nomenclature

Company

Refinery

Fuel Class  Code

34. Texaco,
AFLRF Code
No. 4138

35. Chevron,
AFLRF Code
No. 4013

36. Blend I,
Amoco Indolene
Clear, AFLRL
Code No. 4145

37. Blend 2

38. Blcm-l 3

Texaco

Chevron

Amoco

Obtained by South-

- west Research from

Los Angeles, CA

Obtained by South-
west Rescarch from
Qukland, CA

Obtained by South-
west Research.
Described as 1007
Indoiene Clear

Blended by South-
west Research con-

taining 86% Indolene

clear (Blend 1) and
14°% aromatic blend
(composed of 44,377
totuene, 17.5%
xylenes, and 38,27

aromatic solvent No.

100 - boiling range
316-350°1°).

Blended by South-

Low-Leaded SW-3

Low-Leaded SW-4

Unicaded SW-5
Unleaded SW-6
Unleaded SwW-7

west contiining 700

Indolene clear and
307 aromatic blend
(see item 37 for
blend conposition).
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Gas chromatography and other laboratory analytical procedures were
cmployad to oblain g breakdown of cacht fuel in terms of aromatic concentration
by type or chain structure and tetrethyl/tetramethyl lead content. This information
is contained in Table ). A good representative range of aromatic content was ob-
tatned  from a low 8. 1'7 to 4 relatively high concentration of 62,97,

Seven clastomeric compounds, representative of those used in appli-
cations requiring fucl resistance, were selected, mixed, and vuleanized as 6= by 6-inch
test sheets having a thickness of about 0,080 inch, Formulations amd cuting conditions
tor these compounds are shown in Table 3.

Fuclresistant clastomers also play a significant role w military appli-
cations as coated fabrics in fuel storage tanks and related end items.  Theretore, two
abric-coating nraterials, o potyether urethane and 2 polyester urethane, were also
inciuded v this study.  These materials, whose formulations are proprictary, were
supplicd in lirge cured sheets by Uniroyal, Inc.. the manutacturer.

b.  Phase I} . two compounds, the polysullide and the medium NBR
(designated J-232 and J-234), were not included in this phase of the program, Other-
wise, fomiulations and sample preparation wese the same as i Phase 1 Sutlicient
maternls were preparad initially in the liboratory or were obtained from Uairoyal,
Inc, to comduct sl tests under both phases. Fuels used in Phase 1 were the standand
ASTM D471 or FIMS 6001, Methad 6001 reference fuels or variations thereot,  The
variations were seiected to ascertain more precisely the relationships between toluene,
svlene, amd benzene as are encountered in Tuels such as Medium No. 5. Additional
dats obtained could then be subjected (o analvsis by computerized reduction tech-
miques. Composition of the Phase H fuels is shown in Table 4.

4. Tests Conducted.  Tutial physical propertivs  tensile strength, clomgation,
20007 modulus, and Shore A handness  were defermined according to procedures
detailed i ASTM D=2 and ASTM D-2240. Volume swell after 4- and 2-Jay room
temperature unmession for Phase 1 oand Phase I tests, respectively, was determnned
according 1o Mcethod 621 of FIMS. Retention of tensile strength and clongation
alter immersion was ascertained aceording o FIMS 008, Method o) 11, waith vatues
obtimed based on the swoller cross seotional area per pasagraph 481 of Methad

ol The ditfusion rate tests (Phase T only) were performaed moaccordanee with

the provisions of MIL-T-82573, paragraph 4.0.2.2 tvpically used to evaluate coated-
Fabriv materials Tor tuct tanks,

Fest provedures folflowed were simbar tor both phases

of the program. Hosever, all fuel innmersion tests were oot conducted m either phase,

Data obtamed were deemed softicient to substantiate conchimions and recommend.a
tans set forth Later in this report.
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Table 2,

