


Disdaimars

The findings in this report sre not to be construed as an official Department of the Army 
position unless so designated by other authorized documents.

Trade lumes cited in this report do not constitute an official endorsement or approval of 
the use of such commercial hardware or software.

DOC Availability Notioa

Qualified requestors may obtain copies of this report from Defense Documentation 
Center, Cameron Sution, Alexandria, Virginia 22314.

Disposition Instructions

Destroy this report when no longer needed. Do not return it to the originator.

yj]
IJT n |!

■•eiwnirarijutiijrr trat 
* »'t- ;r a...»

!l '

!



I 
I INC I ASSIEIED 

S.-c- uritv Classification 

DOCUMENT CONTROL D~TA. R & D 
(Sr<urity <IH sifkallon of llt/e, body of •b• tra,1 end inde•inll annotation mu s t br entered when the overall report I • </e u lf/edJ 

1 ORI GIN A TING AC TIVI TV (Corporal• author) 2a. REPOPT SECURITY CLASSIFICATION 

U.S. Army Fuels and Lubricants Research Laboratory Unclassified 
Southwest Research Institute 2b. GROUP 

San Antonio, Texas N/A 
J R E PORT TITLE 

Status of Unleaded and Low-Lead Gasoline Composition 

4 DESCRIPTIVE NOTES (Type of report and lncfualve date•) 

Interim Report 
s AU THOR I SI (Flrlf name, mlddfe Initial, /aal name) 

John N. Bowden 
' 

6 - R E PORT DATE 7a. TOTAL NO . OF PAG._S l'b. NO . OF REFS 

August 1972 64 + 3 Prelims 20 
la. CON TRAC T OR GRANT NO . ta. ORIGINATO,.'S l'IEPORT NUMIIER(SI 

DAADOS-72-C-885(,.. 00 5 3 FLRL Report No. 16 
b . PROJECT NO . 

c . tb. OTME,. REPORT NO(SI (Any other numbara that may be e aal,,,ed 
lh I• report) 

d . N/A ·' 
, ,, DISTRIBUTION S T ATEME.NT 

Approved for public release ; its distribution is unlimited 

, , . SUPPLE M ENTARY NOTES 12 . SPONSORING MILITARY ACTIVITV 

Coating and Chemical Laboratory 
N/A Aberdeen Proving Ground, Maryland 

ll . AIISTRACT 

Numerous technical an'\ statistical publications have been made on the chemical, physical, and perfonnance properties of 
unleaded and low-lead gasoline" :owever, very little infonnation is available on the aromatic and olefinic distribution of these fuels 
since the standard FIA method ( STM D 1319) used to detennine hydrocarbon composition pves only an approximation of total 
aromatic&. olcfim, and satuntes. Because of the necessity to have definitive analysis of these hydrocarbon species f91-eb¥iou119110111 
relating not only to fuel perfonnance/emissions but also to potential fuel-handling/distribution problems, a program was conducted 
to provide a I.:presentative wnpling of current marketplace unleaded/low-lead gasolines for subsequent analysis of their aromatic and 
olefinic hydrocarbon distributions. 

As a result of this lnvestiption, die following conclusions were reached : 

(I) The average aromatic content of the new psoline is 27 percent for the unleaded and 29 percent for the low-lead 
products, which Is higher than the conventionally leaded gasolines. 

(2) Toluene is the major aromatic component of these fuels. 

(3) The olefin content is generally lower in these new fuels than in conventionally leaded psolines. 

(4) The sulfur level is generally low and appears to be lower than in conventionally leaded fuels. 

(5) The unleaded gasolines show an average lead content of 0.03 g/gal while the low-lead gasolines have an average of 
0.4 7 g/pl lead. 

(6) The products of six out of nine companies marketing unltadtd psolines contain phosphorus. 

(7) Virtually all theae gasolines contain a multifunctional additive or upper-cylinder lubricant, as indicated by high values 
for the unwllhed existent gum detennination. 

(8) The octane quality of the unleaded and low-lead psolines which range from 91 RON (87 antiknock quality) to over 
100 RON (95 antiknock quality), in one instance, indicates that the marketing practia!, fo1 these fuels have not 
stabilized u a result of individual company preferences and/or pending lead-reduction legislation. 

~ UNCLASSIFIED 
Security Classification 



' UNCLAS~JfJEP 
ecurity Clasaificatlon 

t. LINK A LINK • LINK C 
KEY wo"o• 

IIIOLE WT IIIOLf; WT IIIOLE WT 

Gasoline 
Aromatics 
Antiknock Quality 
Fuel Component Analysis 

, · 

' 
J..t 

I iNCJ t\SSJFIED 
Security Cla111flcation 



jAD 

STATUS OF UNLEADED AND LOW-LEAD 
GASOLINE COMPOSITION 

INTERIM REPORT 
FLRL NO.16 

by 

J. N. Bowden 

Approved for public release; its distribution is unlimited 

prepared by 

U.S. Army Fuels and Lubricants Research Laboratory 
Southwest Research Institute 

San Antonio, Texas 

under contract to . . . . . . . 
. : . C. ' I 

U.S. Army Coating and Chemical Laboratory 

Aberdeen Proving Ground, Maryland · · •·· · , i,;~ 

Contract No. DAAD05-72-C-0053 

AuF_ust 1972 
11. 



