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AN INVESTIGATION OF MOTOR GASOLINES

INTRODUCTION

During the early days of the petroleum industry when crude oil was
processed primarily for kerosene, gasoline was a waste product and was
separated from the oil used in lamps because of its tendency to vaporize
and cause the lamps to explode. Later it was found that this ability to
vaporize at reasonably low temperatures made possible the development
of an internal combustion engine which would operate economically and
satisfactorily on gasoline.

In the early development of the automobile, the average owner was
satisfied if the engine would run continuously and start without too
much difficulty. Nearly all engines were provided with priming cups
so that fuel could be poured directly into the engine cylinder for starting.
The motorist who was rash enough to drive his car in cold weather
frequently provided himself with a can of ether mixed with a volatile
gasoline for this purpose. The accelerating energy required to start the
car moving was provided by using a heavy engine flywheel, speeding
up the engine, and letting the clutch in. The engines themselves had
practically no accelerating ability. Fuel economy in miles per gallon
was not discussed because the distances traveled were short and the
speeds low. Quoting from the 1892 catalog of a car manufacturer:
“Speeds: The cars have three speeds; a small speed, an intermediate
speed and a high speed. The high speed is generally adjusted to eleven
m.p.h.”

From this small beginning, motor cars, highways, and fuels developed
together until gasoline, no longer a by-product, became the most impor-
tant constituent of crude oil. As the demand for gasoline increased, the
manufacturers endeavored to increase the available supply by using
more and more of the heavier and less volatile portions of the crude.

Later, the cracking process, whereby the heavy fractions of the petro-
leum are broken up into lighter fractions by intense heat, and the poly-
merization process—by means of which materials often too volatile to
be handled satisfactorily as liquids are made to combine with each other
to form gasoline—came into commercial use, and have more than doubled
the quantity of gasoline obtained from a barrel of crude oil.

Meanwhile engine developments made demands for fuels that would
operate in high compression motors without knocking. The increased
use of automobiles in cold weather called for a fuel that would start at
temperatures well below zero, while sustained high speeds over a hot
desert country required fuels relatively free from low boiling fractions.
The gasoline manufacturing processes have become complicated beyond
the understanding of the layman and the requirements for successful
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performance in various types of engines operating under different climatic
conditions are involved and necessitate special blending.

The development of fuels and engines has gone hand in hand for
many years. The original highly volatile (commonly called high-test)
gasoline of thirty years ago would not operate satisfactorily in a modern
engine. At the present time, the science of producing fuels is so well
developed that it is possible to predetermine the volatility and anti-knock
characteristics that will give the best service in a definite type of motor
in any part of the United States at any specified season of the year.
Modern engines will now develop three to four times as much power as
earlier engines having the same bore and stroke and number of cylinders.
Modern gasoline, which is blended to give the proper characteristics,
has contributed its share toward this improvement.

Commercial automotive gasolines are so nearly alike that there is
very little difference in the performance of engines with different brands
when the gasolines are compounded to give the same volatility and anti-
knock characteristics. These properties constitute the principal differ-
ence in the various grades—‘third grade,” “regular,” “premium”—
of today’s gasolines. The engine performance, fuel consumption, and
power developed are influenced much more by the carburetor adjustment,
the ignition timing, and the condition of the motor, than by a change
from one standard brand of gasoline to another. This uniformity in
fuel performance is due to the co-operative efforts of petroleum tech-
nologists, the United States Bureau of Standards, chemists, and auto-
motive engineers. It is now possible to predict the performance of a
gasoline in a certain type of motor, under known climatic conditions,
from laboratory tests.

PURPOSE OF INVESTIGATION

“Third grade,” “regular,” and “premium” gasolines are sold in the
Twin Cities by practically every service station. Certain qualities are
presumed to be built into these gasolines by the manufacturers in order
to suit them for different types of service. Some motors are designed to
operate only with “premium” gasolines; a majority of the cars require
“regular” gasolines; while others seem to give satisfaction to their own-
ers burning “third grade” fuels. The kind of service for which the motor
is being used, the condition of the motor, and the adjustment of the
carburetor and ignition will have much to do with the ability of a motor
to use the cheaper grades of fuel. A retarded ignition setting or an
overrich mixture may enable the use of a lower grade of fuel, but the
fuel. consumption will increase accordingly. Whenever it is possible to
operate economically with a gasoline that costs less to produce, the user
should have the benefit of any saving made, and the refiner should and
does provide a less expensive fuel for this purpose. More expensive
fuels are necessary for high duty, high performance motors. There is




ENGINE FUEL REQUIREMENTS 3

ample justification for the marketing of several grades of gasoline, and
the qualities built into each of them are of vital importance to the public.

Seasonal changes in volatility are especially important to the car
owners in Minnesota, while the presence of undesirable sulfur, acid, or
gummy compounds concerns all gasoline users. The United States
Bureau of Mines has been conducting semiannual surveys of gasolines
by securing samples of gasolines from representative cities throughout
the United States. The sampling was started in 1915 but was discon-
tinued during the depression because of lack of funds. These surveys
are made on gasolines manufactured by major companies only and the
last survey was made up from tests made in oil company laboratories
and reported to the bureau under a co-operative agreement.

The present investigation was conducted as a contribution to the
information available about gasolines marketed in the state of Minne-
sota. An analysis of the tests enables comparisons to be drawn between
gasolines sold at standard and cut-rate prices, and between those sold
as “premium,” “regular,” and “third grade.” It reveals the actual sea-
sonal changes in blending and shows the extent to which some gasolines
deviate from accepted standards. The large number of samples tested
should present a representative estimate of what the purchaser may ex-
pect to get in return for money expended for any certain classification
of gasoline. :

SAMPLING

In order to secure representative samples of the gasoline sold to the
public, three quart bottles of each grade of various brands were purchased
at service stations. Retailers doing a relatively good volume of business
were selected so that the supply of gasoline would be of recent delivery,
and subsequent purchases were made at the same stations. The bottles
were stored in ice-cooled refrigerator boxes and were thoroly cleaned
between purchases.

ENGINE FUEL REQUIREMENTS

The successful operation of a gasoline engine is affected by two
principal properties of the fuel:
1. Volatility
‘ 2. Anti-knock quality—octane number
Other properties may be important for continued satisfactory operation,
but without suitable volatility it may be impossible to start or run the
engine at all, while severe detonation or fuel-knock will cause loss of
power and economy or may actually force a shut-down after a few min-
utes’ operation. Gasoline should be free from corrosive materials, dirt,
and water, and should contain a minimum of sulfur and gum.
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VOLATILITY
REQUIREMENTS FOR STARTING

In order to obtain an explosive mixture of air and gasoline, the
proper amount of gasoline must be gasified and mixed with the air.
Explosiveness is not dependent upon the total quantity of gasoline pres-
ent but only upon the proportion of the air and gasoline vapor! in the
mixture. Mixture ratios (by weight) from 8 parts of air to 1 part of
gasoline vapor, up to 20 parts of air to 1 part of vapor, are usually explo-
sive in the engine cylinders. Beyond these limits ignition and explosion
are not dependable. With an excess of vapor it is commonly said that
the engine is flooded. The presence of an excess quantity of liquid
gasoline does not necessarily indicate that flooding is occurring, because
at low temperatures only a small part of the liquid is vaporized. About
15 pounds of air is actually necessary to burn 1 pound of gasoline,
and from 12 to 14 pounds of air per pound of gasoline is actually sup-
plied by modern carburetors when the engine is operating normally.

Most engines can be started in cool weather when the temperatures
in the intake system are so low that only 5 to 15 per cent of the fuel is
vaporized. Carburetors are provided with a choke or priming device
so that up to 20 times the normal quantity of gasoline may be drawn
into the intake system for starting. In this way, an explosive mixture
of vapor and air is obtained, altho a large excess of liquid fuel is wasted.
The temperature at which 10 per cent of a fuel will be vaporized in the
intake manifold is commonly considered to be the lowest temperature at
which that fuel may be expected to start in the average automobile.

REQUIREMENTS DURING RUNNING

An internal combustion engine is a machine used to convert chemical
energy into mechanical energy. The chemical energy is in the form of
gasoline and oxygen; therefore, the power produced will depend upon
the quantity of energy-producing materials that can be introduced into
the engine. However, in order to produce the energy quickly and satis-
factorily, it is necessary that the mixture in the engine cylinder at the time
the ignition spark takes place, consist of air and completely vaporized
fuel in the proper proportions. Proportioning the fuel and air is a func-
tion of the carburetor and does not depend in any way upon the vola-
tility. The temperature of the mixture just before ignition should be
sufficiently high to maintain the fuel in the vaporized state, but no higher.
Air and gasoline vapor both expand when the temperature increases,
and therefore less energy may be introduced into a cylinder of fixed size
when the mixture is hot than when it is cold. The gasoline should be
partially in the form of a mist in the intake manifold so that the heat

1 Gasoline vapor is in the gaseous state and should not be confused with atomized gasoline
which is composed of small droplets or mist.
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given to the mixture by the hot cylinder walls, valves, and the hot gases
left in the cylinder from the previous explosion are just sufficient to com-
plete vaporization. Gasolines that are not volatile enough produce a
mixture that includes many small droplets in the intake manifold and
are not distributed as evenly to the various cylinders as the more volatile
products. Incomplete combustion of improperly vaporized fuels also
results in the formation of compounds that are harmful to the metals in
the engine. Unvaporized gasoline also mixes with the oil on the cylinder
walls and works its way down into the crankcase diluting the lubricating
oil. Low cylinder wall temperatures frequently condense fuel already
vaporized and are conducive to crankcase dilution.

No gasoline manufacturer can hope to produce a fuel with exactly
the right volatility for a wide variation in operating conditions, but the
gasolines can be made so that they will operate satisfactorily under the
average conditions obtained in the average automobile.

VARIABLES AFFECTING VOLATILITY

The vaporization of gasoline is influenced by the following factors:

The time elapsing after mixing gasoline and air

The volume or air-space available for vapor

The atmospheric pressure

The quantity of fuel

The movement of the air

The temperature of the mixture

If gasoline were poured into a saucer and allowed to stand in a room
for a period of time, it would gradually evaporate until the saucer became
perfectly dry. If the gasoline were thrown into the air it would evaporate
more quickly but not instantly: some of it would fall to the floor and
remain there until sufficient time had passed to complete the evaporation.
Time is therefore a necessary element in the evaporation of gasoline. If
the saucer were placed under a small bell jar, the vaporization would
proceed until the space in the bell jar became saturated with gasoline
vapors, after which the quantity of liquid in the saucer would remain
constant. The quantity of gasoline evaporated depends upon the space
available for the vapor, which is the same as the volume of air present.
If the air were partially exhausted under the bell jar, the gasoline would
have vaporized much more rapidly. Since the time for evaporation in
the engine is a small fraction of a second, the air pressure is important.
A large quantity of gasoline in the saucer would increase the amount of
vapor under the jar but the per cent of gasoline evaporated would be less.
If the saucer filled with gasoline were placed in front of an electric

fan, the evaporation would take place much more rapidly because the
vapor is removed as rapidly as it is formed. If the temperature of the
air were increased, or if the saucer or the air were heated, vaporization
would take place at a greatly accelerated rate. It may be seen that vola-
tility varies widely with the conditions imposed.
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The measurement of actual volatility is a very difficult and laborious
task and should be performed under conditions approximating those
occurring in the fuel system of the engine itself. There is a wide varia-
tion in the velocity of the air through the intake manifold in a practical
engine and in the temperature of the intake system. When the throttle
is nearly closed, the pressure in the system is low, sometimes only half
the ordinary atmospheric pressure. The relative amount of air and fuel
present varies with the carburetor adjustment and with the closing of
the choke. The determination of the actual volatility of the fuel for all
conditions occurring in the intake system is, therefore, almost an impos-
sible task. However, it is possible by making a more simple test, the
American Society for Testing Materials Distillation, to obtain some
information about the volatility of a given fuel.

AMERICAN SOCIETY FOR TESTING MATERIALS
DISTILLATION TEST

The A.S.T.M. Distillation Test is made by heating the fuel in a flask
and passing the vapors through an ice-cooled tube condenser. The vapor
temperatures in the flask when 5 per cent, 10 per cent, 20 per cent, etc.,
of the original quantity of fuel is collected in the receiver, form the dis-
tillation data.
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Figure 1 shows the standard equipment used for this test with the
standard shield around the burner and flask removed. The procedure,
as standardized by the A.S.T.M., Method D-86-35, must be followed
accurately if reproducible results are to be obtained and is too involved
to be given completely here. As an example, the rate at which the heat
is applied must be controlled to start the distillation not less than five
nor more than ten minutes after the heat is applied, and thereafter the
rate of flow must be not less than four nor more than five cubic centi-
meters per minute. Other requirements are equally as exacting, and the
distillation test of an unknown gasoline generally requires one or more
trial runs before a test can be completed in the approved manner.

The temperature of the vapor at which the first drop appears in the
collector flask is called the initial boiling point, and the highest vapor
temperature which is obtained while the flask is boiling dry, is called the
end point. The total quantity collected in the receiver is called the
recovery.

At the end point, the flask will still be filled with vaporized gasoline
which condenses when the flask cools. This may then be poured out and
measured and is called the residue.

The sum of the residue and recovery is always less than the original
quantity of fuel because some of the very volatile vapors will diffuse into
the air during the test. The distillation loss is the difference between the
original sample of gasoline, (100 ml.) and the sum of the residue and the
recovery.

The United States Bureau of Standards have developed elaborate
equipment for determining the volatility of gasolines under conditions
approximating those in engine intake systems. Tests of several hundred
gasolines were made with this equipment and compared with A.S. T.M.
distillation determinations for the same gasolines.? Empirical formulas
were developed that permit a satisfactory calculation of volatility for
various air to fuel ratios from the A.S.T.M. distillation curves for aver-
age gasolines. All distillation data are first corrected for distillation
loss. This is done by adding the calculated loss to the amount of distilled
gasoline collected in the receiver to obtain the total gasoline evaporated
at the respective vapor temperatures.

These formulas may be found in publications of the Society of Auto-
motive Engineers (15, 17, 112, 113).3 Their discussion is beyond the
scope of this bulletin. Typical applications show that a fuel which has
an A.S.T.M. 90 per cent evaporated point of 380° F., would be com-
pletely vaporized in the engine cylinder with an air to fuel ratio of 12
to 1 at approximately 130 degrees above zero. Also that a gasoline with
an A.S.T.M. 10 per cent evaporated point of 140° F., would be 5 per
cent volatilized in the engine system at 20° F. below zero, if the choke

2 The investigation of the U. S. Bureau of Standards covers a wide field. Only that portion

of the work of immediate importance is mentioned here.
3 Figures in parentheses refer to figures in the Bibliography, pages 39-45.
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were set to draw in 15 times the normal amount of gasoline, thus giving
a starting mixture of 20 to 1 at this low temperature. A completely
closed choke will cause an engine to draw in up to 20 times the normal
quantity of gasoline.