Composition of Liquid Hydrocarbon Fuels

Total
Aromatic Ethyi  M+P 0 Ty

Fuet By GC  Benzene Toluene Benzepe Xylene Xylene T™™L (, Cot
Code No. (1) () (5 (%) B U ()
-7 62.9 8 SEoS4 40 s 07 ne 70
AM:2 56.5 2 00 22 THo2 015 97 sy
AM-] 55.3 4 332 1 52 22 07 81 44
SW-7 521 7 26 2 46 24 =01 129 59
FC 50,0 -~ 500 - - - -
-1 498 4 39 a2 74 24 025 77 sg
AM-4 48.4 A 234 7 20 10 01 125 gs
SW-1 46.4 8 159 29 108 36 - .12.4"
HO- 45.7 36 165 21 95 29 24 65 43
SW-6 - 419 7 205 1.4 38 18 =01 1390 _
T3 41.4 1.6 99 26 109 36 04 78 49
SW-2 406 9 69 19 82 30 44 199s
i 400 5.0 200 - 15.0 -
Tl 38.9 1.5 98 26 102 35 02 g4 g
T2 386 9 56 2 80 21 40 91 j0,
AR-2 38.6 1.5 7.0 20 83 28 01 73 oy
SW-3 36.4 7 47 s 7.0 24 35 40
AM-3 36.4 5 56 23 85 34 045 94 45
AR-3 35.2 1.2 0.8 1.8 7.6 Q6 88 6.3

8
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é Total
E. Aromatic Ethyl M+P 0 TEL/
! Fuel By GC chzcnc Toluene Benzene Xy‘lcne Xxlcne T™ML Cg C;o"
Code No. (%) (%) (%) (%) ANV VAN VA NRYA)
) H-1 33.5 1.7 7.4 1.7 62 23 44 12 69
t AR-} 33.1 11124 11 32 11 01 13 69
; C-8 329 4 18.6 7 33 1.2 - 31 56
& AM-6 326 1.0 11.9 1.4 39 1.6 .005 80 46
?5 M-3 31.1 1.0 45 27 71 26 20 77 53
‘; SH-1 308 1.4 10.8 2.0 49 20 .02 56 39
M-1 30.7 1.6 56 23 56 21 250 719 5.4
SW-5 300 9 12.9 1.0 29 1.2 01 1L -
, B 30.0 - 300 - - - - - -
S-1 28.9 1 56 1.2 47 1.8 015 60 84
S-2 27.9 9 39 9 39 14 41 67 10
g W4 20 12 55 28 40 16 44 1200 -
G-l 26.7 8 40 13 46 17 84 63 19
‘ AM-7 25.1 1.5 6.2 1.8 50 20 40 59 25
A AM-5 24.4 1.5 6.0 1.7 49 19 007557 2.6

J-1 13.5 3 N 3 1.1 4 025 1.7 9.1

C-6 12.4 3 1.7 6 33 1.0 226 37 1.7

C-5 8.1 5 2.2 4 15 .5 268 14 16

NOTES:

ace
9

ot 0 N

R p——

Table 2. Composition of Liquid Hydrocarbon Fueld (Cont’d)
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Table 3. Test Compound Formulations
Parts by Weight

Ingredicnts J-229 230 5231 J-23) J-234 )-238 0 )-236
Hydrin 200 (ECO Rubber) 100. - - - -
Thiokol ST (Polysultide) 100.
Neoprene WRT Rubber 100, -
Paracril AJ (Low NBR) 100. -
FR-N 501 (Mcd NBR) - - 100.
Hycar 1001 (High NBR) 100.
Paracril OZO (NBR/PV()- - 100.
Magnesium Oxide 4.0 - - -
Stearic Acid 0.5 1.0 1 1.0 1.0 1.0
Zinc Oxide ~ 5.0 5.0 5.0 3.0 5.0
NBC (Nickel dibutyldithio- 1. - - - -

carbamate)
Zinc Stearate 1. - ~ - - -
Neozone A (N-phenyl-alpha- 2.0 - -
naphthylamine)
HAF, carbon black 50. - - -
SRF, carbon black - S0. 60. 50. 50. 50.
FEF, carbon black 30.
Lime i, -
Red Lead S. -
TP-9S, Plasticizer 10.
10

oy
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Table 3. Test Compound Formulations (Cont’d)

Parts by Weight

Ingredients J-229 1230 )-23)

J-232 3-234 J-235  J-236

Sultur | - 1.5 ' 1.5°

Zine Peroxide - 5. -

MBTS (2.2* Benzo Thiazyl : s - 1.5

disulfide)

NA-22 (2-mercaptiomi- 1.5 5
dazoline

Antioxidant MB (2-megeapto 1.5
benzimidazole)