ABSTRACT 

Numerous technical and statistical publications have been made on the chemical, 
physical, and performance proptrties of unleaded and low-lead gasolines. However, very 
little information is available on the aromatic and olefinic distribution of these fuels since 
the standard FIA method (ASTM D 1319) used to determine hydrocarbon composition 
gives only an approximation of total aromatics, olefins, and saturates. Because of the neces­
sity to have definitive analysis of tt.ese hydrocacbon species for obvious reasons relating not 
only to fuel performance/emissions but also to potential fuel-handling/distribution prob­
lems, a pro;ram was conducted to provide a representative sampling of current marketplace 
unleaded/low-lead aasolines for subsequent analysis of their aromatic and olefinic hydro­
carbon distributions. 

As a result of this investigation, the following conclusions were reached: 

(I) The average aromatic content of the new gasoline is 27 percent for the unleaded 
and 29 percent for the low-lead products, which is higher than the conventionally 
leaded gasolines. 

(2) Toluene is the major aromatic component of these fuels. 

(3) The olefin content is generally lower in these new iuels than in conventionally 
leaded gasolines. 

(4) The sulfur level is generally low and appears to be lower than in ..:onventionally 
leaded fuels. 

(5) The unleaded gasolines show an average lead content of 0.03 g/gal while the 
low-lead gasolines have an averaae of 0.47 g/gal lead. 

(6) The products of six out of nine companies marketing unleaded gasolines contain 
phosphorus. 

(7) Virtually all these gasolines contain a multifunctional additive or upper-cylinder 
lubricant, as indicated by high values for the unwashed existent gum de­
termination. 

(8) The octane quality of the unleaded and low-lead gasolines which range from 
91 RON (87 antiknock quality) to over 100 RON (95 antiknock quality), in one 
instance, indicates that the marketing practices for these fuels have not stabilized 
as a result of individual company preferences and/or pending lead-reduction legis­
lation. 
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I. INTRODUCTION 

Federal regulations to control exhaust emissions of automobiles have caused signifk ant 
changes in the composition of gasolines during the past five years. Gasoline surveys reported 
semiannually by the Bureau of Mines, road odane surveys published periodically by duPont , 
and samplings conducted by the Couting and Chemical Laboratory (C&C'L) and the Army 
Fuels and Lub11cants Research Laboratory (AFLRL), specifically on low and unleaded 
gasolines, indicate that in addition to the lead content reduction, changes in the basic 
hydrocarbon composition are takina place. Although the Bureau of Mines and duPont 
surveys indicated these trends through changes in Reid vapor pressure, gravity, distillation, 
etc .. the samplings obtained and analyud by AFLRL were designed to determine more 
specifically the hydrocarbon makeup of the unleaded and low-lead gasolines. 

Based on Bureau of Mines surveys for winter and summer gasolines since 1968 (sum­
marized in Tabk n. the average n.·seard1 octane numbers for both the premium and regular 

TABL E I. BUREAU OF MINES l;ASOUNE SURVEY DATA 

Nu . of (;ravit y. l Lead. Sulfur, RVP, 
Samples " API i:/i:al Wl"i>?ht ';: 

RON 
lb 

I 

R,•,..11/or ( ;,adt' 

Winter 1968-1969 2178 62 .9 2.13 0.043 93.K 12.1 
Summer 1969 2397 61.1 2.48 0.042 93.8 9.1 
Winter 1969-1970 24711 63.0 2.26 0.(143 93.K 12.1 
Summer 1970 2495 61.I 2.43 0.042 «;13.K 9.1 
Winter 1970-1971 1999 63.1 2.02 0.039 93.9 1:u 
Summer 1971 llJKI 60.9 2.22 ll.1143 94.0 9.1.J 

Pr1"111i11111 c;,ad,· 

Winter 1968-1969 2185 63.1 2.69 0.031 99.K 12.2 
Summer 1969 2390 60.9 2.89 0.022 99.9 9.2 
Wintu 1969-1970 2475 62.9 2.71 0.020 99.8 l::?.I 
Summer 1970 2483 60.K 2.81 0.021 99.K 9.2 
Winter 1970-1971 2026 62.6 :' .60 0.023 99.8 12.1 
Summer 1971 204K 60.7 2.67 0.022 99.8 9.2 

So11thl'm Co/iJumio. /l i,trit·t 17. R,·1(11/or c;,adr 

Winter 1968-1969 51 59.8 1.78 ll.110 93.7 11.4 
Summer 1969 49 5K.7 2.0.~ 0.041 93.6 9.1 
Winter 1969-1970 75 6(1.1 2.19 0.100 92.9 11.2 
Summer 1970 83 5K.7 1.83 ll.074 93.1 9.1 
Winter 1970-1971 84 59.9 1.53 0.055 93.5 11.5 
Summer 1971 76 58.0 1.66 0.118 93.4 8 .6 

grades ha~e remained consistent over the past four year:.-..< I -ti )•The higher vapor pressure of 
winter gasolines indirectly provides lower lead content since the more volatile rnmpone1ot~ 
(i.e .. butanes and pentanes) needed for winter fuels have high-octane ratings. 

