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Abstract

ydrazine products are widely used as chemical building blocks
oxygen scavengers, chemical explosive intermediates,
mnonopropellants and bipropellants. Although these forms of
hydrazine have had a long history of safe and successful use,
hydrazine has recently received much attention due to its toxic

properties.

The latest toxicological information on hydrazine and the
regulations governing its use are reviewed. Hydrazine's nature,
what to do about personnel exposure, how it can bae absorbed into
the body ana what effects exposure may create are all discussed.
Discussion will focus on how employee exposura to hydrazine can
be minimized by simple and effective engineering controls,
supplemented by mandatory usae of protective equipment and proper
handling procedures. Training of employees to recognize the
hazards involved and safe procedures to be used is the most
important element in minimizing the hazard potential with any

chemical.
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Hydrazine's original use was as a rocket fuel in the ME-163
German fighter plane during World War II. Today, hydrazine
propellants include anhydrous hydrazine (AH), monomethyl
hydrazine (MMH) and unsymmetrical dimethyl hydrazine (UDMH) and
the 70% aqueous hydrazine (H-70) product. Hydrazine fuels have
been historically used as bipropellants with nitrogen tetroxide
and as a monopropellant. Hydrazine's use as a monopropellant, is
by its decomposition over a suitable catalyst to produce gaseous
products to provide attitude and in orbit control for satelites
and spacecraft. Hydrazine is also produced and sold as aqueous
solutions (6/ 54.4 and 35 weight percent solutions) for
application as a corrosion inhibitor/oxygen scavengar; and as a
chemical building block for agricultural products, chemical
foaming agents and explosive intermediates along with many other
uses. A number of hydrazine derivatives including the simple
perchlorate, nitrate and azide salts are explosives. Hydrazine
derived aminogquanidine derivatives, including S-aminotetrazole,
guanylazide, and tetracene are explosives with tetracene used as

an ammunition primer compeonent.

Hydrazine is an important incustrial chemical whose historical,
present and projected uses are based to a large extant upon its
high degree of reactivity. This same property, however, has in
the past given hydrazine the reputation of being an unstable and

hazardous chenical.
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Misapprehension concerning the nature of hazards inveolved in
handling hydrazina started before the compound was isolated, and
has continued for years. Curtius (1), who first prepared
hydrazine in soclution, expressed the conjecture that "the free
tase is so unstable that it can not exist in the free state."
The prediction of Curtius was later proved erroneous by Labry de
Bruyn (2), who isolated the anhydrous free base, and reported
that "it is a very stable compound, and in contrast to hydrogen
peroxide, not explosive. It can be heated above 300°¢ without
being decomposed." Despite this observation, and in spite of
other experimental evidence to the contrary, the idea of inherent
instability has continued to persist. Although hydrazine
products have a long history of safe and successful use,
hydrazine has received much attention recently due to its toxic
properties. The American Conference of Governmerital Industrial
Hygienists (ACGIH) and the Internation». Agency for Research on
Cancer have listed hydrazine as a suspe. ¢ carcinogen. Hydrazine
products are indeed hazardous commodities, but so are a great
many of the chemicals , industry routinely handles. 1If people
are aware of the properties of hydrazine so they can separate
facts from misunderstandings and beccme knowledgeable in the best

way to handle hydrazine, then it's safe use can be assured.

An attempt is made here to summarize some of the available
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information pertinent to hydrazine safe handling. For this
purpose information dealing with anhydrous hydrazine and the
aqueous solution pfoducts will enly be covered. More detailed

information is covered in a number of excellent references (3-7).

Physical, Anhydrous hydrazine (N2H4) is a highly polar,
hygroscopic liquid that will absord CO, or oxygen from the
atmosphere. It melts at 2.0% and boils at 113.5%

(760 mm Hg). Since its density as a solid (1.146/-5%¢) is
higher than as a liquid (1.024/2°C), there is no danger of

rupturing containers under freezing conditions.

Vapor pressures for anhydrous hydrazine are represented by
the following empirical equation:

log, ,P(mm Hg) =7.80687 -1680.745/(t + 227.74)
Above the atmospheric boiling point, data is less reliable due to
thermal decomposition. Hydrazine and water form an azeotropic
mixture which boils at 120.3°% (760 mm Hg) containing 58.5 mole %
N H,. Freezing point (Table I) data on the N, H,.H,0 system show
the compound N284.Hzo to be a stable solid phase melting at
-51.7°¢. Eutectics exist at 29.5 mole % (-88°C m.p.) and at 56

pole t (-53.5°¢C m.p.).