VAPOR LOCK

This term is used to denote the condition that exists when gasoline
vaporizes in any part of the fuel system so as to interfere with the flow
of liquid fuel. Vapor will form in the fuel line as soon as the vapor
pressure ‘of the fuel equals the pressure in the pipe. The vapors can
leave the system only by passing through the carburetor, and since the
carburetor nozzles are designed to handle liquid there is a shortage of
fuel when gas passes through them and we say vapor lock has occurred.
The engine may either stop entirely, or more frequently, it may simply
lose power, slow down, run irregularly, etc. The fuel system generally
is able to handle small amounts of vapor without difficulty but, as the
temperature of the gasoline system increases, more vaporization takes
place until the pipes contain so much vapor that the flow of gasoline is
greatly diminished (29). Vapor lock may also be caused by high tem-
peratures in the carburetor itself, so that the volatile constituents boil out
of the carburetor bowl (23). These are just the materials that are
desirable when starting the engine, and if boiling takes place immediately
after the engine has been stopped, difficult starting may result. Vapor
lock is frequently noticed by motorists when the engine is accelerated
after idling. When the car is stopped, at a traffic sign for instance, the
heat stored in the engine block, exhaust manifold, and water system is
no longer dissipated into a rapidly moving air stream, and the tempera-
ture under the hood rises rapidly. Heat also flows directly from the
engine through the metallic contact between the carburetor and the
engine. As long as the engine is idling, sufficient fuel may be supplied,
altho there is a considerable amount of gasoline vapor in the fuel lines,
but when the throttle is opened the engine may stop entirely or accelerate
very slowly.

Vapor lock may also occur at sustained high speeds, causing loss of
power and speed. In cars using fuel pumps, the pressure produced by
the pump in the carburetor feed lines tends to raise the initial boiling
point of the gasoline so as to reduce the danger of vapor lock between
the pump and the carburetor. On the suction side of the pump the
reverse is true. It has been found that the fuel handling capacity of the
pump remains practically constant after a certain engine speed has been
reached so that the additional gasoline required for very high speeds is
not delivered if a substantial quantity of vapor is formed in the line to
the pump.

O. C. Bridgman of the U. S. Bureau of Standards has also developed
empirical formulas for predicting the vapor locking tendencies of gaso-
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lines from the 10 per cent A.S.T.M. temperatures (19, 20), but the
Reid vapor pressure test is more commonly used as a criterion.

REID VAPOR PRESSURE TEST (A.S.T.M. Designation D417-35T)

Figure 2 shows the arrangement of the equipment for this purpose.
The lower cup, or base, contains 14 the volume of the upper tube. The
lower cup filled with gasoline, is screwed into the upper tube and the
apparatus immersed as far as the bottom of the pressure gage in water
at exactly 100° F. After five minutes, the instrument is taken from the
bath and shaken; immersed again for two
minutes and again shaken; until the pres-
sure recorded on the gage does not change
with additional immersions. The final pres-
sure obtained is called the Reid vapor pres-
sure, after a correction has been made for
the initial temperature of the air chamber.

Great care must be taken in filling the
lower tube with the gasoline, so as to avoid
the loss of volatile vapors during this process.
In sampling gasoline from large containers,
it is possible to submerge the gasoline cham-
ber in the fuel and an accurate sample can Arr
be obtained. The tests reported here were Chamber
made by chilling the gasoline and pouring
. it into the container. The results are, there-
fore, undoubtedly lower than would have been
obtained if the gasoline had been sampled
in the tank car. However, they represent
rather accurately the vapor pressure of the
gasoline as it is delivered to the consumer.

Strictly speaking, this test should be
made at the temperatures at which the fuels
will be used, but since this is impractical, Charmber
the choice of 100° F. was made. The tem-
peratures in the fuel lines of automobiles,
however, has been found to rise as much VAPO? p?[f.ﬁ(/?[
as 75° F. above that of the air and it is esti-
mated that the actual fuel line temperature Gonrs
in the majority of cars, at the point most sen-
sitive to vapor lock, is about 35° F. above
atmospheric (26, 27). In warm weather this would frequently result
in fuel line temperatures of 125° to 140° F. Two gasolines having the
same vapor pressure at 100° F. may have quite different pressures at
125°, and the volumes of gasoline vapor released may be quite different.
Boyd (13) states that three gasolines whose vapor pressures at 100° F.,

Gage

Gasolie

FIGURE 2. REID VAPOR
PRESSURE APPARATUS
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were 12 pounds per square inch produced volumes of vapor per volume
original liquid, at 120° F. as follows:

No. 1 18 volumes

No. 2 22 volumes

No. 3 50 volumes
Since interference with the flow of fuel is dependent upon the volume of
vapor released, it is evident that these three gasolines would have quite
different vapor locking tendencies at 120° F.

The above data indicate that the allowable vapor pressures must
be set at a conservative figure to insure suitable performance of gaso-
line in warm weather. Authorities differ on the maxima allowable but
the following values are probably not far out of line:

Temperature of Atmosphere Highest Reid Vapor Pressure
95° to 100° F. 8 1b. per sq. in.
80° to 85° F. 10 1b. per sq. in.
65° to 75° F. 12 1b. per sq. in.

It is evident that it is very important to have gasoline with the proper
volatility for all conditions. Volatile material that is lost at the car-
buretor or through the vent in the gasoline tank constitutes the best
anti-knock portion of the fuel. It may also account for low mileage since
the engine does not receive all of the gasoline put in the fuel tank. The
volatilized gasoline which has boiled out of the tank or carburetor is also
a very definite fire hazard, and more than one gasoline fire has occurred
under the hood of the engine because of the gasoline vapor trapped there.

The refiner or blender is confronted with the problem of providing
an easy starting fuel with minimum vapor losses or hazards.

ANTI-KNOCK QUALITY

DETONATION

Every operator of a modern motor car has at some time or other
noticed a very sharp metallic knock that occurs in the motor, generally
when the engine is warm and is being operated with full throttle at a
slow or moderate speed. It is common knowledge that the knock is
much more severe with high compression motors. The names, carbon-
knock or preignition, sometimes applied, are misnomers and undoubt-
edly arose from the fact that carbon deposits in the engine serve to aggra-
vate the knock and that preignition, or the early ignition of the fuel
charge, frequently occurs as a result of incandescent carbon deposits in
the engine cylinder. Scientific investigation has determined the cause
of this knock and the technical name that has come more and more into
popular use is “detonation.” It is particularly noticeable in the smooth,
quiet-running modern automobile because the noise can be heard dis-
tinctly above that of the engine. In industrial engines and those used
for trucking, the sound of detonation is not so easily distinguished, and
motors are frequently operated under severely detonating conditions.
When this is done, spark plugs may be ruined, the sides of the piston
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may be burned until the rings are melted in the grooves, cracks may be
produced.in the piston head, and occasionally bearings destroyed. En-
gines become very hot when allowed to detonate, carbon deposits are
increased, power is lost, and overheating occurs. Occasionally, the de-
tonation becomes so severe that operation is impossible. Engine failure
has been particularly noticeable when aircraft engines, intended for opera-
tion with a high grade gasoline, have been driven with an inferior grade
of fuel (70). Cases have been known where the engine ceased to operate
every time it had been run at cruising throttle for a period of five to ten
minutes.

Much progress has been made in the manufacture of fuels and in
engine design to reduce the tendency to knock to a minimum. It has
been very difficult to investigate this phenomenon because of the great
speed of the reactions in the combustion chamber of an engine. Studies
made by means of high-speed rotating films and moving pictures taken
at the enormous rate of 4,000 exposures per second, show that flame in
the combustion chamber of an engine travels from the spark plug pro-
gressively across the combustion chamber (138). The time involved
in traveling across the combustion chamber may be as little as 1/500 of a
second.

It has been shown by investigators in Germany, England, and the
United States, that so long as the flame travels progressively across the
combustion chamber, detonation does not occur. The process by which
the flame moves is roughly illustrated in Figure 3.
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FIGURE 3. FLAME TRAVEL

Here the combustion chamber has been divided into five zones. When
the fuel and oxygen in Zone 1 have combined, the temperature is in-
creased and the unburned fuel in Zones 2, 3, 4, and 5 is pushed ahead
of the expanding burned material, toward the far end of the combustion
chamber. When the fuel in the first four zones has been burned, the
fuel and air that originally comprised the fifth zone is compressed into
a tiny space at the far side of the combustion chamber. The temperature
of the unburned portion has been increased tremendously during this
process and if it has become hot enough, the entire quantity of fuel left
may burn instantaneously. When this occurs, the energy in one fifth
of the original quantity of fuel is released with such tremendous speed
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that pressures far in excess of the normal explosion pressure in the
engine are produced. To produce these enormous pressures, it is neces-
sary only that the temperature of the last part of the charge to burn
shall have exceeded its self-ignition temperature. The quantity of fuel
which burns in this manner determines the intensity of the pressure
wave thus created. Severe pressure waves of this nature strike the
cylinder head or piston head violently enough to produce a sound resem-
bling a hard, sharp blow from a hammer.

EFFECT OF COMPRESSION RATIO

Increased compression ratios are responsible for the major part of
the improvement in economy and increase in power and performance
of the modern motor. The compression ratio of an internal combustion
engine is the ratio between the volume above the piston when it is at
the bottom of its stroke and the volume above the piston when it is at the
top of its stroke. In this definition it is assumed that the engine is a
vertical one with the cylinder above the crankshaft. The compression
ratio is readily increased by changing the cylinder head to one with a
smaller volume above the piston; when it is increased, the temperature
" in the engine cylinder at the end of compression is correspondingly
higher, and this results in higher combustion chamber temperatures
throughout, and a greater tendency to knock. Also, the quantity of
exhaust gas left in the cylinder at the time the new charge enters, is
reduced because the clearance space is smaller. The entire cylinder,
therefore, is more completely filled with gasoline vapor and air, and
higher explosion temperatures with greater tendency to detonate follow.

When the mechanism of combustion during detonation is under-
stood, it is possible to explain how developments in engines and fuels
enable the use of high-duty, high-compression motors that produce
exceptional power with excellent fuel economy.

Two principal factors enter into the elimination of detonation :

1. Changes in the fuel characteristics
2. Construction of combustion chambers

FUEL CHARACTERISTICS

Fuels that have high self-ignition temperatures in the combustion
chamber resist detonation. Self-ignition temperature or thermal stability
appears to be definitely related to the construction of the molecules mak-
ing up the fuel. Fuels made by straight distillation from certain crude
oils are more stable than others and gasoline made by the cracking proc-
ess has a higher ignition temperature than straight-run gasoline distilled
from the same crude. Reactions may take place in the fuel during com-
pression by the piston or the advancing flame front so that the ignition
temperature of the last part of the charge to burn is considerably lower
than that of the original gasoline.
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Many materials may be added to gasoline to increase its anti-knock
value. In general the quantity required makes the cost prohibitive.
Some very effective compounds have other objections, such as odor,
tendency to foul the spark plugs, etc. The most effective and, at the
same time, least harmful compound is tetra-ethyl-lead. The accepted
theory regarding the action of this material is too complicated to be
completely explained here. It is perhaps sufficient to say that the lead
oxides produced by the combustion of this material are known as oxygen
carriers. They are able to change back and forth from one form to
another, alternately taking up and giving off oxygen; the exchange of
this oxygen within the burning material serves to suppress the violent
burning that occurs with detonation.

Many theories have been advanced and are well supported by experi-
mental evidence as to the effects upon detonation of dissociation, crack-
ing, formation of peroxides, presence of nuclear droplets, radiation, tur-
bulence, and stratification of air flow in the combustion chamber. They
cannot be discussed here but may be considered as contributors in one
way or another to the auto-ignition of the last part of the charge to burn.

CONSTRUCTION OF COMBUSTION CHAMBERS

Any construction that will increase the rate of heat transfer from
the last part of the charge to burn is advantageous. Rapid external cool-
ing of this part of the charge during compres-
sion by the flame front may prevent auto-igni-
tion or decrease the proportion of fuel that de-
tonates. Features of construction may involve:

Improved cooling water circulation

The use of metals having high heat conductivity; e.g.
aluminum and copper alloys

Increasing the cold surface to volume ratio of that
part of the combustion chamber where the last
part of the fuel burns
Most engines with the exception of some

valve-in-head designs are patterned after a de-

FIGURE 4. RICARDO  gion by Ricardo. The principle of this design

COMBUS;;:OSTG%HAMBER is illustrated in Figure 4. As the flame travels

from the spark plug at the left, the last part of

the charge to burn is compressed in the thin wafer-like space at the

extreme right where heat is effectively extracted by the large water-
cooled area of the cylinder head above it.

OPERATING FACTORS

Many operating factors are well known and their influence is easily
explained. Cooler jacket water carries away more heat, therefore, engines
seldom detonate until they are brought up to operating temperature. In
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warm weather, the air entering the engine cylinder, as well as the jacket
water, is apt to be warmer and detonation is more severe.

Advancing the ignition timing has a tendency to increase the knock.
Normally, when the end of combustion occurs, the piston has started on
its downward movement, and the gases are being cooled with great
rapidity by expansion, but when the spark is advanced, expansion may
not have started, or compression by the piston may still be taking place,
when the end of the combustion period is reached. As the throttle is
closed, the quantity of exhaust gases carried over from the previous
explosion is increased very greatly, so that detonation rarely occurs with
a partially closed throttle.

An overrich mixture reduces detonation largely because rich mixtures
burn slowly and more time is available to remove the heat from the
last part of the fuel to burn, also the piston is moving down and remov-
ing the heat by expansion. Very lean mixtures will also reduce detona-
tion but mixture ratios lean enough to do this would not perform satis-
factorily in the engine.

TESTING FOR ANTI-KNOCK QUALITIES

It may be seen from the above explanation, that the tendency of a
fuel to detonate in different types of engines and under different operat-
ing conditions will vary greatly. Therefore, it has been most difficult
to develop methods for evaluating the anti-detonating qualities of fuels
(73,77,95,115). The Cooperative Fuel Research Committee, composed
of representatives of the Society of Automotive Engineers, the Bureau of
Standards, the American Society for Testing Materials, petroleum tech-
nologists, and automobile manufacturers, have been conducting tests to
compare laboratory determinations with the actual operation of the fuels
in a great many makes of automobiles on the road (126). The present
laboratory method, which is approved by this committee, is known as the
C.F.R. Motor Method (A.S.T.M. Designation D357-36T). The special
engine, designed and approved by the committee, was used in the
running of fuels covered in this survey. It is a single-cylinder engine
constructed so that the compression ratio can be changed while the engine
is running and so arranged that the jacket temperature, engine speed,
throttle opening, intake air temperature, ignition advance, and mixture
ratio, may be accurately controlled. (See Figure 5.)

Briefly, the method of test consists of burning the fuel to be tested
in an engine and comparing the intensity of the knock with that of a
standard fuel which has been calibrated against a mixture of heptane
and iso-octane (2-2-4 trimethylpentane). The octane mentioned here
has excellent anti-knock characteristics and is assigned a value of 100;
heptane has very poor anti-knock characteristics and is assigned a value
of 0. A gasoline which has the same anti-knock characteristics as a
mixture of 50 per cent octane and 50 per cent heptane is said to have
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an octane rating of 50. If it matched a mixture of 70 parts of octane
and 30 parts of heptane, it would be said to have an octane number of 70.
A great deal of care and experience is required in making tests for
octane number, and the process is slow and involved. Engine conditions
must be kept as follows:

Jacket temperature 210° F.

Inlet air temperature 300° F.

Engine r.p.m., 900

The mixture ratio for all the fuels must be adjusted to give maximum knock

The compression ratio is set to produce an intensity of knock that is approximately
the same for all tests

The spark advance is set at 26 degrees before dead center for a compression ratio of
5 to 1 and automatically changes with changes in compression ratio

FIGURE 5. C.F.R. ENGINES
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The petroleum industry is testing much of the gasoline with an air inlet
temperature of 260° F. and a normal spark advance of 16 degrees at a
compression ratio of 5 to 1. The above changes in technique result
in an increase in the octane rating of some fuels. Service stations are
now quoting octane numbers on tests made by this method which is
designated as the 1.-3. It has not been approved by the Cooperative
Fuel Research Committee, and specifications by the Federal Specifica-
tions Board and the A.S.T.M. do not recognize it. All octane numbers
in this survey have been determined by the C.F.R. Motor (A.S.T.M.)
Method.
CORROSION

When sulfur or other active materials are left in the gasoline after
refining, either because they were not taken out in the refining process
or because they were introduced during some of these processes, the
brass, copper, or metallic alloys in the fuel system or in the carburetor
may be attacked. This results in an accumulation of sediment or dirt
in the fuel pipes, which may clog the fine nozzles in the carburetor or the
nozzles themselves may be corroded or eroded so as to change their
operating characteristics.

