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Introduction

Triglycerides obtained from domestic oilseed crops such as soybean represent a
renewable source of medium chain length fatty acids (FA) that are suitable for the
preparation of surfactants and related products (1). These compounds find numer-
ous industrial applications as detergents, dispersants, emulsifiers, softeners, and
wetting agents (2). The hydrolysis of vegetable oil yields FA and glycerol. The FA
provide the chemical structures that are the building blocks of surfactants. A FA
combines an alkyl structure that imparts hydrophobic properties with a carbonyl or
other solubilizing structure that imparts hydrophilic properties. Both attributes are
essential to surfactant performance (3). The length of the alkyl chain determines
the hydrophobic character while the solubilizing group determines the hydrophilic
character, e.g., anionic, cationic, or non-ionic (4). The presence and location of
substituent groups further influence surfactant properties and performance in a par-
ticular application (5). For example, the tropical oilseeds—coconut and palm ker-
nel—are rich sources of lauric and myristic acids which are used in the production
of detergents, whereas the derivatives of longer chain FA perform better as disper-
sants or emulsifiers (6).

FA may be neutralized with base to produce the corresponding salts. Such
salts or soaps combine the hydrophilic and hydrophobic functionalities that are
characteristic of surfactant compounds. However, the performance and production
of soaps is surpassed by the ether, ester, and amide derivatives that can be pre-
pared from FA (7).

Oilseed crops are an attractive source of FA since they represent a renewable and
sustainable raw material that can replace petrochemicals for industrial synthesis. A
surfactant will exhibit the same physical and chemical properties whether prepared
from oleochemical or petrochemical raw materials. In fact, certain structures may be
more advantageously prepared from an oleochemical raw material. For example, the
fatty alcohols that are commonly used in the preparation of surfactants may be pro-
duced by the reduction of FA obtained from oilseed triglycerides. Other factors that
affect the choice of oleochemical or petrochemical feedstocks include availability,
consumer preference, cost, process economics, and purity.
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Additionally, initiatives to promote the development of biobased products that
can replace products currently derived from petroleum sources have been imple-
mented by the U.S. government and the European Union over the past several
years. In the U.S., the Biomass Research and Development Act of 2000 and execu-
tive order 13134, “Developing and promoting bio-based products and bio-energy,”
have established the goal to significantly increase the use of agricultural materials
as a source for the production of consumer goods, industrial chemicals, lubricants,
and alternative fuels. Historically, agricultural materials were used in this capacity
prior to the development of petroleum as a raw material for the chemical industry.
The shift from agriculture to petroleum as the source of industrial raw materials
occurred due to the availability of inexpensive petrochemicals. A return to agricul-
tural sources may be expected as petroleum prices increase.

Agricultural Raw Materials in Industrial Applications

The current interest in agricultural raw materials for industrial applications is a
response to both economic and environmental concerns associated with petroleum.
The reserves of petroleum and other fossil fuels are finite, in contrast to renewable
sources of oleochemicals, such as those obtained from oilseed crops. The cost of
petroleum is expected to increase as the supply is depleted, while the correspond-
ing cost of a sustainable agricultural raw material should remain relatively stable.
In addition, the use of domestically produced oleochemical materials instead of
petrochemical feedstocks helps to conserve the global supply of fossil resources
while reducing the dependence of the U.S. on foreign petroleum supplies. The U.S.
currently imports the majority of petroleum it uses. Much of this supply is located
in politically sensitive regions such as the Middle East, where a change in the
social order can interrupt the production of petroleum and lead to price fluctuations
or shortages. Reducing the levels of imported petroleum offers a strategic benefit
and promotes domestic economic security. The U.S. Department of Energy has
recognized this and established goals to increase the use of biomass as a source of
raw materials for the chemical industry (8).

The domestic petroleum resources in the U.S. are located in environmentally
fragile areas where development remains extremely controversial, such as the
Coastal Plain of the Arctic National Wildlife Refuge, and offshore regions of the
Gulf and the Pacific coasts. Leasing and drilling activities in these areas would
provide only a temporary solution to a long-term problem.

