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Introduction

1

Huntsman offers a complete line of ethyleneamine products. These materials are useful in a

wide range of applications. Capable of a broad range of reactions, ethyleneamines from

Huntsman provide the highest levels of product quality, value and consistency to the customer. 

Huntsman manufactures ethyleneamines by the ethylene dichloride/ammonia process. This

process consists of the reaction of ethylene dichloride with ammonia, followed by

neutralization with sodium hydroxide to produce a mixture of ethyleneamines and sodium

chloride. 

The salt is removed from the amine mixture, and the individual amines are separated by

fractional distillation. 

While most individual distillation fractions are sold as products, others are formulated to

obtain desired physical or chemical properties or reacted further to obtain the final product. 

Reliability, quality, and consistency are important in the production of ethyleneamines. A

reliable supply of product is necessary for customer success. 

With product available in Freeport, Texas and Temeuzen, The Netherlands, Huntsman can

readily supply your global requirements. Both production sites are ISO 9002 certified. ISO

certification assures that all functions related to manufacturing these products are strictly

monitored and controlled according to global standards. 

Ethyleneamines are useful compounds employed globally in a wide variety of applications.

In this brochure, the properties and applications of these versatile products are described. 

Analysis, storage, handling and use information is provided. For additional information,

contact your local Huntsman sales or technical service representative. Contact information

is given at the end of this brochure. 



Ethyleneamine Products

2

Huntsman offers a complete line of ethyleneamine products and other ethyleneamine co-

products on an intermittent basis. These co-products include piperazine amine mix, higher

molecular weight amines, and higher molecular weight alkoxylated amines. 

The following standard products serve virtually all current commercial applications for

ethyleneamines. Huntsman also stands ready to develop new derivations and custom

blends of these products on demand. 

Huntsman ethyleneamines comply with all applicable requirements of the U.S. TSCA

inventory, the European EINECS, and the Canadian DSL. Product components are either

listed on these chemical inventories or are not required to be listed. 

Huntsman ethyleneamines are also listed on many other regulatory lists around the world.

Contact your Huntsman representative if you need specific regulatory information. 

Table 2.1 — Product CAS Numbers 

Products CAS Numbers 

Ethylenediamine (EDA) 107-15-3 

Diethylenetriamine (DETA) 111-40-0 

Triethylenetetramine (TETA) 112-24-3 

Tetraethylenepentamine (TEPA) 112-57-2 

Ethyleneamine E-100 (E-100) 68131-73-7 

Aminoethylpiperazine (AEP) 140-31-8 

Aminoethylethanolamine (AEEA) 111-41-1 

2.1 Ethylenediamine (EDA) 

Ethylenediamine (CAS #000107-15-3, 1, 2-ethanediamine) is the lowest molecular weight

ethyleneamine. It contains two primary nitrogens. EDA is a single-component product that

is clear and colorless, with an ammonia-like odor. 

For additional information
consult the appropriate safety
data sheets or contact your
Huntsman representative. Note:
Some ethyleneamine products
may have more than one CAS
number assigned due to the
composition of the product or
for regulatory purposes. 



3

2.2 Diethylenetriamine (DETA) 

Diethylenetriamine (CAS #000111-40-0, N-(2-aminoethyl)-1, 2-ethanediamine) is the next

higher molecular weight product containing two primary and one secondary nitrogen. DETA

is a single-component product that is clear and colorless, with an ammonia-like odor. 

2.3 Triethylenetetramine (TETA) 

Triethylenetetramine is a mixture of four TETA ethyleneamines with close boiling points

including linear, branched, and two cyclic molecules. These compounds are: 

• TETA (CAS #000112-24-3, N, N'-bis-(2-aminoethyl)-1, 2-ethanediamine) 

• Branched TETA (CAS #004097-89-6, tris-(2-aminoethyl)amine) 

• Bis AEP (CAS #006531-38-0, N, N'-bis-(2-aminoethyl)piperazine) 

• PEEDA (CAS #024028-46-4, N-[(2-aminoethyl) 2-aminoethyl]piperazine) 
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2.4 Tetraethylenepentamine (TEPA) 

Tetraethylenepentamine is principally a mixture of four TEPA ethyleneamines with close

boiling points including linear, branched, two cyclic TEPA products, and higher molecular

weight products. These compounds are: 

• TEPA (CAS #000112-57-2, N-(2-aminoethyl)-N'-{2-{(2-aminoethyl)amino}ethyl}-1,2-

ethanediamine) 

• AETETA (CAS #031295-46-2, 4-(2-aminoethyl)-N-(2-aminoethyl)-N'-{2-{(2-aminoethyl)

amino}ethyl}-1,2-ethanediamine) 

• AEPEEDA (CAS #031295-54-2, 1-(2-aminoethyl)-4-[(2-aminoethyl)amino]ethyl]-

piperazine) 

• PEDETA (CAS #031295-49-5, 1-[2-[[2-[(2-aminoethyl)amino]ethyl]amino]ethyl]-

piperazine) 
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2.5 Ethyleneamine E-100 (E-100) 

Ethyleneamine E-100 (CAS #68131-73-7) is a mixture of polyethylenepolyamines consisting

of TEPA, pentaethylenehexamine (PEHA), hexaethyleneheptamine (HEHA), and higher

molecular weight products. E-100 is a complex mixture of various linear, cyclic, and

branched products with a number-average molecular weight of 250-300 g/mole. 

2.6 Aminoethylpiperazine (AEP) 

Aminoethylpiperazine (CAS #000140-31-8, 1-piperazineethaneamine) is a cyclic

ethyleneamine. It contains one primary, one secondary, and one tertiary amine. AEP is a

single-component product that is clear and colorless and has an ammonia-like odor. 

2.7 Aminoethylethanolamine (AEEA) 

Aminoethylethanolamine (CAS #000111-41-1, 2-[(2-aminoethyl)amino]-ethanol) is a single-

component product, with minimal ethylenediamine impurity. The product is water-soluble,

clear, colorless, and slightly viscous. An ammonia-like odor is typical of the product. 

2.8 Blends and Derivatives 

Huntsman develops specifications for all of the ethyleneamines products in partnership with

our customers. Custom blends and derivatives are available. 

Your particular product needs are met via certificate of analysis assurance that each lot

meets or exceeds your specifications. 
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Applications

Ethyleneamine products are used in a wide range of

applications, primarily as reactive intermediates used to

produce other useful chemical products. 

The applications listed below are described in published

literature or in patents. The references noted can be

found in the bibliography at the end of the brochure. 

The user is encouraged to consider the environmental,

health, and safety issues associated with the use of

ethyleneamines and their applications before using these

products, including issues associated with the derivative

products and by-products. 

In addition, the user should comply with all applicable

regulatory requirements involved in the processing, end-

use, and ultimate fate of their products. 

Table 3.1 — Ethyleneamine Applications 

Applications EDA DETA TETA TEPA E-100 AEP AEEA Blends & Der. 

Asphalt Additives • • • • • • 

Bleach Activators • 

Chelating Agents • • • 

Corrosion Inhibitors • • • • • • 

Drainage Aids • 

Elastomeric Fibers • 

Epoxy Curing Agents • • • • • • 

Fabric Softeners • • 

Fungicides • 

Hydrocarbon Purification • • 

Lube Oil & Fuel Additives • • • • • • • 

Mineral Processing Aids • • • • • • 

Pharmaceuticals • 

Plastic Lubricants • 

Polyamide Resins • • • • • 

Rubber Processing Additives • 

Surfactants • • • • 

Textile Additives • • • • • 

Urethane Chemicals • • • • 

Wet-Strength Resins • • • • 
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3.1 Asphalt Additives

Amidoamines, made by reacting ethyleneamines with fatty acids, are used in asphalt to

improve performance in road surfacing. These amidoamines are complex mixtures of

amides and imidazolines.1

Amidoamines are used as “anti-strip” additives which improve the adhesion of the rock

used in asphalt concrete to the asphalt binder. 2,3,4 Loss of aggregate is the major cause for

deterioration of asphalt roadway. 

Products similar to anti-strip additives, with cationic modification, are used as surfactants to

produce asphalt-in-water emulsions in top coatings on asphalt concrete roads.5,6 The use

of asphalt emulsions can improve skid-resistance and renew weathered asphalt roadways. 

3.2 Bleach Activators 

Since the 1980s, tetraacetylethylenediamine (TAED) has been widely adopted in Europe for

use in powdered detergent compositions as an activator for peroxygen bleaching agents.

TAED has been successfully used in home laundry products as a low temperature bleach

activator in combination with persalts such as sodium perborate or percarbonate. 7,8,9,10,11

TAED delivers both bleaching and hygiene, since its formulations are able to effectively kill

bacteria and other microorganisms under typical wash conditions for which thermal

disinfection is not possible.12 TAED is increasingly used in automatic dishwashing detergent

(ADW) powders.13 Activation of peroxide with TAED under acidic or near neutral pH

conditions offers a safe and low capital alternative to using preformed peracids, such as

peracetic acid or other strong oxidizing species. 
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Potential applications are hard surface cleaners, biocide formulations, industrial

biocides/slimicide, clinical sterilants, agricultural disinfectants, textile bleaching and

processing, pulp and paper bleaching, etc.14

The ability of TAED to activate peroxide in a broad range of pH conditions lends itself to

applications in pulp bleaching sequences. Potential benefits are improved yields, reduced

corrosion, and improved pulp brightness.15,16,17,18 

TAED is a colorless, odorless, solid which can be granulated. The product can be prepared

by reacting ethylenediamine (EDA) with acetic acid to form the bisamide, which is then

reacted with acetic anhydride to form the tetra-amide.9 Under aqueous conditions, TAED

reacts with perhydroxide anion to form DAED (diacetylethylenediamine) and peracetate

anion, the species that delivers low temperature bleaching performance and, additionally,

biocidal activity. Both TAED and DAED are non-toxic, non-sensitizing, and biodegradable to

give carbon dioxide, water, nitrate, and ammonia as end products.13,16 

3.3 Chelating Agents 

Polyaminocarboxylic acids and their salts derived from 

ethyleneamines are used in a variety of applications

where specific metal ions interfere with processing,

require buffering, concentrating, separating, or

transporting. 