A simple and effective method for testing such materials is to im-
merse a polished copper strip in the gasoline for three hours at a temper-
ature of 122° F. (A.S.T.M. D-130-30). If the copper strip is discolored
at the end of this time, the corrosion test is said to be positive and the
gasoline is not considered suitable for use in the fuel system.

SULFUR CONTENT

Sulfur may exist in noncorrosive compounds in the gasoline, but
when these or other sulfur compounds are burned in the engine, sulfur
dioxide (SO;) or sulfur trioxide (SOj) is formed. If these compounds
leave the engine through the exhaust, no harm occurs. A certain pro-
portion of the products of combustion, generally less than one per cent,
leak past the piston rings into the crankcase. Here again, if the SO,
and SO; gases can be discharged through the crankcase breather, or
ventilator, before they have been cooled, no harmful results will be evi-
dent. If, however, some of these products do cool, and combine with the
water or steam formed by the burning of the hydrogen? in the fuel, sul-
furous or sulfuric acids are formed, which attack metal parts very ac-
tively. This results in pitted areas on the highly polished piston pins,
brass bushings, or other steel or brass parts exposed to the crankcase
fumes. Parts that are not rinsed by the flow of the force-feeding lubricat-
ing oil seem to be attacked most readily. Therefore, it is very desirable

4 One and one-third pounds of water are formed by the combustion of one pound of
gasoline.
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that the quantity of sulfur in the gasoline be kept at a minimum. The
standards specifications call for a maximum of 0.10 per cent.

Tests for sulfur in this investigation were made by the lamp method
(A.S.T.M. D-90-34T) which consists of burning a certain quantity of
fuel in a small lamp, absorbing the SO, and SO; by drawing the products
of combustion through a soda solution and testing this solution for ab-
sorbed sulfurous and sulfuric acid.

GUM

When gasolines are manufactured by the cracking process and are
allowed to stand for some time after manufacture, certain gums or
resins are frequently formed. Immediately upon formation, they go
into solution in the gasoline and do not make their presence known until
the gasoline is evaporated in the intake system. As the gasoline is
evaporated around the carburetor nozzle, in the intake manifold, or
around the intake valve, the gum is left behind as a deposit in the intake
system. This sometimes results in the sticking of the intake valves and
interference with moving parts, such as the throttle or auxiliary air
valves. Occasionally, sufficient gum has been deposited to partially
clog the intake system and in very severe cases, it has caused gumming
and sticking of the pistons and rings.

Two types of tests for gum in gasoline are commonly used: one such
test is used to determine the stability of the gasoline or its tendency to
form gum upon standing; the other to determine the amount of gum
already in solution in the gasoline at the time the test is made (21).
The latter test (A.S.T.M. D-381-36) was selected because gum is not
formed during engine operation and only that already in solution in the
gasoline can affect the engine deposits.

The gasoline is placed in a small beaker which fits loosely in a metal
cup surrounded by a bath which is kept at a temperature of about 325° F.
At the same time, a blast of air at 305° to 320° F. is blown against the
surface of the gasoline, so that the evaporation is very rapid. The weight
of the original gasoline and of the gum left in the beaker after the gaso-
line has been evaporated by this method, serve to indicate the gum con-
tent of the gasoline. This test is known as that for preformed gum
because it determines the gum that has already been formed, and does not
indicate the gum that would be formed if the gasoline were kept in stor-
age for some time. Gum is not found in gasoline immediately after
manufacture and it does not accumulate in short periods of storage such
as the time between fills of the fuel tank. Cracked gasolines allowed
to stand over winter may develop serious quantities of gum. Gum in-
hibitors are added to the manufactured gasoline by most refiners in order
to reduce the tendency to form gum during storage (61).
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GRAVITY

Tests for gravity of the various gasolines used were made, not be-
cause they were of any particular significance to the user, but because
the A.P.I. number is frequently quoted in the market reports and because
it would give some indication of the average gravity of the gasolines
being marketed today. The tests were made by the Westphal Balance.
In this method, a small plummet is submerged in the gasoline and the
gravity or weight of the gasoline displaced is compared with the weight
of water displaced by the plummet. In this way, the specific gravity,
which is the ratio of the weight of the gasoline to that of water at 60° F.
was determined. The results were converted to A.P.I. (American
Petroleum Institute) gravity, by means of the following formula:

141.5
Degrees A.P.I. = W 131.5
The A.P.I. gravity is used by the petroleum industry and is expressed
by a whole number, instead of the decimal specific gravity. The relation
between A.P.I. gravity, and specific gravity and the corresponding
weight per gallon are tabulated below. This table includes the A.P.I.
numbers of most gasolines.

A.P.1
GRrAVITY SPECIFIC Wr. PER GALLON
NUMBER GRAVITY AT 60° F. (Lzs.)
60 7389 6.156
61 7351 6.124
62 7313 6.092
63 7275 6.061
64 7238 . 6.030
65 7201 5.999
66 7165 5.969
67 7129 5.939
68 .7093 ) 5.909
69 .7058 5.880
70 7022 5.850
71 .6988 5.822
72 .6954 5.793
73 .6919 5.764
74 .6886 5.737
75 .6852 5.708

Gravity is used as an index for volatility in the manufacture of gaso-
line; for a known crude and a known process it affords a rapid method.
There is so much difference in the gravity of gasolines made from the
different crudes or made by straight distillation and by cracking, that it
has little significance when applied to finished gasolines.

GASOLINE SPECIFICATIONS®

Specifications for the purchase of gasolines by the Federal Govern-
ment, state agencies, and other large purchasers are generally based upon
the tests enumerated above. The American Society for Testing Ma-

5 Gasoline specifications data are collected in Table 1.




TABLE I
GASOLINE SPECIFICATIONS*

MaximuM TEMPERATURE

DEGREESPFAHCRENHEIT M 1%\4.«1&11\/{1}1{ Gum
SPECIFICATIONS SEASON Floi‘.l:m;;)];mébr? I{E’Ksleﬁr; 5;]1)55\573:? Piﬁ%‘}f:’t?r I\gg;rnl}’;M 1\14\4 AXIMUM
Per CENT LgBs. PER NuMBER ;LEI;:(?(K)?)MS
10 50 90 Sq. In. MILLILITERS
Federal Intermediate
Spe%fggi(tfons and summer 167 284 392 2 8or 10 0.10 Not specified Not specified
VV-G-101a  Winter ... 149+ 284 392 2 12 0.10 Not specified Not specified
Federal
Specifications
Board
W-M-571a  All seasons ... 149 257 356 2 10 0.10 65 or 75% Not specified
Minnesota
State Winter ... 140 257 356 2 13 0.10 68 15
Highway
Department ~ Summer .. 158 257 356 2 8 0.10 68 15
A.S.T.M. Winter ... 140 284 392 2 13.5 Not specified 67
Type A Intermediate 149 284 392 2 11.5 Not sgec;ﬁed 67 g; ;.55§ ;
Summer ... 158 284 392 2 9.5 Not specified 67 or 75 7
Winter ... 140 257 356 2 13.5 Not specified 6
A.S.T.M. Intermediate .. 149 257 356 2 11.5 Not sgegﬁgd 6; 3; ;g§ ;
Type B Summer ... 158 257 356 2 9.5 Not specified 67 or 75 7
Winter ... 167 284 392 2 13.5 Not specified 45§ 7
AS.TM. Intermediate .. 167 284 392 2 11.5 Not specified 45 7
Type C Summer ... 167 284 392 2 9.5 Not specified 45 7

* Negative corrosion test is required in all specifications.
+ The government reserves the right to reject material during the months of December, January, February, and March, in th iti
mean temperature during the month of January is less than 27° F., if when the ghermomet’er reads ,149" F. li:,;s than 10 p'er cen(t)sghlaol‘ia%)letlzsv%ﬁg%ettihe normal
1 The government reserves the right to re]ectomaterlals; (a) 1n those localities where the normal mean minimum temperature during the month of Jan
is greater than 27° F. if the vapor pressure at 100° F. exceeds 10 pounds per square inch; (b) during the months June, July, August, and September if“i;y
vapor pressure exceeds 8 pounds per square inch. Departments purchasing gasoline for use in typical areas 2315° north latitude to 23%"’ south lgtit d ire
a vapor pressure not mhexcess of 8 pounds pelr square inch throughout the year. ude require
§ “In all cases the octane number shall be agreed upon between the purchaser and the seller. In genmeral, the following i i
time (1937): 75 octane number, minimum, corresponds to premium-priced gasolines; 67 octane number, minimt’lm, corresponc%s fo a?g;‘&z‘;.]_%rﬁ;dthe plic‘:senf
45 octane number, minimum, corresponds to less than regular-priced gasoline.” : gasolines;
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terials published tentative specifications for gasoline in 1937. The maxi-
mum allowable temperature for 10 per cent evaporated and the maxi-
mum allowable Reid vapor pressure are generally changed with the
season of the year. In Minnesota, the winter months are considered to
be December, January, and February ; the summer months July, August,
and September ; the remaining six months are classified as intermediate.
The last part of June may be included in the summer season, and the
first part of March in the winter season. Federal specifications VV-G-
101a recognize the winter months in fixing the maximum Reid vapor
pressure, but neglect any other seasonal change. Federal specifications
VV-M-571a do not recognize seasonal changes but require a low 10
per cent point together with a very moderate Reid vapor pressure for the
entire year. The effect of altitude on volatility and Reid vapor pressure
is recognized in the following table taken from these specifications:

DisTiLLATION RANGE °F.

ALT. AT MaxiMuM TEMPERATURE FOR MaxiMmuM ReIp
PoINT OF Pxrr CENT EVAPORATED PRrESSURE LB.
DELIVERY PER Sg. IN.

(FEET) 10 50 90

Sea level 149 257 356 10
2,000 153 261 361
4,000 157 266 366
5,000 - ) 8.5
6,000 160 270 370
8,000 163 274 375

10,000 e 7

Two specifications are written by the Federal Specifications Board
and three by the A.S.T.M. in order to provide fuel for different types of
service at a minimum cost. A motor operating continuously under heavy
load or one running in a heated room does not require the volatility
necessary for out-of-doors starting, and operation at varying speeds and
loads ; neither is there anything to be gained by operating a low compres-
sion motor with high-octane fuel. The manufacturing costs for fuels of
low volatility and poor anti-knock qualities allows them to be sold at a
minimum price and they should be used wherever they will give satis-
factory service.

DATA AND RESULTS

Tests were made on 378 different gasolines.® The data on gasolines
bought at any one time were separated according to the grade and the
price paid. Averages were then taken. In Table II the averages for
all gasolines bought at standard prices have been grouped according to
seasons and grand averages for all gasolines bought in that season have
been computed. Table III is a similar summary for all gasolines bought
at cut-rate prices.

6 The original data on each gasoline tested are available in mimeographed form. The
brand is indicated by code. The names of manufacturers cannot be given.




TABLE 11
SUMMARY BY GRADES AND BY SEASONS OF GASOLINE BOUGHT AT STANDARD PRICES

DisTiLLATION RANGE DEGREES FARRENHEIT

ReID Gum
Date Cost Ini- Resti- Loss Varor OcTaNE Svulr- Ma.
OF PER tial Per Cent Distilled and Per Cent Evaporated DUE PEr Pres- NUMBER FUR PER GRAVITY
PURCHASE GAL. Boil- End Per Cent sure A.S.T.M. Per 100 A.P.L
CeNnTs ing Point CENT LBs. PER CENT Mz,
Point 10 20 30 50 70 90 Sg. In. .
Premium grade—winter months—average for each purchase
Mar., 1937.... 211 92 132 126* 152 171 212 207* 260 329 318* 390 1.1 2.1 10.6 .035 3.9 66.6
Jan. 1938. 219 100 138 134 156 172 205 202 251 319 312 381 1.5 1.4 10.6 76.9 .036 29 67.2
Mar. 1938.... 219 97 131 127 151 169 208 204 255 322 313 382 1.3 1.9 10.0 76.2 .062 2.0 66.2
Grand average... 216 9 134 129 153 171 208 204 255 323 314 384 1.3 1.8 104 76.6 .044 29 66.7
Average deviation 7 22 28 0.6 0.8 2.6 .021 1.4
Premium grade—intermediate months—average for each purchase
Apr. 1937.... 211 97 140 136 162 179 221 217 270 336 328 396 1.2 16 8.8 74.9 042 5.5 66.2
May 1937. 221 102 152 148 172 187 227 225 276 340 334 397 1.2 1.3 7.6 74.1 .040 47 63.2
Nov. 1937. 21.8 107 145 143 165 185 226 223 272 337 332 394 1.5 1.1 8.8 76.8 .040 6.1 63.7
May 1938... 222 103 141 137 162 180 214 211 257 322 316 380 1.4 1.4 9.4 75.7 043 4.9 65.0
Grand average... 21.8 102 145 141 165 183 222 219 269 334 328 392 1.3 14 87 75.4 .041 5.3 64.5
Average deviation 8 16 14 04 0.9 24 017 3.5
Premium grade—summer months—average for each purchase
June 1937.... 21.8 111 157 155 176 192 229 227 277 346 341 401 1.2 0.9 7.3 74.5 .042 7.6 62.2
Sept. 1937. 22.1 119 165 163 183 202 236 235 275 335 331 389 1.3 0.8 6.0 75.0 .049 48 61.1
July 1938.... 222 113 155 151 176 193 230 226 274 336 329 382 1.3 1.8 7.1 76.3 .056 7.2 61.4
Grand average... 22.0 114 159 156 178 196 232 229 275 339 334 391 1.3 1.2 6.8 75.3 .049 6.5 61.6
Average deviation 8 10 12 0.6 1.0 14 .07 48
Regular grade—winter months—average for each purchase
Mar. 1937...... 19.3 92 136 132 161 176 222 217 274 346 336 398 1.0 2.1 10.9 69.0 .045 3.6 64.7
Jan. 1938..... 199 96 133 128 155 176 219 213 271 346 334 395 1.4 22 12.0 70.3 .044 1.8 66.0
Mar. 1938... 19.9 94 131 124 154 175 221 214 273 348 336 395 1.5 2.3 11.1 70.2 .074 1.5 65.1
Grand average... 19.7 94 133 128 157 176 221 215 273 347 335 396 1.3 22 11.3 69.8 .054 2.3 65.3
Average deviation 7 9 8 0.5 0.7 0.4 025 1.3
Regular grade—intermediate months—average for each purchase
Apr. 1937.... 193 93 138 132 159 177 220 215 275 348 337 402 12 23 8.7 69.1 .045 5.4 66.2
May 1937.... 20.2 99 151 147 173 191 234 230 285 347 340 401 1.1 14 79 690 .047 22 62.4
Nov. 1937.... 19.9 98 135 131 156 178 222 217 276 347 337 398 1.3 1.8 11.0 69.9 .043 1.6 64.8
May 1938... 20.2 102 146 142 170 191 231 227 281 345 338 393 14 1.7 9.2 69.9 .057 14 62.7
Grand average... 199 98 143 138 165 184 227 222 279 347 338 399 1.3 1.8 9.2 69.5 .048 2.7 64.0
Average deviation 9 11 8 05 12 0.7 021 1.9

* Italics are data for per cent evaporated.




