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This study of the water-contamination reactions of ethylene
oxide was conducted by Arthur D. Little, Inc. with funding
from, and under the auspices of, the Ethylene Oxide Industry
Council, part of the American Chemistry Council. Significant
experimental and technical contributions were also made by
staff from Shell Chemicals’ Westhollow Technology Center in
Houston, Texas, and Union Carbide Corporation’s Research
Center in South Charleston, West Virginia. Unigue fourth-
© order kinetics for the reactions of ethylene oxide with water,
and ethylene oxide with ethylene glycols were derived and val-
idated, as were kinetics for the reactions of neat ethylene oxide
and the decomposition of ethylene glycols. The latter data was
incorporated into a reaction model useful for the determina-
tion of ethylene oxide storage stability and pressure relief sys-
tem design under water-contamination scenarios.

INTRODUCTION

The reactions of ethylene oxide with water, and
ethylene oxide with ethylene glycols, to produce
higher molecular weight glycols are widely practiced
within the chemical process industries. Ethylene oxide
must be stored and shipped to meet the demands for
this versatile chemical. Contamination of this highly
reactive chemical with almost any other substance
should be avoided.

A number of incidents resulting from contamina-
tion with water have been reported:

A 22,500-gallon tank car containing 107,000 pounds
of a 60:40 weight percent ethylene oxide-river water
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(pH ~ 6.8) mixture, with an estimated initial tempera-
ture of 12.5° C, was allowed to remain on a siding in
the plant for approximately 23 days. A severe runaway
reaction occurred, the safety relief valve malfunctioned,
and the tank car ruptured due to overpressure. The time
from first flow through the safety relief valve (75 psig
set pressure) to rupture (estimated 1,200 psig) of the
tank car was seven minutes [1].

A 24,000-gallon tank car containing 193,000 pounds
of a 15:85 percent by weight ethylene oxide-brackish
(Houston Ship Channel) river water mixture with a high
salt content and assumed initial temperature of 27° C,
ruptured after 14 hours. The tank car failed at a location
where a mixed layer of ethylene oxide-water would
have been in contact with the shell. The circumstances
of loading water into the tank car for cleaning suggest
that the water was layered below the pre-existing ethyl-
ene oxide in the tank car prior to the incident. Temper-
atures at the interface were high enough to cause the
resulting incident [2].

This report presents, in detail, the kinetics, heats of
reaction, stoichiometry, physical properties and
vapor-liquid equilibria necessary to identify and miti-
gate hazardous water-contamination reactions of eth-
ylene oxide and essentially neutral pH water. The
information contained herein can also be used by
knowledgeable persons to size pressure relief devices
for inadvertent water contamination of vessels con-
taining ethylene oxide.
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ETHYLENE OXIDE REACTIONS

To successfully understand and model the behavior
of mixtures of ethylene oxide and water, ranging from
dilute to neat ethylene oxide, several chemical reac-
tions should be considered:
1. Ethylene Oxide + Water — Ethylene Glycol
2. Ethylene Oxide + Ethylene Glycol — Diethylene

Glycol (and higher glycols)

. Ethylene Oxide — Acetaldehyde
Ethylene Oxide — Decomposition products
Ethylene Oxide — Ethylene Oxide Polymer
Ethylene Oxide Polymer — Decomposition products
Glycols — Decomposition products

SOV R

Ethylene Oxide and Water Reactions (Neutral Medium)

Ethylene oxide reacts with water and ethylene gly-
cols by addition polymerization to form higher ethyl-
ene glycols. As the water concentration increases, the
onset (detection) temperature for the reaction in the
Automatic Pressure Tracking Adiabatic Calorimeter
(APTAC™) drops from approximately 200° C (neat
ethylene oxide) to approximately 60° C at 25-38
weight percent water. The detected exothermic onset
temperature then increases again as the concentration
of ethylene oxide becomes too low to sustain a reac-
tion of sufficient rate at lower temperature.