Curing Conditions

1.5 1.5

1.5 1.5

lemperature, “F 320 310 310 300 310 310 310
Time, minutes 30 30 30 40 30 30 30
t
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5.  Results. Origmal physical propertics for all compounds are shown in Tabie
5. Tables 6 through 14 contain tensile strength retention, elongation retention, volume
swell, and diffusion data for all Phase 1 tests. Table 1S gives volume swell data Tor
cach of the seven clustomer typs after immersion for 7 days in one of the fourteen
Phase I media. Tables 1o and 17 contain percent tensile strength and clongation
retention values after suular immension of dumbbell specimens in six of the fucls.
Table |8 compares actual and predicted volume swell data for tested and untested
reference fucl/rubber combinations,

HL. DISCUSSION

6. Phase 1. The data for total aromatic content of the 34 different fucks
{Table 2) underscore the wide variation in composition and uitimate deleterious
effects on elastomeric compounds observed in this investigation.  When categorized
aweording to lead content, the unleaded and low-leaded fuels display  (he widest
range - 2447 to S6.5% and 8.17 1o 62.9%, respectively. The leaded tuels occupy
a narrower mid-range arca - 26,77 to 38.6 aromatic content.  As aromatic content
decreases, a proportionately greater amount of these components sre classilicd umlber
Cy and C, groupings, the exact structure of which is indeterminate,

The data in Tables 6 through 14 were onganized as input to in-house com-
puterized repression anmalysis software routines. [t was hoped that this analysis would
uncover certain patterns or relationships linking a4 particular aromatic constituent
with the severity of deterioration obsenved for one, several, or all clistoners. No
satistactory correlation could beestablished. More sophisticated techaigues, involving
stepwise linvar regression, were then applicd. Here again, results, were inconulusise.
Aromatic groups tvariables) removed carly from the step wise analysis of one rubtbver,
woere retamned untib the emd tor another rubber. AR, i MOSE Cases, repression was
vomplete after few passes,

e g

Data for those rubber/tuel exposures which were employed throughout the

Phase 1 stidy were plotted as bar graphs for cach of the nine tubbers. Percent temile
retention amd volume swell for these unieaded, low-leaded, keaded ewhere mcludaedd,
and test fuckrubber combinations are shown i Fyures 1 through Y. While ne distinet
pattern applivable 1o all rubber fuel combinations is discernible, certam generabizations
can be made. Unleaded tuels temd (o produce preater tensile strength loss amd higher
volume swell than fow-kaded or leaded Tuels. T some cases Gl NRR S, neoprene, amd
the two orethanes), temide Joss o somewhat greater than that otsened tor the three
test Faels, wihuch abso contiined 1o lead. 1o the four situations where fow-leaded and
tulhy deaded Tuels can be compared. resalts are nuved, wath the presence of additie add
lead Tuivine no correspondmely greater adsene ettect on tensile retention or solume
swall,

A AR S A D o
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Table 3. Onginal Physical Properties of Test Compounds .
Fensile Strength Flongation 2007 Modulus Hardness /
Compound (b in') ) (LR Shore A
J-229-1C0 1851 Jol 1060 63
J-230-Neoprene 3298 RN <2830 78
J-231-Low NBR 2030 180 : 73
3-232-Pohvsaltule "4 200 M
J-234-Med NBR EINRTY) 343 SU0 oS
J-235-High NBR 240 425 1270 70
3 236-NBR.PVC 2270 220 2120 83
Ester Urethane 3 sS85 840 83 '
tther Uncthane 4050 400 1410 NS :

Table 0. Properties of Fpichlorohy drin-t thylene Oxide (FCO-1)
Rubber Faposed to 1iguid Hydroviarbon Fuels

Total
Aromatic Pype Tensile  Flongation  Volome Dittusion
Fuel By GC of Retained  Retained Swell Rate
Cudde No. () Gasoline () {0 ¢ orvdt davy
AM22 s6.8 UL 490 528 40.1 L6900
SW-7 st UL 504 556 254 643
FC 50.0 T 45X 47.2 ROAY L6840
SW-1 0.4 uL 56.7 ol.1 2501 A
SW.6 419 Ut 544 0.5 254 L2800
SW.2 4060 11 6l.o o4 AR IREY
i 400 T S0 §2.3 274 3439
SW-3 R | 631 607 23 787
SW.S 0.0 Ul (ARRY 0.8 19.1 A747
B 0.0 T o8 IRAY .8 23900
SW-4 27.0 1l 714 75.0 18.0 AR