Chelants operate by forming stoichiometric complexes

with most di-or polyvalent metals. A major industrial

application of EDA is the manufacture of

ethylenediaminetetraacetic acid (EDTA), a well-

established chelating agent or chelant. All of the

methods used industrially for manufacturing EDTA

involve the addition of formaldehyde and hydrogen

cyanide, or an alkali metal cyanide, to an aqueous

solution of EDA. 

The tetra-sodium salt of EDTA (Na4 EDTA) may be prepared directly by using excess

sodium hydroxide in the reaction19,20,21,22,23 or the intermediate ethylenediaminetetraaceto-

nitrile may be isolated and hydrolyzed to Na4 EDTA in a separate step.24,25
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DETA or AEEA can be substituted for EDA to prepare two other important industrial

chelating agents: pentasodium diethylenetriaminepentaacetate and trisodium 

N-hydroxyethyl ethylenediaminetriacetate. 

Unmodified ethyleneamines also form stable complexes with certain metal ions, such as

zinc and copper. This property makes the ethyleneamines useful in specialized applications,

such as electroplating and electroless metal coating, and as ingredients in systems for

etching and for stripping nickel and nickel alloy coatings. 

3.4 Corrosion Inhibitors

Amidoamines and substituted imidazolines, prepared by the reaction of DETA or TETA with

fatty acids, find use as corrosion inhibitors in petroleum production operations.26 Corrosion

inhibition for various industrial processes is also achieved via reaction of ethoxylated amines

and fatty acid anhydrides or in blends of these inhibitors with phosphate esters.27,28,29,30,31

Cyclic amidine polymers obtained by reacting EDA with vinyl nitriles or cyanohydrins in the

presence of thiourea32 and polymers prepared by the reaction of ethyleneamines with

acrylate esters33 are also used in this application. The substituted imidazolines may be

further derivatized by reaction with benzyl halides, propane sultone, and thiourea34 to give

acid corrosion inhibitors for mild steel. 

Nitrobenzoic acid salts of ethyleneamines function as metal corrosion inhibitors in coating

formulations.35 EDA acts as a corrosion inhibitor for aluminum alloys36 in the presence of

mineral acids and provides corrosion protection in distillation columns.37 The entire range of

ethyleneamines can be used to produce imides of hydrocarbyl succinic anhydride useful as

filming inhibitors for crude oil distillation towers and providing added improvement in

fractionation.38

For marine environments, polyamine cured epoxies provide effective coating and cladding

to resist erosion, corrosion, and provide under sea-level protection.39

Linear TETA (tetradentate)
molecule



10

3.5 Drainage Aids 

Flocculants and drainage aids are used to optimize the separation of a solid phase from the

liquid phase in aqueous suspensions.40 These suspensions usually consist of organic or

inorganic particles, which are finely divided to colloidal consistency distributed in water as a

dispersion medium. 

Addition of ethyleneamine-based products drastically increases the rate of particle

sedimentation so that a clear, supernatant liquid is obtained. The settled sludge can then

be filtered rapidly or centrifuged, resulting in a more efficient separation. 

Polyamines as cationic flocculants are used mainly in municipal and certain industrial

wastewater treatment.41 In papermaking, DETA improves the drainage rate and the

flocculation or flotation for pulp recovery.42

3.6 Elastomeric Fibers

Polyurethane elastomeric fiber such as Spandex® and elastane are key components in high

performance sports apparel. Elastomeric fiber is a long-chain synthetic polymer of

segmented polyurethane.43,44,45 

In Western Europe, the generic name elastane is used instead of Spandex®.

A segmented polyurethane is a block copolymer with alternating “soft” and “hard” blocks or

segments.46 The soft segments are nonrigid (fluid) and impart stretch to the polymer. The

hard segments are rigid (solid) and impart tensile strength to the polymer and help limit

plastic flow. 

The soft segments are usually derived from polyether or polyester polyols. The hard

segments are usually urethanes or urethane-ureas made by first reacting the polyols with a

diisocyanate to form a prepolymer and then reacting this with chain extenders, diamines

(e.g., EDA), to form segments that have high melting points.47,48
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3.7 Epoxy Curing Agents 

Ethyleneamines are widely used for curing (cross-linking) epoxy resins both as the pure

amine or, more often, as a derivative that contains primary and secondary amines that can

react with the epoxy resin functionality.49

Typically, ethyleneamines and their derivatives are used in epoxy products such as

coatings, adhesives, and other applications that are cured under ambient conditions.50 All of

the ethyleneamine products have been used in epoxy curing, but the most widely used

products are DETA, TETA and TEPA. Reactive polyamides made from dimer acids and

TETA, or amidoamines made from tall oil fatty acids and TEPA, are the most widely used

ethyleneamine derivatives in epoxy curing.51

These products will usually have various levels of imidazoline content to control viscosity

and to improve compatibility with the epoxy resin. Polyamides and amidoamines are also

used to increase pot life, improve film flexibility and increase adhesion to various substrates.

Reactive polyamides can also be used as adhesion promoters in polyvinyl chloride

coatings.52

Many other modifications of ethyleneamines for use as epoxy curing agents are known.

Ethyleneamines are reacted with small amounts of epoxy resin to produce a prepolymer

curing agent which has improved resin compatibility. 

Modification of ethyleneamines with ketones (to produce ketimines) and acrylonitrile (to

cyanoethylate the amine) are used for special applications. Ethyleneamines are reacted with

propylene oxide and ethylene oxide to produce curing agents with reduced exposure

concerns. Other modifications include Mannich bases which are prepared by reaction of a

polyamine with phenol and formaldehyde.
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3.8 Fabric Softeners

Fabric softeners are used to impart softness and antistatic properties to machine washed

laundry.53,54 These products can be introduced as part of the detergent package, added in

the washing machine rinse cycle, or added in the clothes dryer.55,56 Fabric softeners can be

produced by reacting fatty acids with DETA to produce a bisamidoamine. The amidoamine

can then be converted to the imidazoline or reacted with an alkylene oxide, such as

ethylene oxide (EO), to produce a tertiary amine. 

Both products are quaternized with dimethyl sulfate or methyl chloride to make the active

softener.57 Softeners similar to the DETA-based products have been made from AEEA to

produce ester-amides.58 These products are more readily hydrolyzed and have been shown

to be more biodegradable than DETA-based products. 

3.9 Fungicides 

The ethylenebisdithiocarbamates (EBDCs), which were introduced in the early 1940s,

represent the most important class of general purpose, broad spectrum fungicides

currently used for the control of mildew, scabs, rusts and blights on fruits, vegetables,

potatoes, cotton, and, to some extent, on grains.59 They are used to prevent both crop

damage in the field and harvested crops from deterioration in storage or transport.60
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The EBDCs belong to the class of protectant fungicides, also known as residual or contact

fungicides, which act on the surface of the plant, whereas systemic fungicides act

internally. 

They are organic sulfur compounds, derived from bisdithiocarbamic acid, more accurately

called 1,2-bisdithiocarbamates, and available in a wide variety of mixtures and

formulations.61,62 The products are prepared in a two-step process. First, EDA and carbon

disulfide are reacted in the presence of sodium or ammonium hydroxide to form the water-

soluble disodium63 or diammonium64 salt of ethylenebisdithiocarbamate. 

The water-soluble salt is then converted to the poorly soluble Zn and/or Mn salts by

reaction with inorganic salts of these metals.65,66,67,68

These fungicides are commonly known as zineb (Zn salt), maneb (Mn salt) and mancozeb

(Mn-Zn salt). 

The first in this class was zineb, used to protect fruit and vegetable crops from a wide

range of foliar and other diseases.69 Zineb, first introduced in 1943 and 1944 to protect

potatoes, but also used on grapes, apples, and many other crops, became the first

successful synthetic organic fungicide.70

Other products followed, the most important of which were maneb (1950) and mancozeb

(1961)61, which is a combination of maneb and zineb.71 Maneb is used in the control of early
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and late blights on potatoes and tomatoes and many other diseases of fruits, vegetables,

and field crops and ornamentals.62,69

Mancozeb is used to protect many fruit, vegetable, nut, and field crops against a wide

spectrum of diseases, including potato blight, leaf spot, scab (on apples and pears), and

rust (on roses). It is also used for seed treatment of cotton, potatoes, corn, safflower,

sorghum, peanuts, tomatoes, flax, and cereal grains.62,69,72,73

Mancozeb is the most widely used of the protectant fungicides for control of potato late

blight and is commonly blended with systemic fungicides.61

3.10 Hydrocarbon Purification 

TETA and TEPA are used to purify liquid hydrocarbons, particularly isoprene, by removing

small concentrations of carbon disulfide (CS2).74,75,76,77 In this application, the hydrocarbon is

contacted with the ethyleneamine, which immediately reacts with the CS2 to form

thiocarbamates. 

