
HISTORICAL NOTE

Rocket Propellants
Various types of propellants are used to

launch rockets and missiles as well as drive
projectiles from guns. A "propellant" is
any solid, liquid, or gas fuel used to impart
motion to another object. Propellants re-
lease energy in a system, with controlled
thrust; many of these same energetic mate-
rials are also used as explosives. Solid or
liquid propellants undergo a rapid chemi-
cal reaction that produces gaseous prod-
ucts that propel another object. For
centuries, this principle has been used to
shoot projectiles great distances.

With the invention of black powder, or
gunpowder, in about the 11th century, the
Chinese were the first to use rockets, pri-
marily for pyrotechnic displays. By the
year 1232, the Chinese had developed an
arrow with a tube of gunpowder that could
shoot fire across to an enemy army. The
secret of gunpowder spread to the Arabs
and Mongols, and within decades they too
were using gunpowder-filled rockets in
battle. In England in the middle of the 13th
century, the monk Roger Bacon published
the correct formula for gunpowder: a mix-
ture of charcoal, sulfur, and potassium ni-
trate (saltpeter). This led, only a few
decades later, to the development of the
first firearms.

While black powder remained the pri-
mary rocket propellant, some early rockets
made use of tar, pitch, sulfur, turpentine,
naphtha, petroleum, and charcoal as pro-
pellants, usually with salt or saltpeter
added to make the flame burn hotter. Early
in the 19th century, Sir William Congreve
encouraged extensive use of rockets in the
British army. His new designs used a solid
charge of black powder to increase the
range from 600 feet (180 meters) to 9,000
feet (2,700 meters). Congreve's rockets
were first used in the Napoleonic Wars
against the cities of Boulogne (1805 and
1806), Danzig (1806), and Copenhagen
(1807). In the mid-1800s, nitrocellulose, ni-
troglycerine, and dynamite were also used
in rockets for warfare.

Partly spurred on by the fictional specu-
lations of the French writer Jules Verne,
theorists began to consider using rockets to
journey into space. In a cell, awaiting exe-
cution for his part in the assassination of
Tsar Alexander II in 1881, the Russian dis-
sident Nikolai Ivanovitch Kibalchich drew
up plans for a man-carrying rocket plat-
form fed by gunpowder cartridges. After
he was executed, guards filed his sketches
in police archives, where they lay forgotten
for many years. Independently, Konstan-
tin Tsiolkovsky, a schoolteacher in Russia,

in 1903 proposed using reaction-pro-
pulsion power for travel beyond the Earth's
atmosphere and suggested using a liquid
propellant for his rockets: a mixture of oxy-
gen and hydrogen.

In 1919, Robert Hutchings Goddard, a
physics professor in the United States,
published A Method of Reaching Extreme Al-
titudes, which established many of the
major principles of modern rocketry. God-
dard worked with solid propellants for sev-
eral years, developing a double-base
powder of 40% nitroglycerine and 60% ni-
trocellulose, before switching his attention
to liquid propellants in 1923. In Massachu-
setts, on March 16, 1926, Goddard
launched the first liquid oxygen and gaso-
line rocket, which reached a height of 184
feet (56 meters) and a speed of 64 miles (103
km) per hour. Although his experiment
was a success, the pyrotechnics alarmed
the locals, and Goddard was banned from
conducting further rocket flights in the
area. His work, however, attracted the at-
tention of Col. Charles A. Lindbergh and
the Guggenheim foundation; they funded
his further work and persuaded him to
move his tests to Roswell, New Mexico.

During World War II, the United States,
Britain, the Soviet Union, and Japan devel-
oped many new designs of solid-
propellant military rockets. In Germany,
however, a team of rocket scientists includ-
ing Walter Dornberger and Wernher von
Braun worked on both liquid- and solid-
propellant rocket vehicles. Liquid propel-
lants generally provide a higher specific
impulse, and they are also more versatile
in rocket applications since throttling is
possible and liquid-propellant engines can
be checked and calibrated precisely before
launch; it is also possible to restart liquid-
fueled rocket engines. Unfortunately,
liquid-propellant systems are more com-
plex, less reliable, and less rugged than
solid-propellant systems.

Some small German rockets were pro-
pelled with nitric acid and a hydrocarbon
mixture; the V-2 (also called A-4) rockets
were propelled with a mixture of liquid ox-
ygen and 75% ethyl alcohol. The V-2 devel-
opment began in the late 1930s in the
isolated test installation of Peenemiinde in
northern Germany, and the first launch
took place in 1942. After two fiery failures,
the third test launch sent a rocket to a
height of 53 miles (85 km) and a distance of
118 miles (190 km). The first V-2 rocket was
launched against London near the end of
the war, on September 7,1944; the V-2's lift-
off thrust reached 56,000 pounds. After the

war, many of the German rocket scientists
were incorporated into the U.S. and Soviet
rocket programs. Their work made possi-
ble the use of rockets for actual space flight.

In a rocket engine, the combustion of the
propellants produces hot gases that are ex-
hausted through a nozzle in the rear, pro-
viding thrust. Combustion requires both
fuel and an oxidizer; in jet engines, for ex-
ample, the fuel is carried along with the
craft, while the oxidizer—air—is obtained
by the engine in flight. A rocket in space,
however, must carry its own oxidizer, since
it flies through a vacuum. Bringing the oxi-
dizer along as part of the rocket propellant,
the rocket is able to perform better in the
vacuum without atmospheric drag on the
craft and without air to dampen the ex-
haust gases and prevent them from reach-
ing their maximum velocity.

The rockets in the U.S. Apollo program
from the 1960s to 1970s used a fuel of spe-
cialized kerosine (RP-1) and an oxidizer of
liquid oxygen (giving a specific impulse of
293 s). This combination was readily availa-
ble and economical, providing fairly high
performance. In the Apollo craft, the five
first-stage engines burned for 2.5
minutes—consuming 560,000 gallons
(2,120,000 liters) of fuel to accelerate the
rocket to 6,000 miles (9,600 km) per hour
and to a height of 41 miles (66 km). The
second stage used a fuel of liquid hydrogen
and liquid oxygen as an oxidizer (with a
higher specific impulse of 387 s).

The U.S. Space Shuttle also uses the
high-specific-impulse liquid hydrogen and
liquid oxygen for its main engines, assisted
by two solid-propellant rocket boosters.
Other rocket vehicles use these and other
propellants, including hydrazine (N2H4)
with a specific impulse of "̂ 287 s, mono-
methyl hydrazine (specific impulse of 283
s), dimethyl hydrazine (specific impulse of
282 s), or solid synthetic rubbers known as
Thiokols (specific impulse ranging from
170 to 210 s), mixed with various oxidizers
such as chlorine trifluoride, nitrogen te-
troxide, and red fuming nitric acid.

Alternative concepts in rocket propel-
lants have been considered over the past
several decades, some of which continue
to show great promise. These include the
nuclear fission rocket (studied extensively
in the 1960s, and recently the subject of re-
newed interest), the plasma rocket, mag-
netohydrodynamic drives, ion drives, and
photon (or laser) drives. As we continue to
probe deeper into space, different types of
rocket propellants and rocket designs will
be needed to satisfy our diverse require-
ments, from large, heavy, cargo-lifting ve-
hicles to delicate attitude-control rockets.
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set or by volumes.
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