14
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Table 7. Propertios of Neoprene Rubber Fyposed to Liquid Hydrocarbon Fuels

\ rl‘::':‘;l“c Type Tenade Flongation  Volume  Ditfusion

Fuel By GC ol Retained  Retained Swell Rate
Cwle No, (A Casoline (KA (') 1) ozrnvdd lday)
AM.2 56.8 UL 230 429 979 205812
SW.7 s UL 254 47.0 RER 2 1623
FC 500 T 30 38O 930 15670
SW-1 Jo0.4 UL 239 47.0 v5.0 20814
SW-0 419 Ut 22.6 429 85.0 19943
SW-2 40.0 LL 23.0 420 87.9 266097
i 40.0 I 27.0 47.0 749 1.2210
Sw.3 RIR ) 1L 260.6 47.0 8.7 23480
SW-§ 30.0 uL g s70 06,5 RILTN
B 30.0 1) KRR 510 615 0.9020
SW-4 27.0 1.1 121 524 6.3 1.0388
18
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Table 8. Properties of Low Acrylonitrile Rubber
Fyposed to Liquid Hydrocarbon Fuels
Total
Aromatic  Type Tensile  Flongation  Volume  Ditfusion
Fuel By GU of Retained  Retaned  Swell Rate
Code No o) Gasohine (') (') {¢) (ve 1«1"/\!;1_\‘)
-7 09 LL 229 59 102.9 2320
AM-2 505 UL 18.2 328 90.5 2621
AM-1 353 UL 213 RDN] 8.5 2624
SW-7 S0.8 UL 186 344 85.3 2124
FC gAY .72 453 84.1 1.835
C-1 49.8 UL le.2 328 78.9 1.544
AM4 48,4 UL 19.3 RUN 889 1.855
SW-1 Jo.4 UL 203 RET 80.5 2237
HO-1 457 LL 207 40.6 79.4 1.709
SW-6 410 UL 274 48.4 70.3 1.621
T3 414 LL 274 46.9 72.2 2.040
SW-2 R TA N iv 242 422 73.3 2128
n 0.0 275 46.9 o054 1.133
18 RER) UL 204 40.6 311 2.186
T-2 IR0 L 23.7 45.3 75.6 1.788
AR-2 38.6 UL 8.7 48.4 60.2 1.364
SW-3 R LL 25.0 45.3 659 L7110
AM-3 RIS UL 270 45.3 o4.1 2,085
AR-3 as2 UL 23.1 43.7 66.0 1.403
H-1 335 LL 3.2 46.9 736 1.720
AR-t RN UL 270 50.0 o). 8 1182
O T I UL 279 SLe ™ T ed.2 161l
AM-6 o UL 239 43.8 68.5 1.389
M-3 313 LL 232 45.3 60.5 0.907
SH-1 30.8 UL 237 453 2.2 1.407
M-} 30.7 L 30.2 KRN 60.5 0.779
SW-§ 0.0 UL 29.0 484 563 1.120
B 300 8.6 484 54.3 0.903
S-1 289 UL 2501 45.3 60.3 0.927
S-2 279 LL 2090 48.4 S84 . 0.961
SW-4 27.0 LL 271 4318 S4.3 1.215
G-1 26.7 L 340 RN 3 1151
AM-7 2501 LL 26.5 453 © 878 1.141
AM-S 244 uL 0.3 50.0 s0.8 1118
31 135 i8.3 734 0.8 Q0.150
C-o 12,4 LL 454 64.1 38.1 0.558
C.5 3.1 1L 313 54.7 6.4 0,698
16
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Table 9. Propertics of Polysullide Rubber Exposed toiLiquid Hydrocarbon Fuels

