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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention is related to methods of preparing compositions enriched in compounds containing carbon
chains having various degrees of saturation. The present method is related to simulated moving bed chromatography
using an argentized adsorbent.

Background Art

[0002] The use of silver ion chromatography for separation of fatty acid methyl esters (FAME) by the degree of
unsaturation of the fatty acid moiety is known (Nikolova-Damyanova, B., Advances in Lipid Methodology-Five:43-123,
Oily Press Library (2003)). Silver ion thin-layer chromatography (TLC) and batch column chromatography of FAME uses
silver-treated silicic acid, silica gel or ion-exchange resin as a support (Nikolova-Damyanova, B., Advances in Lipid
Methodology Five:43-123, Oily Press Library (2003)). Alumina has been used without silver ion for separation of paraffins
from olefins (U.S. Pat. No. 2,985,589); however, aluminosilicates were the preferred supports. Argentized (silver-ion
treated) neutral alumina has also been used to separate cis from trans octadecene olefins (Chapman, L. and Kuemmel,
D., Anal. Chem. 37:1598-1600 (1965)). For separation of FAME by TLC, argentized alumina has been used to separate
methyl stearate, methyl oleate, and methyl linoleate (Zinkel, D. and Rowe, J., J. Chromatogr. 13:74-77 (1964)); later,
these were also separated from methyl linolenate, trans configurations, and methyl esters of longer-chain fatty acids
(Breuer, B. et al., J. Chromatogr. Sci. 25:302-306 (1987)). However, these analytical separations are carried out dis-
continuously (batchwise) and are not amenable to use in large scale to produce commercially useful quantities of
composition enriched in carbon compounds having a desired degree of unsaturation.
[0003] Liquid chromatography (LC) separation of FAME on silica-based supports such as silica gel (U.S. Pat. No.
5,672,726) and silicic acid (de Vries, B., J. Amer. Oil Chem. Soc. 40:184-186 (1963)) has been reported. Argentized
macroreticular ion-exchange resin, such as Amberlite XE-284 (Scholfield, C., J. Amer. Oil Chem. Soc. 57:332-334 (1980);
Scholfield, C. and Mounts, T., J. Amer. Oil Chem. Soc. 54:319-321 (1977); DeJarlais, W., et al., J. Amer. Oil Chem. Soc.
60:975-978 (1983)), and argentized ion exchange resins with strong sulfonic acid groups (U.S. Pat. Nos. 4,305,882;
6,153,774; and 6,410,763) have also been used for LC separation of FAME on the basis of unsaturation and double
bond isomers (cis or trans). The use of alumina as a support for separation of FAME has been advised against because
it reacts with some lipids and solvents (Monchilova, S. and Nikolova-Damyanova, B., J. Sep. Sci. 26:261-270 (2004)).
Silica gel is the most widely used support for LC separation of FAME (Cert, A. and Moreda, W., J. Chromatog. A
823:291-297 (1998)). However, these batch processes operate discontinuously, rendering them unattractive for large-
scale separation of compounds based on desired degree of unsaturation.
[0004] It is widely taught that great care is needed in the preparation of argentized supports for the separation of lipids
(Nikolova-Damyanova, B., Advances in Lipid Methodology-Five:43-123, Oily Press Library (2003); Breuer, B., et al., J.
Chromatogr. Sci. 25:302-306 (1987)). Difficulties cited include the lack of robustness and homogeneity in available
support materials, (Cert, A. and Moreda, W., J. Chromatog. A823:291-297 (1998)) and inherent instability due to sensitivity
to light and moisture (Monchilova, S. and Nikolova-Damyanova, B., J. Sep. Sci. 26:261-270 (2004)). Recommended
precautions include protecting argentized supports from exposure to light by packing into stainless steel columns (De-
Jarlais, W., et al., J. Amer. Oil Chem. Soc. 60: 975-978 (1983)) or wrapping with a dark cloth (de Vries, B., J. Amer. Oil
Chem. Soc. 40:184-186 (1963); U.S. Pat. Nos. 6,153,774 and 6,410,763). This precaution is not limited to argentized
silica; heat activation treatment of argentized alumina TLC plates was limited to 15 minutes and 70°C to prevent darkening
of the adsorbent (Breuer, B., et al., J. Chromatogr. Sci. 25:302-306 (1987)).
[0005] Although simulated moving bed (SMB) chromatography has been used for many years in the separation of
sugars and petrochemicals (Juza, M., J. Chromatog. A865:35-49 (1999)), it has had limited application in separation of
oily substances. SMB has been used with supercritical CO2 to extract oilseeds and separate alpha-tocopherol from oleic
acid (Bertucco, A., et al., J. Supercritical Fluids 8:138-148 (1995)). A solid bed technique employing zeolites exchanged
with potassium has been applied to separation of methyl oleate and methyl linoleate from methyl stearate and methyl
palmitate; however, no silver ion is used in the process (U.S. Pat. No. 4,049,688).
[0006] Surface aluminated silica gel adsorbent has been used to fractionate triglyceride mixtures on the basis of
differences in Iodine Value in a simulated moving bed unit operation and apparatus (U.S. Pat. No. 4,284,580, issued
Aug 18, 1981). However, US 4,284,580 is limited to separation of triglycerides, and US 4,284,580 does not employ a
solvent conditioning step in preparing the surface aluminated silica gel adsorbent employed.
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BRIEF SUMMARY OF THE INVENTION

