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This invention relates to an improved gasoline com-
position and more particularly to a gasoline contammg
substantial amounts of butanes and butenes and a mix-
ture of isopropyl and secondary butyl alcohols.

It has been known in the past to include minor pro-
portions such as about 1-2.5% of isopropyl alcohol in
gasoline for the purpose of imparting antl-stallmg prop-
erties by the preventmn of carburetor ice formation.
This property is particularly valuable for fuels used in
operating internal combustion engines during cold, humid
weather.

One disadvantage of employing small pmportions of
isopropyl alcohol has been its tendency to increase the

vapor pressure of the gasohne composition in which it 1s

included. Consequently, in order to produce a gasoline
containing isopropyl alcohol which would be of suiii-
ciently low vapor pressure as mot to have an undesir-
able vapor-lock tendency, it has been found necessary
to decrease the concentration of volatile hydrocarbons
such as butanes and butenes. Such a decrease or back-
ing-out of butanes is highly undesirable from an economic
standpoint, since these highly volatile fractions are rela-
tively plentiful in modern refinery operations and possess
high octane characteristics.

The effect of small quantltles of isopropyl alcohol
on the vapor pressure of gasoline is somewhat unexpected.
Isopropyl alcohol has a Reid vapor pressure of 1.9
p. s. i. and is miscible with gasoline in all proportions.
Gasoline normally has a Reid vapor pressure of 7.15
p. s. 1. so that the addition of a soluble component of
lower vapor pressure would be expected to efiect a
net vapor pressure decrease.. Actually, an abrupt vapor
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acteristics when used in 1nternal co
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pressure increase occurs upon the addition of 1-4% by

volume of isopropyl alcohol. One possible explanation
of this anomaly is that the isopropyl alcohol molecules,
which are known to exist as dimers or higher polymera
‘because of co-ordinated valences, are broken down into
individual molecules on being highly diluted by a non-
polar medium such as gasoline. The individual alcohol
molecules would be expected to exert a much higher
vapor pressure than the polymer existing when the alco-
hol is in pure or highly concentrated form.

The content of butanes in gasoline generally varies
between about 4% to about 20% by volume, depending
on the secason during which the gasoline 1s to be used.
Summer grade gasoline intended for use and storage. dur-
ing warm weather should be of the lowest volatility,
having a Reid vapor pressure of about 7 to 10 p. s. 1.
and a C, content of 4-8%. Spring grade fuels are more
volatile, having a Reid vapor pressure of 11 to 12 p. s. 1.

and containing about 9-12% C, hydrocarbons, while .

winter gasolines, which are the most volatile, have a
' Reid vapor pressure of 13 to 15 p. s. 1. and a C4 content
of 13-189% . Since the present invention makes it possible
to retain substantial amounts of butanes in the gasoline
while adding an effective amount of isopropyl alcohol,
and, in some cases, to actually increase the butane
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content without ralsmg volatlhty, the greatest advantages
are to be gained in its application to the volatile winter
grade gasolme However, the present invention may
also be used in preparing less volatile spring and summer
grade fuels.

it has now been found that by the inclusion of small
percentages of secondary butyl alcohol into gasoline
fuels containing isopropyl alcohol, the undesirable vapor
pressure rise usually associated with the presence of
1sopropyl alcochol can to a large extent be alleviated and
in some cases a gasoline of overall reduced volatility
produced, so that additional butanes may be included
without adversely affecting the vapor-lock characteristics
of the fuel. It may be that this unexpected effect is
the result of re-asscciation of the isopropyl alcohol
molecules in the gasoline blend due to the addition of
butyl alechol. This explanation i1s presenied as a hypoth-
asis only. |

Tt is an object of the present invention, therefore, to
provide a gasoline fuel composition containing substan-
tial amounts of butanes and at the same time possessing
desirable anti-stalling characteristics and having suffi-
ciently low vapor pressure as not to cause undesirable
vapor lock when used in internal combustion engines.