In contrast, agricultural raw materials offer a renewable alternative with dis-
tinct economic advantages to replace petrochemical feedstocks for industrial appli-
cations. The domestic production of industrial agricultural crops promotes a stable
and secure supply of the raw materials obtained from these sources. This presents
both economic and strategic benefits to the U.S. There is an economic benefit to
the farmers and local processors involved in the production and post-harvest hand-
ling of the crop. Additional economic stability exists for the farmer who is supply-
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ing a crop with both edible and industrial applications. For example, a decline in
the price of a crop or derivative agricultural material in the edible market may be
offset by the price in the industrial market. This stability improves the rural econo-
my and stimulates diversity in the agricultural marketplace. The national economy
also benefits from this stability. The increased agricultural production of oilseed
crops for industrial oleochemicals will provide a secure source of raw materials for
the chemical process industry and reduce dependence on imported petroleum.

The economic benefit associated with substituting an agricultural raw material
for a petrochemical raw material may not be measured simply by the raw material
cost or through evaluation of conventional direct production costs. A more accu-
rate life-cycle analysis must be evaluated for each particular case. Comprehensive
life-cycle assessments are not trivial to perform and the results obtained for one
crop do not necessarily transfer to a similar crop (9). Such analyses must consider
the agronomic expenses of fertilizer, pesticides, cultivation, harvest, transport, and
storage of the crop plus the additional post-harvest processing that may be required
to recover or prepare the agricultural material for use as an industrial raw material.
For example, crushing, expelling, or refining operations are necessary to recover
the natural oils from an oilseed crop followed by hydrolysis or transesterification
of the component FA.

The strategic plan prepared by the Biomass Research and Development Board
in response to the Biomass Research and Development Act of 2000 and executive
order 13134 (which set the national goal of “tripling the use of biobased products
and bioenergy by 2010”) proposed the coordination of federal, state, and industrial
activities to accelerate the commercialization of biobased products and technolo-
gies without adversely affecting environmental and public health (10). The envi-
ronmental aspects of developing biobased products and implementing the corre-
sponding production technologies need to be evaluated critically.

Life-cycle analyses have also been performed to evaluate the environmental
impact of manufacturing a particular product from agricultural raw materials ver-
sus one manufactured from petrochemicals. A review performed in Germany
found that the use of vegetable oils, specifically rapeseed oil, to produce surfac-
tants presented definite advantages both in the reduction of greenhouse gases such
as carbon dioxide, and energy requirements (11).

Surfactants

Surfactants are applicable to both edible and industrial products. Edible applica-
tions include use as emulsifiers or thickening agents. The monostearate and oleate
glycerides are used in the highest volume in the food industry where these com-
pounds act as viscosity modifiers and stabilizers that provide texture to processed
foods (12). Industrial applications of surfactants are numerous. Surfactants are
important components in formulations of agrochemicals, corrosion inhibitors, cos-
metics, detergents, lubricants, metal working and oil drilling fluids, polymers, and
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textile finishes (3). They can act as emulsifiers, dispersants, stabilizers for oil-in-
water (o/w) or water-in-oil (w/0) emulsions, viscosity modifiers or flocculents.
Surfactants can impart foaming, leveling, release, or wetting properties to formula-
tions. The attributes of the surfactant that make it suitable for a specific application
are determined by the chemical structure which can be designed for optimal perfor-
mance in a particular formulation.

Surfactants are classified as anionic, cationic, amphoteric, or non-ionic based
on the ionization of the structure in an aqueous system. Surfactants from all of
these classes may be produced from vegetable oils. The typical surfactant structure
consists of a hydrophilic group attached to a hydrophobic moiety. Common
hydrophiles include the carboxylate, sulfate, sulfonate, or phosphate groups for
anionic surfactants and amine or ammonium groups for cationic surfactants.
Common hydrophobes or lipophiles include the linear hydrocarbons of medium
chain length (C12-C18). FA obtained from natural fats and oils provide this struc-
ture, and their salts were some of the earliest surface active compounds prepared.
However, FA may be easily converted into a variety of derivative compounds with
a wider range of surfactant properties through reaction of the carboxylic acid group
(13). The FA may undergo amidation, esterification, or ethoxylation to produce
derivative structures with specific surfactant properties. Alternatively, the FA may
be reduced to the fatty alcohol which is another important material for the produc-
tion of surfactants. Fatty alcohols produced from vegetable oils in this way com-
pete directly with those obtained from petrochemical sources.