These thiocarbamates are water soluble and can be removed by contacting the

hydrocarbon with water, and removing the water phase. The excess ethyleneamine used to

react the CS2 is also extracted in the water phase, leaving a clean hydrocarbon phase. 

3.11 Lube Oil and Fuel Additives 

A major use of ethyleneamines is in the manufacturing of lubricant and fuel additives. 

Ashless dispersants are used in engine oils to reduce sludge and varnish deposits caused

by the low-speed operation of motor vehicles.78 These dispersants function by solubilizing

polar species and neutralizing acids formed during the fuel combustion process. 

One type of dispersant is the reaction product of polyisobutenylsuccinic anhydride (PIBSA)

with ethyleneamines, typically the higher molecular weight polyamines.79 The polyisobutene

gives the dispersant oil solubility, while the polyamine supplies the polar end of the

dispersant that interacts with combustion products in the lubricating oil. 

Another type of ashless dispersant, the Mannich base, is produced by reaction of a

polyisobutenylphenol with higher molecular weight ethyleneamines using formaldehyde as a

coupling agent. 
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Recent patents have described Mannich bases that are made with alkylated phenols using

ethylene/propylene copolymers rather than polyisobutene.80

Fuel additives that control deposits in the fuel system (fuel injectors, intake valves,

combustion chamber) of motor vehicles are produced from ethyleneamines. 

The chlorination of polyisobutene followed by reaction with EDA produces a polybuteneamine

which is useful as a fuel additive.81 Other deposit control additives, polyetheramines, have

been produced from polyethers by reacting with phosgene and ethyleneamines.82

Fuel deposit control additives have also been made from PIBSA and ethyleneamines similar

to lube oil dispersants.83 Mannich base fuel additives made with DETA have been claimed

to reduce intake valve deposits.84
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3.12 Mineral Processing Aids 

Amidoamines, made from fatty acids and ethyleneamines, have been used in the

processing of minerals.85 The reaction product of tall oil fatty acids and DETA can be used

to separate silica from phosphate ore by flotation methods.86 

The amidoamine, usually as an acid salt,87 is attracted to the negatively charged silica,

which float the silica to the surface when the flotation cell is aerated, while the purified ore

sinks to the bottom. 

Amidoamines have also been used to prevent agglomeration of various granulated fertilizer

products.88 Higher ethyleneamines, such as TETA or TEPA, have been used to extract

various metals from their sulfide or oxide ores.89

DETA is used in mining processes to aid in the separation of nickel ores from iron sulfide

minerals, particularly pyrrhotite (FeS), an unstable form of pyrite (FeS2). In this process, an

aqueous solution of DETA is added to the ores in the flotation step. 

The amine depresses the pyrite which sinks during flotation and allows the separation of

the nickel ores. This separation is used to reduce sulfur oxide emissions when the nickel

ores are calcined.90

3.13 Pharmaceuticals 

Ethyleneamines are used as raw materials for the

production of several pharmaceutical products. 

EDA is a raw material to manufacture metronidazole (1-(2-hydroxyethyl)-2 methyl-

5¬nitroimidazole), which is an oral nitroimidazole medicine used for the treatment of

amebics and trichomonals. 

Piperazine is a reactant used to make ciprofloxacin and norfloxacin which are drugs based on

quinolines. The fluoroquinolines have a strong, wide spectrum antibacterial characteristic to

common, sensitive, and drug-resistant bacteria. These products are semi-synthetic penicillins. 
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Piperazine is also used to make pipemidic acids, used as deworming agents for humans

and animals. Other drugs based on piperazine are rifampicin (C43H58N4O12) and piperazine

antiscolotic. 

3.14 Plastic Lubricants 

Ethylenebis(stearamide) (EBS) is a plastic lubricant made by the reaction of one mole of

EDA with two moles of stearic acid. The EBS is used extensively as a demolding agent for

plastic pieces made of acrylonitrile butadiene styrene (ABS) and polystyrene (PS). 

3.15 Polyamide Resins 

Thermoplastic polyamide resins made from dimer acid and ethylenediamine are used as

hot-melt adhesives and as binders for flexographic or rotogravure printing inks.91 Other

difunctional amines like piperazine and 1,2-propylenediamine may be used to modify

specific physical properties, such as melting point, of the polyamide. 
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Small amounts of other ethyleneamines such as DETA or TETA may also be used to modify

the properties of the polyamides. 

As a result of the amide functionality, these adhesives show outstanding adhesion to a

wide variety of substrates including metal, leather, plastic, wood, and glass. The high fatty

amide content of these resins, along with the highly polar nature of the amide moiety, gives

these polyamides surfactant properties. 

Polyamides can be formulated as water dispersed adhesives as well as in hot melt

applications.92 The use of thermoplastic polyamides in inks takes advantage of the good

adhesion and flexibility properties of these resins.93 

They are usually used in an alcohol solution, but can be formulated as aqueous based

products.94 The excellent mechanical properties of these resins also make them useful as

overprint varnishes. 

3.16 Rubber Processing Additives 

EDA is reacted with carbon disulfide, sodium hydroxide, and a divalent metal such as

manganese or zinc to produce dithiocarbamates. Dithiocarbamates are formulated to make

various vulcanizing accelerators and promoters. EDA can also be reacted with carbon

dioxide to make ethylenediamine carbamate. This carbamate is used in the initiation of

vulcanization of fluorocarbon elastomers. 
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3.17 Surfactants

Amphoteric surfactants are mild surfactants used in shampoos that are active over a wide

pH range. AEEA is used to make these surfactants by reaction with a fatty acid, cyclization

to the imidazoline followed by reaction with chloroacetic acid and sodium hydroxide to

produce the active surfactant.95 

The details of the reaction chemistry in making these surfactants have been the subject of

a number of studies.96,97,98 Amphoteric surfactants have also been produced from TETA to

give bis-imidazoline products.99

Surfactants have been produced from the reaction products of alkoxylated ethyleneamines

and fatty acids.100 A variety of additives useful in laundry detergents has been made from

ethyleneamines such as a clay suspension additive made from TEPA and ethylene oxide

which prevent the re-deposition of suspended soil on laundry.101

3.18 Textile Additives 

Uses in man-made fiber manufacture and modification include EDA to improve dye

sorption for acrylic fibers.102 In fiber applications EDA improves adhesive properties of

aramid fibers,103 TEPA flameproofs polyester fibers,104 EDA forms a cationic polyamidoamine

to treat glass fibers,105 and TEPA improves adhesion of carbon fibers.106

EDA improves wash fastness of dye in wool fibers.107 DETA, TETA, and TEPA act as dye

fixing agents with basic dyes on natural and regenerated cellulosic fibers.108 Polyamines

serve as binders for cellulosics to acrylic fibers in superabsorbent polymers.109 EDA

improves resistance to abrasion110 and increases the yield of cyanoethylation of jute fibers.111

Dimethylol ethylene urea is used in the treatment of cotton fabrics to impart durable press

and crease resistance properties.112,113 This compound is prepared by the reaction of EDA

with urea, followed by the addition of formaldehyde to the resulting cyclic urea. Durable

antistatic properties and improved hand may be imparted to synthetic fibers by treatment

with polymers prepared by reacting DETA with stearic acid, urea, and formaldehyde.114  EDA

enhances the substantivity of cotton fabric for fiber-reactive dyes.115

3.19 Urethane Chemicals 

Ethyleneamines are used in the manufacture of polyols and also in the production of

catalysts to react polyols with isocyanates. EDA and AEEA are used as initiators in the

production of polyols by the reaction with propylene oxide (PO). 
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The main applications of these polyols are in urethane systems for appliances, spray

foams, building panels, and elastomers. The reaction of the ethyleneamines with the PO

takes place in uncatalyzed batch reactors. A variety of substituted ethyleneamines,

particularly AEP, hydroxyethylpiperazine (HEP), and polyethoxylated EDA are used to

manufacture triethylenediamine (TEDA) via a gas phase reaction of the amines over an acid

catalyst. 

The TEDA produced is a solid tertiary diamine used extensively as a catalyst in the

formation of urethane foams from polyols and isocyanates. Another urethane catalyst

based on ethyleneamines is pentamethyldiethylenetriamine, which is produced by the

reaction of DETA with formaldehyde. 

3.20 Wet-Strength Resins for Paper Applications 

Applications for wet strength resins include paper towels, weather resistant packaging, and

packaging for products such as milk cartons, frozen food packages, and vegetable boxes.

Products requiring immersion in water such as photographic paper and filter paper, and

even replacement of certain textiles in hospital bed sheets and gowns, are areas where wet

strength are important.116

Various types of thermosetting resins are used to impart high wet strength to these types of

paper products. Ethyleneamines are often used as components of these wet-strength

additives. They are prepared by the reaction of an ethyleneamine (typically DETA or TETA)

with a dicarboxylic acid, such as adipic acid, to form a low-molecular weight polyamide,

which is further modified by reaction with epichlorohydrin.