Southern California was the first area t<' institute emission controls on vehides and 
compositional controls on gasolines. Examination of the Bureau of Mines data for 

•superscript numhcrs in parenthesis refer to the list of Rcfcrcn~cs. 



Distrkt 17. Southern California. since the winter of 1968-1969. shows a significant lower 
average lead content and an overall lower API gravity compared to the country-wide survey 
data. which is indicative of higher aromatic concentration . 

Data for unleaded and low-lead gasolines. generally classified in the Bureau of Mines 
reports as third-grade gasolines. were first reported in the summer of I 970 survey where 89 
items were listed. The winter of I 970-1971 report had 416 items representing unleaded/ 
low-lead gasolines. and the summer of 1971 report had S 7 3. The average API gravity for the 
unleaded/low-lead gasolines of the summer of 1971 report was S8.8 deg compared to 
60.9 deg average for the regular grades in the same report. Unleaded (0.07 g/gal or less lead 
content). 91 Research Octane Number (RON) gasolines had an average S7.9 deg API for 98 

Boston 
Cleveland-Detroit 
New York 
Philadelphia-Baltimore 

Average 

Chkaro 
Kansas City-Wichita 
Minneapolis-St. Paul 
St. Louis 

Avera)!C 

Atlanta 
Florida 
L.,uisvillc 
New Orleans 
Richmond 

Avcraj?e 

Denver 
F.I Paso 
Houston 
Tulsa-Oklahoma City 

Average 

Bakersfield 
Los Angeles 
Salt Lake 
San Frandsco 
Seattle 

Average 
Grand Average 

TABLE II. DUPONT SURVEY DATA 

Rel(Ular <irade Summer /Qt,9 A11c•raKCS 

RON LcaJ . Aromatics, Olefins, 
!?/!!al ~7, % 

Northeas!t'm 

94.7 2.24 21 14 
95 .0 2.57 22 II 
94.4 2.41 23 HI 
95.0 2.0R 23 14 
94.R 2.33 22 12 

North Ci'11tral 

94.9 2.58 22 II 
92.2 2.47 IS 12 
93.2 2.01 22 12 
94.7 2.80 21 to 
93.8 2.47 20 II 

So11theastt'm 

94.6 2.24 22 R 
94.4 2.55 21 to 
94 .7 2.53 I 22 10 
94.1 2.63 19 R 
95 .0 2.38 n 12 
94.6 2.47 21 10 

So11thw1·st1•m 

91.2 2.15 IR 13 
92 .4 2.44 21 13 
94.0 2.38 18 to 
92.5 2.44 15 12 
92 .5 2.40 IR 12 

l1'1•stem 

92.0 2.76 10 12 
94 .0 2. IO 23 to 
92.3 2.03 17 IS 
94.8 2.40 16 14 
93.3 2.8R 13 16 
93.3 2.43 I<> 13 
93.R 2.42 19 12 

., 

RVP, Gravity, 
lb 0 API 

I0.2 60 .9 
10.2 60.R 
10.4 61.2 
9.R 60.6 
l0.2 60.9 

10.0 61.4 
9 .3 63 .3 
9.8 61.I 
9.8 61.6 
9.7 61.8 

9 .7 62 .2 
9 .7 61.4 
10.4 61.6 
9 .7 60.2 
9.7 62.0 
9.8 61.S 

8.6 60.7 
8.0 59.8 
9.h 61.3 
9.4 63.0 
8.9 61.2 

11.0 62.R 
9.5 59.2 
8.1 60.7 
8.9 60.3 
9 .3 63.4 
9.4 i <,1.3 
9.6 61.3 



itl·ms and low-kad (0 .5 g/gal maximum lead rnnlt'nt ). 93 to 98 RON gasolines had an 

average 58 .8 deg API for (ll) items. 

A survey n:porll'd hy duPont. rnndul·h:d in 22 marl,.eting areas in the summer of 1969 

tTabk II), shows that the regu!ar gradl' gasolinl'S averaged throughout the country had a 

RON of 93.8. 2.42 g/gal h:ad content. 19 volume percent aromatics, 12 volume percent 

oletins. 9 .6 lb vapor pressun~. and 61.3 deg APL' 7 • 1 1) These averages co& respond to those 

reporll·d by the Bun:au of Minl'S for tht• same period. DuPont also reported surveys con­
ducll'd in August 19701 1 ~). winter of 1970-1971 ( I J l , and summer of 1971.11 4 > In these 

reports. the gasoline sampks wen: classified for the first time into the following categories: 

Regular -- kad content over 1.0 g/gal. 