Total
Aromatic  Type Tensile Elongation  Volume  Diffusion
Fuel By GC of Retained  Retained  Swell Rate
Code No. %) Gasoline ) 7y (7Y {oz/vd? Jday)
AM-2 56.5 UL 649 6R.0 10.7 2271
SwW-7 52 UL 09.6 720 8.7 1837
FC 50.0 T 52.2 560 . 109 2114
SW-1 46.4 uL 725 720 | 87 1493 ‘
SW-6 419 uL 758 800 | 6.7 1308 )
sw.2 40.6 LL 68.2 800 S 1120
n 40.0 T 63.0 640 | 64 0979 :
SW-3 36.4 LL 80.6 880 | s 0748 : '
SW-5 300 UL 77.1 800 | 40 0037
B 30.0 T 70.2 76.0 \ 44 0831
SwW-4 27.0 1L 8.6 730 \ IR L0703
E
|
Table 10, Properties of Medium Acrylonitnile Rubber
Fxposed to Liguid Hydrocarbon Fuels
Total ,
Aromatic Type Tensile  EFlongation | Volume Dittusion
Fael By GC of Retained . Retained Swell Rate
Code No. (') Gasoline ) ) k ) oz vdd dayvy

AM-2 6.5 Ul 236 427 L8 1.7162
SW-7 s UL 0.6 53.3 - 66,4 10720
FC SQ.0 T 282 480 ?‘ oS0 1.2747
SW-1 46.4 UL 244 46.7 S o608 1.2180
SW-0 419 UL 28.3 S4.7 R 8060
Sw-2 406 1L 249 5.0 ;S8 8870
u 40.0 T RIK 56.0 150.8 K83
SW.-3 364 L 0.6 6.7 147.2 N
SW-§ 200 UL o8 0.7 422 5870
B 0.0 ) RIS ARIR 418 Sdde
SW-4 270 11 REX{ 73 RUR L3000
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Table 11, Properties of High Acrylonitrile Rubber
Exposed to Liquid Hy drocarbon Fuels

Total
Aromatic . Type Tensile  Flongation  Volume  Diffusion
"~ Fuel By GC of Retained  Retained Swell Rate
Code No. (o) Gasoline (‘<) () ) (oz/vd? jday)

C-7 629 LL 338 6.7 41.3 0317
AM-2 565 UL 287 $5.4 6.2 0511
AM-1 5§53 UL 255 518 42.0 0.508
Sw.7 508 UL 28.0 AR¥ 37.8 0,204
Fe 500 293 hY 40.2 0.535
C-1 498 UL RDXY) 69.6 342 0232
AM- 48.4 UL 293 LS - 354 0.298
SW-1 464 UL 30.7 837 RER 0.220
HO-1 4587 LL 30.5 62.5 33.2 0.234
SW.6 419 UL d1.5 69.6 298 0.165
T-3 414 1L R 78.0 30.8 0.144
SW.2 40.0 L RIS LAY A 0.0
[} 40.0 R 643 RTINS 0191
I-1 REAY UL RERY 601 305 0. 148
T-2 38.6 L 440 73.2 254 0083
AR-2 8.0 UL 457 73.2 275 0077
SW.3 304 Li 47.5 75.0 254 0.052
AM-3 0.4 Ul S 78.0. 247 0032
AR-3 352 UL So.d4 830 20,0 0070
H-1 RE T LL R 830 278 0.0v7
AR-t RRR tl 409 750 274 0.074
C-8 RBRY U 430 714 257 0118
AM-6 KA UL 41.7 67.9 252 0.000
M-3 3t L o0.1 R7.5 2.7 00135
SH-1 3038 Ul 8.3 T R AR 0042
M-1 307 I 481 BRI 208 0.004
SW.s 0.0 g S4.0 S04 Y (VEVAR]
B 0.0 454 732 254 Ol
5-1 280 Ul 48.3 83 213 0.003
S-2 A 1t 4 804 MR 0.002
SW-4 27.0 il ARRY) NO4 200 0108
G-} 0.7 1 A2 AN 1538 1.003
AM-? 25 ti 2N N2 103 QU
M3 244 Ul 430 o I8N [REUNY
) 135 87N LN 4.1 0003
C-0 124 11 S RRW 0.0 0.008

' N Il -T4 N V2o L 0006
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Table 12. Propertics of Nitrile/PVC Blend Compound
Exposed to Liquid Hydrocarbon Fuels

