SUPPORTING INFORMATION

Heat of Decomposition Estimates

3 NoH,4 n —>» N> (@) + 4 NHs ()]
AH, (kd/mole) = Y 5063 0.00 46.11
AHix, (kd/mole) = -112.11

Figure 1. Heat of decomposition estimate using heats of formation for liquid hydrazine
decomposing to nitrogen and ammonia (heats of formation from NBS Tables').

3NoHy ) — > Nz + 4 NH3 (g)
AH; (kd/mole) = A 95.40 0.00 -46.11
AHyn (KJ/mole) = -156.88

Figure 2. Heat of decomposition estimate using heats of formation for gaseous hydrazine
decomposing to nitrogen and ammonia (heats of formation from NBS Tables").



Some of the important properties of hydrazine and hydrazine hydrate are summarized in the
tables below.

Table 1. Hydrazine properties’

Identity
CAS 302-01-2
Formula H,NNH,
Physical Properties
Appearance colorless, fuming, hygroscopic
liquid.’
Melting point 2.0°C*
Boiling point 113.5°C*
Heat of formation, 298 °K, | +50.434 kJ/mole
liquid
Heat of fusion 12.657 kJ/mole

Heat of vaporization, at | 39.079 kJ/mole
normal boiling point

Density 1.004 g/ml at 25 °C*
Vapor pressure 0.014 atm at 20 °C°
pH (1% solution) 10.1-10.7*

Miscible solvents Water and alcohol
Immiscible solvents Chloroform, Ether

Flammability Properties

Closed cup flash point 38 °Cc*o7

Flammability range (LFL | 4.7-100% at 100 °C*** '
measured at 100 °C)

Autoignition temperature | 178 °C"




Lower pressure limit at
room temperature12

0.014 atm"

Heat of  combustion | -622 kJ/mole®

(upper) for Hydrazine

liquid"*

Vapor detonable? Yes

Liquid detonable? No

Other May self-heat to ignition if spilled

onto porous or fibrous materials

Thermal Stability

Heat of decomposition for
liquid

-112 kJ/mole (3500 J/g) assuming
decomposition to N, and NH;."

Exotherm detection

Generally > 200 °C, but can be

temperature much lower if exposed to certain
metals, metal oxides, or organic
materials.
Toxicity
Toxicity Toxic by ingestion, inhalation, and

skin absorption; strong irritant to
skin and eyes; a carcinogen (US
OSHA)3; readily absorbed through
the skin.

Carcinogenicity Level

IARC 2B (confirmed animal
carcinogen — possibly human
carcinogen)'®

NIOSH Immediately 50 ppm'’
Dangerous to Life and

Health (IDLH)

concentration

US OSHA Permissible 1 ppm TWA
Exposure Limit (PEL)

ACGIH Threshold Limit | 0.01 ppm TWA"™
Value (TLV)

NIOSH Recommended 0.03 ppm"
Exposure Limit (REL)

Lethal Dose - 50% 60 mg/kg"’

probability (LD50) Oral -




rat

Lethal Dose - 50% 91 rng/kg10
probability (LD50)
Dermal - rabbit

Lethal Concentration - | 252 ppm'°
50% probability (LC50)
Inhalation - mouse - 4 hr

Toxicity to fish; LC50 - | 0.28 mg/l - 96.0 h (very toxic)"
Poecilia reticulata (guppy)

Odor threshold 3-5 ppm™
Transportation
UN Number 2029
UN and US CFR*' 8 (Corrosives); subsidiary
Classification classifications 3 (Flammable
Liquid) and 6.1 (Toxic Substance);
packing group I

Table 2.

Hydrazine hydrate properties (see Table 1 for toxicity and miscibility information)?*
Identity
CAS 7803-57-8
Formula H,NNH,*H,O
Physical Properties
Appearance colorless, fuming liquid
Wt% hydrazine 64
Melting point -51.7°C
Boiling point 119.4 °C
Vapor pressure 0.0097 atm at 20 °C*
Partial pressure hydrazine | 0.0039 atm (3900 ppm) at 20 °C*
Density 1.032 g/ml




Vapor-liquid equilibrium | Exhibits an azeotrope; see Figure 3
data for data at 1 atmosphere.
Flammability
Flash Point 73 °C (open cup)
Fire Point 74 °C*
Transportation
UN Number 2030
UN and US CFR HYDRAZINE AQUEOUS
description®’ SOLUTION, with more than 37%
hydrazine, by mass
UN and US CFR 8 (Corrosives); subsidiary
Classification®’ classification 6.1 (Toxic
Substance); packing group I, II, or
>

Table 3. 25 wt% Aqueous hydrazine properties (see Table 1 for toxicity and miscibility
information).

Physical Properties
Appearance Colorless liquid
Wt% hydrazine 25
Melting Point -30 °C*®
Boiling Point 107 °C*
Vapor Pressure 0.025 atm at 25 °C*
Partial Pressure hydrazine | 0.00086 atm (860 ppm) at 25 °C*
Vapor-liquid equilibrium | Distills to an azeotrope; see Figure
data 3 for data at 1 atmosphere.
Flammability
Flash Point No flash point

Transportation




UN Number 3293

UN and US CFR 6.1 (Toxic Substance); packing
classification”’ group III

UN and US CFR HYDRAZINE AQUEOUS
description®' SOLUTION, with not more than

37% hydrazine, by mass
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Figure 3. Txy plot for hydrazine-water mixtures at 1 atmosphere (from Aspen® software using
default NRTL Binary Interaction Parameters).



ABBREVIATIONS

ACGIH American Conference of Governmental Industrial Hygienists

TLV Threshold Limit Value

LFL Lower Flammability Limit

ARC Accelerating Rate Calorimeter

LC50 Median Lethal Concentration of substance in air

LOAEL Lowest-Observed-Adverse-Effect level

NIOSH National Institute for Occupational Safety and Health

IDLH Immediately Dangerous to Life and Health

OSHA Occupational Safety and Health Administration

PEL Permissible Exposure Level

PAC-2 Protective Action Criteria level 2; an estimate of the concentration which
for a 60 minute exposure may hinder the ability to escape or may cause
irreversible or other serious health effects

EPA US Environmental Protection Agency

NBS US National Bureau of Standards

IARC International Agency for Research on Cancer

TWA Time Weighted Average

LD50 Median Lethal Dose

UN United Nations

CFR US Code of Federal Regulations

NRTL Non-Random Two Liquid model

SARA Superfund Amendments and Reauthorization Act of 1986

CAA Clean Air Act

CERCLA Comprehensive Environmental Response, Compensation and Liability Act

EPCRA Emergency Planning and Community Right-to-Know Act




RMP Risk Management Plan

AIAA American Institute of Aeronautics and Astronautics
CFR Code of Federal Regulations
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