Tt is a further object of this invention to provide a
gasoline comp031t1on containing isopropyl and secondary
butyl alcohols in which the fuel has improved octane
rating characteristics.

A still further object of this invention is to pmwde
a stable motor fuel containing isopropyl and secondary
butyl alcohols having satisfactory power output char-
1bustion engines. °

These objects, as well as others which will be in part
pointed out specifically and in part apparent from the
subsequent description, are attained by providing a gaso-
line composition containing mixtures of from about 2
to 12% by volume of a blend of isopropyl and sec-
ondary butyl alcohols in which the ratio of isopropyl
alcohol to secondary butyl alcohol is preferably from
about 1:1 to about 1:3.

In the past, it has been customary to evaluate the
volatility of hydrocarbon mixtures such as gasoline in
terms of so-called “Reid vapor pressure.” In measuring
the vapor pressure of gasoline blends containing isopropyl
alcohol, the introduction of either water or water satu-
rated air into the system may seriously affect the total
vapor pressure. In the regular Reid wvapor pressure
method for an all-hydrocarbon gasoline in which a water
phase is present, the two immiscible liquids exert additive
vapor pressures. However, when a water-soluble ma-
terial such as isopropyl alcohol or secondary butyl alco-
hol is present, the distribution of such a component be-
tween the water and gasoline phases may have a pro-
nounced effect on the total vapor pressure. Furthermore,

in making up blends of gasoline with such compounds as
alcohols, the mechanical Ioss of some of the butanes pres-
ent is difficult to avoid, thus seriously affecting the vapor
pressure of the final compositions. In view of this, a
more exact method of measuring vapor pressure has
been developed, and since the results of a number of

- tests utilizing the vapor pressures thus obtained are set
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forth in the ensuing description, the special apparatus
and method of operation used will be described somewhat
in detail. All of the vapor pressure data presented in the
ensuing description for gasoline-alcohol blends are based
upon this refined method as described below. When
Reid vaper pressurss ars employed, they will be specified
as such. It has been found that the Reid vapor pres-
sures are generally proportional to those vapor pressures
determined by the method to be described, so that an
increase in vapor pressure produced by a particular com-
bination of alcohols in a gasoline would also reflect an




increase in Reld vapor pressure although possrbly of
a different magnitude.

- The apparatus. ernployed for the-vapor pressure de-
;ternnnattons -comprised:.a. metal jacketed - Seltzer bottle

-of. about 1300 ml. capacrty ﬁtted with a specral adapter

rrrrr

and a self—seahng ‘rubber dlaphragrn assetnbly through*
- .whichsuccessive samples could be withdrawn from, or

| _ndded to, a.single charge of gasoline by.means of a hy-
podermic needle. . -A :calibrated blow-case was used to

*introduce the original sample info the bottle (or the bomb,

as it .may. be. called) against a dry nitrogen- atrnosphere.
tY-Y constant—temperature water; bath fitted with .an. elec-
| ;tronlcally controlled immersion heater and an air-driven

.stirrer-was used to maintain the temperature in the bomb
- constant at 100°.F. | |

Before each deternnnatton, a record Was rnade of the |

froonl temperature, barometer readlng and. 1n1t1a1 tern—
perature of the bomb.- The bomb was sealed at a pres-
- sure of one atmosphere after being thoroughly flushed
with- dry .nitrogen... It was. then heated at 100° F. to
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The present method -described measures the vapor
pressure of the strictly dry components in a dry, inert
atmosphere. This method also provides for the introduc-
tion to, or removal of samples from, a single charge of

gascline, a feature which minimizes sample errors due

to opening of the bomb when charging due to loss of low
boiling hydrocarbons during this process - | |
-In.preparing- gasolme mixtures in accordance thh the -

present inyention, it. is. desrrable to include in-the fuel

at least sufficient 1sopropyl alcohol to u:npart antl-stalhng .
characteristics to the gasoline. g
has been found.to be dependent to some extent on the -