TABLE II—Continued
SUMMARY BY GRADES AND BY SEASONS OF GASOLINE BOUGHT AT STANDARD PRICES

Di1sTiLLATION RANGE DEGREES FAHRENHEIT

REID GuM
DATE Cost Ini- Resi- Loss Vapor OcTaNE  SvuL- Ma.
OF PER tial Per Cent Distilled and Per Cent Evaporated DUE PEr Pres- NUMBER FUR PER GRrAVITY
PURCHASE GAL. Boil- End Prer  CENT suRE A.S.T.M. Pkr 100 A.P.I
CeEnTS ing Point  CenT Les. PER CENT Mr.
Point 10 20 30 50 70 90 - Sg. IN.

Regular grade—summer months—average for each purchase

June 1937 20.0 110 160 157*% 181 199 243 239* 290 351 346* 401 12 1.3 7.7 68.1 .052 23 61.3
Sept. 1937. 20.1 111 155 152 176 198 241 239 287 350 344 400 1.3 1.3 7.4 68.7 .051 1.5 614
July 1938.... 202 110 154 146 175 196 237 232 285 353 342 395 1.2 22 7.7 69.4 .071 2.1 61.5
Grand average... 20.1 110 156 152 177 198 240 237 287 351 344 399 1.2 16 7.6 68.7 .058 2.0 61.4
Average deviation 8 8 7 0.7 0.5 0.8 .027 1.1
Third grade—winter months—average for each purchase
Mar., 1937.... 17.5 104 160 156 187 211 253 250 297 360 353 409 1.1 14 7.4 53.3 .024 1.8 61.3
Jan. 1938 18.0 114 162 159 187 211 255 252 303 366 362 410 1.3 1.0 7.3 52.3 .034 1.7 61.1
Mar. 1938.... 162 105 153 149 182 205 248 244 297 363 356 405 1.3 1.6 7.9 53.3 .064 1.5 61.9
Grand average... 17.2 108 158 155 185 209 252 249 299 363 357 408 12 1.3 7.5 53.0 .041 1.7 614
Average deviation 11 6 13 04 0.8 1.5 .024 0.6
Third grade—intermediate months—average for each purchase
Apr. 1937.... 17.5 100 155 151 182 203 246 243 295 357 352 408 1.2 12 6.9 55.5 .024 3.9 64.0
May 1937..... 186 104 162 158 184 204 246 243 290 351 346 405 12 1.3 6.7 55.0 .033 2.7 61.7
Nov. 1937. 17.8 113 166 163 189 210 255 253 304 367 364 412 1.3 0.8 7.1 53.0 .052 1.8 61.1
May 1938.. 17.6 109 160 156 185 208 249 246 299 367 355 406 13 1.4 7.7 53.3 .037 1.3 61.6
Grand average .. 17.9 107 161 157 185 206 249 246 297 361 354 408 12 12 7.1 542 .036 24 62.1
Average deviation 9 8 16 0.3 1.0 29 .024 1.5
Third grade—summer months—average for each purchase
June 1937.. 185 111 164 162 188 208 255 252 307 368 364 417 1.1 1.1 7.4 52.1 .037 14 612
Sept. 1937..... 183 117 167 164 192 214 257 255 302 365 361 411 12 0.8 6.1 51.7 .040 22 60.7
July 1938.... 17.5 112 161 155 185 204 250 246 298 363 356 408 1.3 1.8 7.4 52.7 .046 11 61.5
Grand average.... 18.1 113 164 160 188 209 254 251 302 365 360 412 1.2 1.2 7.0 52.2 .041 1.6 61.1
Average deviation 6 6 12 0.7 0.8 14 022 1.2

* Ttalics are data for per cent evaporated.



TABLE III
SUMMARY BY GRADES AND BY SEASONS OF GASOLINES BOUGHT AT CUT-RATE PRICES

Di1sTILLATION RANGE DEGREES FAHREN HEIT

R
DatE CosTt Ini- Resi- Loss VAI;:’IOI;‘{ OctaNe  Sur- (ljﬁyg
oF PER tial Per Cent Distilled and Per Cent Evaporated DUE Per  Pres- NUMBER FUR PER GrAVITY
PURCHASE GAL. Boil- End Prr  CENT sURE A.S.T.M. Per 100 A.P.I
CENTS ing Point CENT LBs. PER CENT McL.
Point 10 20 30 50 70 90 Sg. IN. .
Premium grade—wmter months—average for each purchase
Mar. 1937..... 184 80 134 128+ 155 176 219 214* 271 344 332* 399 1.1 2.6 11.6 66.0 .073 3.7 65.4
Jan. 1938 ... 19.5 91 129 120 149 168 207 200 265 351 333 392 12 3.2 13.8 69.1 .049 14 66.4
Mar. 1938.... 19.2 89 128 121 150 171 206 201 256 328 311 384 14 3.0 12.8 71.5 104 1.6 66.8
Grand average... 19.0 90 130 123 151 172 211 205 264 341 325 392 1.2 29 127 68.9 075 2.2 66.2
Average deviation 13 17 20 1.0 2.1 2.5 .037 1.2
Premium grade—intermediate months—average for each purchase
Apr. 1937.... 182 83 129 120 152 171 217 208 272 360 341 401 1.2 35- 118 68.0 .048 4.0 69.4
May 1937..... 20.1 90 132 126 152 172 219 213 277 349 336 395 1.0 2.5 109 63.9 133 6.5 63.9
Nov. 1937.... 19.5 94 127 122 148 168 217 208 276 356 347 402 1.3 3.0 11.8 68.5 .063 3.8 65.1
May 1938..... 204 92 138 132 160 180 220 190 266 330 320 385 14 22 11.0 71.0 .086 24 64.6
Grand average .. 19.6 90 132 125 153 173 218 205 273 349 336 396 1.2 28 11.4 67.9 .083 42 65.8
Average deviation 13 22 12 1.0 1.8 2.7 .040 2.0
Premium grade—summer months—average for each purchase
June 1937....... 19.8 103 150 143 165 183 230 224 289 363 352 406 1.1 23 9.6 66.1 .091 6.5 62.9
Sept. 1937...... 19.8 107 147 144 168 189 230 227 277 361 35¢ 405 1.1 1.5 86 66.0 106 5.6 60.0
July 1938 19.9 105 149 145 170 187 223 219 292 328 321 375 1.2 1.7 87 71.0 .090 3.7 63.9
Grand average .. 198 105 149 144 168 186 228 223 286 351 342 395 1.1 1.8 9.0 67.7 .096 5.3 62.3
Average deviation 6 14 16 0.6 1.0 3.2 .042 4.0
Regular grade—winter months—average for each purchase
Mar. 1937.... 17.1 87 122" 114 143 166 214 230 272 366 336 406 1.1 3.9 12.5 67.0 .097 3.5 66.0
Jan. 1938 ... 18.0 90 125 117 146 164 207 198 265 351 332 393 1.2 3.3 14.0 67.5 .089 0.9 68.0
Mar. 1938.. 17.5 90 125 116 146 167 217 208 271 355 334 392 1.3 3.7 13.1 67.6 124 0.9 66.0
Grand average.... 17.5 89 124 116 145 166 213 212 269 357 334 397 12 3.6 13.2 67.4 .103 1.8 66.7
Average deviation 16 26 12 1.5 2.9 2.3 .049 15
Regular grade—mtermedlate months—average for each purchase
Apr. 1937.. 17.1 88 129 122 148 166 215 208 272 358 342 407 1.2 3.0 12.3 68.3 .100 5.5 70.2
May 1937.... 18.0 91 134 126 155 173 221 213 281 361 345 401 1.1 29 11.6 66.0 .105 2.6 65.0
Nov. 1937.... 180 92 131 124 151 173 224 216 285 362 349 401 1.3 2.8 12.3 62.2 113 1.0 64.5
May 1938.. 189 944134 128 156 180 228 222 284 356 344 394 1.3 2.5 11.2 67.6 134 20 63.2
Grand average... 18.0 91 132 125 153 173 222 215 281 359 345 401 12 2.8 11.9 67.0 113 28 65.7
Average deviation 14 16 6 09 2.0 34 .051 19

* Italics are data for per cent evaporated.




TABLE II1—Continued
SUMMARY BY GRADES AND BY SEASONS OF GASOLINES BOUGHT AT CUT-RATE PRICES

DistiLLaTioN RANGE DEGREES FAHRENHEIT

Darte Cost Ini- Resi- Loss \%&?}1 OcraNe  Svur- (ﬁ?
OF PER tial Per Cent Distilled and Per Cent Evaporated DUE PER Pres- NUMBER  FUR PER GRAVITY
PURCHASE GAL. Boil- End Per  CeNT sure A.S.T.M. Per 100 A.P.I
CENTS ing Point  CENT Lgs. PER CENT Mc.
Point 10 20 30 50 70 90 Sq. IN.
Regular grade—summer months—average for each purchase -
June 1937.... 180 104 151 148+ 170 187 229 226* 283 364 356* 409 1.1 1.6 9.8 63.1 104 2.0 62.0
Sept. 1937 18.0 103 141 138 162 184 232 227 288 368 359 408 1.1 1.8 9.3 65.3 119 1.0 60.0
July 1938.... 184 101 142 136 164 186 236 230 291 362 352 401 1.2 2.2 9.7 66.4 172 6.6 62.1
Grand average... 18.1 103 145 141 165 186 232 228 287 365 356 406 1.1 19 9.6 64.9 132 3.2 61.4
Average deviation 8 9 : 7 0.3 0.8 27 .050 2.3
Third grade—winter months—average for each purchase ;
Mar. 1937.... 16.2 91 126 120 151 174 222 215 284 368 354 414 1.1 2.7 11.5 60.8 .059 4.0 66.2
Jan. 1938 . 17.0 95 129 122 152 173 219 212 276 35 341 398 1.3 2.8 12.6 60.4 .088 1.8 67.3
Mar. 1938... 153 94 129 122 150 169 209 203 255 341 323 390 14 2.8 12.3 60.8 .079 23 68.1
Grand average .. 16.2 93 128 121 151 172 217 210 272 355 339 401 1.3 2.8 12.1 60.7 075 2.7 67.2
Average deviation 16 26 20 14 2.8 6.5 .048 12
Third grade—intermediate months—average for each purchase
Apr. 1937 16.5 93 141 135 168 186 234 228 292 367 355 416 12 25+ 9.5 57.0 .076 10.2 66.7
May 1937 17.1 95 144 138 167 189 236 229 297 367 356 409 1.1 2.3 10.1 55.0 .076 2.7 64.0
Nov. 1937 17.0 101 144 141 164 187 239 234 295 364 357 404 1.3 1.4 9.7 56.9 100 0.8 63.6
May 1938 16.9 9 133 129 152 169 206 202 255 333 322 395 1.3 22 109 . 60.0 .092 24 69.1
Grand average... 16.9 96 141 136 163 183 229 223 285 358 348 406 1.2 2.1 10.1 57.2 .086 4.0 65.9
Average deviation 14 17 15 0.8 1.8 49 053 3.3
Third grade-—summer months—average for each purchase
June 1937...... 17.2 102 143 137 166 187 232 226 294 370 358 412 1.1 2.3 9.7 55.2 .068 3.6 64.4
Sept. 1937 16.9 107 148 144 167 188 236 232 295 370 362 413 12 1.7 8.1 58.9 .095 1.7 62.4
July 1938.. 16.9 101 146 139 169 188 237 230 295 358 348 398 12 2.6 10.0 60.6 166 4.6 62.9
Grand average.... 17.0 103 146 140 167 188 235 229 295 366 356 408 1.2 2.2 9.3 582 110 3.3 63.2
Average deviation 10 13 13 0.8 1.7 49 .070 3.8

* Italics are data for per cent evaporated.
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SEASONAL VARIATION
STANDARD PRICE GASOLINES

Table IV is arranged so that the seasonal variation in the three grades
of gasoline may be readily observed. In the premium and regular
grades the temperature for 10, 50, and 90 per cent evaporated and the
Reid vapor pressure vary according to the season. The 10 per cent
evaporated temperatures decrease as the season changes from summer
to intermediate to winter months in order to provide the proper starting
characteristics, while the vapor pressures decrease progressively from
winter, to intermediate, to summer months so as to guard against vapor

lock.
TABLE IV
AVERAGE SEASONAL CHANGES IN THREE GRADES OF GASOLINE
BOUGHT AT STANDARD PRICES

DisTiLLATION RANGE DEGREES FAHRENHEIT REI1D
Varor
Initial Per Cent Distilled and PreEssuRE OQCTANE
Boil- Per Cent Evaporated End Lss. NUMBER
ing Point PER A.S.T.M.
Point 10 50 90 Sq. In.

Premium grade

Winter months...... 96 134 129* 208 204* 323 314* 384 10.4 76.6

Intermediate months 102 145 141 222 219 334 328 392 8.7 75.4

Summer months...... 114 159 156 232 229 339 334 391 6.8 75.3
Regular grade

Winter months..... 94 133 128 221 215 347 335 396 11.3 69.8

Intermediate months 98 143 138 227 222 347 338 399 9.2 69.5

Summer months ... 110 156 152 240 237 351 344 399 7.6 68.7
Third grade

Winter months ... 108 158 155 252 249 363 357 408 7.5 53.0

Intermediate months 107 161 157 249 246 361 354 408 7.1 54.2

Summer months..... 113 164 160 254 251 365 360 412 7.0 522

* Ttalics are data for per cent evaporated.

The temperatures for 50 and 90 per cent evaporated are progressively
decreased as cooler weather approaches in keeping with the need of vola-
tile fuels to reduce crankcase dilution and preserve economical operation.
The average volatility data fall well within the seasonal requirements
of A.S.T.M. Type B gasoline.

The third grade fuels do not show a definite seasonal trend in vola-
tility. The data indicate compliance with the requirements of A.S.T.M.
Type C fuel. There is no seasonal change in octane number for any of
the above grades of fuel.

CUT-RATE GASOLINES

Table V is made up for cut-rate gasolines in the same manner as
Table IV. All three grades show a general seasonal trend in volatility.
In the premium grade gasolines, the temperatures for 50 per cent evapo-
rated are the same for the summer and intermediate seasons, and there is
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a difference of only two degrees in the 10 per cent points Vapor pres-
sures are definitely lower in the warmer months. The average volatili-
ties in all three grades pass A.S.T.M. specifications for Type B fuel.

TABLE V
AVERAGE SEASONAL CHANGES IN THREE GRADES OF GASOLINE
BOUGHT AT CUT-RATE PRICES

DistiLrATION RANGE DEGREES FAHRENHEIT ReIp
Vapor
Initial Per Cent Distilled and PRESSURE QCTANE
Boil- Per Cent Evaporated End Les. NuUMBER
ing Point PER  A.S.T.M.
Point 10 50 90 S¢. In.

Premium grade

Winter months...... 90 130 123* 211 205* 341 325% 392 127 68.9

Intermediate months 90 132 125 218 205 349 336 396 114 67.9

Summer months...... 105 149 144 228 223 351 342 395 9.0 67.7
Regular grade

Winter months ... 89 124 116 213 212 357 334 397 13.2 67.4

Intermediate months 91 132 125 222 215 359 345 401 11.9 67.0

Summer months ... 103 145 141 232 228 365 356 406 9.6 64.9
Third grade

Winter months..... 93 128 121 217 210 355 339 401 12.1 60.7

Intermediate months 96 141 136 229 223 358 348 406 10.1 57.2

Summer months ... 103 146 140 235 229 366 356 408 9.3 58.2

* Ttalics are data for per cent evaporated.

EFFECT OF GRADE UPON QUALITY

The items in Tables VI and VII include those commonly written into
fuel specifications and the relative qualities of fuels of various grades may
be evaluated by them.