Chemical, From a strictly chemical standpoint, hydrazine is
classified as a very strong reducing agent, and a mildly alkaline
basa. It reacts readily and exothermically with most oxidizing

agents, and mineral acids with the speed of reaction depending
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upon concentration, temperature, and catalytic conditions.

Examples of oxidizing agents include not only the electronegative
elements and highly oxidized compounds, but also lower oxides of
some metals and even certain metal ions. Hydrazine may be liguid
or vapor, concentrated or dilute, free or in combined from.

Principal products are usually N2 and H.0, but in some cases

2

substantial amounts of NH, are produced. Typical reactions

3
include reduction of salts of oxides of copper, iron, silver,
mercury and many other similar metals. Reaction Mooa, Fe2 30
Mnoz, HgO, Cuo, Pboz, Cr03, AgNO3 and Cu (N03)2 may be

particularly violent with anhydrous hydrazine, although less so

with the aqueous hydrazine solutions (ie) 35% hydrazine.

As with many chemicals certain precautions must be observed when
handling hydrazine propellants and products. Acids such as
hydrochleric, sulfuric, and nitric, and oxidizers like
hypochlorites, hydrogen peroxide, permanganates, chromates etc.
should be a-oided in areas where hydrazine is handled or stored.
Again, it is important to recognize that the intensity of the
reactions of hydrazine with oxidizers or acids is dependent upon
the concentration of the reactants., The lower the hydrazine

concentration, the milder the reaction.

Flammability, Ligquid anhydrous hydrazine is very stable and

non-explosive. In the absence of decomposition catalysts, it has
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been heated above 500°F with very little decomposition.
Hydrazine vapors, however do present a hazard. Mixtures of
hydrazine vapor in air are flammable between the limits of 4.7%
and 100% hydrazine by volume. The flammability of hydrazine
vapor is decreased by the use of any of several diluents.
Nitrogen is generally recommended due to ready availability and
cost. The lower explosive limit of a hydrazine-nitrogen-air
mixture is a straight line function between 4.7% for air and 38%

for nitrogen at 228° to 234°F.

In contrast to most other chemicals, hydrazine nas no upper limit
to the range of explosive concentrat;ons. Combustion of cold
liquid hydrazine is difficult to initiate. 1Ignition occurs only
when the temperature has been raised above roughly 126°F, the
fire and flash points for hydrazine. When burning freely in air,
hydrazine behaves much like gasoline. However, at elevated

temperatures it burns fiercely.

Water solutions of hydrazine at any concentration below 40%
cannot be ignited. A 50% solution will burn only near its
boiling point, with increasing concentration the burning
temperature decreases to about 126°F for the anhydrous product
(see Pigqure 1 and Table I). Water is the best means of combating
firea, as it has the combined effact of cooling and diluting the
hydrazine kelow its combustible limit.
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Stability. Anhydrous hydrazine and aqueous hydrazine solutions
under normal conditions are stable and insensitive to shock and
friction. It presents no explosive hazard and storage tests over
extended periods have shown negligible decompositions of the
products. Decomposition of hydrazine is caused by elevated
temperatures and the presence of catalytic surfaces or ion

impurities.

At increased temperatures, hydrazine will slowly decompose to
yield nitrogen and ammonia. Studies at temperatures up to 500°F
have shown that most of the decomposition takes place in the
vapor phase, and that the rate of decomposition is a direct
function of temperature. No rapid decomposition has been

observed, even at 500°F, in the absence of catalytic agents.

Certain metallic ions and metallic oxide surfaces exhibit a
marked catalytic effect upon the decomposition of hydrazine.
Laboratory studies have shown that chromic, ferric and cupric
ions catalyze decomposition of hydrazine at reflux conditions
under a nitrogen blanket. At ambient conditions there is no
noticeable effect from dissclved ions. A surface area catalytic
effect occurs when molybdenum, iron, Raney nickel, rust, copper
oxide or cobalt in finely divided form come into contact with
hydrazine. A film of hydrazine on iron rust will burst into

flames if ventilation is inadequate to keep it cool.
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Ignition has also been observed with asbestos, expanded

vermiculite, sawdust, rags, paper and some metal powders when éﬁ
moistened with hydraiine and exposed to the atmésphere at room

temperature. The phenomenon is similar to the spontaneous

ignition of drying oils, starting with slow oxidation under

conditions that prevent the dissipation of the heat as fast as it

is liberated, and preceding faster as the temperature rises until

the ignition temperature is reached. The effect of the porous

solid may be either catalytic or simply that of a barrier to

dissipation of heat.