~ type of gasoline employed. More alcohol is necessary to
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prevent stalling due to carburetor icing in high volatility
winter grade gasoline. than in-the less volatile summer
and spring grades.
hol- 1ncluded will vary. betwen about 1—-3% by yolurne

----------

----------

even smaller amount i e. _,less than 1% by volurne may- .

be employed by. the 1nclus1on of a small quantity of

- dequrhbrlurn pressure. Wlth respect to the room and the

pressure was recorded in p. s. i. g. . If the observed pres-
/sure corresponded to the pressure calculated due to tem-

- perature differential, the bomb was considered -in. suit-

able.condition-for.use. It was then cocled in ice water
‘and.a 265 ml. sample was introduced into the bomb from
~.the calibrated blow case.. The sample-was charged against

_-the. nitrogen atmosphere in the bomb. The bomb was

‘then placed in the 100° F. bath and read1ngs were taken

-in,accordance with the procedure well known in the
Reid method.

Eqruhbrlurn pressure was assurned When three suc-
39
 .introducing a-calculated amount of alcohol. through the

cessrve five-minute - perlods gave the same reading.
-Blends of the gasoline were then made in the bomb by

_-rubber..diaphragm by ‘means of a ‘hypodermic needle.
Before each addition, an equivalent volume of gasoline
_or blend was first removed from the .charge in order to

rnarntarn a constant volume -in -the bomb The du‘ect

read1ng in' p. s:.-i.-g. was observed on the gauge and

‘observed values were corrected for.initial temperature

,-secondary butyl alcohol .in the fuel.

Thrs W1ll be illus--

trated jn a subsequent example
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Contrary to, expectations, it has been found that the .
ect of secondary butyl alcohol in lTowering the vapor
'_ipressure of a gasohne-rsopropyl alcohol blend to which

it is added is not merely one of counteractrng the corre-
- spondlnﬂ* higher vapor pressure effect of isopropyl alcohol. .
Data in the subsequent exarnples wﬂl illustrate that. a

.,j marked synergrstlc effect takes place resultmg in much

off

less increase. in. the vapor pressure of a: gasohne than

| f:would be expected Where alcohol Inlxtures predonnnantly o

- isopropyl alcohol  but contalmng some secondary butyl

alcohol are employed
EXAMPLE I _
In th.lS exarnple gasohne base stock havrng the fol- |

- lowing inspections was mixed with various percentages of

40" alcohol respectively, but not wrth rnrxtures of the two.

differential and compressibility of the nitrogen- These '

+values, as stated before, are close to the true vapor pres-
-—fsures of the gasolrnes -and generally comparable to Reid
rvapor -pressure-readings, although they are beheved to be

consrderably more accurate.

--The conventional Reid method for determlnlng yapor

ASTM designation 8

pressures of: petroleum - products, f
_337323 ; Federal specification {VV-L=791) method: 1201,

s1s:'based- on :the measurement -of the vapor pressure -of |
Since the:two -
;-components.are mutually insoluble, they. exrst as separate

:phases-and, consequently, the vapor pressures of the two -55;;

~a-hydrocarbon in. the presence of water.-

~components are additive. Thus the vapor pressure of
.the-hydrocarbon can be obtained by applying the appro-
prrate correction for the .vapor pressure. of water.
-ever, if this method and procedure are. applied to a sys-
-tem - comprising a hydrocarbon, water, and a third,
rnutually soluble component such as a lower. ahphatlc
-alcohol; the- vapor pressure will be in-error, since the
-nvapor pressures will no longer be additive.
present will be: distributed between a phase confaining

- the major portion of the water, the. mutually soluble co

~.the.major part of the hydrocarbon, mutually soluble com-
~ponent, and water.
~tion of the mutially soluble alcohol added it. will
solubilize the water and hydrocarbons to_give one phase.
- The existence of such phases 1S dependent upon the water

content WhtCh in the Reid method ‘is 1ndetermmant r

~Thus the true ‘vapor pressure of a hydrocarbon blended

 witha water—soluhle cornponent cannot be measured accu-

rately by the Reid method.