In some instances the alkyl portion of the FA may contain hydroxyl or epoxide
functionalities. The presence of such functional groups permits chemical modifications
to be made along the hydrocarbon chain that can further alter the surfactant character-
istics. If these functionalities do not occur naturally in the FA they may be introduced
by addition reactions at unsaturated sites. Several important surfactant compounds that
may be synthesized from vegetable oils are described in the following sections.

Esters

FA esters are formed by the condensation of an alcohol with the free FA or by
transesterification of the triglyceride in the presence of an acid or base catalyst.
Esters of primary and secondary alcohols such as methyl, ethyl, isopropyl, butyl,
octyl, decyl, myristyl, and cetyl are commonly used in cosmetic and personal care
products (14). These compounds act as excipients, lubricants, plasticizers, soften-
ers, solubilizers, and wetting agents in cleansing creams, lipsticks, insect repel-
lants, nail varnishes, perfumes, bath oils, creams, lotions, antiperspirants, and
deodorant formulations. The methyl esters are also intermediates for the synthesis
of other surfactants such as the a-sulfonates.

Esters produced by reaction of the FA with polyhydroxy alcohols such as gly-
col, glycerol, pentaerythritol, or sorbitol produce compounds with greater
hydrophilic characteristics (15). These materials act as emulsifying, opacifying, thick-
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ening, dispersing, pearling, and anti-foaming agents that find applications in the
preparation of o/w and w/o emulsions, absorption bases, pomades, emollient creams,
and shampoos.

Sucrose esters display high biodegradability and physiological inertness (16).
The best detersive performance is reportedly obtained with saturated C18 FA. These
compounds find applications in cosmetic and detergent formulations.

Esters prepared with polyethylene glycol (PEG) provide a non-ionic o/w emulsi-
fier for cosmetic and pharmaceutical formulations. The emulsifier is used as a thicken-
ing agent in creams, a suspension agent for solid substances, and a stabilizer in formu-
lations with a high proportion of electrolytes. It has also been used as an anti-static
agent for plastics.

Ester Sulfonates. A sulfonated FA methyl ester is prepared by the transesterification
of a vegetable oil to obtain the corresponding methyl esters followed by sulfonation
with sulfur trioxide. The hydrophilic sulfonate group increases the water solubility
while the linear hydrocarbon moiety provides the necessary lipophilic character. Ester
sulfonates exhibit favorable wetting, emulsifying, and dispersant properties (17,18).
This is an efficient method for the production of these anionic surfactants (19). These
compounds have been prepared from coconut oil and compare favorably to C12-C14
fatty alcohol ether sulfates and C14—C16 olefin sulfonates (20,21).

Yields greater than 95% are obtained when the vegetable oil is hydrogenated
prior to sulfonation. If the oil is unsaturated then numerous reaction products are gen-
erated. Further reaction of the sulfonate with diethanolamine (DEA) or tri-
ethanolamine (TEA) produces improved foaming characteristics (22). The sodium
DEA and TEA salts of a-sulfomyristate exhibit better detergency than sodium lauryl
sulfate with less irritation in physiological tests (23).

Ester Ethoxylates. Fatty ester ethoxylates are prepared by catalytic ethoxylation of
the FA methyl esters. These ethoxylates are comparable to the alcohol ethoxylates but
with increased water solubility (24). Glycerol esters prepared with 7 moles of ethoxy-
late are used as dispersing and solubilizing agents. These non-ionic ethoxylates pro-
mote the solution of other lipid ingredients in alcoholic formulations. Applications
include emulsifying, opacifying, thickening and dispersing agents for in oil-in-water
emulsions.