[0007] The present invention is directed to a method of preparing compositions enriched in compounds containing
carbon chains having desired degrees of unsaturation by simulated moving bed chromatography using an argentized
adsorbent. The present method utilizes a conditioned argentized alumina in a simulated moving bed chromatography
process to separate compounds containing saturated carbon chains from compounds containing unsaturated carbon
chains present in a starting composition.
[0008] In addition, the present process can be used to separate saturated and/or monounsaturated carbon chains
from compounds having polyunsaturated carbon chains present in a starting composition.
[0009] In addition, the present process can be used to separate saturated carbon chains, monounsaturated carbon
chains, and polyunsaturated carbon chains present in a starting composition into three fractions, each fraction being
enriched in carbon chains having differing degrees of unsaturation.
[0010] In addition, the present process can be used to separate saturated carbon chains, monounsaturated carbon
chains, diunsaturated carbon chains and triunsaturated carbon chains present in a starting composition into four fractions,
each fraction being enriched in carbon chains having differing degrees of unsaturation.
[0011] The invention is particularly useful for preparing a composition enriched in monounsaturated and polyunsatu-
rated fatty acid alkyl esters from mixtures of fatty acid esters in a starting composition derived from vegetable oils. The
present invention is also directed to a method of preparing a conditioned argentized alumina adsorbent having a darker
color than non-aged adsorbent and/or increased selectivity for compounds containing one or more unsaturated carbon
chains.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0012]

Figure 1 depicts an elution profile of a pulse test for the separation of soy fatty acid methyl esters on argentized
granular neutral alumina from Example 1 eluted sequentially with heptane and ethyl acetate and effluents enriched
in FAME of varying degrees of unsaturation are collected.
Figure 2 depicts an elution profile of a pulse test for the separation of soy fatty acid methyl esters with conditioned
granular neutral alumina from Example 2 eluted sequentially with heptane and ethyl acetate and effluents enriched
in FAME of varying degrees of unsaturation are collected.
Figure 3 depicts an elution profile of a pulse test for separation of fatty acid methyl esters with conditioned acidic
alumina from Example 3 eluted sequentially with heptane and ethyl acetate and effluents enriched in FAME of
varying degrees of unsaturation are collected.
Figure 4 depicts an elution profile of a pulse test for the separation of soy fatty acid methyl esters with conditioned
spherical alumina from Example 4 eluted sequentially with heptane and ethyl acetate and effluents enriched in
FAME of varying degrees of unsaturation are collected.
Figure 5 depicts a simulated moving bed system in a 2-5-3-2 configuration used for proposed separation of soy fatty
acid methyl esters on argentized spherical alumina. The column is eluted simultaneously with heptane and ethyl
acetate, and effluents enriched in FAME of varying degrees of unsaturation are collected.
Figure 6 depicts a simulated moving bed system in a 1-3-4-2-2 configuration used for proposed separation of
unsaturated soy fatty acid methyl esters on argentized spherical alumina. The column is eluted with simultaneously
with heptane and ethyl acetate eluants at two different ratios and ethyl acetate and effluents enriched in FAME of
varying degrees of unsaturation are collected.

DETAILED DESCRIPTION OF THE INVENTION

[0013] The present invention includes methods of preparing a composition enriched in compounds containing unsatu-
rated carbon chains by simulated moving bed chromatography using an argentized adsorbent.
[0014] In one embodiment of the present method, compounds containing at least one unsaturated carbon chain in a
first composition can be separated from the first composition to form a composition enriched in compounds containing
at least one unsaturated carbon chain.
[0015] In another embodiment of the present method, a composition can be separated into at least two fractions based
on degree of unsaturation wherein, at least one of the fractions is enriched in compounds containing at least one saturated
carbon chain and/or mono-unsaturated carbon chain, and at least one of the fractions is enriched in compounds containing
at least one polyunsaturated carbon chain. Alternatively, at least one fraction is enriched in compounds containing at
least one saturated carbon chain and at least one fraction is enriched in compounds containing at least one monoun-
saturated, carbon chain and /or one polyunsaturated carbon chain. This preferred method comprises:
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(a) combining a first composition comprising, i) at least one compound containing at least one saturated or mono-
unsaturated carbon chain, and ii) at least one compound containing at least one saturated or polyunsaturated carbon
chain, with an argentized conditioned alumina, adsorbent, wherein the adsorbent, at the time of use is contained
on chromatographic beds, columns or parts thereof, wherein the alumina, prior to combining with the first composition
has been subjected to a conditioning process for at least about 24 hours in the absence of the first composition, the
alumina having a Hunter L color value that is at least about 10% lower than the color value prior to conditioning;
(b) contacting the combined first composition and the adsorbent with one or more solvent(s) simultaneously or in
sequence; and
(c) separating at least a second composition that is enriched relative to the first composition in at least one of the
compounds containing at least one saturated, monounsaturated, or polyunsaturated carbon chain, wherein a com-
position enriched in one or more of the saturated, monounsaturated or polyunsaturated compounds is prepared and
passed out of a simulated moving bed apparatus as an effluent.