Total
Aromatic  Type Tensile  Elorgation  Volume  Diftusion
Fuel By GC of Retained  Retained Swell Rate
Code No. 7 Gasoline N (%) 7)Y (oz/yd?/day)
AM-2 56.5 UL . 28.0 424 65.9 1.3273
SW.7 $21 UL 28.2 48.5 54.0 9848 ;
FC 500 T 60 76 S6.1 920.
SW-1 46.4 UL +1.8 719 50.0 9440
SW-6 419 UL 509 84.8 428 L6488
Sw.2 40.6 LL 0.5 75.8. 432 0183
}] 40.0 T 46.0 60.6 42.0 5554
SW-3 364 LL $03 758 39.9 4697
SW-§ 300 UL 56.3 109.0 35.2 3380
B 30.0 T 62.7 90.9 373 3776
Sw4 27.0 LL 45.7 61.6 310 .3i70

v
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Table 13, Properties ol Polyester Polyurcthane Coating
Faposed to Liquid Hydrocarbon FFuels
Total
Aromatic  Type Tensile  Elongation  Volune Dittusion :
Fuel By GC of Retained  Retained Swell Rate
Code No. ) Gasoline (%) () (‘%) Loz{/yd? [day)
C7 62.9 LL 70. 100.9 9.9 0039 o
AM-2 56.5 UL 59.5 105.0 {3.3 .0080 :
AM-] 55.3 UL 53.8 100.8 10.4 0140
SW-7 50.8 UL 629 100.9 11.7 0120
FC 50.0 58.5 98.3 16.9 0400 :
C-l 49.8 UL 58.4 103.4 9.7 0041
AM4 48.4 UL 704 1077 11.3 0165 \ :
SW-1 . dod UL 71.8 101.7 9.7 0000
HO-1 45.7 LL 61.0 104.3 . 1.1 0036 v
SW-6 419 . UL TL8 1026 8.3 .0080 AR
T3 41.4 LL 69.2  104.0 8.3 - 0029 k
SW-2 40.6 LL 70.6 99. 6.7 .0065 ‘
I 40.0 : 75.6 1000 - 123 0130 -
T+ 38.9 UL 67.3 102.5 7.7 .0050
T-2 38.6 L 73.1 105.1 5.8 0023
AR-2 38.6 utL. 066 107.7 0.8 0070
SW-3 36.4 LL 783 1009 5.3 0070
AM-3 36.4 uL 670 1030 0.0 0100
AR-3 35.2 UL 67.6 107.7 6.6 .0090
H] 33.5 LL 660  105.0 10.4 .0030
AR-1 33.1 UL 06.3 99.3 7.6 .0100
¥ 329 UL 73.0 99.7 0.6 0027
AM-6 320 UL 81.1 101.7 7.2 - .0006
M-3 311 LL 705 1026 50  .0023
SH-1 30.8 UL 61.2 100.8 6.3 0027
M- 307 L 73.8 103.4 7.1 0021
SW-5 30.0 UL 80.1 104.3 5.6 0070 . _ R
B- 300 - 83.7 1020 80 0070 - - - - -
S-1 28.9 UL 714 1043 6.8 .0060
s.2 27.9 LL 76.2  102.6 6.3 .0021 CL
SW-4 27.0 LL 81.6 1077 51 0110 .
G-1 26.7 L 08.4 1025 59 0027
AM-7 25.1 L 78.0 100.9 / 6.0 0017 o .
AM-5 24.4 UL 846 1043 ST .0007 , S o
J-1 13.5 ' 77.3 104.3’/ 21 .0020
C-0 124 LL 92.0 100.¢ 24 20002
C-s 8.1 LL 38.4 100.9 3.4 0026
/ T
20
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Table 14. Properties of Polyether Polyurethane Couating