The epichlorohydrin-modified polyamide resins are the major class of compounds widely used

as wet-strength additives for paper.117,118,119,120 These cationic thermosetting resins are highly
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substantive to the paper. Additionally, they may be used under neutral to slightly alkaline

conditions, which improves effectiveness and absorbency while reducing machine corrosion.

Recent work also allows latest generations of these resins to be produced with reduced

levels of organochlorinated byproducts121,122,123 and for easier processing in recycle

applications.124,125,126

The cationic urea-formaldehyde resins can be prepared by reacting an ethyleneamine with

urea-formaldehyde condensation products, by co-reacting the ethyleneamine with

formaldehyde and urea,127 or by condensing the ethyleneamine with urea and then adding

formaldehyde.128

These resins have greater substantivity to cellulose and, consequently, are more efficient

wet-strength additives than unmodified urea-formaldehyde resins. Melamine-formaldehyde

resins have also been modified with ethyleneamines for use as wet-strength additives.129,130

Both of these types of resins require an amount of acidity to produce wet strength. Anionic

polyamide resins, prepared by the condensation of ethyleneamines with polymeric fatty

acids, followed by neutralization with an organic base, are readily dispersed in aqueous

media and may be used to improve the wet strength of paper and impart waterproofing

properties as well.131 
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These data do not represent a product specification, nor are they intended to change a product specification.

The Properties & Reactions of 
Ethyleneamines

EDA DETA TETA TEPA AEP AEEA E-100

Molecular Weight    (Linear Component) 60.10 103.17 146.24 189.30 129.21 104.15 NA

(Typical Product) 60.1 103.1 151 200 128.8 104.2 271

Boiling Point @ 760 mm, °C 116.9 206.7 276.5 332 222.1 243.1 decomp.

Freezing Point, °C 11.1 -39 -35a -30a -17 -38a -21a

Density, g/ml @ 20°Cb 0.900 0.952 0.981 0.991 0.987 1.028 1.009

Specific gravity 20°/20°b 0.902 0.954 0.983 0.993 0.989 1.030 1.011

Viscosity, cp @ 20°C 1.56 7.14 13.9 23.4 10.2 88.4

Kinematic viscosity, cst @25°Cb 1.8 5.8 21.4 54.1 12.1 98 229

Kinematic viscosity, cst @ 40°Cb 1.5 3.7 10.3 24.6 6.5 48.5 84.1

Vapor Pressure @ 20°C, mm Hg 9.34 0.084 <0.01 <0.01 0.048 <0.01 <0.01

Specific heat cal/g °C @ 20°C 0.611 0.522 0.482 0.451 0.440 0.490

Thermal conductivity, cal/cm-sec-°C @ 20°C 0.000614 0.000523 0.000450 0.000435 0.000434 0.00059 

Surface tension, dynes/cm @ 20°C 42.0 41.8 22.2 39.3 44.9 44.8

Coefficient of expansion, 1/°C @ 20°C 0.00106 0.00106 0.00075 0.000681 0.000842 0.000789 

Refractive index @ 25°Cb 1.454 1.481 1.496 1.534 1.498 1.484 1.511

Dielectric constant @ 25°C and 1 kHzb 13.5c 12.0c 11.4 12.0 6.4 22.0 9.6

Electrical conductivity, μmhos/cm @ 20°Cb 5.2 0.32 0.038 0.0065 0.0054 0.47 0.24

Heat of formation, kcal/mol -14.9 -17.3 -17.6 -19.7 8.07 -64.8

Heat of vaporization, BTU/lb 279.8 194.8 160.2 131.5 153.3 241.6

Heat of combustion, BTU/lb 13371 14008 14297 14437 14887 12465 

Ionization constants, Kb1 8.0E-5 7.1E-5 6.7E-5 6.5E-5 4.0E-5 3.0E-5 9.0E-5 

@ 25°C Kb2 9.0E-8 5.2E-6 7.0E-6 6.5E-6

pH of 1 wt % solutionb 11.7 11.6 11.5 11.5 11.4 11.4 11.4

Nitrogen content, %b 46.6 40.6 37.0 35.1 32.5 26.9 33.7

Amine value, mg KOH/gb 1855 1626 1443 1343 1293 1070 1257

a Pour point 
b Property of typical sales product 
c Obtained at 100 kHz 
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4.1 Density of Ethyleneamines vs. Temperature
Figure 4.1 Density of Ethyleneamines vs. Temperature 

4.2 Viscosity of Ethyleneamines vs. Temperature
Figure 4.2 Viscosity of Ethyleneamines vs. Temperature



24

4.3 Vapor Pressure of Ethyleneamines vs. Temperature
Figure 4.3 Vapor Pressure of Ethyleneamines vs. Temperature

4.4 Properties of EDA Aqueous Solutions
Figure 4.4 Density vs. Temperature
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4.5 Viscosity vs. Temperature

4.6 Heat of Solution at 25°C
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4.7 Vapor-Liquid Equilibrium at 760 mm Hg
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4.5 Chemical Reactions 

Ethyleneamines undergo reactions that are typical of aliphatic amines. Since most

members of the class contain at least two primary, and usually one or more secondary

amine groups, they are also capable of forming cyclic derivatives. 

This section summarizes some of the more important and interesting chemical reactions of

these compounds, arranged according to the functional types of the coreactants. 

4.5.1 Water, Carbon Dioxide, or Oxygen 

Ethyleneamines react readily with water, carbon dioxide, and oxygen, which are found in

the environment. These reactions are typically of most importance in connection with

the storage of ethyleneamines. 

Ethyleneamines are water-soluble. Amine hydrates, however, can form from the addition

of moderate amounts of water to the higher molecular weight products TETA, TEPA,

and E-100.  Hydrate formation is mildly exothermic, and the resulting solid hydrates

formed from the linear polyamines have melting points in the range of 25-50°C.

Hydrate formation is facilitated by temperatures below 10°C, particularly for TEPA.

Carbon dioxide reacts readily with ethyleneamines, at ambient temperatures, to form

salts. For example, EDA reacts with carbon dioxide to form N-(2-aminoethyl)

carbamate.132 

When reacted with carbon dioxide under pressure, EDA yields 2-imidazolidinone

(ethylene urea).133

Reactions of EDA with urea,134,135,136 ethylene carbonate,137 phosgene, or carbon

monoxide and oxygen (in the presence of a catalyst)138 also yield ethylene urea. 
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Reaction of ethyleneamines with oxygen produces oxidized nitrogen species. Reaction

of ethyleneamines with trace levels of oxygen (or other compounds capable of oxidizing

amines) generally results in low levels of undesired by-products, which results in higher

colored product. 

4.5.2 Inorganic Acids

Ethyleneamines are organic bases and react readily with common inorganic acids to

form water-soluble salts. When EDA and hydrochloric acid, for example, are reacted at

ambient temperatures, they form the dihydrochloride. 

Other inorganic acids yield salts in a similar manner. The products are crystalline

materials that react with strong bases to regenerate the original ethyleneamine. 

At elevated temperatures, the reaction of EDA with 2 moles of nitric acid produces

ethylene-dinitramine, an explosive compound.139,140 

It is preferable, however, to prepare ethylenedinitramine by nitrating ethylene urea. 

4.5.3 Alkylene Oxides, Epichlorohydrin, and Aziridines 

Ethyleneamines react readily with epoxides, such as ethylene oxide or propylene oxide,

to form mixtures of hydroxyalkyl derivatives. The ratio of the reactants (epoxide to

ethyleneamine) and the reaction conditions has an important bearing on the identity and

proportion of the final products produced. 

With low epoxide/ethyleneamine ratios and no additional catalyst, mono-, di-, tri-, and

tetra-hydroxyalkylated products are obtained. In these, one oxide unit (HOCH2CH2-) is

substituted for each amine hydrogen in the starting ethyleneamine. For example, an

epoxide/ethyleneamine ratio of 1 gives a 45% yield of monohydroxyalkylated products,

plus smaller amounts of the higher homologs.141 Product mixtures in which the

molecular weights of the components are less than 200 are separable by distillation. 
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With a large excess of epoxide, and NaOH as a catalyst, all primary-amine hydrogen

atoms are replaced and oxyethylene chains formed. The reaction of ethylene oxide with

EDA is shown below (where m is variable and less than n).142,143 Similar reactions with

propylene oxide have also been reported.144

Water-insoluble, anion-active resinous materials are obtained when epichlorohydrin is

substituted for the alkylene oxide. This reaction is carried out in aqueous solution.145

The reaction of ethyleneamines with aziridines is analogous to their reaction with

epoxides. The reaction of ethyleneamines and aziridines generally requires acid

catalysis. As is the case with the uncatalyzed epoxide/ethyleneamine reactions, the

reaction ratio of the ethyleneamine and aziridine reactants controls product

distribution.146,147 DETA can be produced in this way from EDA. 

4.5.4 Alkylene Glycols and Alcohols

Reactions of ethyleneamines with glycols in the presence of one of several metal oxide

catalysts produces cyclic ethyleneamines.148 For example, the gas-phase reaction of

ethylenediamine and propylene glycol over an alumina catalyst gives 2-methylpiperazine.149 

4.5.5 Organic and Inorganic Halides 

Alkyl halides, and those aryl halides which are activated by electron withdrawing groups

(NO2 or similar groups) in the ortho or para positions, can be reacted with
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ethyleneamines to give mono-and di-substituted derivatives, depending upon the ratios

and reaction conditions used.150,151,152,153 Reaction of EDA with methylene chloride

reportedly causes a runaway reaction.154 The product of the reaction of EDA with a

monosubstituted alkyl halide is dependent upon reaction stoichiometry. 