STANDARD PRICE GASOLINES

Table VI has been compiled for standard price gasolines. The 10
per cent evaporated temperatures indicate that the starting qualities of
premium grade and regular grade fuels will be the same ; the third grade
will have poor starting characteristics in the winter and intermediate
months. The 50 and 90 per cent temperatures indicate that premium
grade is a more volatile fuel than the regular grade; the relatively small
distillation range indicates a narrow “cut” in the manufacturing process—
a conservative choice of material.

The average vapor pressure of premium grade gasoline is always less
than that of the regular grade; the distillation loss is likewise less altho
the premium grade is more volatile. These items reflect the choice of
select blending materials for premium grade fuels.

Third grade fuels have low volatility and correspondingly low vapor
pressures. No relation between grade and sulfur content is apparent.
Premium grade gasolines seem to average higher in gum content; this
may be due to a smaller demand and consequent longer storage at the




TABLE VI
THE EFFECT OF GRADE UPON THE AVERAGE QUALITIES OF GASOLINES BOUGHT AT STANDARD PRICES

DistiLLaTION RANGE Torar DistiL-
DEGREES FAHRENHEIT LATION RANGE ReIp
CosT PER IniTIAL BoiLinGg  Loss Varor OCTANE SULFUR Gum Ma.
GALLON Per Cent Evaporated Point To END PER CENT PRESSURE NuMBER Per CENT PER 100
CENTS PoiNT DEGREES Les. PER A.S.T.M. Mc.
10 50 90 FAHRENHEIT Sg. IN.
Winter months
Premium grade... 21.6 129 204 314 288 1.8 10.4 76.6 .044 29
Regular grade... 19.7 128 215 335 302 22 11.3 69.8 .054 2.3
Third grade....... 17.2 155 249 357 300 1.3 7.5 53.0 .041 1.7
Intermediate months
Premium grade 21.8 141 219 328 290 14 8.7 75.4 .041 5.3
Regular grade. 19.9 138 222 338 301 1.8 9.2 69.5 .048 2.7
Third grade 17.9 157 246 354 301 1.2 7.1 54.2 .036 2.4
Summer months
Premium grade 22.0 156 229 334 277 1.2 6.8 75.3 .049 6.5
Regular grade.. 20.1 152 237 344 289 1.6 7.6 68.7 .058 2.0
Third grade..... 18.1 160 251 360 299 12 7.0 522 041 1.6
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service station together with the extensive use of cracked products in
gasolines of high anti-knock rating.

There is a consistent difference in the octane numbers of the three
grades. The octane numbers for the premium grade averages slightly
above 75, for the regular grade between 68 and 70, and for the third grade

about 53.
CUT-RATE GASOLINES

Table VII is prepared for cut-rate gasolines. The 10 per cent evapo-
rated data indicate that the starting qualities of all three grades are about
equal. The average for third grade—intermediate months—is the only
exception. The temperatures for 50 and 90 per cent evaporated indicate
a higher volatility for premium grade than for the others. The volatili-
ties of regular grade and third grade gasolines, however, appear to be the
same. The total distillation range is the same for regular grade and third
grade fuels and is slightly greater than for premium grades. There is
little difference between the vapor pressures of the three grades; the
regular grade gasoline shows a slightly greater pressure for all seasons of
the year. The octane numbers of the premium grade and regular grade
gasolines are practically the same; the third grade anti-knock value is
definitely lower. The sulfur content of premium grade fuels is some-
what lower than for the other two grades. There appears to be no rela-
tion between the preformed gum and the grade of gasoline.

EFFECT OF PRICE UPON QUALITY

Comparisons between the averages for the standard price and cut-
rate gasolines are readily drawn from Table VIII.

All premium and regular grades of fuel pass the requirements for
A.S.T.M. Type B gasoline. The average total distillation range is always
less, Reid vapor pressure is consistently lower, and the sulfur content
smaller for the standard priced fuels. This indicates a more conservative
selection of materials. An examination of Tables II and III shows that
the average deviations for the 10 per cent and 50 per cent points are
higher for cut-rate gasolines, indicating less uniformity. The averages
of the octane numbers of premium grade cut-rate gasolines do not meet
A.S.T.M. requirements; with but one exception they average less than
the standard price regular. The average octane numbers of the regular
grade cut-rate and the standard price premium and regular grade fuels
comply with the minimum A.S.T.M. requirement.

In the third grade class the cut-rate fuels average better than the
standard price. Volatility is higher, anti-knock quality better, and dis-
tillation range slightly less. Altho the vapor pressure is high compared
with the standard price material, it meets A.S.T.M. recommendations.




TABLE VII -
THE EFFECT OF GRADE UPON THE AVERAGE QUALITIES OF GASOLINES BOUGHT AT CUT-RATE PRICES

D1sTILLATION RANGE ToraL DisTIL-
DEGrREES FAHRENHEIT LATION RANGE REID
CosT PER IniTiAL BoiLiNGg _ Loss Vapor OcTANE SULFUR Gum Ma.
GALLON Per Cent Evaporated PoinT To END PER CENT PRESSURE N UMBER Per CENT PER 100
CENTS PoiNT DEGREES Lss. PER A.S.T.M. M.
10 50 90 FAHRENHEIT Se. In.
Winter months
Premium grade 19.0 123 205 325 302 29 12.7 68.9 075 22
Regular grade. 17.5 116 212 334 308 3.6 13.2 67.4 103 1.8
Third grade 16.2 121 210 339 308 2.8 12.1 60.7 .075 27
Intermediate months
Premium grade.... 19.6 125 205 336 306 2.8 114 67.9 .083 4.2
Regular grade. 18.0 125 215 345 310 2.8 119 67.0 113 2.8
Third grade.. 16.9 136 223 348 310 2.1 10.1 572 .086 4.0
Summer months
Premium grade 19.8 144 223 342 290 1.8 9.0 67.7 .096 53
Regular grade. 18.1 141 228 356 303 19 9.6 64.9 132 3.2
Third grade 17.0 140 229 356 305 22 9.3 58.2 110 3.3




TABLE VIII
COMPARISON OF AVERAGE DATA ON GASOLINE BOUGHT AT STANDARD AND AT CUT-RATE PRICES

Di1sTILLATION RANGE DEGREES FAHRENHEIT ReID
Cost RESIDUE Loss VAPOR OCTANE Surrur Gum Ma.
PER Initial Per Cent Evaporated Per Per PrESSURE N UMBER Per PER
GALLON Boiling End Total CeNT CENT Les. PER  A.S.T.M. CENT 100 Mr.
CENTS Point 10 50 90 Point Range Sg. IN.

Premium grade—winter months

Standard prlce . 216 96 129 204 314 384 288 1.3 1.8 10.4 76.6 .044 29

Cut-rate price 19.0 90 123 205 325 392 302 1.2 29 12.7 68.9 075 2.2
Premium grade—mtermedlate months

Standard price .. . 21.8 102 141 219 328 392 290 1.3 1.4 8.7 754 .041 5.3

Cut-rate price ... 19.6 90 125 205 336 396 306 1.2 2.8 11.4 67.9 .083 42
Premium grade-summer months

Standard price.. . 22.0 114 156 229 334 391 277 1.3 1.2 6.8 75.3 .049 6.5

Cut-rate price 19.8 105 144 223 342 395 290 1.1 1.8 9.0 67.7 .096 5.3
Regular grade—wmter months

Standard price. 19. 94 128 215 335 396 302 1.3 22 11.3 69.8 .054 2.3

Cut-rate price .. 17.5 89 116 212 334 397 308 1.2 3.6 13.2 67.4 103 1.8
Regular grade—mtermedlate months

Standard price .. 199 98 138 222 338 399 301 1.3 1.8 9.2 - 69.5 .048 2.7

Cut-rate price ... . 18.0 91 125 215 345 401 310 1.2 2.8 11.9 67.0 113 2.8
Regular grade—summer months

Standard price . 20.1 110 152 237 344 399 289 1.2 1.6 7.6 68.7 .058 2.0

Cut-rate price ... 18.1 103 141 228 356 406 303 1.1 1.9 9.6 64.9 132 3.2
Third grade—winter months

Standard price. 17.2 108 155 249 357 408 300 1.2 1.3 7.5 53.0 .041 1.7

Cut-rate price... 16.2 93 121 210 339 401 308 1.3 2.8 12.1 60.7 .075 27
Third grade—mtermedlate months

Standard price . 17.9 107 157 246 354 408 301 1.2 12 7.1 54.2 036 2.4

Cut-rate price 16.9 96 136 223 348 406 310 1.2 2.1 10.1 57.2 .086 4.0
Third grade—summer ‘months

Standard price 18.1 113 160 251 360 412 299 1.2 1.2 7.0 522 .041 1.6

Cut-rate price 17.0 103 140 229 356 408 305 1.2 2.2 9.3 58.2 110 3.3
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67 OCTANE THIRD GRADE GASOLINES OF 1939

In the winter of 1938 a number of major oil companies announced

a third grade gasoline with an octane number of 67. Samples of these

gasolines were purchased in January, 1939, and were tested for octane

number and distillation range. Table IX compares the distillation range

and octane numbers of these gasolines with those purchased of the same

companies in January, 1938. :
TABLE IX

COMPARISON BETWEEN 67 OCTANE THIRD GRADE GASOLINES OF 1939 WITH
THIRD GRADE GASOLINES OF 1938

DistiLLATION RANGE DEGREES FAHRENHEIT

DATE oF OcTANE Initial Per Cent Distilled
PURCHASE NuwmsEer Boiling End
Point 10 50 90 Point
Gasoline A
Jan. 28, 1938 .. 55.2 107 163 256 362 410
Jan. 29, 1939... 67.0 100 140 238 344 416
Gasoline B
Jan. 28, 1938.. 51.0 116 165 258 365 414
Jan. 24, 1939... 66.6 96 137 250 374 419
Gasoline F
Jan. 28, 1938.. 53.5 114 156 255 345 382
Jan. 24, 1939 65.8 94 135 232 349 395
Gasoline H
Jan. 28, 1938 54 101 149 241 377 413
Jan. 24, 1939... 65.9 95 130 223 364 409

The octane numbers have been improved and altho only one of the
gasolines actually tested 67 octane number by the A.S.T.M. method, the
others are so near that it is probable they would be rated as 67 octane
number by the I.-3 method. The lower end volatility has also been
improved.

A HIGH SULFUR GASOLINE

Gasolines with good distillation characteristics and good anti-knock
qualities but with high sulfur content are sometimes sold at low prices.
A gasoline not covered in this survey was purchased in Minneapolis in
the spring of 1938. It had good characteristics except that it was cor-
rosive and had a high sulfur content. Purchasers of this gasoline would
obtain good performance and would not be able to detect the corrosive
materials without laboratory tests.

TABLE X

EXAMPLE OF HIGH SULFUR CONTENT AND CORROSIVENESS—
INTERMEDIATE SEASON

Di1sTILLATION RANGE

Cost DeGrees FAHRENHEIT
PER OCTANE SULFUR
GALLON Per Cent Distilled NUMBER PER Corro-
CeNTS AS.T.M. CENT SION
10 50 90
Regular grade.... 18.9 140 239 358 67.7 .28 Positive

Third grade...... 15.7 144 236 358 65.4 .26 Positive
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GRAPHICAL SUMMARY

In order to obtain a clearer picture of the seasonal changes in vola-
tility the average temperatures for 10 and 90 per cent distilled for each
purchase have been plotted against the dates of purchase in Plates I
and II. The highest and lowest temperatures found are also plotted
and the temperature ranges for standard price and cut-rate fuels indi-
cated by suitable section lining.

The average temperature lines for premium grade and regular grade
gasolines follow the normal monthly climatic changes quite faithfully.
The extreme temperatures lie farthest from the average for cut-rate gaso-
lines except in the 90 per cent premium grade. Here one company
selling at standard prices is responsible for 90 per cent points far below
the others. The average monthly 90 per cent point is lower for cut-rate
than for standard price fuels.

Higher distillation losses indicate higher evaporation loss in service.
Plate IIT shows that the average distillation loss is always higher for
cut-rate than for standard price material. Some very extreme values are
noted for cut-rate gasoline.

Higher vapor pressures are to be expected with large distillation
losses. Some Reid vapor pressures for individual gasolines are plotted
on Plate IV. Two of the four cut-rate companies marketed gasolines
with extremely high vapor pressures in November, 1937, and January
and March, 1938. Some of these vapor pressures indicate high losses
and dangerous fire hazards on mild days or for indoor operation.

The A.S.T.M. specification states: “The technical data available do
not afford an adequate basis for specifying maximum sulfur content. At
the present time (1937), gasolines containing up to 0.25 per cent sulfur
are marketed in the United States.” The federal specifications have set
an upper limit of 0.10 per cent.

Plate V shows that both the average and maximum sulfur content
of cut-rate fuels is higher than for standard priced products. High
sulfur content would be most apt to give trouble in cold weather. The
premium grade cut-rate fuels show a decline in sulfur in the winter of
1937-38, but no other indication of reducing the sulfur content in cold
months is apparent.
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CONCLUSIONS

Summaries must necessarily be reached by considering the averages
of the test data. They do not apply to any individual concern in either
of the price groups. Based upon the data obtained in this investigation,
the following conclusions may be drawn:

1. All gasolines are blended according to the season of the year except the
standard price third grade.

2. Premium grade gasolines have no advantages over regular so far as start-
ing quality is concerned, but the upper range distillation temperatures are lower.

3. Third grade products have poor cold-weather starting qualities in the
standard price group, but are likely to have good starting qualities when bought at
cut-rate prices.

4. The average anti-knock qualities of standard price fuels vary with the grade
in accordance with the A.S.T.M. specifications, Octane number constitutes the most
noticeable difference between premium and regular grades of fuels.

5. The average anti-knock qualities of cut-rate products are approximately the
same for premium and regular grades and are about equal to those of the regular
grade standard price material. The third grade cut-rate gasoline is superior in this
respect to the standard price product.

6. Cut-rate gasolines contain more sulfur and have a wider range of distillation
temperatures than those sold at standard prices.

7. Enough volatile material has been included in some cut-rate fuels to produce
excessive vapor pressures and a possible fire hazard.

8. In general, there is a greater change in quality with grade at standard
prices than at cut-rate prices.

9. Standard price fuels are more conservatively blended and generally meet
current specifications with a comfortable margin, while cut-rate materials may barely
meet requirements.

10. The variation between the products manufactured by the various cut-rate
companies is greater than for the standard price group.