How-

The water

3
-ponent, and some hydrocarbon, and a phase containing

- Or, if- there is a sufficient propor-

45,

99% 1sopropy1 alcohol and absolute secondary butyl

_ Engler dzsrtllauon, percent dtsttllad

OO e e -?;F.;-_‘. 136
O e °F__ 139
106 °F__ 143"
489 e ° F._ 238
49% '_11——-—-—--1-:————1~—_—————n——————~—————-'- ° F—-- 240
50% @ e F 242
880 e e JF_o.-351
89% . el ° F__ 356
890% .______11_7.,.._....._._._..__....._....___._....__._..._._.‘.°;F.'._-.: 361
Percent - recovery_._.._,..__ _______________________ 97 0
Percent residuwe_ . ___________________‘ |
Percent loss___.._____._._.__....._.__._..._..______.._.I _____ 2.0
Gravrty, API _________________________________ 58.9
Rerd Vapor pressure ___________________________ | 9.7

| Varrons arnonnts of the. two alcohols were added to the' | ﬁ' )
_base stock and the Vapor pressure measured in p s. L'g.
-The values. gwen as AP. represent ‘the change in vapor -

60 "f'_pressure in p..s. I. yvrth respect to the base gasoline when :

the following percentages of the 1nd1cated addltwe were"- *

70"

7 ernployed . -
- y ;_'_,‘I‘AB‘LE..I,,.' ¥ e
- f dP at yolurne pereentage addltwe "
T i ind.teated(p S. 1 g)
Composition - - | _ -~ _ |
Gaseline-l—ﬁa% 1soproptr1 steohol. .| o7s o088 | o8| o
- Gasoljne-]-seeondary butyl aleohol-_.. —0.06 ["—0.12 —-—[} 25 '-0 31

Fron1 the above it mlght be. expected that the addition - |
~to.a base gasoline stock.of 8% total .alcohol comprising

s

2 rmxture of 6% 1sopropyl alcohol and 2% secondary -

‘This Inrnnnurn ‘amount -

Thus, the amount of rsopropyl alco- -
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butyl alcohol based on thé gasoline would result in a net
vapor pressure increase of 0.75 p. s. i. (the sum of a
+0.81 p. s. i. due to the isopropyl alcohol and —0.06
p. s. 1. due to the secondary butyl alcohol). This is not
the case, however, as is illustrated by Table II below.
In obtaining the data for this latter table the same gaso-
line base stock was mixed with blends of isopropyl and
secondary butyl alcohols in various volume percentages
and using various ratios of isopropyl alcohol to: second-
ary butyl alcohol. These results, in terms of changes in
vapor pressure (AP), are given below.

TABLE II
| Volume | Change in
Ratio of isopropyl alcohol to secondary butyl |percent of] vapor |
- - aleohol additive | pressure
used (AP} in
p. s. 1.

10 e 11 —0. 50
L £ O 12 —0.44
3 e e 5 G. 12
1 4 e 10 —0. 16
1 e 4 (.13
L/ 8 e e e 8 —0.12
) L 3 (.25
5 6 {, 13
T 2 0. 32
S 41 0. 38
L 6 0.25
e e 8 0.19
B e e e e e 2 0. 50
e e e 4 0. 80
B e e e m 6 0.44
e e 8 0.37
S S 2 0. 50
% S 4 f 0. 50
B e o e e e e 6 0. 50
D e e e 8 0.19

Thus, instead of an overall vapor pressure increase of

0.75 p. s. 1., as would have been expected to have resulted a5 p..,

from the addition of 8% of a 3:1 mixture of isopropyl
and secondary butyl aicobols in the absence of a syner-
gistic effect, a vapor pressure increase of only 0.19 p. s. i.
resulted. It will be noted by making other comparisons
that in all cases the increase in vapor pressure cbtained
by using the mixture of isopropyl and secondary butyl
alcohols was less than would be expected on the basis
of the individual alcohols themselves. This differential
of 0.56 p. s. 1. is equivalent to 1.1 volume percent of
butanes. Therefore, instead of backing out 1.43% bu-
tanes, which would be necessary to mainiain vapor pres-
sure of the original base gasoline on the basis of the

expected 0.75 p. s. i. increase due to the additive mix-

ture, it is necessary to back out only 0.33 volume per-
cent butanes to cancel the 0.19 p. s. 1. actual increase.
Thus, the advantages of the additives are obtained with-
out the sacrifice of the expected amount of butanes.