[0016] A composition that is enriched in a compound or compounds has a higher concentration of the compound or
compounds relative to the starting composition. A composition can also be enriched with regard to the relative concen-
tration of each polyunsaturated compound, whereby the concentration of one or more polyunsaturated compounds can
increase relative to any other polyunsaturated compounds relative to the concentrations in the starting composition.
[0017] In another embodiment, the first composition of step a) contains at least one saturated carbon chain, at least
one monounsaturated carbon chain, and at least one polyunsaturated carbon chain. After steps a) and b) are executed,
step c) may be carried out to separate at least one second composition that is enriched relative to the first composition
in at least one of the compounds containing at least one saturated, monounsaturated, or polyunsaturated carbon chain,
wherein a composition enriched in one or more of the saturated, monounsaturated or polyunsaturated compounds is
prepared.
[0018] In another embodiment, a second and a third composition are recovered, wherein one of the second and third
compositions is enriched in saturated and monounsaturated carbon chains, and one is enriched in polyunsaturated
carbon chains.
[0019] In another embodiment, a second, third and fourth composition are recovered, wherein one of the second, third
and fourth compositions is enriched in saturated carbon chains, another is enriched in monounsaturated carbon chains,
and another is enriched in polyunsaturated carbon chains.
[0020] In another embodiment, a second, third, fourth and fifth composition are recovered, wherein one of the second,
third, fourth and fifth compositions is enriched in saturated carbon chains, another is enriched in monounsaturated carbon
chains, and another is enriched in polyunsaturated carbon chains, and another is enriched in polyunsaturated carbon
chains having a different degree of unsaturation than the other fraction enriched in polyunsaturated carbon chains.
[0021] "Degree of unsaturation" is also described as "degree of saturation", and indicates the number of double bonds
in a carbon chain, and may be 0, 1, 2, 3, 4, 5 or 6.
[0022] Useful adsorbents include argentized alumina. If the adsorbent is a conditioned argentized alumina, the alumina
will have been argentized and conditioned as described herein to form the useful adsorbent. Preferably, the alumina is
spherical. Also preferred is alumina having a surface area of from about 100 to about 400 square meters/gram, more
preferably from about 150 to about 350, and most preferably about 150.
[0023] The present method prepares a composition enriched in compounds containing at least one unsaturated carbon
chain by separating the components of a first composition. The first composition, therefore, will comprise a mixture of
components. In an embodiment, the first composition comprises a mixture such that at least one compound contains a
polyunsaturated carbon chain, and at least one compound contains a saturated carbon chain or a monounsaturated
carbon chain. In another embodiment, the first composition will comprise a mixture of components such that at least
one compound contains a polyunsaturated carbon chain and at least one compound contains a monounsaturated carbon
chain. In yet another embodiment, the first composition will comprise a mixture of components such that at least one
compound contains a polyunsaturated carbon chain, at least one compound contains a monounsaturated carbon chain,
and at least one compound contains a saturated carbon chain. In still yet another embodiment, the first composition will
comprise a mixture of components such that at least one compound contains a monounsaturated carbon chain, and at
least one compound contains a saturated carbon chain.
[0024] As used herein, a carbon chain can be anywhere from about 3 to about 80 carbons in length. Preferably, the
carbon chain is from about 10 to about 30 carbons in length. The most preferred carbon chains are from about 12 to
about 24 carbons in length. The chains can be identified by referring to the number of carbon atoms in the acyl moiety
of the carbon chain, the number of double bonds and, if necessary to identify, the location of the double bonds. Thus,
C18:1 (or 18:1) refers to a carbon chain having an acyl moiety 18 carbons in length and having one double bond. The
compounds that contain the carbon chain will also contain other moieties unless the unsaturated carbon chain is an
unsubstituted olefin hydrocarbon. When present, the other moieties can be esters, hydroxyls, polyols, epoxides, amines,
amides, aryls, heteroaryls, thiols and the like.
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[0025] A preferred first composition is derived from oils or fats and will contain an ester linkage that binds to the carbon
chain, which is a fatty acid alkyl chain. Such ester linkages can comprise a monoester compound or can be a linkage
that connects the carbon chain to a polyol or a polyester, such as a di- or triglyceride.
[0026] Preferably, the first composition is derived from oils, fats and waxes (collectively known as lipids). The first
composition will therefore contain a variety of fatty acid alkyl chains that are characteristic of the lipid. These lipids include
wood oils such as tung oils; animal-derived oils, such as tallow, lard, poultry grease, or lanolin; and vegetable oils.
Preferred vegetable oils include, but are not limited to, soybean oil, linseed oil, sunflower oil, castor oil, corn oil, canola
oil, rapeseed oil, palm kernel oil, cottonseed oil, peanut oil, coconut oil, palm oil, tung oil, safflower oil and derivatives,
conjugated derivatives, genetically-modified derivatives and mixtures thereof. As used herein, a reference to a vegetable
oil includes all its derivatives such as fatty acids, fatty acid alkyl esters and mono- or di-glycerides. Conjugated fatty
acids, such as those formed by hydrogenation, deodorization, heat-treatment, or blowing of polyunsaturated oils or fatty
acids are suitable feedstocks.
[0027] More preferably, the first composition is derived from vegetable oils and comprises fatty acid (C1-5) alkyl esters.
The preparation of fatty acid (C1-5) alkyl esters from fats and oils, and particularly, vegetable oils is well-known in the
art. These fatty acid alkyl esters include, but are not limited to, esters of saturated fatty acids, including but not limited
to lauric acid, myristic acid, palmitic acid, stearic acid, or arachidic acid; esters of monounsaturated acids, including, but
not limited to palmitoleic acid, oleic acid, erucic acid, or elaidic acid; and esters of polyunsaturated fatty acids, including
but not limited to linoleic acid, linolenic acid, eleostearic acid, ricinoleic acid, arachidonic acid, cetoleic acid, eicosapen-
taenoic acid, or docosahexaenoic acid. Esters of polyunsaturated fatty acids may contain 2, 3, 4, 5, 6 or more double
bonds in the acyl moiety of the carbon chain. More preferred alkyl esters include fatty acid ethyl and methyl esters (FAME).
[0028] The present method utilizes a conditioned argentized alumina adsorbent. The alumina can be acidic or neutral
depending on the treatment it is given during preparation as described herein. The conditioning of the adsorbent can
be performed before or after loading the adsorbent on chromatographic beds, columns or parts thereof.
[0029] Prior to conditioning, an argentized alumina will have an initial selectivity when argentized. A conditioned
argentized alumina means that the alumina is not used at the time of argentation. Rather, it is subjected to conditioning
for at least about 24 hours, or more preferably 48 hours, and most preferably 72 hours. The conditioning process improves
the selectivity of argentized alumina to compounds based on degree of unsaturation of the acyl moiety of the carbon
chain and/or causes the argentized alumina to darken in color. The selectivity is calculated by the following equation: 

Where: A = adsorbed phase
U = unadsorbed phase
C = first component(s)
D = second component(s)