Regular. low-kad - 0.2 to 1.0 g/gal kad. 

Low regular . unleaded - below 0.2 g/gal kad. and 
Low regular. low-lead - 0 .2 to 1.0 g/gal lead. 

The average data for these three survey ., are shown in Table Ill. Although the number 
of samples. indicated in parenthesis. for each category was small. a significant incrt·ase in 

aromatics and decrease in oldin content compared to the 1969 values is shown for all 

categories. 

TAHU-: Ill . OUl'ONT SURVEY DATA 

RON 
l•·aJ. :\romatiL's, Olcfins. RVP. Gravity. 
!!h:al 

, .. , .. lh 0 API , , 

.. t11g1m of /IJ 70 

Regular ( 24 *) 95 .0 2.H 24 R 9.0 I 59.5 
Regular Low-Lca,I (3) 94.H o. ~ ,., 1.0 2R 6 10.0 5H.3 
Low Rc!!ular Unh:,1dcd C81 91.7 IMow0.2 25 6 9.6 59.9 
Low Rc!!ular - Low Lo:ad (I) 91.1 0.2 Ill 1.0 ~o 7 9.5 56 .7 

l\'i11 11 ·r /IJ 70- /IJ 7/ 

Rc!!ular (38) '>4 .7 On·r 1.0 21 10 11.9 62 .3 
Rc!!ular - Low-Lo:ad ( I ti) 94.6 0.2 In I .fl 25 H 11.4 59.R 
Low Re!!ular - Unleaded 1161 91.7 Below tl .2 27 H 9.R 58.f, 
Low Ro:gular - Low Lo:ad I 3 I 91.2 0.2 Ill I.ti 23 5 11.9 611.1! 

S11111111cr I CJ 71 

Rc!!ular tStl) 94 .9 Ovcr I .ti 2., 9 10.0 1,0 ,7 
Regular - Low-Lead ti 71 94.9 0.2 ... 1.0 2<) 7 9.4 59.l 
Low Rc!!ular Unlo:adcJ (201 9 I.I> lklow0.2 26 R 9.7 595 
Low Rc11ular -- Low-Lcad (4) 91.7 IL? tn 1.0 26 R 9.7 60.7 

*Numbers in parenthesis rcprc-cnt samples analyzed. 

J 



II. AFLRL FUEL ANALYSES PROGRAM 

A. Refinery Sampling ( I 970) 

With the initial introdt:ction of unleaded and low-lead gasolines on the market early in 
1970. the Army was given the responsibility of preparing u gasoline specification for use by 
the Defense Fuel Supply Center WFS(') in rnmpliam:e with Federal Property Management 
Regulation E-1 ~- Because of the absence of any technical data describing these new gaso­
lines. a need existed to have these gasolines analyzed as the developed data would provide 
the basis fur the gasoline-procurement document. Published literature on rnmposition :md 
control of automotive exhaust emissions indicakd that the wmposition of gasolines, and 
especially the aromatic components. would have a significant effect on exhaust emissions 
composition.( 1 5 • 1 7) Therefore. the Coating and Chemical Laboratory. Aberdeen Proving 

TABLE IV. C & CL-AFLRL 1970 SAMPLING DATA 

Unleaded Gasolines Low-Lead Gasolines 
10 Samples 9 Sample~ 

Ran!!e Avg Ran!!e AV!! 

Gravity, 0 API 55 .7 to 63.9 59.9 54.8 to 63.5 58.9 
Research Octane No. 90.4 to 91 .6 91.0 91.1 to 96.6 93 .5 
Motor Octane No. 82 .0 lo 84.6 83.5 84.0 to 88.5 85.6 
Lead, it/gal <0.1 <0 .1 U.24 to 0.55 0 .44 
Aromatil-s, '7,, 16 lo 33 25 14 "' 36 

I 
28 

Olefins, ',, 0 to 11 6 I tu H 6 

Ground. obtained and forwarded to 
AFLRL samples of unleaded and 
low-lead gasolines from refineries 
which n:prescnted all products lin­
cluding some proto-t ype blend~ I 
being rnarkett:d by IS rnmpanies at 
that time. A summary of thl' data 
obtained on thosl' sampks is shown 
in Table IV. When all of thl' low-
11.'ad sampks werl' grouped to­

gethl'r, their research octane numhers varit'd from 91.1 to 96.6. while unleaded gasolines all 
had approximately a 91 RON. The average aromatic and olelinh: content of these sampks 
compare closely to those n:pon~d in the duPont survrys for the summl'r of 1970 and the 
aromatics are higher in rn11£'e11tratio11 1ha11 :iww Ji>r the co111·e111io11al/,r leaded regular grade 

gasoli11e. 