Health Hazards

Although anhydrous hydrazine and aqueous hydrazine solutions have
a long history of safe and successful use, hydrazine received q
much attention recently due to its tcxic properties. The

American Conference of Governmental Industrial Hygienists (ACGIH)

and the International Agency for Research on Cancer have listed

hydrazine as a suspect carcinogen. Hydrazine solutions are

indeed hazardous commodities, but so are a great many of the

chemicals industry routinely handles.

Questions of occupational safety and health are never solely a
matter of the toxicity of a chemical. They should be a matter of
selec;ing and adopting the proper handling methods. Use of
mandatory protective equipment is prudent and appropriate in view

of the toxic and physical/chemical properties of the
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chemical. No chemical is completely safe unless it is properly
handled and, it is well known that comparatively hazardous
chemicals can be handled safely. Training of employees about the
hazards involved and safe procedures to be used is the most

important element in minimizing the hazard potential.

Hazardous exposure of personnel to hydrazine should only occur
through accidents, since the precautions established for proper
handling and storage would protect workers under rormal
non-accidental conditions. The two types of exposure are:

1) acute, short-term, high-dosage exposure resulting from a
massive spill, truck accident or tank rupture and 2) chronic,
long-term, low-dosage exposure. Hydrazine if directly contacted
can cause burns to the skin, eyes and is highly irritating to thi
mucous membranes. The products Material Safety Data Sheet and
label as required by the OSHA Hazard Communications standard
should be consulted for the most up-to-datz and complete

information on health hazards.

Even though hydrazine can be absorbed into the body in toxic
amounts by either acute or chronic exposure, employee exposure ti
hydrazine can be minimized by simple and effective engineering
controls, supplemented by mandatory use of protective equipment
and proper handling procedures. What can be done to prevent

exposure to hydrazine? Most obviously don't drink it! Wearing
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of protective clothing is most important to prevent skin contact,
Table II illustrates preferred clothing items. It should be
noted that leather shoes are unsuitable since leather is rot
resistant to hydrazine thereby presenting an exposure concern.
Hydrazine cannot be removed from leathar thus contaminated shoes
would have to be discarded. For different activities, less
equipment is needed since exposure may be different when working
in a storage area as opposed to the processing area. Finally, it
is extremely important that the workplace be well ventilated to
be certain ambient hydrazine concentratiorns in air will be at or
below acceptable levels. If adequate ventilation cannot be
provided, then fufther means must be adopted to provide
protection against inhalation, such as using a closed handling

systenm.

Exposure Limits

Currently there are several hydrazine exposure limits in use, of
which the OSHA limit of 1 pom is a required standard. Others
such as the NIOSH (National Institute for Occupational Safety and
Health) or ACGIH (American Conference of Governmental Industrialv
Hygienists), are only guidelines. The OSHA Standard was
deveioped from ACGIK 1968 values. Table III illustrates these
exposure limits. The ACGIH recommendation of 0.1 ppm is for
1985-1986 and i1s based on toxicology information gathered since

the establishment of the OSHA standard.
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The latest toxicological information on hydrazinc is contained in
the recently issued Air Force Aerospace Research Laboratory
Report on the "Chronic Inhalation Toxicicy of Widrazine:

8 This study examined the «x .rure by the

Oncogenic Effects".
inhalation route and used hydrazine, the free * i 2, rather than
the sulfate salt of hydrazine as shown in Takl . IV.8 These
inhalation studies were performed in several species =~ rats,
mice, hamsters and dogs ~ to assess the cancer producing
potential of hydrazine. The inhalation exposures were conaucted
on a six hour/day, five days/week schedule (to simulate an
industrial type of exposure) for a cne year period followed by
an observation pericd. Results of the studies indicated that
hydrazine was a weak tumorigen capable of causing respiratory
tumors, primarily benign (non-malignant), at the OSHA Permissible

Exposure Limit (PEL) of 1 ppm.

Based on these results, the Air Force study concluded that the
OSHA Fermissible Ixposure Limit expressed as an 8 hour
time-weighted average exposure of 1.0 ppm hydrazine is
unsatisfactory, while the American Conference of Governmental

Industrial Hygilenists (AC3IH) recommended Threshold Limit Value

(TLV) of 0.1 ppm appears to be a low-risk exposure level.

Given the results of the USAF study and the ACGIH recommendation,

it would appear that keeping levels of hydrazine at or below the
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ACGIH recommendation of 0.1 ppm for an 8 hour day time-weighted
average over a 40 hour week would provide an adequate margin of

safety for the tumorigenic potential of hydrazine.