[0030] Thus, the coefficient of selectivity (B) (also referred to herein as "selectivity") of an adsorbent is the ratio of the
first component and second component in the adsorbed phase, divided by the ratio of the first component and second
component in the unadsorbed phase when measured.
[0031] In one embodiment, the first component comprises saturated FAME and the second component comprises
unsaturated FAME. In another embodiment, the first component comprises saturated FAME and monounsaturated
FAME and the second component comprises polyunsaturated FAME.
[0032] The conditioning process described herein can increase the selectivity (B) and can be determined by comparing
the initial selectivity, designated B1 with a post-conditioning, second selectivity, B2. The selectivity (B) for an alumina
can be determined by sampling a portion of the alumina before and after conditioning and contacting each with a
composition comprising at least a first component comprising a first degree of unsaturation and a second component
comprising a second, different, degree of unsaturation. Such contact can be carried out by running a pulse test on a
single column, which does not require a simulated moving bed process. The values of the denominator of equation 1
can be obtained by determining the contents of C and D in liquid phase after contact with the adsorbent. The values of
the numerator of equation 1 ([vol.percentC/vol.percentD]A) can be obtained by removing adsorbent from contact with
the unadsorbed phase, eluting the adsorbed phase from the adsorbent and causing it to pass out of the column as an
effluent, and determining the contents of C and D from the adsorbed phase.
[0033] Selectivity can also be conveniently expressed as the denominator of equation 1 (vol.percentC/vol.percentD]U),
as the ratio of C to D in the unadsorbed phase. The content of C and D in the unadsorbed phase can be easily determined
by subjecting the unadsorbed phase to analysis, such as by gas-liquid chromatography. In some embodiments herein
in which saturated methyl esters are separated from unsaturated (monounsaturated plus polyunsaturated) methyl esters,
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the ratio of C to D in the unadsorbed phase is expressed as saturated methyl esters to unsaturated methyl esters
(SME/UME).
[0034] As the coefficient of selectivity (B) is a quotient, values close to one represent approximately equal amounts
of C and D in the unadsorbed and adsorbed phases, and thus poor selectivity. As selectivity increases, values farther
from one are obtained. As the coefficient of selectivity (B) approaches 1.000, there is a decrease in the preferred selectivity
of one component, by the adsorbent, over the other. As B becomes less than 1.000, there is a preferred adsorption of
component D such that the effluent of the column is enriched in component C. As B becomes greater than 1.000, there
is a preferred adsorption of component C such that the column effluent is enriched in component D.
[0035] Calculations are based on weight percent of the components. Thus, greater differences from 1.000 in B values
or in the saturate/unsaturate (e.g., SME/UME) ratio indicate a better selectivity between saturated and unsaturated
carbon chain containing compounds.
[0036] What is meant by eluting is the interaction between an adsorbed phase and a solvent, in which a portion of the
adsorbed phase selectively desorbs from the adsorbed phase in the presence of the solvent. An adsorbed phase is
prepared by loading a mixture of two or more carbon compounds having varying degrees of separation (such as, at least
one compound containing at least one saturated carbon chain, and at least one compound containing at least one
unsaturated carbon chain) onto an argentized adsorbent. Subsequently, solvents are applied to selectively elute (desorb)
compounds of the desired degree of unsaturation.
[0037] In the present disclosure, portions of the adsorbed phase are desorbed based on the number of double bonds
(the degree of unsaturation) of the components of the feed or adsorbed phase. The solvent becomes enriched in
compound containing at least one carbon chain of a given degree of unsaturation, and the adsorbed phase becomes
depleted in that at least one carbon chain of that same degree of unsaturation. This elution typically takes place in a
zone; the eluted material can then be caused to pass out of the SMB as an effluent enriched in at least one carbon chain
of that degree of unsaturation, and the adsorbent bed can be caused to pass into the next zone for further treatment.
[0038] It has been found that selectivity (B) and SME/UME increase when the argentized alumina is subjected to a
conditioning process, which comprises exposure to solvent. The initial selectivity (B1) of the argentized alumina is the
selectivity prior to 24 hours of exposure to solvent or prior to combining with the composition to be enriched. The
conditioned selectivity (B2) is the selectivity after 24 hours of exposure to solvent, or after combining with the composition
to be enriched. In all embodiments, the aged argentized alumina will have a B1 value between 1.000 and the value of
B2. An efficient way of determining the B1 and B2 values is by the sampling method described above.
[0039] It has also been found that selectivity (B) can relate to the color value of the argentized alumina expressed as
the Hunter L color. An argentized alumina that has been subjected to conditioning conditions will possess a Hunter L
color value (or any other appropriate color determination) that is at least about 10% darker (about a 10% lower Hunter
L color value) than the argentized alumina at the time of manufacture. Preferably, the color value is at least about 25%
darker (about a 25% lower Hunter L color value), and most preferably about 50% lower (about a 50% lower Hunter L
color value). An absolute color value for the aged argentized alumina is below about 70. More preferably, the color value
is below about 50. Most preferably, the color value is below about 35.
[0040] The present invention is directed to a method of preparing a conditioned argentized alumina adsorbent, com-
prising:

(a) providing an argentized alumina adsorbent having: i) an initial selectivity (B1) as determined by the equation I
above; and ii) an initial Hunter L color value (IHC);
(b) subjecting the argentized alumina to a conditioning process whereby a conditioned argentized alumina absorbent
having: i) a selectivity (B2) as determined by the equation I above; and, ii) a Hunter L color value (HC-2);