B. Service Station and Refinery Sampling 11971-19721 

In 1971 the availability of these new gasolines hecamt' more widespread. and the effect 
that these fuels might have on performarll'e of military and government vehicks designed for 
operation on normally leackd gasolines was of prime rnncem. t•:-.pecially since these vehicles 
are expected to remain in service much longer than civilian vehick•s. 

Since other published gasoline surveys do not present detailrd hydrocarbon analyses. 
although the duPont reports did give hydrocarhon-type analyses by FIA. this program was 
undertaken to study. insofar as availabk anulytical techniques permitted. the more detailed 
aromatic composition of these fuels . A gas chromatographic procedure for aromatic dis­
tribution in gasolines developed at AFLRL and the suh_ject of a paper presented at the.• April 
1972 National Meeting of the American Chemical Sodety. held in Boston. Massachu­
setts< 18 l was utilized to determine quantitatively the aromath: compounds through xyknes 
present in gasolines. The C 9 and greater arnmatics are determined as a group. This report 
summarizes these analyses as well as other physical and chemh:al characteristics of refip 
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and service station unleaded and low-lead easoline samples obtained throughout the con­
tinental United States. 

During the early fall of 1971. AFLRL obtained 124 samples from service stations 
located in various cities in Texas, Arizona. California, Nevada, Utah, Wyoming, Colorado. 
and New Mexico and refinery samples from a number of different petroleum companies, all 
of which represented unleaded and low-lead products. Early in I 972, 64 service station 
samples were obtained in Texas, Arkansas. Tennessee, Alabama. Georgia, Florida , Missis­
sippi, and Louisiana. During the late winter of 1972 , samples were obtai !'led for AFLRL 
from the states of New York, Michigan , Minnesota, Montana, and Washington. A total of IS 
companies were represented in the overall sampling and reflect virtually all of those com­
panies marketing these fuels at present , with the possible exception of some small com­
panies. All but 3 of these companies were included in the 1970 sampling; therefore, com­
parison of the 1971-1972 refining samples reflects the many changes in refining and 
blending technology. 

The National Petroleum News Factbook. May 1971< 19 ), page 41 , listed 21 companies 
marketing unleaded and low-lead gasolines. Of those listed. 4 market the same brand and are 
presumed to be affiliated. Another company began marketing a low-lead product probably 
after this list was published. The products of 4 of the companies listed were not obtained 
during this samplin&. 

The service station and refinery samples obtained in the fall of 1971 were analyzed 
completely for physical and chemical characteristics. The refinery samples and selected 
service station samples were also subjected to eas chromatograph aromatic distribution and 
boiling point distribution analyses. The winter samples obtained in southern. eastern. mid­
western. northern. and northeastern states were analyzed more selectively with respect to 
samples as well as analytical procedures. The data obtained for all these sampk~ are tabu­
lated in the Appendix , Tables I throuih 14; gas chromatographic data arc shown in 
Tables IS and 16 of the Appendix. 

C. Summary of Results / 

The analyses of 198 samples of unleaded and low-lead gasolines, obtained from refin­
eries and service stations throughout the United States, show a large variation in octane 
quality level . in hydrocarbon composition. and in other properties. These fuels can be 
classified into: 

Unleaded - JOO RON- 95 antiknock quality 
Unleaded - 91 RON- 87 antiknock quality 
Low-lead - 91 RON- 87 antiknock quality 
Low-lead - 94 to 97 RON- 89 to 92 antiknock quality . 

The antiknock quality is defined as the averaged research and motor octane numbers. 
The average aromatic content of these fuels generally increases with the higher antiknock 
quality gasolines, and is higher than the reported average aromatic content of conventionally 
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leaded regular grade gasolines. Toluene is the principal aromatic component of these fuels. 
The a11erage olefin content uf the u11/eaded and low-lead gasolines is gu,erally lower than 
that for the con 11e11tionally leaded regular gasoline. These observations are illustrated by the 
bar graph in Figure I. Though averages are used to describe general composition trends, it is 
important to note from the detailed analysis data that hydrocarbon composition varies 
widely from refinery to refinery and that large variations exist in fuels marketed under a 
single brand name when the marketing area is large. Therefore, each product must be 
considered as an individual sample to obtain a true picture of available gasoline composition. 

Sul ·ur levels of these fuels are generally low and appear to be lower than those for 
regular grade leaded fuels. Most companies marketing unleaded 9 I RON gasoline add an 
organic phosphorus compound to their product. The unleaded 91 RON fuels had an average 
lead content of 0.03 g/gal and relatively few service station samples exceeded 0.07 g/gal. 
The low-lead, 91 RON fuels averaged 0.50 g/gal and the low-lead, 94 to 97 RON fuels 
av~raged 0.46 g/gal lead. The majority uf the unleaded and low-lead gasuli11es contain either 
a detergent-dispersant additive ur a11 upper-cylinder lubricant. 

