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Organicaily modified clays have iong been used by industry to remove oil from water. A
study was undertaien to verify results from reel-world applications and develop a better
understanding of the chemical conditions under which organetiays are most effective.
Systematic testing was conducted on some 50 vils, including minarel oils, vegetable oils,
animai fats, fish oils, and synthetic oils. In addition, the adsorption capacity of activatad
carbon was tested in arder to compare the effectivenass of the two media. Tests also
mvestigated the removal capacity of organoclays for various surfactants as well as the
influence such surfactants exert on the removal efficiency of the organoclays. Results
showed organoclays are more effective than activated carbon in removing oil from water and

cationic arganoclays are superier to nonionic organociays for some removal applications,

Removing oils
FROM WATER

«0rganoclays

ranular organoclays have been used for a number of years as a prepoi-
isher to activated carbon and for removal of small 2amounts of oil from
industrial processing water and groundwater. However, neither mdusery
nor academia has conducted studies to determine whether organoclays
work with all oils, including mineral oils, planr oils, animal oils, crude
oils, and refined oils. In addivion, data are sparse as to which chemical conditions
are most conducive ro organoclay efficiency or whether one particular type of
organochy fits all circumstances. This article provides the results of a systematic
laboratory study conducted to investigare various organociay applications.

ALL ABOUT 01t

An understanding of the removal mechanism of organoclays requires famil-
tarity with oil and its classifications. The sidebar on page 116 details the various
kinds of oils, including crude ail, mineral oit, petcoleum, animal oils, vegetable
oils, and essential eils. Table 1 lists oils by type and funcrion.

0il contaminants in water. (il and grease are commonly found in many process
waters and groundwater. Oil found in contaminated water can be classified into
five areas:

ALTHER | PEEA-REVIEWED | 94:7 « JOURNAL AWWA | JULY 2002 115



Types of Oils

Crude it (also cafled minerat ail} is composed of liquid
hydrocarbans, which have 8 lower speciic gravity than
water. Crude oil is found in poraus reck formations under-
ground and is pumped out of the ground and refined, at
which paint it becomaes petroleum. Before itis shippad to a
refinery, crude oif is heated and treated with chemicals to
remove gases, sofids, and water.

Mineral oil is a bituminous hydrocarbon. it is a viscous
liguid that is inscluble in water but soluble in alcohol or
ather, Mineral ol is lammabla,

Petrolsum is made up of gaseous, liquid, and solid com-
ponents and is used for such purposes 85 motion power,
lubrication, fuel, dyes, drugs, and cooling. Pstralaum’s con-
sistency (i.e., viscosity} varies from very thin and light to so
heavy that it can baraly ba poursd. Petroleum is subdivided
into three ganeric classes:

* Paraffins lwhich contain waxes) have twice as many
hydrogen atoms as carbon plus two.

» Naphthenes {which contein few or no waxes) have
twice as many hydrogen atoms &s carban.

= Mixtures of naphthenes and parsffms are categarized
based on their viscasity into five base stocks, which serve
as the bas:c companents of afl lubricents.

Petroleum is & highly complex mixture of paraffinic,
cycloparaffinic {napthenic), and aromatic hydrocarbons,
cortaining low percentages of sulfur and trace amounts of
nitregen and oxygen compounds. It consists of aliphatic
and aromatic organic compounds.

The aliphatic group of organic compounds is character-
ized by straight or branched-chain arrangements of the con-
stituent carbon atoms. Aliphatic hydrocarbans comprise
thrae subgroups. {1} Paraffins {alkanas) are saturated lie., el
carbon electrens satisfied with hydrogen or other ions) and

* Free oil is oil that rises rapidly to the surface under
calm conditions.

* Mechanically emutsified 01l consists of fine droplets
ranging in size from microns to a few millimetres. These
droplets are electrostarically stabilized without influence
of surfactants.

¢ Chemically stabilized emulsions have surface active
agents that provide enhanced stability because of inter-
action ar the oil-water interface,

¢ Chemically emulsified or dissoived oil includes finely
divided ail droplets (0.5-n diameter), benzene, and phenols.

16 JuLy 2002 ;| JOURNAL AWWA « 94:7 | PEER-REVIEWED | ALIHER

comparatively unreactive. The branched chains of paraffing
are suitable for gasoline. {2) Dlefing {aikenes or slkyl-dienes)
are unsaturated and therefore quite reactive. {3) Acetylenas
(alkynes) contain a triple bond and are very reactive. In com-
plex structures, the chaing may ba branched or cross-linked.

The aromatic {erene} organic compounds are a major
group of unsaturated cyclic hydrocarbons containing one
or more rings. This category, which includes naphthenes, is
typified by benzene, which has a six-carbon fing containing
three double bonds. The term “aromatic”™ derives from the
somewhat pleasant odor of these compounds.

Animal oils are carbon—hydrogen—oxygen compounds,
calied fatty oils or fixed oifs. Animal oils differ from tats only
in that they ars liquid and fats are solids. Animel oils include
such oils a5 tallow oil derived from beef, lard oil from hogs,
whale ofl, and cod liver oil. They ere extracted by boiling the
tissue of thase animals in hot water, which results in the
tat floating to the surface of the boiling liquid. Antmal oils can
be further classified 23 drying and nondrying ails.

Vegetable oile ara derived from the kernals or laaves of
soybeans, cottonseed, olives, paims, jojoba, aloa vers, and
othar plants. Talt oil s derived from pine trees. Vagetable oils
can be furthar classified as drying {linseed, tung, oitica),
semidrying {soybean, cottonsasd), and nondrying (castor,
coconut). Vegetabla oils are used primarily for cooking pur-
poses; howaever, the categery does include volatile and
assential oils, which sre derivad from specific plents (s.g.,
paim, coconut} and used for fragrances and cosmetics.

Essential oils are complax, volatila liquids derived from
flowers, stems, ieaves, and often the entire piant. They con-
tain terpenes (e.g., pinene, dipentane} and are usually
admixed with resinous praducts. Turpentine is a highly
residuous essemial oil.

* Qil-wet solids are oils that adhere to sediments,
metal shavings, or other particulate matter in wastewarter
{Braden, 1991).

Types of oil found in wasrewarter can include fars,
tubricaats, cutting fluids, and heavy hvdrocarbons such
as tag, grease, crude oil, and diesel oil. Qther oils are clas-
sified as light hydrocarbens {e.g., kerosene, jer fuel, and
gasoline] and can also be found in wastewater,

The major ¢components of gils found in contaminated
groundwater are benzene, toluene, xylene, naphthalene,
benzo{a)anthracene, benzo{ajpyrene, polychlorinared