Gasoline specifications are written for average conditions of operation
in the average motor, and fuels complying with standard specifications
are generally satisfactory in any current automobile. A fuel that does
not measure up to current standards may/be quite satisfactory under
certain special driving conditions. One fuel may be suitable for city
driving with frequent starting in cold weather ; another may serve where
long steady drives are made; still another may be satisfactory where
heavy grades and hills are not encountered. It is sometimes possible to
find a substandard fuel that appears to give as good service for the par-
ticular driving conditions imposed as the more expensive standard fuel.
For good general all-round service with the motor tuned to best opera-
tion, fuels meeting standard specifications conservatively are the safest
to use.
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Winter Season _ Reid Purchased March 1, 1937
Ini- Vapor Gum
Cost tial Resi- Pres- Sul-~ ng
per Boil- Distillation Range °F, . due Loss sure Octane fur per
Retail- Gal. ing Per Cent Distilled and Per Cent Evaporated End ° Per Per Lb per Fumber Per Corro- 100 Gravity
er Cents _Point 10 20 30 50 10 90 Point Cent Cent Sq in. A.S.T.M. Cent sion ml. _A.P.I.
. Premium Grade ' ,
A 21.1 8 120 115* 145 168 223 217* 278 3M9 339* 397 1.0 2.0 10.3 .0l3 3.2  64.0
B 21.1 9 133 131 148 165 210 207 255 323 31 g8 1.0 1.7 10.7 78.0 .038 3.0 68.0"
c 21.1 90 138 131 18u 183 222 215 283 343 32 1 1.3 2‘2 - 10. .o%h gu.o
D 21.1 8 138 162 18 23 276 30 T 376 1.2 3. 11. .068 5.0 2.5
B 21.1 9 116 122 128 1h7 I 182 2%8 %0 395 1.1 1.5 10.7 .070 2.0 g A0
g 21.1 92 138 1_% 166 194 247 302 367 f 397 1.0 2.0 11. .028 8.0f 6l.
B 21.1 92 140 ISH 166 186 232 283 3uy 39 1.0 2.0 10 78.0 .023 - 0il  63.
I 21.1 97 130 %gz 14 127 180 I77 218 28p Egs 1.0 1. 2. .000 2.0 2.3
J 18.1 g2 115 3 183 148 18 238 3ub 2 1.1 3. 1L.6F .0li5 E.o 0.
K 19.1 97 138 1 176 210 250 310 301 ago 1.1 1.8 10.k '831 .0 ©89.0
L 19.2 g 130 160 192 24 304 é T50f 2 1.1 1. 11.4 . % 4.0 22.0
M 17.3 9 152 £ 170 130 23 293 135 jgg 40 1.1 2. 10.0 66.0f .17 0.5
Regular Grade : ' '
A '19.1 8% 115 -112 140 164 217 210 265 348 337 1 1.0 2.2 11.% 69.0 .04 a;o 26.0
B 19.1 93 143 I 169 185 230 535 280 3u5 j§ 0 1.0 2.0 11.0 63.0 .03 .0 63.5
c 19.1 gg 130 ;%g 160 177 215 211 280 350 12 1.0 "2.2 10.0 Zo.o .024 65.5
D 19.1 1 I 166 182 22I ZI8 264 " 319 75 1.0 2.8 11.7 g.0 .119 6.0 62.0
g 13.1 92 1§g I22 1&2 1@2 302 %g% 257 35; K12 1.1 r.g 11.8 70.0 .8h7 3.0 68.0
19.1 g 139 1 1 291 392 0, 2. 11. 0.0 .01 .0 .
q 2(9).1 3 140 Iﬁg 164 172 2% g’_‘% ego 328 h%s 1;? 1.4 10.3 %o.o .037 811 83%
1 19.8 98 14g INSr 169 180 223 o7k 347 91 1.1 2.1 10.0 go.o .03 0.8 65.0
J 17.1 g4 105 123 12 187 %zgf 252 384 13 1.3 6.7 16.4 6.0 .078 4.0 gl.s
K 17.1 g4 120 148 176 232 283 356 $IT 39 1.0 3.2 10.7 go,o .053 2.0 55.0
L 18,1 gy 112 I 130 15 136 I 261 371 138 1L 1.1 .9 1k.gf 7.0 ..0568 .0 70.0
N M . 16:1 97 151 f 170 13& 2h2 292 353 hot 1.1 0.9 8.0 65,0f .189 1.2 59.5
Third Grade’ : :
A 17.6 101 150 145 185 212 255 252 287 328 351 420 1.0 1.4 g.o 5.5 .00 3.0 60,5
B 18.% 108 177 f 281 222 23 301 361 3 4og 1.1 1.3 .8 2,0 .01 3.0 21.0
¢ . 17. 95 133 I30 162 192 2h9g 304 378 3 427 1.1 1.7 8.8 .0 .009 1.0 63.0
D 17.6 100 1852 IH7 179 204 2u8 290 350 % 91 0.9 2.1 s.g 56.6 .063 1.0 61.5
E 18,2 11 167 16 192 212 260 311 375 3 20 1.3 0.7 6. 51,0 .029 1.0 60.5
G 16.1 10 181 I7(f 20 223 251 - 288 337 3 86 1.0 1.5 7.5 ga.o .021 61.5
J 12.1 sg 116 1 8 1 128 26; g 28 1.2 ;.s 15.0f .0 .088 .0 gg.g
X 15.1 9 138 1 156 245 238 3] b 398 1.2 2.8 .0 47,5 .02 .0 .
L 16.3 g 117 140 158 200 Igg 265 361 ﬂgg i7 1.2 2.5 1ih.of 66,0 .0 .0  68.0
W 16. 95 132 I30 160 19 o2k BUO 296 364 3[HBE L1z 1.0 1.5 7.9 .02Y4 L.0o 63.5
* Jtalics represent the per cent evaporated.
f Fail to pass A.S5.T.M. specifications
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TABLE III
Intermediate Season ~ Purchased April 2, 1937
Reid
Eni- Vanor Gum
Cost  tial Resi- Pres- Sul- ng.
Per Boil-| Distillation Range °F, , due Loss sure Octane fur Per
Retail- Gal. ing ‘Per Cent Distilled and Per Cent Evaporated End Per Per Lb.per Number Per Corro- 100 Gravity
er Cents Point 10 20 30 50 70 90 Point Cent Cent Sq in. A.S.T.M. Cent sion ml. A.P.I,
Premium Grade .
A 21.1 g4 128 120 171 222 217* 272 344 * 4o1 1.2 1.7 9.9 72.0f .037 4.0 65.5
B 21.1 95 139 160 178 212 210 253 325 31 95 1.2 1.3 8.8 .031 6.0
C 21.1 gg 110 123 187 232 ggg 28 2 18 1.5 L 8.6 7. .022 811 23.0
D 21.1 132 1 1 184 228 2 2 377 Nt 2, 10.% 1.0 .080 .0 .0
E 21.1 102 122 Ip7 14 12 18 2 1 1 1.0 1. 2, .og 3.0 g .
T 21.1 102 15 178 1 22 270 3 02 1.1 1.4 .9 72.0f .0 i1 .
G 21.1 4 150 IO§ 172 191 2&8 302 36 f 29 1.k 1.6 9.& 74.0 .033 10,0f gl.o
54 21.1 2 12 1% 168 182 23 5%; 283 337 331 0 1.2 1.8 3. 78.0 .01 0il1 {.
1 21.1 108 152 f 169 183 212 2 18 3 27 1.2 0.2 7.2 80.0 .031 4,0 .
J 18.1 83 1&h ' 182 148 18 2 60 %32 2 1.b4 g. 4. 77 .018 3'0 8.0
K 19.1 9% 1 g %g¥ 163 182 22 278 347 3 329 1.0 2.3 10.1  69.0f .Q 0 69.0
L 19.2 8 1 138 160 217 2 288 3713 % 39 1.2 5.3 13.8f .05 _g;o gz,s
oM 17.3 92 145 T35 175 193 237 Z3L 290 360 339 1.2 2.2 8.7 67.0f .080 .0 8.0
Regular Grade ol ) o "
A 19.1 . 132 127 1 1 229 . 224 280 348 4 1.1 1.9 10. 69.0 .026 2.0 .0
B 18.1 3% 1§u 152 17 18 239 %65 ?31‘ Rgh 1.4 ﬁ.g 8.8 68.0 .038 3.0 3.5
Cc 19.1 91 136 ] 162 181 228 - 282 35 g W4 1.2 1. 9.4 go.o .030 ~0i1 .5
D 13,1 39 1 127 14 1gu 220 214 266 332 32 Rgu 1.2 2.3 .6 9.0 .1hg 8.0 3'8
E 19.1 é 1 158 1656 210 206 272 1.2 1. . 70.0 .0k 2.0 6Z.
F 19,1 1 168 183 225 2I8 278 32 3 1.2 2.8 . .028 0il 7.8
G 13.1 93 146 I3£ 176 193 234 2% 295 36 3 9 1.0 2.7 9.0 70.0 . .022 12.0f ,?.
H 20.1 91 139 ISH 161 182 225 B2I 285 350 21 1.3 1.9 9.3 70.0 .031 0i1 glt.5
I 19.8 100 151 I 172 189 227 279 323 $2) 88 1.2 2.0 8.3 0.0 .03Lh 0i1 69.5
J 17.1 8 119 TIT 140 155 200 257 360 3WO0 Lo 1.4 3.1 1k.Of 2.0f .08Y4 7.0
K 17.1 9 12& 163 185 232 28h 53 WMo uo1 1.1 a.o 9.4 70.0 .056 0il 62.5
L 1%.1 80 1 © 120 140 1§o ohy g 2 ho% 1.0 .0 17.9f 73.0  .039 4.0 Z .
T'{aG é.l 93 150 171 182 248 ZHT 301 356 IHEf Lo 1.3 1.8 7.9 .220 0il 64,
110 rade .
A 17.6 100 163 ;Eg 189 208 249 246 296 358 352 k21 1.2 1.3 6.8 26.0 .033 2.0 61.0
B 18,1 100 1 1 180 206 228 253 310 379 ;g% 413 1.2 1.8 6.8 5.0 .002 1.0 67.5
c 17.6 95 1 INg 166 186 243 300 375 3 423 1.4 1.2 8.0 54.0 .02 1.0 63.5
D 17.6 98 14g IG5 181 206 27 2UH 288 3H 3WT 392 1.1 0.9 7.2 .05 5.0
E 18.2 108 172 168f 195 213 257 g;g 310 374 370 19 1.2 1.0 ?.8 50.0 .026 8.0f g%.s
F 17.6 102 156 ) 180 197 251 282 337 3% 402 0.9 1.5 .5 57.0 .023 8.0f .5
G 16.1 101 152 I 134 20 235 230 256 332 386 1.2 1,0 5.3 go.o . 008 2.0
J 16.1 g5 126 119 1 166 20 sg% 8 gg 29 1.2 2.; 12.4f  60.0 .109 10.0f 72.0
X 16.1 9 1g£ 5 1 200 2 ﬁ gll : 5 Lho2 1. %. 7-1 go.o 'oﬁg 7.0, 8.0
L 1,.2 8 12! 1,% 171 2 7 387 g 1.2 .8 1%.of 1.0 .1 11.0f ©68.0
N 17.6 100 158 IBS 186 205 2h5 292 359 e 1. 1.0 .9 57.0 029 13.0f 59.0
. "?ta ics represent e per cent evaporated
f Fail to pass A.S.T.M, specifications.
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TABLE IV

Intermediate Season . Reid Purchased May 10-13, 1937
Tni- | Vapor Gum
Cost  tial Resi- Pres- Sul- mg
per Boil- Distillation Range °F, , due Loss sure Octane fur ' per
Retail Gal. ing Per Cent Distilled and Per Cent Evaporated. End = Per Per Lb per Number Per Corro-100 Gravity
_er Cents Point 10 20 30 50 [0 90 Point Cent Cent Sg in. A.S.7.M. Cent sion ml _AP.I.
Premium Grad
reilum §S,§ W 1> 165 178 22 g%g* 275 32 * 7 1.1 oO. 8.0 65.0 .036 4.0 .0
- EEEEE R BN BEREIN A
D 22,0 10T 186 ;égf 183 199 231 2 o7h 336 359 387 1.2 1.5 723 7310 .078 3.5 62.5
T . 22,1 101 127 1 122 147 178 gjﬁ 23 1 g8 1.1 1.8 8.8 ;6.0 .063 .0 6§.0
& 5 1 16 19 300 2= 587 310 g 3. i3 11 6 L 72'8 o3 o 5.0
SN E Rt 8 % 55 B B U GO
J 20.1 gé 12 II5 116 150 201 563 41 15 9 1.0 3:3 12.4f L83 13? R 3.
Pl MMM B i 120y B N e B
M 20.1 97 149 IE 132 189 S 290 355 1 392 1.1 112 9. 2325 -163 10,0f 60.5
Regular Grade
A 20.1 100 154 149 179 202 246 241 290 3Iu6 34O 9 1.1 1.6 6.9 68.5 .ogg 1.0 60.3
B 20.1 gg 156 10 1§ 12; 237 gg% 288 21 ] ? 1.1 1. 7.§ 3.0 .0 310 1.
c 20.1 148 16 168 1 235 2 290 343 g 1.2 1. 7. %.o .o% i1 3.0
D 20.1 g 150 IO7 167 12; 22§ 271 332 g2 1.1 0. 8. g.0 .1 6.0 E'O
E 20.1 9 136 1 1?2 1 210 208 271 g o% 1.2 O. ;.o 0.0 .039 1.0 .g
co2i g MEAE s m H LN e g o g
H 21.1 8 1y ;;Z; 188 i3 5 g 1 g 103 1ZE sig 0 .0 g 0i1 310
I 20.1 1 1 ;;ggf 180 198 2 ; 2% 2 égu 1.1 ﬁ' 8. g .0 .0 0. .0
J 18.1 0 123 I 1gg 121 212 2% é £ b23 1.2 .3 12.5f  60.0 .1 3 2.§ 4.0
PoEL @ M m Tl e A 1 Ry B8 e o g
Thiud . a;?Ie 9 1u? 1037 123 122 235 E%&- 28? 55 fuI égé 1.0 %Zo 3: g.0  .077 gio 2.5
r Tade
A 18.6 101 171 167 1 215 2 2hg 2 0 Mg 1.2 1.0 6. .0 .o24 k.0 1.0
B 19.1 101 1 1&%‘ 1§§ 2 25% g%% 38% %?? 417 1.2 1.1 7.2 g?.o .02l 3.0 82.0
c 18.8 97 146 102 1 193 25 300 371 Yop 1.3 1.7 8.8 23.0 .016 1.0 63.5
POl MBI N R BB W I A 3 S
F 18:§ 126 183 I%fr 205 218 > - 3 % 1 % Toi% 02§ gli 0 .00 8:8 1.3
G 172 103 1 3 1 192 210 2 ? 2 b ﬁ&é 1.0 1. . %.0 .0 . %.0
J 1%.1 86 122 1 1 3 178 2 ) 2§8 z ? yoh 1.2 {'Z 12.§f 8.0 .124 g.o .g
K 17.1 98 1 2 180 193 23 g;% 288 353 3 385 1.2 8 9. 8.0 .02 Rt 5.
L 17.1 94 1 156 182 228 221 280 3 g 3 i 1.0 2.6 11.0 62.0 .13 3.0 62.5
N 17.1 100 158 187 204 255 252 324 3? 3 Y17 1.2 1.0 7.6 53.0 .018 0.4 61.5
* Italics represent the per cent evaporated.

f Fail to pass A.S.T.M. Specifications.