D. Conclusions 

As a result of this study, the following conclusions have been reached : 

• The unleaded and low-lead gasolines being marketed have higher average aromatic 
content than the regular normally leaded gasolines. Toluene is the major aromatic 
component of these new fuels. 

• The olefin wntent of these fuels was slightly less than in conventionally leaded 
gasolines. 

• The sulfur content of the new gasolines appeared to be lower than that of the 
conventionally leaded products. 

• The unleaded gasolines averaged 0.03 g/gal lead content while the low·-lead 
gasolines averaged 0.47 g/gal lead. 

• The products of six companies marketing unleaded gasolines contained an 
organo-phosphorus addi tive which averaged 0.063 g/gal phosphorus content. 

• Virtually all of these products contained a multifunctional additive or upper­
cylinder lubricant. 

• Although many petroleum companies are currently marketing unleaded and low­
lead gasolines to meet the requirements of the new low-compression ratio auto­
motive engines (and to comply with the Environmental Protection Agency's regu­
lations to reduce and eventually remove lead alkyl compounds from gasoline), it is 
very apparent that the marketi11g practice for these products is nut u11iform i11 
terms of octane quality level and lead co11ce11tration, but rather seems to co11form 
to individual company preferences. 

6 
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• As a result of the trends noted in this analysis, the increase in utilization of 
aromatic components should continue to be monitored. 

E. Discu~ion of Data 

Table V summarizes the gravity. aromatic. olefin. sulfur, and lead-content data ob­
tained for service station samples from 34 cities subdividing the fuels into: 

Unleaded - antiknock quality 87 minimum (91 RON) 
Low-lead - antikno~k quality 87 minimum (91 RON) 
Low-lead - antiknock quality 89 minimum (94 RON) 

These samples were further divided into geographical areas, and the averages for several 
properties are shown _in Tables VI. VII. and VIII. Although the octane numbers were not 
determined on all samples. this division is based on what each company is normally 
marketing. Octane numbers were measured on all of the refinery samples as indicated in 
Tables I through 14 of the Appendix. It should be noted that three of the unleaded 
samples. considered to be dassified in State Group No. I. as described in Federal Specifica­
tion VV-<:i-001690. and one sample in State Group No. 4 failed to meet the 87 and 86.5 
minimum antiknock quality levels for the special-grade gasoline as stated in that specilka­
tion.( 20) All of the low-lead (antiknock quality 89 minimum)and the unleaded (antikn01:k 
quality 95 minimum) gasolines were within the requirements of Federal Specification 
VV-<:i-001690 for regula1 and premium grades. respectively. A few samples obtained as 
unleaded or luw-lead gasoline were found to contain lead in amounts equivalent to conven­
tionally leaded gasolines. Therefore . they were not induded in the averages although they 
appear in the Appendix tabulations. 

As was indicated earlier. the samples obtained first in the southwestern and western 
states were fall samples. and the remaining ones wt•re winter samples. This difference in 
seasons is reflected partially in the higher average API gravity for winter samples. The 
unleaded and low-lead samples obtained in the western part of the country show higher 
average aromatic content than those obtained in the eastern half. The difference in season 

TABLE V. SUMMARY OF DATA FOR SERVICE STATION C.ASOLINES 
1971 to 1972 AFI.RI. Sampli11x 

Unleaded Low-Lead Low-Lo:ad 
91 RON 91 RON 94:t RON 
87 AO* 87 AQ* 89:t AO* 

88 Service Station 23 Service Station 68 Service Station 
Samples Samples Samples 

Ran)lc AV!,! Ran11c Avg Range Av!l 

Gravity. 0 API 52.7 lo 69.0 59.4 57.2 Ill 63.4 61.2 53.6 to 66.5 58.7 
Aromatics, volume % 10 to 39 27 15 to 33 26 16 to 42 29 
Oletins, volume % 0 to 35 6 I to 28 5 I to 13 6 
Sulfur. weight % 0.002 to 0.083 0.018 0.010 to 0.068 0 .041 0.004 to 0.048 0 .022 
Lead, g/gal 0 to0.17 0.03 0.32 to 1.00 0 .50 0.34 lo 0.68 0.46 

Note : Samples from 34 cities. 
*Antiknock quality . 
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Arca 

California. Nevada 
Utah, Wyoming, 

Colorado 
Arizona, New Mexiw, 

West Texas 

East Texas, Arkansas, 
Florida, Tennessee, 
Georgia, Alahama. 

TABLE VI. UNLEADED GASOLINES (91 RON) 
H7 l111tilwock (!uality 

l1111·ra11e Va/111•s 

No. of Gravity, Aromatks, Olelins, 
Samples " API volume ';/ volume 'i/. 