Monoethylene glycol is produced by reaction of eth-
ylene oxide with water. Higher ethylene glycols are
formed by the successive addition of ethylene oxide to
glycol. Glycol product distributions are found to be
well-represented by a Weibull-Nycander distribution [3].
In this model, a single activation energy describes the
temperature dependence for all ethylene oxide addition
reactions, but one rate is employed for characterizing
monoethylene glycol formation, and a different rate
coefficient is applied for forming all subsequent glycols.
The ratio of the higher glycol rate coefficient to that for
monoethylene glycol is defined as the Weibull-Nycan-
der C-value. A C-value of two has been previously
reported [3] and is confirmed in this study.

A Flory (Poisson) distribution predicts that the rate
of each of these reactions are equal. A Natta distribu-
tion predicts that the rates of the successive reactions
are different [3].

The heat of reaction of ethylene oxide with water is
lower than the heats of reaction of ethylene oxide
with mono and higher glycols. And, the neutral ethyl-
ene oxide reaction with water drifts toward an acidic
pH and faster kinetics as the reaction proceeds [4].
The difference between unbuffered and buffered rate
constants is only a few percent. Buffered solutions
were not used during this study.

Ethylene Oxide and Water or Ethylene Glycol
Reactions (Acidic Medium)

The rates of reaction of ethylene oxide with water,
and ethylene oxide with ethylene glycols to produce
higher molecular weight ethylene glycols by addition
polymerization increase as the pH decreases, and are
significantly faster in an acidic medium (pH 1-2) than
rates in a neutral medjum. The Weibull-Nycander
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model applies. Neutral glycol kinetics occur in parallel
to the acid-catalyzed kinetics.

Ethylene Oxide and Water or Ethylene Glycol
Reactions (Basic Medium)

The rates of reaction of ethylene oxide with water,
and ethylene oxide with ethylene glycols to produce
higher molecular weight ethylene glycols by additional
polymerization, are significantly faster in a basic medi-
um than in a neutral medium. The reaction rates, how-
ever, are slower than in an acidic medium. The Weibull-
Nycander model again applies. Neutral glycol kinetics
occur in parallel to the base-catalyzed kinetics.

Ethylene Oxide and Aqueous Sodium Hydroxide
Reactions

Ethylene oxide reacts with the water introduced by
contamination with aqueous sodium hydroxide to
produce monoethylene glycol. This reaction is accel-
erated by the presence of sodium hydroxide. The
sodium then associates with the glycols to produce
sodium glycolates, and ethylene oxide reacts with the
sodium glycolates to produce higher glycols. The rate
of reaction of ethylene oxide with water to produce
ethylene glycol is different from that of ethylene oxide
with sodium glycolate to produce higher glycols (i.e.,
is consistent with the Weibull-Nycander model).

Two liquid phases (layers) can form when aqueous
sodium hydroxide contaminates ethylene oxide. Kinetic
data from the literature are typically mass-transfer limited.
A triangular phase diagram, showing the soluble/insolu-
ble regions, will be presented in a future report.

Polymerization

In the absence of contaminants, neat, commercial-
grade, ethylene oxide was previously found to undergo a
self-polymerization reaction starting at approximately
200° C in an Accelerating Rate Calorimeter (ARC®). A
subsequent decomposition reaction follows [S). '

HYDROLYSIS REACTION KINETICS

The kinetics for the reactions of ethylene oxide
with neutral (5 < pH < 9) water, and ethylene oxide
with ethylene glycols to produce higher glycols, have
previously appeared in the open literature [4, 6, 7, 8l.
Determining the reaction orders of these kinetics has
been heavily influenced by the commercial concentra-
tions of water (6-15 water-to-ethylene oxide mass
ratio) used to maximize the production of ethylene
glycol. Pseudo first-order kinetics will fit such condi-
tions. Incorporating the typical water concentration
into a first-order kinetic expression results in second-
order kinetics, which also fit the experimental data.

Unimolecular Expressions
The literature [4, 6, 9, 10] provides rate expressions
for reactions of ethylene oxide with water of the follow-

ing type:
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