Detection of a hydrazine odor (similar to that of ammonia)
indicates a vapor concentration of 3-5 ppm which is well in
excess of the allowable exposure limits.9 When ventilation or a
closed handling system is not feasible or when disposing of
significant spills, inhalation hazards should be controlled by
protecting personnel with a self-contained breathing apparatus.

Cartridge respirators are not suitable for hydrazine.

Routine air monitoring should be an integral part of any
hydrazine user's employee protection program. Sensory detection

of hydrazine odors at 3-5 ppm is not adequate.9 There are a

number of commercially available air monitoring instruments and
detection devices listed in Table IV. This information is not
necessarily all inclusive and is nct meant to be a recommendation
for certain commercial products but an attempt to aid hydrazine
users to develop necessary personnel protection programs. In
addition, there are NIOSH and Air Force approved methods for
determination of hydrazine compounds in air. These procedures
are based on a measured volume of air being dirawn through a tube
containing an acid impregnated treated packing material to
chemically react with the hydrazine. The sorbent is treated to
descrb the hydrazine, and the concentration of hydrazine

determined colorimetrically with p-dimethylaminobenzaldehyde or
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gas chromatography.

Use of proper protective equipment will prevent personnel contact
by any of the three routes of contact; dermal, oral or
inhalation. 1In addition to having proper protective clothing,
proper care and observance of safety and cleanliness shculd be
observed by all workers. An important way to minimize exposure
to hydrazine is by using a closed handling system, whether in a
batch or continuous unloading arrangement. Nitrogen padding or
blanketilg should be maintained to prevent air oxidation of the
hydrazine, and to raise the lower explosive limit to 38% for

nitrogen-hydrazine mixtures.

an cid

From time to time, accidents not involving personnel exposure may
happen such as spills or fires where hydrazine may be nearby and
emergency action is clearly necessary. All spills should be
immediately washed down with large volumes of water to prevent
exposure and then neutralized prior to discharge. Water in large
quantities is the recommended method for fighting fires involving
hydrazine. A coarse spray is most effective, since it gives an
immediate surface dilution effect. In addition to extinguishing
the fire, a coarse water apray will coocl adjacent drums and at
thz same time dilute the exposed solution to a less hazardous
concentration, in terms of a inhalation er fire hazard. 1If

clothing is involved, douse with water followed by immediate
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removal of any contaminated clothing.

Waste hydrazine from spills or process effluent presents a
problem of neutralization prior to discharge. Dilute aqueous
hydrazine solutions will react with the dissolved oxygen in
water and will eventually consume all of the hydrazine, producing
only nitrogen and water. Use of a dilute oxidizer solution will
speed up the neutralization reaction. An aqueous solution (5% or
less) of sodium hypochlorite or calcium hypochlorite (prepared
from swimming pool dry chlorinator) or dilute hydrogen peroxide
may be used as illustrated in Table V. All neutralizations must
be carried out using very dilute solutions (5% or less). To
insure neutralization, the discharge can be monitored for
residual hydrazine using a standard boiler water *tost kit
utilizing the p-dimethylamino benzaldehyde reagent. If an
available chlorine oxidizer had been used then ore could measure
residual chlorine to insure neutralization. Finally hydrazine
should be disposed of in a manner approved by appropriate

Federal, state and local regulatory agencies.

enc.iusion

Hydrazine, along with many other industrial chemicals, is

classified as a hazardous material. It is reactive, the property
which makes it an effective propellant, chemical intermediate and
oxygen scavenger, but it 1s toxic. Therefore, it is necessary to

protect the operator to avoid skin contact, ingestion and to
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provide adequate ventilation. It is also necessary to store
hydrazine properly, avoid contact with heat. Like any other
industrial chemical, reasonable precautions permit hydrazine to
be stored, handled and dispensed safely. The successful
preparation and use of hydrazine for boiler water treatment and
for the government's space programs for almost 30 years is
testimony to the fact that hydrazine can be handled safely on a
dailly basis. '

961




S

(ov1)
€9

(te-)z Ls-
¥8L°0
HRAn

0°0L

(s°681)
G°L8

(€°29-)v°z5-
yYL8°0
HAR

szt 0ST 19T anoN  (D0D) 4, 3Juyod yseld
(€-9c2) (svz) (z-87v2) (6°822) (od) byum 09,
S'eIl 0zT 1°02T v°60°1 @ O, 3utod burtyod
(9°s¢) o'z (8°89-) 96- (19-) L°15~ (S8-) G9- (25) o, 34 buyrzesay
¥00°1 620°1 zeo°1 L0201 Tw/ub A3ysusq
4 ¥0L 112 T A315doxd
3bUaI35 Uo
SATIYIIOEL "IVOISXH ANIZVHAXH

