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ABSTRACT

Solvent extraction diluent and extractant are blended in the
appropriate ratios as determined by the plant operational require-
ments. The resultant solution is the plant organic. The diluent is
normally the majority fraction of the plant organic and, as such,
plays an essential roll in efficient operation of the solvent extrac-
tion circuit. This paper discusses some of the terms associated
with diluents, their characteristics, and considerations for mini-
mizing operating costs.

Modem solvent extraction diluents are constant composition
petroleum distillates that have been developed specifically for
use in solvent extraction circuits. They contain a range of hydro-
carbons composed of aliphatic, aromatic, and naphthenic com-
pounds. The terms are used in the petroleum industry to denote
the structure of the chemical compound. Aliphatic compounds
are open chain molecular structures; alkanes, alkenes, and
alkynes, including both normal (linear) and iso (branched)
species and their cyclic analogs'. Aromatics are those com-
pounds that contain one or more unsaturated ring structures?
somewhere in the molecule. Although this term includes classi-
cal aromatics such as benzene and toluene, these compounds are
not present in any appreciable concentration in modern diluents.
The aromatics in modemn diluents are heavier compounds more
accurately called alkylaromatics or arenes. The distinguishing
feature of these aromatics is an unsaturated ring structure with
one or more aliphatic chains attached to the ring. Cycloalkanes
are known as naphthenes in the petroleum industry. This term
should not be confused with naphthalene (camphor). The origi-
nal meanings of the term “aliphatic™ (fatty) and “aromatic” (fra-
grant) are no longer significant.’

All diluents in current commercial use are volatile organic
compounds (VOCs) as defined by regulation. US regulations
define a VOC as any compound of carbon and hydrogen unless
excluded by legislation. For example, methane (CH,) is com-
pose of only carbon and hydrogen but is not a VOC. It is exclud-
ed by legislation.

The regulation was designed to decrease ground level ozone
and is based on studies, which have shown that hydrocarbon
vapors can contribute to the formation of ground level ozone.
The compounds, which are excluded by legislation, have been
studied and determined to not contribute to ozone formation.
High molecular weight hydrocarbons are generally considered to
have minimal impact due to their low volatility.

The California Air Resources Board (CARB) recognizes the
low impact of higher molecular weight hydrocarbons. CARB
defines hydrocarbons of greater than C;, or with vapor pressures
less than 0.1 mm of Hg at 20° C as LVP-VOC (Low Vapor
Pressure — VOC) substances. The LVP-VOC designation
includes those chemical compounds and the weight percent of a
mixture with a boiling point greater than 216° C (421° F).!
These compounds are excluded from some regulatory require-
ments when used in consumer goods. However, there are no
exemptions for industrial point sources.

There are two general trends in distillate physical properties
that help define the boundaries for practical diluents.
Although these trends are well known, it is important to review
them in consideration of solvent extraction operations.
Consideration of these factors generally limits commercial dilu-
ents to those compounds with carbon numbers primarily
between Cy, and Cy.

e The vapor pressure of the hydrocarbon decreases as the
molecular weight (carbon number) increases.

e The viscosity of the hydrocarbon increases as the molecu-
lar weight increases.

The vapor pressure of a hydrocarbon is related to its volatili-
ty. Lower molecular weight hydrocarbons have higher vapor
pressure. This leads to increased volatility; i.e. they evaporate
more rapidly. The vapor pressure of typical diluents is in the
range of | to 3 mm Hg at 38° C. Since vapor pressure is related
to flash point, lower molecular weight hydrocarbons will have a
lower flash point. However flash point is, as discussed later, not
definitive.
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A common misconccptiqn is that aromatic com.pounds
evaporate faster than aliphatic compounds. Evaporation rate
is related to the vapor pressure of the product. Table 1 pro-
vides the temperatures required for the selected compounds to
achieve the spevitied vapor pressure. The data demonstrates
the aromatic compounds shown require a higher temperature
than the corresponding aliphatic comp9unds to achieve a spec-
ified vapor pressur¢ Therefore, for a given carbon number and
temperature, an snNRatic compound may have a lower vapor
pressure than the anresponding aliphatic compound. It would

iy

hav;ilg:w:nro:':l:u; ‘weight compounds are pref?rr.ed from a
volatility standpunt However, the other charactenstnc of longer
chains, viscosin. smes into play. Increasing the carbon chains
tends 10 increase 2 viscosity of the d}lucnt. Higher viscosity
oils will require wreased power and higher shear rates to form
the emulsion, Thss <an result in increased phase disengagement
times and potent:s. ¥XTEISCS In entrainment losses. Commercial
diluents will have 3 Vsovsiny between 2 to 5 cSt‘at 25°C.

It is imporaz & O that com.me.rcnal diluents are not
“kerosene.” Kerx2oe :‘\picall_\“ hasa sngmﬁcapt!y lqwer distilla-
tion range than ~emercial diluents. The ‘dns.tullauon range of
diluents usualhy e\ the maximum limits for kerosene.
The flash poin: & seavsenc vpically ranges between 125 and
135°F (51 to s~ Duivents will typically exhibit a flash point
at least 30° F (:‘\:* <V higher than the flash POlnt of kerosene.
2x vatribute to a better public and regula-

“hese differencss , i
a\\ent extraction operations.

ory perception &
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What do diluents do?

A diluent’s primary function is to adjust the extractant con-
centration to the desired operating range. The desired operating
range is determined by the type of extractant, the metal content
of the pregnant leach solution (PLS), and other site-specific
requirements.

The diluent’s secondary effects can significantly affect plant
operation. Secondary affects include:

e Promoting rapid transfer kinetics

e Optimizing phase disengagement

e Enhancing selectivity

e Minimizing entrainment => both organic in aqueous and
aqueous in organic

Transfer kinetics is the rate at which the metal is loaded on or
cluted from the organic phase. The diluent enhances this by con-
tributing to the formation of uniformly sized droplets in the dis-
continuous phase. The droplets must form rapidly in the mixer
without excessive shear and remain distributed throughout
the continuous phase during mixing and initial discharge to the
settler. Droplet size must be small enough to allow rapid metal
exchange but large enough to coalesce rapidly and completely in
the settler. A viscous diluent will require additional shear or mix-
ing energy to form and distribute the droplets and will tend to
have extended phase disengagement time. Slow transfer kinetics
leads to increased residence time in the mixer. Extended shear
can lead to smaller droplets which, in turn, can lead to increased
entrainment.
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