With aliphatic dihalides, polymeric, cross-linked, water-soluble, cationic products are

obtained with a high aliphatic dihalide/ethyleneamine reactant ratio.155 With lower

reactant ratios, higher molecular weight ethyleneamine products are obtained. 

The following are some examples of the wide range of products that can be produced

from the reaction of alkyl halides with ethyleneamines. Dimorpholinoethane can be

prepared from ethylenediamine and 2,2'-dichloroethyl ether in the presence of Na2CO3.156 

Trichlorotoluene reacts with ethylenediamine to give 2-phenyl-2-imidazoline.157

The reaction of EDA with chloroacetic acid gives ethylenediaminetetraacetic acid

(EDTA). The tetrasodium salt of this acid is an important commercial chelant. The

tetrasodium salt can also be obtained by reacting ethylenediamine with sodium cyanide

and formaldehyde (see Aldehydes and Ketones section). 
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Reaction of ethylenediamine with ICI gives ethylenediamine tetraiodide.158

NOTE:  Amine compounds can react vigorously with halogenated hydrocarbons.

These reactions should be carried out with appropriate precautions. 

4.5.6 Aldehydes and Ketones 

Ethyleneamines react readily and exothermically with aliphatic aldehydes and ketones to

form a variety of adducts. 

The products produced depend on the stoichiometry, the reaction conditions, and

structure of the starting ethyleneamine. Reaction of an aldehyde with EDA or DETA

yields imidazolidines via the Schiff base intermediate.159

Reactions with aledhydes and ethyleneamines may be quite complex. A portion of the

aledhyde may undergo aldol condensation to yield an unsaturated aldehyde. This, in

turn, might condense with the ethyleneamine to give a second Schiff base.160

Upon further condensation of the reaction products with one another, complex cross-

linked resins are obtained.161,162 The extent to which each reaction occurs varies with the

reactants. 

Ethyleneamines and excess formaldehyde can react to give a variety of products,

depending on reaction conditions and identity of the starting ethyleneamine. Some

representative compounds that are the products of the reaction of EDA and

formaldehyde are shown below.163,164 



32

Linear resins are formed by reacting diethylenetriamine at 100°C with the condensation

product of phenol and formaldehyde. When these resins are heated at 100-200°C with

excess formaldehyde, they are converted to cross-linked insoluble polymers with

excellent resistance to alkalis.165 Condensation products of ethyleneamines with

melamine and melamine-formaldehyde resins have also been prepared.166,167 

When ethylenediamine is reacted with sodium cyanide and formaldehyde, under

suitable alkaline conditions, the tetrasodium salt of ethylenediaminetetraacetic acid is

obtained.168 

The reaction is carried out at elevated temperatures and under a partial vacuum to

remove ammonia, which is also formed. Another method of preparation involves the use

of hydrogen cyanide in place of sodium cyanide. 

The tetrasodium salt is easily converted to the tri-, di-, and mono-sodium salts, or to the

free acid, by treatment with sulfuric or hydrochloric acid. These products find wide use

in a variety of industries as chelating agents. Diethylenetriamine reacts in an analogous

fashion to yield the pentaacetic homolog which is also utilized commercially as a

chelating agent. 

In reactions similar to those with aldehydes, ethyleneamines react with aliphatic ketones

to form imines. Reaction with one of the primary amines yields a ketimine and the

evolution of one mole of water. 



33

The addition of a second mole of the ketone to the monosubstituted ketimine would

form the di-ketimine and result in the evolution of a second mole of water. The formation

of a ketimine is a reversible reaction. With the addition of water, the ketimine readily

hydrolyzes and regenerates the amine and ketone. 

Another specialized reaction of ethyleneamines with aldehydes is called the Mannich

reaction. Condensation of primary or secondary amines with formaldehyde and hydroxy

aromatic compounds yield Mannich bases.169

4.5.7 Organic Acid and Acid Derivatives 

Ethyleneamines will react with organic acid derivatives (carboxylic acids, esters, acid

anhydrides, acyl halides) to yield amides, amidoamines, and polyamides. 

The type of final product obtained depends on the structure of the starting

ethyleneamine, the acid derivative used, and the reaction conditions employed. For

example, mono-or diamides can be obtained from EDA depending on the mole ratio of

the acid/amine.170
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Diacids and their derivatives can be reacted with ethyleneamines to prepare

polyamides.171,172

These dibasic acid derivatives, as well as dimerized and trimerized vegetable oils,

polymerize with ethyleneamines, forming polyamide resins. These resins range from soft,

viscous materials to hard, thermoplastic, heat-resistant, colored transparent products,

depending upon the initial reactants.173

The extent of reaction between an ethyleneamine and an organic acid derivative

depends highly on the type of acid derivative and the severity of reaction conditions.

Under forcing conditions, acid anhydrides and EDA can form tetraacyl derivatives.174

However, use of milder conditions or a less active acylating agent results in only the

monoamide.175,176,177 

The monoamides undergo further condensation to yield the cyclic imidazoline

derivatives. This cyclization can be performed without isolation of the intermediate

monoamide using a variety of techniques including catalysts.178,179,180,181 Thus, when

monoacetyl ethylenediamine is heated with calcium oxide, 2-methyl-2-imidazoline

results.182 
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Imino ethers183 and alkyl oxazolines 184 have also been used, along with ethylenediamine,

as starting materials in the preparation of 2-substituted imidazolines. 

Hydrogen cyanide and aliphatic nitriles can also be employed with ethyleneamines to

produce imidazolines. EDA and hydrogen cyanide, for example, react in diethyl ether at

100°C to give 2-imidazoline.185 

Diethylenetriamine reacts in a similar fashion to give the 1-aminoethyl derivative. 

When ethylenediamine is reacted with aliphatic nitriles in the presence of sulfur186 or

polysulfides187 as catalyst, 2-alkyl-2-imidazolines are formed.

Ethyleneamines can be added readily to acrylonitrile in the presence of a catalyst,

forming cyanoethyl derivatives.188,189
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The reaction is exothermic, and requires cooling to prevent polymerization of the

acrylonitrile. 

Alkyl succinimides can be prepared from the reaction of an ethyleneamine with the

corresponding alkyl-substituted succinic anhydride.190

Ethyleneamine-organic amine derivative reaction products themselves may be further

reacted with a wide variety of compounds to yield additional derivatives. Compounds

which may be used in carrying out such condensations include formaldehyde, dibasic

acids, dimethyl sulfate, and epoxy resins.191,192,193 

4.5.8 Urea and Urea Derivatives 

Ethyleneamines react with urea to form substituted ureas and ammonia. EDA reacts

with urea to give 2-imidazolidinone (ethylene urea).194,195

With diethylenetriamine and the higher ethyleneamine homologs, a number of urea

reaction products are possible.196 Equimolar quantities of DETA and urea give, as the

principal product, 1-(2-aminoethyl)-2-imidazolidinone. 
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When two moles of urea are heated with one mole of DETA, the principal product is 1-

(2-ureidoethyl)-2-imidazolidinone. 

DETA has been prepared by the reaction of EDA, monoethanolamine and urea. In this

process MEA reacts with urea to form 2-oxazolidinone which reacts further with EDA to

form the cyclic urea of DETA. Hydrolysis of the urea liberates the free amine.197 Similarly,

linear TETA can be produced when two moles of 2-oxazolidinone and one of EDA are

brought together. The amine nitrogen atoms replace the oxygen atoms of the

heterocyclic ring and a bis-imidazolidinone compound is formed, which can be

hydrolyzed to yield linear TETA.198 

The acid salts of ethyleneamines also react with urea and formaldehyde, but the

reaction follows a different course from that of the free amine, the end product being a

cationic, water-soluble straight-chain resin.199,200,201

4.5.9 Olefins 

Ethyleneamines can react with olefins by addition to a double bond. EDA reacts with

isobutylene in the presence of a zeolite catalyst at high temperature to give the

monoalkylation product.202
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Ethyleneamines can add as a nucleophile to α, ß-unsaturated carbonyl compounds,

such as acrylate esters or acrylonitriles. The reaction, commonly referred to as the

Michael’s addition, results in the addition of the amine to the double bond of the 

α, ß-unsaturated carbonyl compound. 

Starburst dendritic macromolecules can be formed from EDA and methyl acrylate under

controlled conditions.203,204 Similarly, ethyleneamines can add to other vinyl-containing

compounds that do not have carbonyl groups. An example is the reaction of styrene

with ethylenediamine. 

4.5.10 Sulfur Compounds 

When one mole of carbon disulfide is reacted with one mole of EDA, cyclization occurs

and ethylene thiourea is formed.205

In the presence of a base, such as caustic soda, ethylenediamine readily adds two

moles of carbon disulfide to yield the di-sodium salt of ethylenebisdithiocarbamate.206
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Sulfonamides can be prepared from ethyleneamines, by heating with a saturated

aliphatic sulfonyl chloride,207 or with mono-, di-, or tetra-substituted benzenesulfonyl

chloride, or with p-toluenesulfonyl chloride.208 The condensation of diethylenetriamine

with thiourea gives 1-(2-aminoethyl)-2-midazolidonethione.209 

4.5.11 Cyclization 

At elevated temperatures and pressures, in the presence of various catalysts,

ethyleneamines are transformed into piperazines and pyrazines. 