Exposcd to Liquid Hdrocarbon Fuels 3
Total :
O Aromatic Type Tensile  Flongation  Volume Dittusion ‘
Fuel By GC of Retained  Retained Swell Rate e
Code No. ) Gasoline i) 50 () (ozfvd? iday) '
.7 062.9 LL 358 79.2 02.2 1674 ’
AM-2 30.5 UL 41.3 85.2 60.2 1844
AM-1 55.3 UL 421 87.8 62.0 1.510
SW-7 - 508 uL 43.2 84.3 57.8 1.660 '
FC 50.0 49.2 76.5 589 1.439
C-\ 49.8 UL . 4606 93.0 54.5 1044 ’
AM-4 48.4 UL 422 86.6 518 1.325 :
SW-1 46.4 uL 444 809 54.3 1.718 i
HO-! 457 LL 40.6 91.3 54.5 1.539
SW-6 419 . UL 47.2 86.1 49.6 1.298 i
T-3 41.4 LL 47.0 87.8 50.4 1.258 ’
SW-2 40.6 LL 45.0 83.5 - 50.2 1.277
1 40.0 - 503 - 713 48.7 1.004 ,
T-1 389 uL 49.4 91.3 51.7 1.201 ‘ -
T-2 38.6 L 50.6 93.0 48.0 1.081
AR-2 38.6 UL 46.8 86.1 49.) 1.180
SW-3 364 LL 46.3 8.6 47.3 1.196
AM-3 36.4 UL 50.5 90.4 41.5 1.030
AR-3 5.2 uL 49,2 89.6 48.3 1.129
H-1 335 LL 47.9 86.9 51.0 1.378
AR-1 33 UL 46.8 90.4 49.7 1.010
C-% 29 UL 45.4 91.5 46.2 1.162
AM-6 326 UL 48.8 93.4 43.0 1.092
M-3 3.1 LL §3.2 95.7 42.0 855§
SH-1 30.8 UL 51.8 94.8 43.7 1.100
M-I 30.7 L 53.1 87.8 45.6 839
SW-5 300 UL 47.7 84.3 428 979
B 300 - 52.7 71.3 423 778
S-1 289 UL 54.4 90.4 14.6 818
S-2 27.9 LL §2.2 87.8 448 BT8R
SW-4 27.0 LL 516 87.0 411 981
G-1 26.7 L S1.8 93.0 390 691
AM-7 25.1 LL 48.9 94.5 19.5 036
AM-3 244 UL 40.2 90.8 38.5 K13
11 13.5 58.7 97.4 48 27
C-6 124 LL 55.4 98.4 30.8 425
(-5 8.1 LL §5.4 6.3 30.5 OO0
21
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Table 15, Volume Swell

Phase 1 Fests

Compounds
Fuvi ‘ . I'ster Fther
Code FCO Neoprene  Fow NBR High NBR - NBR PVC Urethane  Urethane
| 3 19 14 ] 4 1 12
2154 162 179 12 142 41 102
22 17 Tod 9 123 2 9]
1IN 157 INI 131 157 50 114
s 62 54 25 37 8 42
o 28 78 07 32 43 lo 47
731 St 70
S Qo 77 (N
9 31 30 70
10 30 78 68 - 31 44 18 46
29 77 04 30 43 18 47
12 38 96 sS4 39 58 20 So
13 s 117 102 48 oY 25 68
14 o8 131 11X s9 R6 27 76
Table 16, Percent Tensile Strength Retention Phase 1 Tests
Compounds
IFuel Fster tther
Code FCO Neoprene  Low NBR High NBR - NBR/PVC Urethane  Urethane
1 39 55 X2 84 90 N 83
S 63 3 3o 45 03 84 AR ]
6 53 21 R 39 43 65 41
1245 17 23 33 40 59 R
13 36 1§ 17 27 30 50 35
14 29 1S l6 22 : 29 43 RN
Table 17, Percent Elongation Retention  Phase 11 Tests
Compouds
Fuel Ester Fther
Code FCO Neoprene  Tow NBR High NBR - NBR/PVC Urcthane  Urethane
| 88 77 89 77 110 Rh 101
S 0d 57 S8 73 91 102 71
6 63 4s S8 57 89 108 91
12 56 40 S0 52 82 10S 89
1349 38 36 45 64 102 90
4 4 RIS R 39 (i 90 88
h )
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Four of the five unleaded tuels, only one of the low-leaded fuels, and npne
of the leaded fuels compared contained an aromaltic content of over 40%. When this
factor is considered in evaluating the data in Figures 1 through 9 or in considering
the whole spectrum of rubber/fuel combinations studied, the results fall in line with
what one could predict. Higheraromatic content results in more severe swelling gﬁnd
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 40%, 5077, or, perhaps, even 607 aromatic content
must now be used to assure adequate evaluation of clastomer performance. Finally,
among the representative elastomer types evaluated, ECO, polysulfide, high NBR, and
the ester polyurethane are preferable choices if other requirements do not prcclt@de