J,'a/1 Samp/1•s 

25 57.0 JI 3 

R 5R.3 27 R 

II 
L 

5'). I 2'1 4 

Wi11tcr Sa11111/1•s 

Mississippi, Louisiana 26 61.4 23 K 
Iowa, Nebraska, Missouri, 

Oklahoma, Kansas 
l\fo:higan. New York 
Minnesota 
Washington 

Avg 

5 2'1 K 

5 61.5 2'1 7 
2 65 .R IK IK 
3 57.9 211 6 

59 .4 27 (1 
.. 

TABLE Vil. LOW-LEAIH,ASOUN, ,. di RON) 
87 l111Iik1101"k Q11a/iIy 

;1,,,,,ali''' I 'a/11cs 

Sulfur, 
weight % 

0.021 

0.023 

0.019 

11.013 

0.01 R 

- ~-
Arca 

No. of Gravity. Aromati.-s. Olefins, Sulfur, 
Samples 0 API volume ';/ volume 'ii weight 7, 

J,'a/1 Sa11111/cs 

California, Nevada 5 58.6 29 3 0.063 

ll'i11tcr Sa11111ll's 

1-:ast Texas, Arkansas, I 
Tennessee, Georgia. 
Florida, Alabama. 
Mississippi, Louisiana 12 62 .0 20 4 0.034 

Nebraska, Mis.';ouri 2 - 2K 5 -
Michigan. New York ~· 62 .2 26 6 -
Montana I• 63.5 15 28 -

Avg 61.2 26 5 0.041 

Lead, 
g/µI 

0.03 

0.05 

0.03 

0.03 

0.04 
0.01 
0 .03 

0.03 

Lead. 
g/gal 

0.47 

0.49 
-
-
-

0.50 

•one sample ea~h from Detroit, Michigan; ll1•ffalo, New York; and llillings, Montana, rep-
resent individual companies marketing gasoline in this dassifkation. All other samples arc from 
a fourth wmpany which markets nationwide. 

also has an efth:t on aromatic content since the addition of high vapor pressure. high octane 
number components to winter gasoline. reduces the need for high aromatic content in order 
to maintain octane number levels. 

The low-lead, 91 to 93 RON (87 antiknock quality), samples shown in Table VII 
represent the product of essentially one company which markets nationwide. Three other 

<) 



TABLE VIII. LOW-LEAD GASOLINES (94-97 RON) 
89 w 92 Antiknock Quality 

A~t•raKe Values 

No.of Gravity, Aromatics, Olctins, 
Arca 

Samples 0 API volume % volume'½ 

fall Samples 

California, Nevada 28 51.1 31 4 
Utah, Wyoming. 

Colorado 2 57.8 30 6 
Arizona, New Mexico, 

West Texas 6 60.6 22 5 

Wi:1t1•r Sampl,•s 

1-:ast Texas, Arkansas, 
n ,,rida, Tennessee, 
Georgia, Alabama, 
Mississippi 27 59.1 30 7 

Iowa, Nebraska, Missouri, 
Oklahoma, Kansas 3 - 21 2 

Michigan, New York 1 62.1 28 2 
Washington I 66.5 18 5 

Avg 58.7 29 6 

Suli"ur, l Lead, 
wcii:ht % I g/µI 

0 .029 0.45 

0 .015 0.46 

0.024 0.45 

0.016 0.47 

- -
- 0.49 
·- 0.52 

0.022 0.46 

companies are represented by one sample ead1 in these averages. Most petroleum companks 
marketing low-lead gasolines are blending their products to a 94 or greater octane number. ( 84 
antiknol·k quality minimum)and these products are shown in Table VIII. In general. the aver­
ages show an increasing trend in aromatic rnntent as the antiknock quality increases. The un­
leaded 87 antiknock quality fuels averaged 27 percent aromatics: the low-lead 87 antiknock 
quality fuels. 26 percent: and the low-lead 89 and greater antiknock quality fuels. 29 percent. 
The 95 antiknock quality unleaded gasolines averaged 44 percent aromatics. 

The average olefin content for all the unleaded and low-lead gasolines is about 6 percent 
with little difference being observed between the low-lead and u11leaded gasolines. Two 
unusual samples with high olefin concentration were obtained from marketing outlets of the 
same company. One. an unleaded gasoline. had 10 percent aromatics and 35 pcn.:ent olefins: 
the second one. a low-lead gasoline. had 15 rercent aromatics and 28 pen;ent olefins. 

To permit a visual observation of the service station sample distribution. with respect to 
aromatic and olefin composition, histograms are shown in Figures ~ and 3 for all the samples 
analyzed. The range of aromatics or olefin percentages are shown on the x-axis of the 
histograms, and the percent of samples tested are shown along the y-axis. The numbers above 
each bar indicate the number •• samples represented by the bar. Figures 4. 5. 6, and 7 are 
histograms for the same samp . divided into geographical areas. Hislograms for the eastern. 
northern, mid-western. and northeastern areas were not prepared because the samples analyzed 
were fow. Since the low-lead. 87 antiknock quality samples wc.·re few in number. their 
histograms by geographical area are not shown. 