Over a kaolin-alumina catalyst at 280-400°C, for example, diethylenetriamine is

converted into a mixture of piperazine, pyrazine, and triethylenediamine.210,211

Higher temperatures appear to favor pyrazine formation, while lower temperatures favor

formation of piperazine and substituted piperazines.212 Other catalysts that have been

used in these cyclization reactions include mixed transition metal oxides213,214 and Al-Ti-

Ni alloys.215
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Table 5.1 — Summary of Methods 

Composition & Properties Analysis EDA DETA AEP AEEA TETA TEPA E-100 Blends & Der. 

1. Assay Gas Chromatography (GC) 

2. Color APHA using a platinum-cobalt Gardner method (ASTM

scale (ASTM D-1209)  D-1544), ASTM method 

(ASTM D-1500) 

3. Total Nitrogen Calculated based on GC analysis 

4. Water (wt. %) GC Karl Fischer method (ASTM E-203) using a salicylic 

acid/methanol solution 

5. Specific Gravity Mettler-Paar digital density meter (ASTM D-5002) 

6. Viscosity Kinematic viscosity (ASTM D-445) 

7. Amine Value (total base number) Non-aqueous titration using acetic acid as solvent & 

titrating with hydrochloric acid (mg KOH/g Sample) 

5.1 Ethyleneamine Assay by Gas Chromatography 

5.1.1 Assay of Lower Molecular Weight Ethyleneamines by Gas Chromatography
(Ethylenediamine, Diethylenetriamine, Aminoethylpiperazine, Aminoethylethanolamine) 

A gas chromatograph equipped with a single-filament thermal conductivity detector,
injection port with split injection capabilities, a wide-bore fused-silica capillary column,
and an integrator or data handling computer station is required for this analysis. 

• Column: 25m x 0.75 mm O. D. x 0.53 mm I. D. fused-silica CP-Sil 19CB
(Chrompack) 

• Stationary Phase: 2.2 μm film of chemically bonded CP-Sil 19, 7% cyanopropyl, 7%
phenyl, 86% dimethylpolysiloxane 

• Carrier Gas: Helium 
• Programmed Temperature Range: 100° - 290°C 
• Recommended Flow Rates: 

– Column Flow - 5.2 ml/min. 
– Make-up Flow - 1.5 ml/min. 
– Reference Flow - 2.3 ml/min. 
– Split Flow - 200 ml/min. 
– Septum Purge Flow - 1.5 ml/min. 

Analytical Methods
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• Split Ratio: 39 
• Injection Port Temperature: 300°C 
• Detector Temperature: 300°C 
• Detector Type: Thermal Conductivity 
• Injection Size: 1 microliter 

5.1.2 Assay of Higher Molecular Weight Ethyleneamines by Chromatography
(Triethylenetetramine, Tetraethylenepentamine, Ethyleneamine E-100, Blends &
Derivatives) 

The equipment for analysis of the higher molecular weight ethyleneamines is the same
as for the lighter ethyleneamines except a different column type is employed and a
flame ionization detector is used. 

• Column: 30m x 0.32 mm x 0.25 μm DB-5 (Chrompack) 
• Stationary Phase: 95% Dimethyl, 5% diphenyl polysiloxane thin film (0.25 μm) 
• Carrier Gas: Helium 
• Programmed Temperature Range: 100 - 300°C 

– Column flow - 1.3 ml/min. 
– Make-up flow - 30 ml/min. 
– Split flow - 100 ml/min. 
– Septum purge flow - 1.5 ml/min. 

• Split Ratio: 77 
• Injection Port Temperature: 350°C 
• Detector Temperature: 300°C 
• Detector Type: Flame Ionization Detector (FID) 
• Injector Size: 1 microliter 

5.1.3 Gas Chromatography Standardization and Calibration 
(Applicable to all Ethyleneamines) 

Gas chromatography (GC) standards must be prepared with detailed accuracy. An
analytical balance and pure components are required for the calibration of the
instrument prior to substrate analysis. One microliter of the standard is injected and
analyzed according to the chromatographic conditions given until stable response
factors are obtained. 

An integrator or data handling computer station should be programmed according to
instructional manual for area percent data or weight % composition using the response
factors obtained. 
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Table 5.2 — Color Comparison Chart 

APHA Gardner Gardner NPA ASTM Saybolt Rosin Parlin K2Cr207
Standards Holdt D-1500 Standards (g./100 ml. H2SO4)

3 +29 
5 +27 
8 +26 
10 +24 
15 +23 
20 +22 
23 
25 +21 
30 +19 
35 +17 
40 +16 
45 +15 
50 +14 
60 +12 
65 
70 +11 
80 +10 
90 +9 
100 +6 
125 0 
130 
150 -9 
170 
200 0.5 0.5 -13 
250 1 1 0.75 4 0.0039 
300 1.0 0.5 
400 2 1.25 5 0.0048 
500 1.25 0.0071 

3 8 
1.25+ 

4 2 1.5 1.0* 10 0.0112 
5 1.75 1.5* +29 20 
6 2- X 30 0.0205 

2.0 35 0.0322 
7 3 2+ 2.0* WW 0.0384 
8 2.25 WG 45 0.0515 
9 4 2.5 2.5* N 60 0.0780 
10 2.75 M-K 80 0.1640 
10-11 3.0 3.0* K 0.2070 
11 3.25 I 100 0.2500 

53 .5 3.5 
12 3.75 4.0* H 0.3800 

6 3.75 
13 4.0 G 0.5720 
14 7 4.25 4.5* F 0.7630 

4.5 5.0* 175 
4.75 5.5* 200 

15 5.0 6.0* 250 1.0410 
5.75 

16 8 6.0 6.5 E 300 1.2800 
7.0 7.0* 

17 7.5 7.5* 350 2.2200 
8¬
8.0 

18 9 8+ 8* D 500 3.0000 

*Approximate 
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5.2 Color 
The procedure used to test for color using the APHA scale is ASTM D-1209. This is a
standard test method for determining the color of clear liquids (platinum-cobalt scale). A
color comparator constructed to permit visual comparison of samples through tall-form
Nessler tubes is required for accurate comparison. A series of platinum-cobalt reference
standards or color disks, which duplicate the platinum-cobalt standards, are also required. 

Use ASTM D-1544 (Gardner scale) for mid-range color ethyleneamines and ASTM D-1500
for ASTM color scale. 

5.3 Total Nitrogen 
The procedure for total nitrogen is identification of the individual components by gas
chromatographic techniques followed by calculation of percent nitrogen from the known
chemical structures of the components. As an alternate method, total nitrogen can be
determined by using ASTM E-258, which is a modified Kjeldahl method for determining
total nitrogen in organic materials. 

5.4 Water 
Water analysis for EDA can be performed with a gas chromatograph equipped with a
thermal conductivity detector using the method given above for light amines (see section
5.1.1). Analysis of the remaining ethyleneamines can be determined with the Karl Fischer
method as described below. 

a. Standardize the Karl Fischer reagent by adding to a titration flask 25 ml of anhydrous
methanol and titrate until a constant microamp reading is obtained. 

b. Add 0.05 to 0.1 grams of water into the solution and titrate again with the reagent to
the same microamp reading. The amount of reagent needed is used to determine
the grams of water per milliliter of reagent which is the Fischer reagent factor F. 

c. Add 60 ml of a methanol/salicylic acid solution (150g salicylic acid in 1 liter of
methanol) to a clean titration vessel and titrate to the end point with the Karl Fischer
reagent. Disregard the volume and reset the buret to zero. 

d. Quickly add to the vessel enough sample to contain 0.01 to 0.4 grams of water and
again titrate to the end point. Record the volume required, A, in milliliters. 

e. Calculation of percent water is: % Water   = A x F x 100
grams sample

where: A = ml Karl Fischer reagent 
F = grams water per ml reagent 
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5.5 Specific Gravity 
This can be determined by using the method described in ASTM D-5002 which determines
specific gravity by a Mettler-Paar density meter. 

5.6 Viscosity 
Viscosity is determined by using the procedure described in ASTM D-445. This involves
filling a viscosity tube with the sample to be tested past a mark on the tube. 

The viscosity tube is then placed in a constant temperature bath. The set point temperature
of the bath can vary depending on the viscosity of the sample. The sample is then forced
above the mark by applying air pressure. 

The pressure is then removed and a timer started as the meniscus touches the first mark.
When the meniscus reaches the second mark, stop the timer. The time (seconds) is
multiplied by the factor number of the viscosity tube. Make sure the factor number is
correct for the temperature of the test. The result is reported in centistokes. 

5.7 Amine Value 
This procedure can be used to determine the amine value of ethyleneamines. The amines
are titrated with standard 1.0N HCl. The alkalinity is expressed as the equivalent in
milligrams of potassium hydroxide per gram of sample. The procedure is as follows: 

a. To a 250 ml beaker add 150 ml of glacial acetic acid. 

b. Fill the 1 cc syringe approximately half full of sample and weigh to the nearest 0.1
mg. Add 60 to 100 mg of sample into the 250 ml beaker containing acetic acid.
Reweigh the syringe. 

c. Allow sample to sit for 5 minutes. 

d. Titrate potentiometrically to an endpoint with 1.0N HCl. 

e. The amine value is calculated as:   ml titration x normality x 56.1   =   amine value
grams of sample



Product Stewardship

The Huntsman Corporation has a fundamental concern
for all who make, distribute, and use our family of
ethyleneamine products, and the environment we share.
This concern is the basis for our Product Stewardship
philosophy, by which we assess all available information
on our products and then take appropriate steps to
protect employee and public health and the environment. 