Sorbitan esters prepared with 4-20 moles of ethoxylate also act as emulsifying,
dispersing, and solubilizing agents for vitamins, essential oils, fragrances, tannins, and
other lipid components in cosmetic formulations and topical medicinal preparations.

Amides

FA or their methyl esters can react with primary and secondary amines such as
monoethanolamine (MEA) and diethanolamine (DEA) to produce the correspond-
ing amides (25). However, the reaction of FA with MEA or DEA can produce
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unwanted ester by-products, whereas reaction of the corresponding methyl ester
with MEA or DEA produces the desired alkanolamide with over 90% yield.

Amido alkoxylated ammonium compounds are also prepared from either the
FA or the triglyceride by reaction with diethylamine triamine followed by ethoxy-
lation and conversion to the methyl sulfate derivative with dimethyl sulfate (26).
The amido imidizolines are produced by a similar reaction scheme but at elevated
temperatures cyclization occurs (27). These compounds are used industrially as
fabric softeners, flotation agents, corrosion inhibitors (13,28).

The amides also serve as intermediates for structures such as the betaines
which exhibit good foaming power and favorable skin tolerance. The reaction of a
FA with an amino acid such as N-methyl glycine produces the important class of
N-acyl-sarcosine surfactants. Additional condensation products may be obtained
by reaction of FA with protein hydrolysates. These compounds have diverse prop-
erties, and applications including use as rust inhibitors, fuel oil additives, and
emulsifiers.

Alcohols

Fatty alcohols are not produced in significant quantities by commodity oilseed
crops although some specialty crops such as jojoba produce wax esters rather than
triglycerides. However, it would not be practical to obtain fatty alcohols from jojo-
ba oil because of the value of the oil. Alternatively, fatty alcohols may be produced
by the hydrogenation of the triglycerides, FA, or FA esters obtained from veg-
etable oil (29,30). The resulting fatty alcohols provide an alternative to the petro-
chemical source. The fatty alcohol is reacted to form ethoxylated, sulfated, or ami-
nated surfactant compounds. The alcohol ethoxylates are prepared by reacting the
fatty alcohol with ethylene oxide. The ethylene oxide chain provides the hydro-
philic character for these non-ionic surfactants. These compounds are biodegrad-
able and are used in formulating low foaming degreasers and liquid cleansers
(31-33).

Subsequent sulfation of these alcohol ethoxylates produces biodegradable sur-
factants that exhibit exceptional foaming and detergency, and are used in sham-
poos. The fatty alcohol may also be sulfated directly with sulfur trioxide to provide
the alcohol sulfates which are used extensively as foaming agents in personal care
products (34,35).

Amines

Amines can be produced by the reaction of fatty alcohols with alkylamines or by
reduction of the fatty nitrile (36). Primary, secondary, tertiary, and quaternary
amines are prepared via the fatty nitrile which is formed by the reaction of the FA
with ammonia, followed by hydrogenation to produce the corresponding fatty
amine. Amine oxides can be prepared from the fatty amine by heating with hydro-
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gen peroxide. These compounds are mild with good foaming properties, and are
used in shampoos and cosmetic products.

Summary

Clearly, a variety of vegetable oil-based surfactants can be prepared from the reac-
tion of FA or the corresponding methyl esters with various alcohols or amines. A
surfactant of every type is represented, such as anionic, cationic, non-ionic, and
amphoteric, with applications in personal care products, household detergents, and
industrial cleansers. Surfactants are essential components in formulations in such
diverse areas as emulsion polymerization, textile treatments, agrochemicals, paper
and textile finishes, coatings, metal working fluids, and corrosion inhibitors.

Currently, the consumer has expressed interest in bio-based products. In
response, initiatives for using renewable raw materials have been established by
the federal government. Similarly, applicable industries will evaluate the economic
benefits of using natural raw materials to replace petrochemicals.
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