962




ITY pauyejuod-jyies
doqqny TA3ng

Jeqqny tAang

edf1 Xjezeg teotmasyy
oT3Isvld

oT3Iserd

Ieqqny T4Aang

(-3 43 & EFVT

aojeajdsay
sj00¢
BBAOTH
sa1bboo
IPH paeH

PToTys soeg

(uoade a0) AINS ®AT30aj301g

O dNNOS

T v 3

963



add ¢*
wmdd 9¢°
wdd ¢*

mdd z° udd T°0 uojjepusnmonay
wdd vo° udd ¢0°0 uoyIvpuUaUWUODIY
wdd z° wdd 1 paepueils juaxan)
Hiad Uy Zeapi
HI SOdX NJJH

HIDOY

HSOIN

YHSO

<
D
[eal




LN ‘®TeAylaoN

waYy ¥ ses uenyIowmy obpeg otazemyaoron T2uuosasg
Aydeabojemoayy sen
B¥Z RVYO % 4 HSOIN OTaj3smyaoro)
LEZS HSOIN uotilxosqy 1suuosiag /eaay
I0os8Uag
YO ‘yazomajzeyn DYajewmeyTOA
uvosI9]jUT TeoTwaysox3oe g voaly
¥d ‘ybangs3atqg 4
Iebovig tTRUOTIEN uotlqIospy TPuuosaad/eaay
(Ve
¥d ‘ybangs3atd vSH uoy3lqIOSpPY vozy &
TI ‘matAuato
OT3ITIUeTOS VAW Juaby Kaqg 13UuOsIad/vaay
de938en/XTpusg uotjqIosqy valy

IUSEHATHBT POUISH 8o130vad BUTIGITUGR
NIHd IN -~

AY FT7avy




‘93718 juertd
anok wmoxy ssbaeyosyp pInby1 bujuisdouoo suoyjzernbay [easped pue Teool moliod
*I9M9s 03 pabaeyosTp ST 93Sem s10joq 933T7dwod 8q PINOYS uUOIIRZTTRIFINSN

121-16 H'N ‘hN %o
LLT NHonU Ty #3T1I0TYo0dAY wnyoted
091 0H '°N o
6°¢C - ON: x Q:Nz XDICH
v
o
YuN eton/TYON §30Npold Uoj3oe5d VI £ SR
P3ATOAT 3voH
uot3jezyTRIINGN 01 I0Tad ‘THON 26 -1

03 pPaInIIP ©q pPINOYS SUOTINTOS YSeM 8YylL

STIIdS HOdA SINIOVY
ONIZITVHINAN QIANIHHOOIYH

A FIavl




dnd SSRYS ¢ YITM

(9v-260) poujen day -odGc WISV
butsn suotinios autzeapiy snoanby
I04 s3jutod 8174 % yserd dnpd uadp

AHOIIM AGUH'N) %

0 05 or o 0z oL
_ . u N

09
l
7 o A
3 <
m ' m ©
D m b:3
2 -,
2 "%
S c
A n
3. i 3
L] o

e SRR R - pom

|
|
_ |
OCZ ] = = rqoe mmee e e . A lxr_o:

T THN51d




(1)

(2)

(3)

(5)

(6)

(7)

(9)

Curtius, Ber. 20, 1632 (1887)

Labryde Bruyn, Ber. 28, 3085 (1895)

Audrieth, L.F. and Ogg, B.A., "The Chemistry of Hydrazine",

John Wiley and Sons, Inc., New York, NY, (1951)

Clark, €. C., "Hydrazine", Mathieson Chemical Corp. (1953)

Schmidt, E. ""Hydrazine and its Derivatives", Wiley Inter-

Science (1984)

0lin Chemicals Product Literaturae

"Hydrazine and its Derivatives", Kirk-Othmer Encylopedia of
Chemical Technology, 12, 734 (1980)

T. D. MacEwen, E. H. Vernot, €. C. Haun and E. R. XKinkead,
"Chronic Inhalation Toxicity of Hydrazine: Oncogenic

Effects" (June 198l1), AFAMRL-TR-81-56.

K. Ho J&CObSOH et al.’ AcMaA- ArCh. Ind‘ Hlth, lz_’ 609-616'
(1955)

968 PN

B