In addition, Huntsman is committed to implementing the
guiding principles and management practices of the

chemical industry’s Responsible Care* initiative, which
includes Product Stewardship as one of the Management
Practices. As part of our Product Stewardship effort,
information such as Material Safety Data Sheets and this
brochure are provided to assist our customers in handling
our ethyleneamine products in a safe and responsible
manner. 

Additional information and services which are available for
our ethyleneamine customers are described in Section 6.4. 

Table 6.1 — Storage and Handling Information for Huntsman Ethyleneamines 

EDA DETA TETA TEPA AEP AEEA E-100

Weight (lb.)/Gallon 7.46 7.89 8.12 8.23 8.18 8.55 8.35 

Boiling Point @760 mm,°C 116.9 206.7 276.4 332.0 222.1 243.1 decomp. 

Freezing Point, °C 11.1 -39 -35a -30a -17 -38a -21a

Flash Point (PMCC), °F(°C) 110(43) 215(102) 245(118) >350(>177) 210(99) >300(>149) >360(>182) 

Upper Explosion Limit, vol % 14.2 11.6 >6.4 

Lower Explosion Limit, vol % 2.6 1.9 1.1 

Thermal Conductivity, cal/cm-s-C 20°C 0.000614 0.000523 0.000450 0.000435 0.000434 0.00059 

Vapor Pressure mm Hg, 20 °C 9.34 0.084 <0.01 <0.01 0.048 <0.01 <0.01 

Solid Hydrate Formation No No Yes Yes No No Yes 

USA EDA DETA TETA TEPA AEP AEEA E-100 

DOT Shipping Name Ethylene Diethylene- Triethylene- Tetraethylene- N-Amino Amines, Liquid, Not
diamine triamine tetramine pentamine ethyl Corrosive, n.o.s. Applicable

piperazine (Aminoethyl-
ethanolamine) 

DOT Classification 8 8 8 8 8 8 n/a 

Hazard Class Corrosive Corrosive Corrosive Corrosive Corrosive Corrosive Not
Material Material Material Material Material Material Applicable 

Shipping Label Corrosive Corrosive Corrosive Corrosive Corrosive Corrosive Not 
Applicable 

UN Number 1604 2079 2259 2320 2815 2735 n/a 

Package Group II II II III III III n/a 

NFPA H,F,R b 3,2,0 3,1,0 3,1,0 3,1,0 3,1,0 3,1,0 3,1,0 

45
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6.1 Health Effects 

The following information is intended to provide a brief summary of health effects

information and precautions. Consult the applicable Safety Data Sheet for the most up-to-

date ethyleneamines information on health and safety of Huntsman ethyleneamine

products. 

6.1.1 Eye Contact 

Because of the fragility of eye tissue, almost any eye contact with any ethyleneamine

may cause irreparable damage, even blindness. Properly fitted chemical goggles should

be considered as minimum eye protection, and a face shield which allows the use of

chemical goggles should be worn when there is any likelihood of a splash. 

If eye exposure occurs, immediate and continuous irrigation with flowing water for at

least 30 minutes is imperative. Prompt medical consultation is essential. 

6.1.2 Skin Contact 

A single, short exposure to ethyleneamines may cause severe skin burns, while a single,

prolonged exposure may result in the material being absorbed through the skin in

harmful amounts. Exposures have caused allergic skin reactions in some individuals.

Protective clothing, impervious to ethyleneamines, should be worn. 

Specific items, such as gloves, boots, aprons, or full-body suits, are recommended

depending upon the operation and the potential for skin contact. A face shield that

allows the use of chemical goggles, or an appropriate full-face respirator, should be

worn to protect the face and eyes when there is any potential for contact. 

EUROPE EDA DETA TETA TEPA AEP AEEA E-100 

Shipping Namec Ethylene Diethylene- Triethylene- Tetraethylene- N-Amino Amines, Liquid, Amines
diamine triamine tetramine pentamine ethyl Corrosive, n.o.s. Liquid,

piperazine (Aminoethyl- Corrosive,
ethanolamine) n.o.s. 

Hazard Class Corrosive Corrosive Corrosive Corrosive Corrosive Corrosive Corrosive 

UN Number 1604 2079 2259 2320 2815 2735 2735 

Package Group II II II III III III III 

aPour point 
bH = Health, F=Fire, R= Reactivityc  For road, rail and barge, shipping name preceded by UN number 
*Service mark of The Chemical Manufacturers’ Association 
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In the event of contact, immediately flush the skin with flowing water for at least 15

minutes, while removing contaminated clothing and shoes. If the irritation persists, seek

medical assistance. Contaminated clothing can be washed and reused, but shoes,

other leather items, or other articles that cannot be decontaminated should be

destroyed. 

6.1.3 Oral Toxicity 

Single dose oral toxicity of ethyleneamines is low. The oral LD 50 for rats is in the range

of 1000 to 4500 mg/kg for the ethyleneamines. However, ingestion will cause burns to

the membranes of the mouth, throat, and stomach, and may cause gastrointestinal

irritation or ulceration. 

If ingestion occurs, do not induce vomiting. Have the individual drink a large amount of

water (or milk, if it is readily available) and transport them to a medical facility

immediately. 

6.1.4 Inhalation 

Overexposure to ethyleneamine vapors can cause painful irritations to the eyes, nose,

throat, and lungs. It may also cause respiratory sensitization in susceptible individuals. 

Always be sure there is adequate ventilation in ethyleneamine work areas. In the event

of a gross exposure to ethyleneamine vapor, immediately remove the affected

individual(s) to fresh air and seek attention. 

In the United States, the Occupational Safety and Health Administration (OSHA) has

established permissible exposure limit-time weighted averages (PEL-TWA) for

ethylenediamine and diethylenetriamine. These figures represent the legal exposure

limits for a workday. 

Similarly, the American Conference of Governmental Industrial Hygienists (ACGIH) has

established threshold limit values-time weighted averages (TLV-TWA) for

ethylenediamine and diethylenetriamine as guidelines for industrial use. 

The American Industrial Hygienist Association has established a workplace

environmental exposure limit (WEEL) for triethylenetetramine. This is based on an 8-hour

TWA for a normal workday and 40-hour work-week. 
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These figures, shown in Table 6.2, represent the average airborne concentrations to

which most workers can be exposed, day after day, without serious adverse effects. 

Table 6.2 — Representative Occupational Exposure Limits (OELs) for Ethyleneamine 

OSHA PEL: U.S. Occupational Safety and Health Administration Permissible Exposure Limit – expressed as an 8-hour time
weighted average (TWA). 

ACGIH TLV: American Conference of Governmental Industrial Hygienist Threshold Limit Value – expressed as an 8-hour time
weighted average (TWA). 

Skin notation for ACGIH TLV indicates the potential for dermal absorption of the material. 

AIHA WEEL: American Industrial Hygiene Association Workplace Environmental Exposure Limit – expressed as an 8-hour time
weighted average (TWA). 

No such guidelines have been set for the higher molecular weight amines since they

have substantially lower vapor pressures. However, in some circumstances, such as

high temperatures, even these ethyleneamines can generate enough vapors to be

hazardous. 

6.1.5 Systemic Effects 

For specific information on the possible systemic effects of a particular ethyleneamine,

consult the Safety Data Sheet for that product. 

6.2 Storage and Transfer 

The ethyleneamine product family, as highly reactive intermediates, are potentially

hazardous materials when released to the environment. 

The following information is intended to provide a brief summary of storage and transfer

information. 

Note: Copper or copper alloys should never be used with amines. 

OSHA PEL ACGIH TLV AIHA WEEL German MAK Swiss MAK-Wert

EDA 10 ppm 10 ppm, skin -- 10 pppm 10 ppm

DETA 1 ppm 1 ppm, skin -- -- 1 ppm

TETA -- -- 1 ppm -- --
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This schematic drawing is provided in good faith by Huntsman Corporation. 

However, as the delivery, storage, use and disposal conditions are not within its control, Huntsman does not
guarantee results from the use of the schematic.

The customer is advised to employ a qualified engineering service to design and build their storage and
handling facility.

Since any assistance furnished by Huntsman, with reference to the safe delivery, storage, use and disposal
of our products is provided without charge, Huntsman assumes no obligation or liability.

Figure 6.1 — Bulk Storage & Transfer of Huntsman Ethyleneamines 

a Pump to be turned off by:

High level in tank 

High temperature 

Low pump discharge pressure 

Low pump discharge flow 

b Safety shower must be located to be quickly
accessible from all product handling areas 

c Safe access to dome should be provided 

d Heat trace and insulate 

e All dip tubes to have anti syphon holes 

f National Fire Protection Association
(N.F.P.A.) symbols: 

H = Health

F = Flammability

R = Reactivity

g Heat trace for EDA service

EBV Emergency Block Valve 
ERV Emergency Relief Valve 
FIT Flow Indicating Transmitter 
HLA High Level Alarm 

HLS High Level Switch 
LIT Level Indicating Transmitter 
NIT Nitrogen
PCV Pressure Control Valve

PIT Pressure Indicating Transmitter
TIT Temperature Indicating Transmitter
VRV Vacuum Relief Valve 

6.2.1 Tanks and Lines 

Liquid ethyleneamines are not particularly difficult materials to handle or store; however, it is important to be

aware of the following information when working with ethyleneamines. 