their use. ' 1
|
|

Diffusion of the fuels through circular specimens of the nine rubbers general-
ly follows the same pattern as the other properties evaluated.  Higher aromatic contdnt
fuels escape through the rubber at a taster rate than those of low aromatic content.
The low rate of fuel escape shown by the ester urcthane is one significant reason why
this material is now being used in fabrication of coated fabric fuel storage tanksjin
preference to the previously favored, but more porous, low and medium NBR’s and

|

7. Phase 1L Extensive previous studies of the performance characteristics
of fucl-resistant rubbers have shown that swelling and loss of tensile strength and
clongation stabilizes after 48 to 96 hours’ exposure.  Prolonged exposure beyond
96 hours may produce further changes but they are of little significance, Seven days’
exposure time was employed in Phase 1 tests to insure that all test tuel/rubber coth-
binations had stabilized, particulurly those having 6077 and 7077 aromatic content
levels not generally employed previously,  Figures §0, 11, and 12 compare the per-
centage loss of tensile strength and clongation and the increase in volume swell ob-
served for all of the seven rubbers selected for this study. No ditfusion testing was

conducted in Phase 1. i

neoprene.

The clongation retention data of Figure 11 are a bit erratic and some :mon‘il-
alies are evident.  However, the tensile retention data of Figure 10 and, purticnlurl)}.
the volume swell data of Figure 12 clearly show that there is no leveling-ofl or plulcuin
cffect. Degradation of strength and swelling continues at a rate proportionate to the
total aromatic content of the test fuel. At the 6077 aromatic content level (observed
in some of the Phase T commercial fuels) volume swell of neoprene and low NBR,
two of the most commonly used clastomer types, exceeds 10077 and less than 2077
of the original tensile strength s retained. Superiority of the polvester urethane
is apparent and is further evidenced by the fact that even-at the 10047 aromatic level,
the swell of this rubber s less than 600 {Table 13), : :
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How well do these test fuels reflect performance characteristics of elas-

tomeric compounds exposed directly in commercial fuels? This was examined by
extracting data from the Phase 1 work  which could be compared with results from
Phase 1lI. Data for the low and high NBR’s and the twourethanerubbers exposed in
unleaded fuels of 30% and 50.8% aromatic content and low-leaded fuels of 40.6%
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%, 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 Mediumm 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
% (%) (%) (%)
60 40 0 0
60 25 15 0
60 . 20 15 5
60 15 : 20 5
60 20 5 15
60 5 15 20

Volume swell results for each of the seven Phase 11 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 of less
than 5% such as occurred here is casily within the span of allowable experimental error.
These data also indicate that the necessity for inclusion of xylene in Medium No. §
is questionable. A reference fuel consisting of 60% isooctane and 40%- toluene would

be adequate as a replacement for Medium No, § and as an additional 4¢¢¢ aromatic

reference fuel in ASTM D-471.
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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% 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 Il rubbers formed a matrix 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 exccllent. 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 40% aromatic content
consisted entirely of benzene (No. 20 of Table 18), in three cases (ECO, neoprenc,
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 407 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 t5% allowable for experimental
error.

1V. 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 fucls
cannot be correlated with relative degradative effects on clastomeric compounds.
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<.  Unleaded fucls by virtue of their ;icncrully higher aromatic content
are somewhat more deleterious to rubber compounds, but anomalics, presumably
refated to the presence of other additives, may ouur when comparisons are made
with low-leaded or leaded tuels, ;

d. Changes in physical properties of clastomeric compounds  exposed
in laboratory test tuels of incicasing aromatic content (30-707) occur at a rate propor-
tionate to the aromatic content. No leveling-oft or plateau effect is discernible.

' |

e.  The benzene content of commercial fucls is less than % a level low
enough to justify climination from laboratory test fucls in compliance vith OSHA
directives. ;

-
f.  Substitution of additional tolucne for both xylene and benrene in
Medium No. § of FTMS 601, Mcthod 6001 will have no adverse effect on the reliabil-
ity of estimating the deleterious eflects of fuels on cl;lkstomcl'ic compouiuds,

g A new referenee fuel consisting of 'a 60/40 ratio of isooctane and
toluene by volume should be included in both ASTM-D471 and FTMS 601, Mcthod
6001 to (ll the need for a 407 aromatic test muhum.

1
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