TABLE V
~ Summer Season Purchased June 21, 1937
: Reid
Tni- Vapor Gum
Cost tial Resi-~ Pres- Sul- mg
ner Boil- | Distillation Range °F, , due Loss sure Octane fur per
Retail- Gal. ing Per Cent Distilled and Per Cent Evaporated. End °~ Per Per Ib ver Number ©Per Corro- 100 Gravity
er gengs Point 10 20 30 R0 10 30 Point Cent Cent Sq. in,A.S.T.M. Cent sion ml. A.P.I,
Premium Grade : :
& ®
OB I OM MEHE I RN R W W b3 o 1) BY o &l 89
c 22.1 11 1 163F 178 188 218 2 2u6 2 8 1. 1.0 .0 7.2 .009 011 4.0
P i mn g m B N fOM R P by
T 20.1 120 167 1Bbf 18% 202 2 - 543 s BT los 1.7 O. I; E:Of Io% 8i; 129
G 22.1 11 1 192 1 188 252 282 5§ 4oz 1.1 0.3 g. .9 .0 .2 z.g
H 22.1 105 1§h :igg' 168 18h 2 ) 2 2 40 1.2 1. g.g 78.2f .021 17.7f 62.
1 22.1 116 164 1IBif 183 206 2 237 2 6 ~39% 1.0 O. . .3 .0b 1.1 61.
J 19.1 138 1 1 é 170 2%2 2 t 32 1.0 . 11.5f g0.0f .1 ? 0. .
S BB E A S A e L ey gk
neth Gﬁﬁéé 156 186 157 181 1;? 546 T 533 nos 13 I 3.3 g4t 5 ?:? 1.5
52 20.1 112 166 162f 190 208 2uU9 g%g_ 291 350 3%3 400 1.0 1.5 8.0 65.2 .046 2.1 60.0
B %8'6 111 120 156 179 196 245 3 291 go 2 39 1.2 1.8 7.g 68. .o 1.1 1.0
r C d 011 168 1bIf 1§§ 202 24s Ng §§I 0 1 1.2 1. g. g.o .0 §~ gil 1.0
D 20.1 10 1 1 187 231 . ﬁg 1.1 o.é g.o ~.; .1 .1 0.
E 20.1° 111 15% T 173 19 238 281 5% 1.3 O. .8 g. .071 2.8 ,2.5
’ g 20.1 107 162 In7 182 135 2 289 3 3 97 1.; 1.g 8.2 68.1 .045 0i1  62.
| 20.1 109 163 f 186 203 231 2 301 364 I98F Loz 1. 1. 1.5 67.3 .030 b4 61.0
1 R % %g 18r 1oe 203 Gue SeL Ipe “Og 13 %1 13 83y -8 3-3 858
g T ?g 1 1% 172 220 és% £ IfEe BE 15 121 122§f ?Igf 1118 1?5“ ;Z
| K 18.& 112 159 ] 173 152 228 27 0 1.2 1. g. . .072 3, .g
L 13. 00 151 1 168 186 228 28 6 1.1 1.2 10.6f 8.0f ogg 1‘8 1.
‘ Thiga Graég.e 108 161 I 182 2 239 292 358 39 1.1 1. g.1 Jof 1 1. 0.0
A 18.5 109 170 166 193 212 256 254 228 358 . 421 0.9 1.1 s.a g .0 .008 o.1 0.5
B g. 42 ) ) . . . . .
R EELEEFIEI IR R
> D 18. 11 168 194 210 249 291 3Wg IMp 398 1.0 0.2 g.u 53. .08 1. 1.0
| E 18.6 114 159 ;;Z 188 208 258 255 3i2 378 372 LA 1.2 1.2 6. .? .02 2-1 1.0
¥ 18. 118 167 186 208 252 gﬁ? 05 29 : 3 93 1.1 O. g.g 2.2 ,009 0. 1.0
\ G 1;.% 116 1% IPr 1gﬁ 016 olig 3 2? 3 21 1'8 0. ) 1.1  .022 o.g 2.0
H 18. 108 160 184 209 260 % g 8 1@3; 421 1. 1. 5.1 1‘8 .ogg 1. 1.0
J 17.1 gg 130 1 182 225 0 2 433 1.2 3, 1 .gf g. .12 1.% g.
K 17.1 1 147 100 169 190 22 271 3ug 3 381 1.1 2. g. '8 .020 &: .
y L 1 ‘ﬁ ?2 1 ; %gz, 1g 168 220 3 ?7 7 1.1 2.4 lé.lf 6k, .102 ;% L,
| N 17. 1 162 1b1 185 208 255 551 311 ! 425 1.0 0.3 .9 53.2 .025 7.1f 61.

tal ics represent the per cent evaporated.
f Fail to pass A.S.T.M. specifications.
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TABLE VI Purchased September 15, 1937
. Summer Season

Reid
‘ ST popor Sul izm
‘ - ' i- Pres- aal
: Cost t?;; ° gﬁ:l Loss sure Octane fur ’ per Gravit
o i Distillation Ranze °F. ? P Lb per Mumber Per Corro-100 Gravity
Per Boil- - ) d Per Cent Evaporated, ZEnd Per er I? M. Cent sion ml. A P.I,
- Gal ing Per Cent Distilled an Point Cent Cent Sq in. A.S.T.M. Cen
e emis beont 10 20 30 __50 0 90 0 - : 0% s L6 59
or 0.8 ‘ ' ' 0. 00 7 . . it s34 * *
Preﬂium Grade 120 o1k ghg gﬁG* g§§ ékg 3%% %:% 1.8 g.g ;é-é ’8 Z gﬁg' gﬁ% §§:§
A ' 209 2 4 3 1.2 1.3 . . : Teg. 3.2 60
) 22-1 11 2 u - b h. .O Iseg- A .
¢ & S S BRI R R
. 208 2Lo 2 1.7 0.8 2.1 12.0f . Tog. 2  66.0
E 22.1 13 o0k oY 282 339 388 1. 175 2 78.0 .012 Meg. g, .
F 22.1 123 18 2(% 22 318 :’8 1. 0.9 g: 7&.0 067 ;Zeg. 15.8¢ 01.0
N Ry %%%m%-éﬁﬁﬁ%g
- - 1 _— - 9 1.2 1. . . . ’&-. 3 1- A
- 1 22.1 111 1 190 1 2 0 42 0 é .bf .Oé ileg, . % 0
J .1 10 - 0 1.0 0. : 3.3 .165 leg. 15.0f 6i.
L %é.% %80 % ggg %éé Sgg %gg é% %.é %.g 8:8 %-8f .Ol3  Yeg. 3,2 0.5
L 20. 204 24g iR 29 ; ’ ) 61.0
20,1 109 < .036 Fez. 1.2 61.
Regular Grais 203 oWt 2l 286 350 34 39 1.3 17 74 ggii 1030 Teg. % &
3 21 ¥ of Sls E 9 43 ko1 -0 984 038 g, 2.8 59,
* ¢ 501 118 1 ,§§3.17§ 2% 335 2 % ; % SO IR T 3 .09 Fee. 2.7 65
D 20.1 1 174 212 262 . 1.2 : 8.3 -0 neg 5 .
z 20.1 107 1 128 14 585 288 5 I 1-3 12 28 £ io Tegl 1.0 53
F 20,1 108 1ug IHT 170 145 535 5% 58 0 e 15 2 5 s 0% wee. 0.8 0.2
g 2.1 108 14 IH 171 1 581 23 583 380 £ . £ 3.8  .Chlt Yez. 1.0 61.0
¥ 20.1  11% 157 IRo 181 525 293 350 341 =00 1.1 1. 7 oeele e Yeg. 1.0 57.5
;awgﬂ%%%wgﬁ%uﬁamﬁygfﬁﬁﬁ§%
. . 2 9 : . 2.0 -8f 6. . . 0.5
X 18.1 108 130 17 1 580 53 5o % 9 égé. 1.0 0 62.3f .19 Heg. 1.7 .
ﬁ%%ﬁﬁﬁh&ﬁ%mm%ﬁ”lwfigm o T 92 609
. . - ——— s, 1- hd bl ’.? : 2 9'5
Third Grade £ 57 2 297 358 35 b9 1.2 0.0 .023 Ye 2. p)
e af 1 218 297 . 0. -3 . : 9.
P B B RPERAEEE R G o0 B omE
* ; H . A - ) . . o hd >
»Sﬁé#%@%wgﬁgﬁlﬂ&%g%@g$@%§£
L] Pl 1 4 . Oo . * ) T : f 3'0
E 18. 11 1lo2 160 17 %%° S 233 327 9 1.1 5 0. 0 Teg. 12.0
F 18.6 120 176 I75f 19 23 0 g . o7 1.3 1.0 3 2 '03§ Yeg. o.; 0.5
.2 . . : 1.
G -3 a1 2 ipk 180 2 3 565 08 317 y22 1.3 0. 9f 60.3  .124 Neg. 1. 30
H 18. 121 167 185 1 231 383 25 1. . . 0 O34 TFeg. 0.1 62.
J 15.9 100 1'3_ 130 1 § %03 gog : 306 369 L}‘}‘E 1.% (]?'g 1§:éf gg’o 187 Teg 1,2 g%.o
P M MEREEBE R AR B T g Bl Ry
‘ X 17.k 11k 165 152 53, —Q%alﬁéé r%ﬁ?ésgnt tBa peT cent evaporated.

f TFail to pass A.S5.T.M. specifications.







Internediate Season

TABLE VII

End'}
Point

Resi-
due
Per
Cent

Reid
Vapor
Pres-
sure

Purchased November 16, 1937

Qctane

Lb per Number

Sq in. A.S.T.M.

Sul-
fur
Per
Cent

90
%*
2
o1
63 %ggf
: 1

N
=l

]
(opl@)

v
A=

A

RTET |

EBEEE

Eni- |
Cost tial
Per Boil~ Distillation Range °F.
Retail- Gal. ing Per Cent Distilled and Per Cent Evaporated.
er Cents Point 30 50 0
Premium Grade 'l_
P oAl B MBE RS AY
[ a1. 107 1 i 190 239 73 esg
D 21.8 11; 1?? 182 204 232 2gh
z 21.9 112 1kQ 52 156 194 192 242
‘ g 25.2 199 136 179 200 240
21. 02 1% 177 2 2 298
TogE 1 1p e Mmoo
J 19.1 10 1 7 >
% 19.2 1%5 1hg %éz %%5 ggI 288
¥ 182 o8 1ho 185 558 4t 5%
. - ) - 2
Regular Grad T
A 19.8 1 128 168 217 209 276
B 13 g 18& 1o 188 23% %gg 543
- 20 zZ0
C 15.9 102 1%3 175 228 282
D 13.8 101 133 188 228 202 274
b 19.9 gt 122 156 196 I 253
r 27 ¥ Ip s ol @ o
.ﬂ - — — 2
H 19.5 42 1&3 18% 226 2 e;u
;o 1f %y 10 135 58 e
L ] e 2
X 17.6 92 135 130 133 230 224 2%7
Eow L B EBYE AR
3. 10 o 2 291
Third Grade
A 17.8 111 166 1 217 2 2
B 17.8 122 167 Ig% 21% 285 52%' %gg
C 17.9 118 174 1iyer 218 269 %g; 322
D 17.8 104 174 T/Of 214 250 U8 293
E 17'8 112 152 151 185 224 §§3 275
c 1 e 1o B 5 % & 3l
- D-
D oEl R BER T AZ S
I xe] O
f 6.7 113 170 I68r 215 282 322
: 153.3 1 122 120 168 22 288 0
i 5.8 §" 1% I8 187 5 250 35%
o188 109 152 3 18 53 a2, 2L,
S
f TFail to

» per cent évapo
pass A.S,T.M, specifications.
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TABLE VIII

Winter Season B Purchased January 28, 1938
eid .
&ni- Vapor Gum
Cost tial Resi~ Pres- Sul- mg
Per Boil- Distillation Range °F, . due Loss sure Octane fur Per
Retail- -Gal. ing Per Cent Distilled and Per Cent Evaporated. End = Per ©Per ILb per Mumber Per Corro- 100 Gravity
_er Cents Point 10 20 30 50 70 90 Point Cent Cent Sq in., A.S.7.M. Cent sion ml. A.P.I,
Premium Grade
A 21, L1 128* 1 170 211 208* 266 5 329 386 1.4 1.2 11. 4.0 .037 Yeg. 1.5 &6.
B 21. gs 1&% 170 123 1;3 228 2?% 280 %ﬁg 398 1.3 1. 10. ;;.9 .og% neg. 1.2 83.8
C 21.9 100 150 INGHf 169 132 233 229 282 7346 00 2.1f 1. 9.2 76.9 .025 Teg. 0il 62.5
D 21.9 105 1% x%gf 180 196 234 229 282 37 3L0 Hoo 1.4 1. 9. 73.0f .079 Yeg. 6.1 51.0
E 21.9 100 119 1 126 132 1%0 186 267 2 3go 1. 1.1 10,4 78,0 .o?s Yeg. U.W 76.0
T 22.0 9% 132 1 148 1 g 194 2 226 229 34 1.7 1.1 12,2  78.1 .019 Neg. 0i1 gl.o
G 21.9 105 123 131 120 166 198 246 330 86 1.1 1.9 9.6 77.1 .023 Weg. 1.3 67.5
H 21.9 92 1h2 iﬂz 168 187 22 2% 353 00 1.3 1.9 11.2 75.3 .032 Teg. 0il 55.0
I 21.9 103 128 126 1ho 122 175 1 209 260 ;55 32¢  1.b 1.2 10.1 81.2 023 Yeg. 2.6 72.0
J 19.1 85 112 107 127 1 I 178 2 225 320 301 375 1.1 3.0 15.6f 66.6f .042 Ieg. 0.2 go;s
K 19.8 99 143 I 166 186 215 213 270 357 346 398 1.2 1.7 11.7 go.Sf o456 Teg. 3.8 56.0
L 19.3 8 122 1 146 168 210 I97 284 374 /5 398 1.2 5.2 16.4f 69.9f ,056 leg. 0.4 67.5
. M1 61958 9 138 I32 158 174 226 217 283 352 396 1.2 2. 11.7 69.1f 052 Yeg. 1.4 51.5
Regular Grade
A 19.9 90 120 112 141 164 216 207 272 350 32 397 1.3 3.5 12.7 gl.o 053 ¥eg. 1.7 57.0
B 19.9 97 132 ‘155 180 228 5 278 3% 2 k 398 1.3 2.0 11.7 9.9 028 Yeg. 0.5 684.0
c 19. 9 138 1 & 181 224 g%g 277 3u6 3% 02 1.2 1.8 12.0 70.0 029 Heg. 0il 6.0
: D 19, g 1540 1 183 228 275 34 86 1. 3.2 11.%  70.0 102 Teg. 0.8 83.0,
E 1 9 124 139 1 189 IB6 233 32 8 iy i 12.%  70.8 033 Yeg. 2.0 o.g
F 19. g 132 %g% 158 173 21 %%g 2 I3 5 g 1.7 2. 12. 70.4 12 Yeg. 0il1 45.
G 19. 126 ] 188 167 210 20Z 260 351 1.3 2. 13.9¢ 027 Yeg. 1.2 68,5
H 19.9 102 135 132 156 178 226 221 283 356 02 1. 1.7 11.6 69.8 025 Neg. 1.6 65.5
I 19,8 102 1 169 190 232 284 3/0 397 1.3 1.4 10.0 go.g 053 UYeg. UH.0 63.5
J 17.3 8 11k I0T 130 101 172 1 2u3 330 389 368 1.2 5.4 16.2f 6.0 023 Meg. 0.3 g2.5
K 17.8 a5 183 130 160 180 217 214 262 3855 33 398 1.2 1.8 10. 70.0 0 Weg. 2.2 65.5
L 18.3 30 1 123 183 1386 I 261 363 73 &88 1.2 4.0 17.9f go.7 075 Yeg. 0.2 Zl.S
Th'MA . aés.e 101 143 I 169 1 245 2 295 358 3 6 1.3 2.2 11.2 3.2f 203 "Pos. 0il 60.5
ir rade
A 17.9 10 163 %g% 194 220 256 2 300 362 410 1.3 1.7 8.0 5.2 .024h Teg. 1.3 50.5
B 17.9 116 165 188 214 253 308 374 419 1. 1.2 ‘§;9 51.0 027 Teg. 1.3 60.5
c 17. 1% 178 f 200 222 226 320 331 33 1g 1.4 0.0 19 50,0 .012 Yeg. {.f 9.0
D 17.8 1 % 175 %ﬁgf 20& 218 2K2 291 Wwd 1.h 0.8 7.8 52.0 .o7§ Yeg. '8 21.0
E 7.2 10 14 16k 186 232 231 L R 15 1.2 0.2 ¥ .0 .OUb Feg 1.2 83.2
F 186 113 156 183 210 555 5 > g 1.2 1. 2 232 1817 Pes. o :
G 1&.9 106 153 178 205 2 317 38 B 26 1.3 1.1 8.6 21.2 .035 NYeg. 2.0 6l1.5
J 16.8 g2 102 122 1383 181 238 327 %05 71 1. 4.0 I7:7f B3.6 .015 Yeg. 1.5 g5.o
K 16.7 103 152 I51L 172 132 223 2 281 7 02 1.3 1'8 g.h ug.7 .022 Yeg o.g 6.0
L 15.8 8{ 117 5 142 12h 2&0 %gg 27 E z21 1.2 6. 16.3f ’;.8 .1§6 Neg. 2. go.
. M 15.8 10 135 162 190 2L3 29 o 1.2 1.1 10.% 62 218 Pos. 2.9 60.
o 17.9 105 137 160 183 23; 23T 290 Z 5] 1. 1.b 9.1 029 ¥Yeg. 1.5 6L.§
Italics represen he per cent evaporated.

f TFail to pass A.S5.T.M. specifications.
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Winter Season

TABLE

Purchased March 14, 1938

e

N

—,

!