wherein, B1 is a value between B2 and 1.000, and HC-2 is at least about 10% lower than IHC; wherein a conditioned
argentized alumina adsorbent is prepared.
[0041] The conditioning process can comprise contacting the alumina with a liquid for a portion or all of the conditioning.
The liquid is preferably a weakly polar to non-polar solvent, such as straight chain or branched hydrocarbons including
but not limited to pentanes, hexanes, heptanes, octanes, nonanes, decanes, petroleum ethers; and weakly polar esters,
such as ethyl acetate. Preferably, the adsorbent is contacted with a solvent for essentially the entire conditioning process
time, but this is not a requirement as contacting the adsorbent with a solvent for a portion of the time can be sufficient
to yield a conditioned adsorbent having the desired properties as described herein.
[0042] The adsorbent may be contacted with a solvent in a batch mode to yield a conditioned adsorbent and loaded
into columns for use in separation. In another embodiment, the adsorbent may be loaded into columns and contacted
with a solvent to yield a conditioned adsorbent.
[0043] The elution solvent(s) used in the simulated moving bed chromatographic process can be any solvent useful
for solvating compounds having at least one carbon chain. Such solvents include solvents capable of solvating lipids,
such as organic solvents that include ethyl acetate, aliphatic compounds, aromatic compounds, and alcohols.
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[0044] In one embodiment employing conditioned alumina in a simulated moving bed configuration, useful solvents
are non-polar solvents such as ethyl acetate, hexane, heptane, and other aliphatic or aromatic non-polar solvents. Polar
solvents are often incompatible with alumina, leading to deterioration of the physical alumina matrix.
[0045] When more than one solvent is used, the solvents can be used simultaneously, such that different zones of
the adsorbent and the desired compounds are in contact with different solvents at the same time. Also, the solvents can
be used in sequence such that the adsorbent in a given zone and the desired compounds are contacted with predominately
one or the other solvent.
[0046] As Simulated Moving Bed is carried out in a continuous manner, simultaneous application of solvents in different
parts of the SMB apparatus is preferred. The Simulated Moving Bed (SMB) is divided into zones, wherein each zone
may be distinguished from the other zones by the solvent flow applied to the SMB in that zone. Zones may also be
distinguished by the effluent flowing from them. In an embodiment, two solvents can be applied in a gradient fashion,
so that the solvent applied is enriched in a first solvent; a gradient increasing in content of a second solvent may be
applied so that the relative content of first solvent decreases and the relative content of the second solvent increases.
For example, compounds comprising saturated carbon chains are caused to pass out of the SMB as effluents in the
zone closest to the loading zone, and adsorbent enriched in unsaturated compounds passes into the next zone of the SMB.
[0047] In pulse tests carried out on single columns with two solvents, employing sequential application of solvents
and thus step-wise elution, separate values for selectivity coefficients are obtained for each solvent. For example, the
0-2 BV (Bed Volume) Selectivity coefficients may define the selectivity coefficient of a first eluent while the 2-4 BV
Selectivity coefficients may define the selectivity coefficient of a second eluant.
[0048] A single-column discontinuous preliminary test used in the art of simulated moving bed chromatography to
identify suitable chromatographic conditions for purification of desired compounds may be carried out. One suitable
name for such a test is a "Pulse Test". A pulse test can be carried out by preparing an adsorbent material in a single column.
[0049] If necessary, a conditioning step can be applied to the adsorbent material before or after it is placed in the
column to form a bed. An amount of a first composition (feed) of known composition and containing at least two different
compounds is applied to the top of the column. The level of the first composition may be allowed to sink to into the top
of the bed. Suitable solvents are applied to the column to selectively elute compounds while collecting column effluent.
[0050] A fraction collector is suitable for obtaining fractions of the effluent which may be analyzed to determine the
effectiveness of the solvents applied in separating the first composition into fractions selectively enriched in compounds
contained in the first composition. The concentrations of the compounds in the fractions can then be plotted as in Figures
1, 2, 5, 6 and 7 to provide guidance in optimizing the solvents applied.
[0051] A cycle test is a test to determine the robustness of an adsorbent in a given application. A cycle test consists
of sequentially running feed, rinse (if needed), elution by one or more solvents, allowing the solvent to carrying at least
one separated component of the feed to pass out of the column, followed by a rinse (if needed) at a given flow rate
through a single bed of adsorbent material. Each liquid is passed through the column for differing amounts of time,
depending on the application. The particle size of the adsorbent is determined before and after the cycle test. The cycle
tests determine: 1) change in performance of an adsorbent over a certain number of cycles; and 2) the physical degra-
dation of the adsorbent particle over a certain number of cycles.
[0052] The present method of enriching a composition in compounds containing unsaturated carbon chains utilizes
simulated moving bed chromatography. Several chromatographic beds, columns or parts thereof are aligned in a series
wherein a feedstock flows through any number of chromatographic devices. An arrangement of valves at the top and
bottom of each column direct the flow of eluants and products to subsequent columns in the same or a different zone.
In this manner, the continuous movement of bed material is simulated. Thus, "zones" are defined not by the physical
columns but by the function each column carries out at a given time.
[0053] In a complete cycle, each column has passed through each zone in the same sequence and continues. Feed
and elution solvents can be applied at any column, and compound(s) to elute can be passed out from the series at any
column through an outlet in an effluent stream. One of ordinary skill in the art can adjust parameters such as feed rate
of the feedstock, solvent flow rate, desorbent rate, reload rate and step time to improve the separation.
[0054] In the present enrichment method, the simulated moving bed chromatography can comprise one or more zones.
A zone is defined by the primary function of the chromatographic beds, columns or parts thereof. In a preferred embod-
iment, the present method utilizes four zones, wherein each zone comprises one or more chromatographic devices. In
certain embodiments, one or more of the described zones can be replaced or eliminated. In other embodiments, one or
more zone can be duplicated and operated sequentially with the other zones.
[0055] In one preferred embodiment, the simulated moving bed chromatography comprises preferably in sequence:
a third elution zone, a second elution zone, an enrichment zone and a feed/adsorption/first elution zone.
[0056] Fatty acid methyl ester feed is applied continuously in the feed/adsorption/first elution zone, unsaturated FAME
adsorb to the adsorbent bed, and an effluent enriched in saturated methyl esters and depleted of monounsaturated and
polyunsaturated methyl esters is continuously eluted from the SMB in this zone and allowed to pass out of the SMB as
an effluent labeled "Raffinate" The adsorbent bed passes into the enrichment zone, in which the remaining monoun-
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saturated and polyunsaturated methyl esters on the bed are enriched to reach a higher concentration in the solvent flow.
The adsorbent bed passes into the second elution zone, in which a second eluant solvent is applied continuously and
a fraction enriched in monounsaturated methyl esters and depleted of saturated and polyunsaturated methyl esters is
continuously eluted and allowed to pass out of the SMB as an effluent labeled "Product A." The adsorbent bed passes
into the third elution zone, in which a third eluant solvent is applied continuously and a fraction enriched in polyunsaturated
methyl esters and depleted of saturated and monounsaturated methyl esters is continuously eluted as "Product B" and
allowed to pass out of the SMB as an effluent. In an embodiment, the enrichment zone can be eliminated.
[0057] What is meant by an "elution zone" is a zone in which a compound of a given degree of unsaturation is caused
to dissociate from the bed by the application of a solvent. After the compound has eluted from the bed, it can be passed
out of the SMB device as an effluent. In an embodiment, the enrichment zone can be eliminated.
[0058] In one embodiment using conditioned alumina, the simulated moving bed chromatography comprises preferably
in sequence: A third elution zone in which heptane is applied to the SMB, a second elution zone, in which ethyl acetate
is applied to the SMB, an enrichment zone and a feed/adsorption/first elution zone. What is meant by an elution zone
is a zone in which a compound is caused to dissociate from the conditioned alumina bed by the application of a solvent.
After the material has eluted from the bed, is can be passed out of the zone into the next zone, or it can be passed out
of the SMB device as an effluent. In an embodiment, the enrichment zone can be eliminated.
[0059] The number of chromatographic beds, columns or parts thereof contained in the series can be unlimited. The
present method can be optimized using the parameters stated above to improve product yield.
[0060] Another variable useful for optimizing the present method is the number of chromatographic devices used in
the series. Within the series, each zone can have an optimized number of chromatographic devices. Thus, the present
method is no way limited to a certain number of chromatographic devices.
[0061] Within the series of chromatographic devices, there are one or more zones as described above. Each zone
contains an independent number of chromatographic devices.
[0062] The preferred embodiment is not limited to any number of chromatographic devices because the method is
scalable, wherein the process parameters are readily scalable by one of ordinary skill in the art. One of the parameters
is the unlimited number of chromatographic devices in a series and the number within each zone in the series.
[0063] The present invention is also directed to any one of the above methods, wherein the operation is sequential or
continuous. Preferably, any of the above methods of the present method is conducted as a continuous process.