Figure 6.1 is a schematic of a representative bulk storage and off-loading facility for ethyleneamines which

indicates equipment and instrumentation that should be considered in the design of an ethyleneamine off-

loading and storage facility. (This schematic is not intended as an engineering schematic.) 
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Although horizontal tanks may be used, vertical tanks are suggested because they are

usually more economical to install, occupy less space, and provide more accurate tank

gauging. (Note: In accordance with National Fire Protection Association Rule 30.17,

item 2-1.31 (b), a vertical tank, designed to American Petroleum Institute (API) Standard

650, is suggested for ethyleneamines.) 

European equivalents include flat-bottomed tank design DIN 4119, Parts 1 and 2, and

horizontal, vertical DIN 6600-6625. For more volatile ethyleneamines such as EDA, the

use of API Standard 620 will provide the advantage of reduced emissions from transfer

operations.) 

Table 6.1 gives the pertinent physical properties associated with handling of Huntsman

ethyleneamines, along with references to the transportation regulations for the USA and

Europe. 

If slight coloration of the ethyleneamine is acceptable, storage tanks may be made of

carbon steel or black iron, provided they are free of rust and mill scale. However, if the

amine is stored in such tanks, color may develop due to iron contamination. If iron

contamination cannot be tolerated, tanks constructed of types 304 or 316 stainless

steel should be used. 

(Note: Because they are quickly corroded by amines, do not use copper, copper alloys,

brass, or bronze in tanks or lines.) 

Table 6.3 gives recommended storage construction for the ethyleneamines. 

Table 6.3 — Recommended Storage Tank Construction Materials for Ethyleneamines 

Product Store In: 

EDA Stainless Steel 

DETA Stainless Steel 

TETA Stainless Steel 

TEPA Stainless Steel or Carbon Steel 

AEP Stainless Steel 

AEEA Stainless Steel 

E-100 Stainless Steel or Carbon Steel 
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6.2.2 Heating/Freeze Protection 

For rapid transfer and ease of handling, the recommended pumping temperature range

for ethyleneamines is 10-32.2°C (50-90° F). See Table 6.1. To achieve these

temperatures generally requires little or no heating, especially if the storage tank is

located in a warm or temperate climate, is well insulated, or is stored indoors in a

heated or insulated building. However, product stored outdoors in an uninsulated tank,

especially in cold climates, may require some degree of heating. 

Ethyleneamine E-100 and aminoethylethanolamine do not have a definite freezing point,

but at temperatures below 40°F (4.4° C), the viscosity becomes so high that it cannot

be easily pumped. As a precaution, all transfer lines should be heat traced and

insulated, and outside storage tanks should be equipped with a heating device. In

colder climates, or if the material is to be kept warm, the tank should be insulated. 

6.2.2.1 Transfer of Ethylenediamine 

Particular care should be taken with EDA as its freezing point is 52°F (11.1°C).

Unless the storage tanks are in a building where the temperature is constantly above

52°F, they should be equipped with heating coils. An automatic temperature control

device may be installed for turning on the steam in cold weather. The storage

temperature should not exceed 100°F. Outdoor lines used in processing or transfer

of EDA must be heated in cold weather. This can be accomplished by insulating the

lines and using either low pressure steam or electrical tracing. 

6.2.3 Pumps 

Pumps in ethyleneamine service should also be of stainless steel construction,

especially if iron contamination is to be avoided. Because most common packings are

readily attacked by ethyleneamines, pumps should be equipped with mechanical seals.

Magnetically driven centrifugal pumps without seals are also suggested. For ease of

starting, especially in cold weather, heatable jacketed or traced pumps are suggested. 

6.2.4 Venting/Gas Padding 

Storage tanks should be vented to prevent excessive pressure or vacuum from

occurring in the tank during filling or emptying. The vent opening should be so

constructed that neither rain nor dirt can enter the tank. For storage of liquid

ethyleneamines, an inert gas pad system is strongly recommended. This system
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requires a source of dry inert gas, such as nitrogen, in sufficient volume to allow for

emptying the tank, for small leaks, and for temperature variations. The presence of the

gas pad can minimize the possibility of amine oxidation, moisture and CO2 absorption,

and fire hazard, by preventing air from entering the vapor space over the liquid. When

ethyleneamines are exposed to air, especially in warm weather, they tend to oxidize and

discolor. 

6.2.5 Closures and Connections 

Commonly accepted gasket materials include metal reinforced graphite gaskets or spiral

wound gaskets with graphite or polytetrafluoroethylene (PTFE) for process lines and

equipment and polyethylene fittings for drums. PTFE tape is recommended for screwed

joints. As most pipe dopes are leached out by ethyleneamines, joints should be flanged

or welded when practical. 

6.2.6 Reactivity 

Ethyleneamines are reactive compounds. They react readily with acids (both organic

and inorganic), aldehydes, ketones, acrylates, and halogenated organic compounds.

The reactions are exothermic and immediate, except for the reaction with halogenated

organics, which is exothermic but does not show an immediate exotherm. This delay

presents a latent hazard against which precautions should be taken. Certain cellulosic

materials used for spill cleanup such as wood chips or sawdust have shown reactivity

with ethyleneamines and should be avoided. 

Dedicated lines and pumps are recommended to prevent accidental cross-

contamination during transfer operations. 

6.2.7 Drum Shipments 

Although most ethyleneamines customers receive product shipped in bulk via tank

trucks and rail cars, many customers receive these products in 55-gallon drums. Thus,

drum handling personnel should be fully trained on how to: 

– Safely receive and store full drums 

– Safely open drums and dispense the product 

– Safely and legally dispose of empty drums 

AEEA and EDA are shipped in high density polyethylene (HDPE) drums.  All other

ethyleneamine products are shipped in HDPE or phenolic lined steel drums.
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6.2.8 Bulk Shipments 

Bulk quantities of ethyleneamines shipped in tank trucks and rail cars are loaded at

slightly elevated temperatures. In transit via tank truck, heat is also used to maintain a

suitable pumping temperature. Ethyleneamines are also shipped via rail car. These cars

are insulated steel units equipped with outside heating coils. 

Unloading ethyleneamines from tank trucks or rail cars requires that the customer have

appropriate procedures for unloading. Refer to Figure 6.1. 

6.3 Product Release Handling Procedure 

Proper handling and storage practices will minimize the possibility of accidents, but it is

critical that procedures be in place to deal with product releases. 

6.3.1 Spills 

Small spills should be covered with inorganic absorbents and disposed of properly.

Organic absorbents have been known to ignite when contaminated with amines in

closed containers. Certain cellulosic materials used for spill cleanup such as wood chips

or sawdust have shown reactivity with ethyleneamines and should be avoided. 

Large spills should be contained and recovered. Water may be used for clean-up

purposes, but avoid disposing of the material into sewers or natural water bodies. 

Disposal should be in accordance with all federal, state and local laws, regulations, and

ordinances. 

6.3.2 Leaks 

Ethyleneamine leaks will frequently be identified by the odor (ammoniacal) or by the

formation of a white, solid, waxy substance (amine carbamates). Inorganic absorbents

or water may be used to clean up the amine waste. 

6.3.3 Air Releases 

The low molecular weight amines, such as EDA and DETA, are volatile and their vapors

will react with carbon dioxide in the air. This reaction will form small solid particulates

that float in the air and appear as smoke. These particulates (amine carbamate) should

be regarded as amine vapors, and exposures should be minimized with respiratory
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protection and safety equipment. Major releases of amine vapors, such as may occur

during a major spill, require evacuation of the area until the vapors are controlled. This

telltale smoke may also be observed with the higher molecular weight amines, such as

TETA, when heated. Exposure to aerosols, particularly for DETA, should also be

avoided. 

6.3.4 Water Releases 

Ethyleneamines and their derivatives can be toxic to aquatic life; therefore, water

contamination must be avoided. Wastewater containing ethyleneamines may be difficult

to treat, possibly causing upset of the treatment facility. 

6.4 Additional Information 

For more information concerning the handling of ethyleneamines, please request the

brochure “The Safe Handling of Ethyleneamines” (Technical Bulletin No. 5001-701).

The information contained in this brochure is intended to be helpful, is offered in good faith,

and is believed to be accurate and reliable, but cannot be complete. The engineering of

specific handling and storage systems for each plant environment is necessary to assure

maximum safety. 

Information on ethyleneamines and related matters is available from the Huntsman

Corporation to help customer's design appropriate systems that meet plant requirements.

Such information is provided in good faith, but no warranty express or implied can be

given. Request current material safety data sheets, additional information, and/or technical

assistance from your local Huntsman representative. 

Refer to the appropriate Material Safety Data Sheet for additional information on health

effects, environmental effects, first-aid measures, reactivity, regulatory, and disposal. 
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A good general reference for ethyleneamines technology is: Kirk-Othmer, Encyclopedia of

Chemical Technology, Fifth Edition, “Diamines and Higher Amines, Aliphatic,” 2001 Wiley &

Sons, New York. 
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