The gas chromatographic analyses, presented in Tabks 15 and 16 of the Appendix 
showing aromatic distribution of many of these samples. indicate that the principal aromatic 
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component found in gasoline is toluene and the xylenes are also relatively liigh in concentra­
tion. As mud1 as ~S percent toluene was found in some premium 95 antiknock quality 
unleaded samples. and the C<J + aromatks concentrations show wide variances ~·rom sample 
to sample. Table IX contains a sumary of these data. 

TAHU: IX. SUMMARY OF AROMA TIC l>ISTRIHUTION 
HY t;As CHROMATOGRAPHY 

Premium UnlraJed Low-Lead 

Aromatirs. 
100 RON 91 RON 91 to 97 RON 
95 A(J* 87 AO* 87 to 92 A(J* volume ','; 

(4 Samples) -33 Samples) (33 Samples) 
Iii Lo AV!! Iii l,o Av!! Iii Lo Av!! 

Benzene 0 .8 11.3 0.5 1.7 0 .3 0,9 2.0 0,6 1.0 
Toluene 24.4 15.5 19.0 15 .9 2.0 6.8 25.0 2.1 6.3 
Ethylbcnzenc 2.9 1.6 2.0 2.7 0 .4 1.5 3.2 0 ,8 1.6 
111 + p-Xylenc 10.8 5.9 7.6 10.5 1.8 5.2 10.3 2.7 5.6 
o-Xylcnc 3.6 2.8 3.2 7.9 0 .6 2.2 3.8 1.0 2.1 
C, throui:h C1 Total 35 .9 28.0 32.2 25.0 6.7 15.8 .l 1.6 7.3 16.6 
C,+ Aromatks 16.9 12.4 15.0 18.6 1.7 13.2 20.1 7.2 13.9 
Total Aromatks 50.2 44.4 47.2 39.3 8.4 28.9 46 .5 17.1 30.4 

*Antiknm·k Quality 

l 

I 
I 

I 

! 

The boiling point distribution GC analyses (Appendix. Tables I 5 and 161 show a large 
variation in butane, n-pentane. and iso-pentane composition in these gasolines. The high 
vapor-pressure winter gasolines. as expected. contained much higher concentrations of these 
low-boiling hydrocarbons than the lower vapor pressure fall gasolines and. in sotnt' samples. 
up to I percent isobutane was detected. Bast'd on chromatographs. the C 4 and C ~ olefin 
concentration appears to be generally proportional to the total olt'fin content; however , 
quantitative data on low molecular weight olefins were not obtained. Thi! composition of 
the highl!r boiling components in gasoline varit's considerably as indicated by the boiling 
point distribution data at 90 percent off and above. much more so than indicated by 086 
distillations of the same gasolines. 

The concentration of sulfur dl!termined in these fuels was generally low . The un­
leaded samples collected in California and Nevada had an awrage of 0.0~3 wdght per­
cent sulfur. and the highest value found was 0.083 weight percent. The overall average 
for the samples analyzed was 0.018. Thi! low-lead. 9 I to 93 RON samples werl! found 
to average 0.040 weight percent sulfur. and the low-lead. 94 and greater RON samples 
averaged 0.022 wl!ight percent sulfur. 

The analysis for phosphorus of theSl' samples indicates that six out of nine companies 
marketing unleaded gasolines add an organo-phosphorus compound to their product. 

The unwashed gum values for most of these samples wen: relatively high. in many 
instances well above I 00 mg/ I 00 ml. These data indicate that all but three of the companies 
marketing these gasolines include a nonvolatile dispersant-detergent or upper cylinder lubri­
cant in their fuels . 

17 
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A product analysis by company shows that the fifteen companies sampled in this 
program market unleaded and low-lead products as follows: 

(I) One company markets an unleaded 95 antiknock quality ( 100 RON) and an un­
leaded 87 antiknock quality (91 RON) gasoline, 

(~) Two companies market an unleaded 87 antiknock quality (91 RON) and a low­
lead 89 antiknock quality (94 RON) gasoline, 

(3) One compan! markets an unleaded 87 antiknock quality (91 RON) and a low-lead 
89 antiknock quality (94 RON) gasoline, 

(4) Five companies market an unleaded 87 antiknock quality (91 RON) gasoline, 

(5) Two companies market a low-lead 87 antiknock quality (91 RON) gasoline, 

(h) Three companks market a low-lead 89 antiknock quality (94 RON) gasoline. and 

(7) One company markets a low-lead 92 antiknm:k qualit~ (96 RON) gasoline. 

These variations in marketing practices indicate that the octane quality level for un­
leaded and low-lead gasolines being manufactured to meet the requirements of the new 
low-compression ratio engines have not yet been stabilized . 
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