Example 1

Pulse Test of Argentized Alumina

[0064] Granular basic alumina (DD-6), Almatis AC, INC., Vidalia, LA) was slurried in water and the pH of the suspension
was adjusted to 7.2 to neutralized the slurry. The slurry was filtered and the granular alumina filter cake was dried
overnight at 85°C, then baked at 650°C for 2 hours (during this treatment, the surface area of the alumina decreased
from about 350 square meters/gram to around 150 square meters/gram). The baked alumina was then slurried in a 5
wt% solution of silver nitrate in deionized water. This slurry was dried overnight at 85°C, then baked at 180°C for 2 hours
to yield a first argentized alumina adsorbent which was pale in color.
[0065] The first argentized alumina adsorbent was packed into a column and a pulse test of Soygold 1100 FAME
Soygold 1100, a commercially available mixture of soy fatty acid methyl esters (FAME) (Ag. Environmental Products
L.L.C., Omaha, Nebraska; the SME/UME ratio of Soygold is 0.193) was carried out A pulse test was carried out at
ambient temperature using a 15mm x 600mm jacketed glass column loaded with 100 milliliters of first argentized ad-
sorbent. The feed material (Soygold 1100, 2 ml) was added onto the top of the column and allowed to drain so that the
liquid level was equal to the top of the first argentized adsorbent bed elution was carried out in two stages (with two
solvents in series). The pulse test was carried out immediately after the argentation treatment, so that no conditioning
was applied. No visible darkening had occurred.
[0066] After the Soygold 1100 pulse was loaded into the top of the column two bed volumes (BV) of heptane was
passed through the bed of first argentized alumina adsorbent. Subsequently, 3.5 bed volumes of ethyl acetate were
passed through the bed.
[0067] No elution of FAME took place with heptane; however, when ethyl acetate was passed through the bed, im-
mediate selective elution of a very small fraction enriched in saturated FAME (total Sats) and monounsaturated FAME
(C18:1) and devoid of polyunsaturated FAME (C18:2) was observed at 2-2.2 bed volumes (Figure 1; Concentration on
the ordinate axis is given in grams/kilogram).
[0068] Thus, effluent fractions collected before about 2.2 bed volumes were devoid of polyunsaturated FAME (C18:2
and C18:3 in this example). However, an effluent fraction containing substantially saturated FAME (Total Sats) and
devoid of unsaturated FAME was not obtained. Without conditioning, argentized alumina was ineffective at providing a
desired separation of saturated FAME from monounsaturated FAME.
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Example 2

Pulse Test of Conditioned Argentized Alumina

[0069] Neutral alumina (SIGMA A9003, Sigma-Aldrich, St. Louis, MO) having a surface area of approximately 150
square meters/gram was slurried in a 20% w/w solution of silver nitrate and dried overnight at 85°C. The adsorbent was
loaded in heptane into a 100 ml jacketed column and stored about 72 hours in heptane to produce a first conditioned
argentized alumina adsorbent. The first conditioned argentized adsorbent had darkened visibly after conditioning with
heptane.
[0070] The column temperature was raised to 50°C, and Soygold 1100 (2 ml) was loaded onto the column as in
Example 1. Elution was carried out with two solvents as in Example 1, except with a smaller volume of a first solvent of
heptane (0.6 BV), followed by a second solvent (ethyl acetate, 3.5 BV).
[0071] A fraction highly enriched in saturated FAME and devoid of monounsaturated FAME and polyunsaturated
FAME eluted at 0.7-1.3 BV (Figure 2) and passed out of the SMB as an effluent. A fraction enriched in unsaturated
FAME and devoid of saturated FAME and polyunsaturated FAME eluted at 1.3-1.4 BV and passed out of the SMB as
an effluent. In addition, a fraction enriched in polyunsaturated FAME and devoid of saturated FAME and very low in
monounsaturated FAME was obtained by collecting effluent from the adsorbent from 1.6 to 2.5 bed volumes. Concen-
tration on the ordinate axis is given in grams/kilogram.
[0072] A second pulse test on the first conditioned argentized alumina adsorbent was carried out A first effluent was
collected until approximately 1.2 BV, and a second effluent was collected from about 1.2 to about 2.5 BV, and purity
and yields were calculated. Unsaturates include C18:1, C18:2 and C18:3.

[0073] The first effluent was enriched in saturated FAME and devoid of unsaturated FAME. The second effluent was
enriched in unsaturated FAME and contained a very small amount of saturated FAME.