Reid
Vapor Gum
| Resi- Pres- Sul- mg
Distillation Range °F, _ due Loss sure Octane fur Per
Per Cent Distilled and Per Cent Evaporated. End Per Per Lb per Fumber Per 100 Gravity
el en 10 20 30 70 90 Point Cent Cent Sq in, A.S.7.M. Cent ml. A,P.I.
emium trade
A 121 118* 144 166 214 209* 273 337 }* 396 1. 1.7 11.3 72.7f .077 2.3 65.0
B 130 1 182 22 2 . . . . . . 1, .
g BEEEASLEE B U N E BB
P § . o o - . . . . 1.
E 11{1 112 120 1 1k2 IBT 178 252 %& %26 1.8 %.2 10.7 igg .oglst . g.h ¢c5>
: EREBEBEBELE B DN L T e b
6 . . . . .07 1. 0
H 128 1@ 150 174 229 ZI6 28 ! 1. .0 11, 6. .06 0i1 6k,
1 131 IX 126 156 182 21 361; agl 1.0 1.4 9.3 élj .013 0.9 gg.g
J 120 IIT 14k 1565 204 I 250 346 1.4 4.8 15.3f 72.5f .120 2.3 0
I Hg % %gg %% %32 1 '? %b' 32 %s %"é §‘§ 1:8e Eide “f? 9'% gg'é
M 139 134 166 188 226 223 280 342 335 38 1.4 1.9 10.0 69.5f .120 1.9 62.5
Grad
Sl rge 133 126 161 186 234 226 286 354 339 396 1.4 2.9 11.3 69.6 .081 0.9 63.0
B . 133 128 12h 176 225 %g 277 346 395 1.8 2.1 11.5 70.0 .og7 1.3 6&h.5
c . 123 TI8 146 171 227 2t 23 362 09 1. 2.3 11,1 70.0  .064 0il 65.0
D . 125 1IT 123 1;2 228 221 271 339 3%5 1.5 3.0 11.6 70.0 .égo 3.0 62.5
P8l e A mm AR o M9 B R g
¢ 19.8 118 41 159 204 268 1.4 3.2 12, .0 .068 0. .
H 188 138 162 1% 228 % 286 %5; 2 7 388 1.4 g.h 10.% ;clxo .8? 1.8 gg.g
§ 12.9 136 162 183 228 220 280 ggg.’ 394 1.4 1.2 10.2 go.o .08 1.5 3.0
16.8 122 144 156 213 200 268 2 394 1.3 s, 15.0f 69,3 .095 0il 67.5
K 16.8 143 159 177 229 292 278 351 % 386 1.2 2.8 10.6 69.8  .08% 0.8 655.5
L 18.3 108 100 128 1l7 192 IB0 26 352 3 g7 1.3 4.6 15.9f 68.0  .098 1.0 71.0
Thi:'(d Gmdés.e 128 121 152 179 234 228 291 356 1"_1'3 01 1.5 2.0 11.1 63.5f .21k 0i1 62.0
A 16. 164 1 191 216 252 2 296 357 ko7 1. 1. %.0 56.0 065 0.7 60.0
B 16.5 156 1% 185 209 255 307 ; 3 ug 1% 18 62 AN % 1.8 60.
C 16.3 130 I2% 160 18 239 297 %‘f? 3 mk 1% 1.7 8.8 gu.o .0557a 1.6 63.2
: o BEREBES R ERE A N I3 e i a
AR RS E RN BRI
] . - - L ] - - l' -—
B 12.3 149 TOZ 176 193 21 298 377 9% lu% 1.13; 2.0 g. .0 .o3 2.1 63.0
J 15.3 116 o6 13% 158 201 257 3‘:% 1 380 1.4 5.5 15.21‘ .0 ogg 2.7 70.5
K 15.3 15 jﬁ 121 200 2§5 270 %gg ) 394 1.4 1.7 9.9 gg.o .057 0.9 gﬁg
Bl R0 ER w3 W R i b b RS Bt R k8 4
© f Failto pats AB TN Dpecifltationerated-







TABLE X

Intermediate Season Reid Purchased May 3-10, 1938
Ini- : Vanor Gum
Cost tial Resi- Pres-~ Sul- mg
Per Boil- Distillation Range °F, due Loss sure Octane fur per
Retail- Gal. ing Per Cent Distilled and Per Cent Evaporated. End Per Per Lb per Number ©Per Corro- 100 Gravity
é eri gents Point 10 20 _30 50 10 90 Point Cent Cent Sq in. A.S.T.M, Cent sion ml. A.P,I,
remium Grade
A 22.2 142 138* 164 188 226 223* 273 32 333* 395 1.3 1.6 9.5 7i.1 .037 Xeg. 1.7 64,0
B 22.1 98 146 %3% 1;& 192 2;9 22 273 ;&u }82 1.2 2.2 10.0 ;g.g .031 Yeg. 0.8 gz.o
c 22,2 109 133 ] 177 197 236 28 8 40 1.8 1. 8.3 . .033 Yeg., 01l 1.5
D 22.2 102 1 ) 170 19 2&3 o7 §87 38; 1.3 1.4 9.5 T71.4 .080 Yeg. 18.3f 61.5
E 22,2 100 120 1 128 13 150 205 2 38 1.1 o.g 10.3 78.0 .080 Teg. 2.1 gg.s
F 22.1 108 140 I 161 156 210 255 316 2gh 1.5 1. 9., 72.0 .038 Teg. 0il 6.5
G 22.1 110 11 I3 1?3 165 191 225 308 15 1.2 1.4 8‘% 78.3 .oga Yeg, 1.5 53.3
H 22.2 102 145 IHF 175 196 232 288 335 78 1.9 0.8 9. 17.2 .0 Yez, 0il 63.
1 22.2 100 140 157 174+ 204 3 237 277 22 1.2 1.1 9.3 80.9 .039 Yeg. 5.0 65.5
J 18.9 73 137 161 183 22 270 338 . 0 1.; 2.9 12.4f 62.6 .131 Heg. 3.8 6 .g
X 22.2 9 142 160 173 19 227 273 3y 1, 2.2 11.6f g .0 .05 Neg, 2, go.
L 20.2 98 136 159 177 226 218 290 13b3 397 1.1 2.4 1.1 8.0 .077 VYeg. 1.1 3.0
2 M 20,2 99 136 161 185 231 227 278 347 398 1.3 1.3 9.0 68.6 .070 Feg. 3.0 62.0
€, ar :
gﬁ? 20.2 99 138 1%&% “167 24 238 235 285 346 341 398 1.2 1.k 9.2 69.8 .048 Weg. 2.5 62.0
B 20.1 102 132 169 191 236 237 282 343 395 1.3 1.8 9. go.o .45 feg. 0.6 61.5
c 20.2 103 1ho %gg 167 190 239 ggo 357 03 1.5 1.2 8.1 9.5 .027 leg. 0il 62.5
D 20.2 97 130 154 179 223 2 9 334 b1 382 1.3 2.5 10.2 68.0 .123 Yeg. 0.7 82.5
E 20.2 104 137 155 1 Z 210 265 350 imn 391 1.1 2.3 g.4 70.9 .068 TNeg. 2,0 6.5
F 20.1 97 151 1 175 196 228 28 331 4%% 38% 1.9 1.3 9.9 T1.3 .ogo Yeg. 0il 64.0
G 20.1 101 150 174 193 231 280 3h9 3 9 1.2 1.8 9.2 go.o 041 Yegz. O.L 23.5
H 20.2 103 1h9 177 198 239 29 358 102 1.3 1.0 9.1 9.7 .041 Teg. 2.5 2.0
1 20.1 102 165 IBIf 190 205 237 281 337 532 }sh 1. 1.k 8.2 ZO'O .059 Yeg., 0.7 62.0
) ° . . o« Va4 . . A*ego - 0hH,.:
J 18.2 8 122 TIZ 105 167 213 268 3b1 : oo 1.2 2 13.6f 69.2 156 T 5.0 65.5
K 20,2 100 152 IB6 178 200 238 290 32 3 387 1.6 1. 9.Z 59.4 .076 Pos. 0.5 63.0
L 18.7 90 122 TIB 12 167 223 288 360 3T 91 1.3 2.4 11.6f 68.0 .085 TNeg. 0.5 6L.,0
Thiu& o 13.& 101 138 I3E 161 185 237 283 3% L2 oo 1.1 1.5 10.0 63.7f .219 Yeg. 0il 60.5
r Tra
A 17.9 105 162 ;gg 197 222 253 292 350 33% o 1.3 1.8 g.u 55.0 .042 Teg, 2.0 60.5
B 17.9 108 1hg I 177 205 2 30 565 W15 1.2 1. . 52.0 .039 Yeg. 1. 1.5
c 1;. 108 144 I 110 195 2 305 3p] P u1g 1.%  o. 5. g;.u .025 Tez. 2. 2.
D 17. 108 1 1 8 2 ol 38 3 39 1.% 1. 1. 2.9 .101 Yeg. 1. 0.
E 1&. 108 15 27 186 207 2 308 37 %16 1. 1.6 é;s 55.3 .033 leg. 0.3 61.
F 16.9 120 163 161 185 206 2 U2 281 327 72 1.2 0.9 .2 52,0 .02L Yeg. 1. 62.5
G 16.9 10 168 1 19ﬁ 21k 2hg ggg 306 37 110 1.3 1.7 8.3 52.0 .025 Neg. 0.5 62.0
H 17.9 106 160 124 201 2u8 26 306 371 3 411 1.2 1.0 7. 3.1 .010 Teg. 0.8 62.0
J 16.9 94 123 160 182 215 208 26 b 7 W 1.2 3.0 11.9f 39.3 .054  Neg. 3.1 gs.o
PRI G BN BRBERE B 13 2kge 88 R
. 1 = . . . - - . Neg . .
"M 12.8 3% 1&0 I37 163 18 237 298 §38 §5u .% 2.5 9.; éu.o .211 Yeg. 2.4 go.S

*” Italics represent e per cent evaporated,
f PFail to pass A.S5.T.M. specifications.
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TABLE XI Reid Purchased July 5, 1938
G
S . - " Vapor mum
Summer Season i Resi- Pres- Sul- per
' tni; ! due  Loss sure SCt::§ 52: Corro- 100 Gravity
Cost ial ¢ istillation Range °F. = Per Lb per Fum , . AP.I,
P:r Boi1- QP Cent Digzziiiéaannger Cent Evaporg;ed. ;2§nt g:;t G::t Sg in. A.S.T.M, Cent sion 219 o
Retail- Gal. ing  Per Cent 20 30 50 10 2 7.2 75.0 .052 Yeg. 2. 60.0
er _ Cents Point 10 g 239 236% 279 340 * 392 %.é %:2 ;'ﬁ 7.5 .8%§ %:g. g:l gg'o
ProgTam Grade o 132 150% 178 138 239 gje 287 %%g 3 33 1f i'é 1k ;g.g 07 heE §.§f 27‘8
B 2.2 12 15 171 188 228 225 27 < éoo 13 80 4 .5 .083 Tee. 2at gl
c 222 16 1f9 176 193 233 o e 3L 13 Sk 8 63 lom ree. 8aed
D 22.2 113 1§7 Tohr 18 23 2 6 3Wo 4 370 1.& 2- : 77.6  .034 Neg. 6.1 £3°9
T 222 127 16 178 102 235 2D 26 3 > 38 30 1.8 20 1.5 0 ol mes: oB.gr 63,
P S %ég 152 176 209 208 2k 339 S Boe P 19 8.3 §.0  .060 lea. 21 g3
3 2 109 1o TE% 1o 148 o291 ¢ 2 3 g 97 % It 188, .1£§ fee. 2% 302
H 22.2 109 1)7 i 1 220 m 2L g 1. l' lo:of 8,0 .O ATeg. » f3.5
}%é%@ﬁﬁmﬁﬁﬁﬁ—%kﬂfﬁﬁg%ﬁﬁ&ﬁ
T 202 106 1 166 193 238 238 287 3uo 86 1.5 1.0 7. ' Neg. 2.2 59.0
y 20,2 107 158 bg 340 394 1.2 2.2 '3 0.0  .038 Pos. 5 2
Reqgiar orals 1% 1% 18 % % 2 IS IO RSO T B 0 502
B 0.2 110 16 176 198 2 2 6 PL 30 11 12 1. 0.0 062 Tee. 3.6 63.3
ggémmmg@%-%ﬁﬁgﬁwéﬁgggﬁ%%g
® ‘4 1 Ao » “2 0 * ".8 ; ; . . '!"' ) 1. 2.
® 20.2 119 1]4 177 200 248 29 o £ 1 1.2 8- 3 9. .061 Teg. ﬁ} §9'5
F 202 105 1k 151 200 250 23] 307 3B 21 13 ¥ L2 RBe 883 e ‘{r g
| ¢ 2.2 100 1 155 186 223 ¢ 2 1% 30 wohe 69 333 RS BT 2518
i H 20.2 112 1 Y 1 192 222 2,, ~o f 306 1. 2.9 . 5'0 .O?_ leg. . 5"
;oI a0 ik Mok E o B Dok o 1L o g EE EE 4 52
X 18.2 109 138 %%é 152 182 243 ggo 23 07 1.2 2.1 9. e N ox 0.5 51.0
. 187 1p2 e 155 558 2 2 %0 .00 Jee. 92 A9
i Rl a8 1 : ue 21 3 ot Wf 18 R Ig B0 062 Pes. 51 810
Thijd Grafe v 110 15% 158 %gg AT ggg 352 3;1 29 ﬁ}’ 1:; 0:§ §°“ §§°§ :103 TYes. g‘é 83'8
B 17.9 11 1 ah 198 2 < Er ] 1 92 1.2 l’é . 2. -O?} 1eg. 0. 3.5
C 17. 11 193 0 191 212 253 % 22 ; =5 11 1.2 1. é ?3.5 015 Teg. 1.8 65
D 17.9 112 1 177 201 251 39 5 %7 372 1.2 0.7 a3 2.5 .03 Neg. 6.5 gl_g
B 15-% 1t 1 %gg 1%2 202 230 SEZ 72 35 16 1. 2.7 7 §1. 029 eg. 9.5f 63.5
¢ Ieis 107 Mg IF i xo om FE o i e 13 27 ald g me 83 g
G 16'§ I ¢ 18 507 5 50 3 303 B0 1.3 2.7 g1 1.0 .02% Yee. 231t 280
J 16. 9¢ 141 ﬁ s 2O 263 . 301 1.2 3.8 . : 256 Neg. 2.9 .
sl M B U BB R B i iabk £
g . 16:9 100 lgg IEQ i6§ta;izs represent the per cent evaporated.

f Failure to pass A.S.T.M. specifications.