In the most preferred embodiments of the invention,
the alcohols are added in such quantities as to produce
an actual overall decrease in the vapor pressure. This
means that additional butanes can be added to the gaso-
Iime and the desired volatility still maintained. To ob-
tain this result the mixture of alcohols added must con-
tain more secondary butyl alcohol than iscpropyl alcohol
and a substantial amount of the mixture must be em-
ployed. This does not adversely affect the fuel value of
the gasoline, since as much as about 12% by volume of
the alcohol mixture may be employed without apprecia-
- bly lowering the calorific content of the resulting blend.
Secondary butyl alcohol also contributes to the elimina-
tion of carburetor icing, especially when used in con-
junction with i1sopropyl alcohol. Mixtures of equal vol-
umes of isopropyl and secondary butyl alcohols are as
effective in preventing carburetor icing as is isopropyl
alcohol alone. For this reason, it is not always neces-
sary to include as much as 1-2.5% of isopropyl alcohol
in the gasoline to prevent carburetor icing. It may also
be desirable in some cases to employ blends containing
less secondary butyl alcohol than isopropyl alcohol, even
though a net vapor pressure increase results, since this

5

10

. 6
increase is less than the predictable value. In miost ir-
stances 2-8% by volume of a blend of the alcohols will
be incorporated into the gasoline. However, to obtain
a vapor pressure decrease the use of blends containing
at least about three times as much secondary butyl as
isopropyl alcohol by volume is preferred. -

EXAMPLE 11

Although secondary butyl alcchol is the preferred addi-
tive for gasoline-isopropyl alcoho! blends, it has also been
found that mixtures of secondary and tertiary butyl
alconols also may be employed advantageously in some
cases. The use of such mixtures is of great econcmic
advantage, since in commercial operations mixtures of

5 the secondary and tertiary butyl alcohols are commonly
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procuced as such. The fact that mixtures of secondary
and tertiary butyl alcohols may produce a net lowering
of vapor pressure is an especially unexpected result, since
the tertiary alcohol alone has a proncunced tendency to
increase the vapor pressure of a gasoline to which it is
added. In Table III below, a gasoline base stock was
mixed with various percentages of isopropyl alcohol and
various percentages of mixtures of isopropyl alcohol with
mixed tertiary and secondary butyl alcohols. The Reid
vapor pressures of these mixtures were deiermined and
1t was found that blends of isopropyl alcohol with the
mixture of tertiary and secomdary butyl alcohols often
resulted in a net vapor pressure decrease. |

TABLE IIT

[ -l

Modified !

Composition Reid vapor
pressure

in p. 8. 1. g.

S OCK L e e i4, 2

Base stock plus 2% isopropyl alechol .. _______________ __ 14. 6

Base stoek plus 49 isopropyl alecohol ... 14.3

Base stock plas 89 isopropyl aleohol .. 14.2
Base stock plus 49, of a 50/50 mixture of tertiary and second-

ary butyl aleohols. . __ e 13.6
Base stoek plus 29 isopronyl aleohol and 29 of a 50/30 mix-

ture of tertiary and secondary butyl aleoshols. . ____. . 13. 7
Bagse stock plus 4%, isopropy] alcoho!l and 49, of a 50/50 mix-

ture of tertiary and cecondary buityl aleohols. . _________ 13.2

1:No water present.