Example 3

Selectivity Coefficient

[0074] Selectivity coefficients of several adsorbents were calculated from pulse tests carried out as in Example 1
except that 2 BV of ethyl acetate were applied instead of 3.5 BV. Granular DD-6 Basic alumina (Almatis AC, Inc., Vidalia,
LA) was argentized as received in the basic form and conditioned for one test. In another test the pH of DD6 was adjusted
using nitric acid to provide neutral alumina before argentizing and conditioning. Sigma acidic alumina (A-8753) was
argentized as received and conditioned. Adsorbents were oven-dried at 85°C overnight before being argentized with
silver nitrate solutions (indicated in Table 4) as in Example 1.
[0075] Following argentization treatment with silver nitrate, adsorbents were dried at 85°C, then heated at 180°C for
two hours. All adsorbents were packed into columns. Argentized adsorbent (Row 1 Table 3) was pale in color and was
used in a pulse test directly after preparation. Conditioned adsorbents (Rows 2- 5) were conditioned by incubating in
heptane in the columns for 72 hours before pulse tests and had darkened in color after conditioning.

Table 2. Purity and yield

Sats (g) C18:1(g) C18:2(g) C18:3(g) PURITY(%) YIELD(%)

Feed 0.29 0.40 0.96 0.14 86.0% Unsaturates

First effluent 0.23 0.00 0.00 0.00 99.3% Sats

Second effluent 0.03 0.37 0.98 0.15 97.8% Unsaturates 100.2

Table 3. Selectivity of argentized adsorbent and argentized conditioned adsorbents

Row Adsorbent
Concentration of silver 

nitrate solution (%)

Selectivity (B) in 
heptane elution (0-2 
BV)

Selectivity (B) in ethyl 
acetate elution (2-4 BV)

1 Argentized adsorbent (no 
conditioning, as in example 1)

5 1.06 0.37

2 Conditioned basic alumina 10 0.809 0.202
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[0076] The selectivity of argentized alumina adsorbent without conditioning (row 1) was close to 1.000 and thus low.
Conditioned basic alumina had slightly better selectivity but was still low. Conditioned neutral alumina demonstrated the
highest selectivity, followed by the acidic form and the conditioned adsorbent.
[0077] The elution profile for conditioned acidic alumina (Row 4 of Table 3) is given in Figure 3 (Concentration on the
ordinate axis is given in grams/kilogram.). A fraction enriched in saturated FAME and virtually devoid of monounsaturated
FAME and polyunsaturated FAME could be obtained by collecting effluent at 0.6 - 2.2 BV. In addition, a fraction enriched
in monounsaturated FAME and containing very little saturated FAME or polyunsaturated FAME was obtained by collecting
effluent at 2.2 - 2.3 bed volumes. A fraction enriched in polyunsaturated FAME and depleted of saturated FAME and
monounsaturated FAME was obtained by collecting effluent at 2.3-3.5 BV.

Example 4

Pulse Tests of Conditioned Argentized Spherical Alumina

[0078] Spherical alumina (LaChemCo, Gramercy, LA) having a Hunter L value of 82.58 was slurried with water and
neutralized with concentrated nitric acid. Neutral was defined as the point at which the water portion of the slurry had
been adjusted to pH 7.0. The slurry was dried overnight at 85 °C. The dried neutralized spherical alumina was then
slurried with a solution of 20% silver nitrate (AgNO3) and the slurry was dried overnight at 85 °C and placed in an oven
at 180 °C for two hours, cooled to form an argentized spherical alumina adsorbent. The Hunter L color was determined
to be 69.27 (Table 4).
[0079] The argentized spherical alumina adsorbent having a Hunter L value of 69.27 was divided into four lots, loaded
into four identical jacketed glass columns as in Example 1 and each adsorbent bed was rinsed with heptane.
[0080] The first lot (Lot A) was not conditioned, but was immediately subjected to a pulse test (40 °C) with 2 ml Soygold
1100 as in Example 1, with 1.5 BV heptane and 3.5 BV of ethyl acetate. The selectivity coefficient value was calculated
to be 1.06 for the heptane fraction and 0.37 for the ethyl acetate fraction. The SME/UME ratios for Lot A were 0.17 (0-2
BV) and 0.359 (2-4 BV).
[0081] The second lot (Lot B) was conditioned by incubating in heptane for 72 hours until the argentized adsorbent
was observed to have darkened visibly, then the conditioned argentized spherical alumina adsorbent was removed from
the column and divided into three parts. Part B1 was desolventized in air at room temperature. Part B2 was desolventized
in air at room temperature, then heated in an oven at 85 °C for one hour. Part B3 was washed with sufficient ethyl acetate
to displace heptane, desolventized in air at room temperature and heated in an oven at 85 °C for one hour. After cooling,
the Hunter L color values were measured.
[0082] The third lot (Lot C) was conditioned by incubating in heptane for 72 hours until the adsorbent darkened visibly
to grey, and a pulse test of Soygold 1100 was carried out with 1.5 BV heptane and 3.5 BV of ethyl acetate. The SME/UME
ratios were 13.0 (0-2 BV) and 0.06 (2-4 BV). After the pulse test, the selectivity value was calculated and the argentized
alumina was removed from the column and air dried. The Hunter L color values were then measured. Lot C had darkened
to a Hunter L value of 53.85 after conditioning and the pulse test.
[0083] The fourth lot (Lot D) was treated as Lot A, except that the argentized spherical adsorbent was conditioned by
incubating in heptane for 120 hours before a pulse test was run with 1.5 BV heptane and 3.5 BV of ethyl acetate. Excellent
selectivity coefficients were obtained (0-2 BV (heptane): 0.0; 2-4 BV (ethyl acetate): 298.5). After the pulse test was
completed, the conditioned argentized spherical alumina adsorbent was removed from the column and air dried, and
the Hunter L color values were measured.