The additicn of the mixed butyl alcohsols effects a
net decrease in vapor pressure of 0.5 p. s. i. in one case
and 1.0 p. s. 1. in the other. Thus, 0.95% by volume
and 1.20% by volume respectively of butane could be
added to these blends while maintaining the volatility
o1 the fuel at a constant value.

EXAMPLE 1

In addition to providing a beneficial effect in regard
to vapor pressure or volatility characteristics of gasolinz,
secondary butyl or tertiary butyl alcohols provide an
improvement in performance characteristics, especially
with respect to octans number. In Table IV given below,
a base gasoline stock containing 2.2 ce. per gallen of
tetra ethyl lead was mixed with varicus percentages of
secondary butyl alcohol and tertiary butyl aleshoel, giving
the following results: o |

TABLE IV

| o Research | Research !

Composition octane | blending

number { octane

| number
Base stock (containing 2.2 ce. T. E. L. per gallon)__ 00.1 4.
Base stock plus 49, secondary butyl aleochol______ 01.3 120
Base stock plus 6% secondary butvl aleohol. e 01.5 113
Base stock plus 8%, secondary butyl aleohol______ . 92.1 1 115
Base stock plus 6%, tertiary butyl aleohol ... ______ 91,4 112
Base stock plus 8%, tertiary butyl aleohol._ . ______ 01.6 109

' The research blending octane number is defined as the
research octane number of the blend minus the value obtained
when the research octane number of the base stock is
multiplied by the fraction of base stock in the blend and

the difference divided by the fracti f : .
the blend, ¥ raction of blending agent in
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Tt will be understood, ‘of course, that-the secondary

| '.b_ufyl alcohol may-be supplied either pure or'in admixture
with- other -butyl -alcohols such”as: isobutyl or -normal

~ butyl alcohols, as well as. -with -tertiary butyl alcohol.

“The basic-gasoline stock may also contain in-addition to-

certain conventional materials such as-tetraethyl-lead or
~other alkyl lead anti-knock agents and conventional

~ scavenging agents of the type conventionally employed .

 when' fetracthyl lead is used, such ofher additives as
* solvent- oils, gum inhibitors; oxidation " inhibitors, and
While . the iﬂveﬂtlﬂﬂ has been described Wlth I'ESp_EGt
to various specific compositions, it will be, of course,

~ understood that it is not to be so limited but is to include -

stich reasonable equivalents as may be -included ‘within
the scope of the appended claims. .
What is claimed is: =~

L s o= .

1. A gasoline composition consisting -essentially of a

i |

. about 1:3.

10

:hydrocai'bbn?ﬁas_e stock” boiling “in ‘the gasoline range,

hydrocarbons, about 1% to about 3% by volume of

isopropyl .alcohol and about 1% to about 9% by volume
_of 'secondary butyl alcohol. S

2.°A’ gasoline composition consisting essentially of

~ about 20% by volume of C, aliphatic hydrocarbons,
and about 1% to 12% by volume of isopropyl-alcohol
‘and secondary butyl alcohol in ‘the rtatio of :about- 1:1

about 4% to about 20% by volume of C4 aliphatic 20

—_

hydrocarbons boiling in the gasoline range, about 4% to 26

3 é gasohﬁng_,a_sd@_ﬁgg_cl ]%Y

-

about 2% to 8% by velume -of -isopropyl alcohol and
secondary butyl alcohol. ~ om0
 4.-A gasoline defined

!omr [y

of isopropyl alcohol te secondary -butyl alcohol is -

5. A gasoline having a Reid vapor pressure. of not.

, . Ak '

ore than about 15 pounds per square inch .consistin

T . v omma o - "l'l* ".T

essentially of a hydrocarbon base stock.boiling in the

oasoline range, about 4% to 20% by volume of .Cq

aliphatic hydrocarbons, and about 1% to 12% by volume o

—

of a mixture of isopropyl alcohol and secondary butyl

alcohol, said mixture Having three times as much sec-

ondary but_yl_‘,gl_c-_ohol as isopropyl alcohol.. .
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