(continued)

Row Adsorbent
Concentration of silver 

nitrate solution (%)

Selectivity (B) in 
heptane elution (0-2 
BV)

Selectivity (B) in ethyl 
acetate elution (2-4 BV)

3 Conditioned neutral alumina 20 0.01 36.61

4 Conditioned acidic alumina 20 0.03 10.41

5 Conditioned adsorbent (as in 
example 2)

5 0.01 4.61



EP 1 979 062 B1

11

5

10

15

20

25

30

35

40

45

50

55

Example 5

Pulse Test of Conditioned Spherical Alumina

[0084] In examples 1, 2, and 3, good separation was obtained with granular alumina. However, the material was not
as robust as desired and deteriorated during use, causing development of fine particles after 2 or 3 cycles. This could
create problems due to increases in pressure drop across the column during use. "Spherical Alumina" was obtained
from LaChemCo (Gramercy, LA). The surface area was 312 m2/gm, the total pore volume was 0.1519 cc/gm. The free
moisture content was 20.9%, and the total loss on ignition (LOI) was 31.7%.
[0085] The pH of Spherical Alumina was adjusted as in Example 1 and heated overnight at 85 °C to dry. The dried
spherical alumina was slurried in 5% silver nitrate and deionized water, and heated overnight at 85 °C to dry. The
adsorbent material was then heated at 180 °C for 2 hours to yield argentized spherical alumina. After preparation, the
Hunter L color value of this argentized spherical alumina adsorbent was 69.27.
[0086] The argentized Spherical Alumina adsorbent was loaded into a column in heptane and conditioned in heptane
for 72 hours to form a conditioned argentized spherical alumina adsorbent that had darkened visibly.
[0087] A pulse test with Soygold 1100 was carried out as in example 1 except that 1.5 BV of heptane was applied,
followed by 2.5 BV of ethyl acetate. Excellent selectivity and SME/UME ratios were obtained (Table 5). A fraction enriched
in saturated FAME (SME) and depleted of monounsaturated FAME and polyunsaturated FAME was obtained by collecting
effluent at 0.6-2.0 BV. A fraction depleted of saturated FAME and enriched in unsaturated FAME (C18:1 + C18:2 +
C18:3; UME) was obtained by collecting effluent at 2.0- 3.0 BV (Figure 4; Concentration on the ordinate axis is given in
grams/kilogram).

Example 6

Spherical Alumina Particle Size

[0088] A cycle test of conditioned argentized Spherical Alumina (17 ml in packed column) conditioned substantially
as in Example 5 was carried out for 102.5 cycles to determine the robustness of the adsorbent. In a given cycle, feed
(Soygold 1100) was fed to the top of the column for 24 seconds, followed by heptane eluant for 30 minutes; this was
followed by ethyl acetate eluant for 50 minutes and then a heptane wash for 60 minutes (all at a flow rate of 2 ml/min).
[0089] Particle size analysis was done on the adsorbent before and after the cycle test. The particle size of the
conditioned Spherical Alumina was substantially unchanged after 102.5 cycles, indicating robustness of the adsorbent
(Table 6).

Table 4. Hunter L color values

Hunter L color values L

Granular alumina as received 82.58

Lot A Argentized granular alumina (before conditioning) 69.27

Lot B1 (heptane- conditioned) 60.51

Lot B2 (heptane- conditioned and heated) 60.43

Lot B3 (heptane-conditioned, washed with ethyl acetate and heated) 33.96

Lot C (heptane conditioned (72 hours) and used in a pulse test) 53.85

Lot D (heptane conditioned (120 hours) and used in a pulse test) 27.97

Table 5. Selectivity and SME/UME ratios of Spherical Alumina

0-2 BV Heptane Selectivity 0.013

0-2 BV Heptane SME/UME 7.053

2-4 BV EtOAc Selectivity 11.529

2-4 BV EtOAc SME/UME 0.024
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Example 7

Simulated Moving Bed Chromatography with Conditioned Argentized Spherical Alumina Adsorbent and Two Elution 
Streams

[0090] Spherical alumina is slurried with water and neutralized with concentrated nitric acid. Neutral is defined as the
point at which the water portion of the slurry has been adjusted to pH 7.0. The slurry is dried overnight at 85 °C. The
dried neutralized spherical alumina is then slurried with a solution of 20% silver nitrate (AgNO3) and the slurry is dried
overnight at 85 °C, placed in an oven at 180 °C for two hours, and cooled to form an argentized spherical alumina
adsorbent.
[0091] The argentized spherical alumina adsorbent is packed into 12 glass columns, each containing 40 milliliters,
and incubated in heptane for 72 hours to provide a conditioned argentized spherical alumina adsorbent Simulated Moving
Bed Argentation Chromatography is carried out in a 12-column AST type simulated moving bed (SMB) system (Figure
5) using glass columns containing 40 milliliters, each, of adsorbent material.
[0092] Feed containing compounds to be separated (in this case, Soygold 1100 FAME) is continually fed to the system,
which is configured in a 2-5-3-2 configuration as follows: 2 columns are in an ethyl acetate evacuation zone (this zone
displaces ethyl acetate from column and prepares it for adsorption zone); 5 columns are in a second desorption zone
(this zone elutes the unsaturated methyl esters, as well as strips any remaining material from the zone, passing both
out of the SMB as an effluent); 3 columns are in a first stripping zone (this zone strips any remaining saturated methyl
esters from the zone, leaving the unsaturated methyl esters adsorbed and passing an effluent enriched in saturated
methyl esters out of the SMB); and 2 columns are in a feed/adsorption/raffinate zone (this zone allows for the adsorption
of all unsaturated methyl esters while the heptane addition prohibits the adsorption of the saturated methyl esters) having
an effluent stream in which an effluent enriched in saturated FAME is passed out of the SMB. The step time is 10 minutes.
The temperature of the system is ambient in all zones except the unsaturated desorption zone (ethyl acetate). The flow
rates are as follows:

[0093] The use of heptane, in the saturate stripping zone and feed/adsorption/raffinate zone, causes the elution of a
raffinate stream enriched in saturated FAME and depleted of unsaturated FAME (which are adsorbed on the adsorbent),
and allows the raffinate to pass out of the SMB as an effluent. The ethyl acetate elution, in the second desorption zone,
will cause the unsaturated FAME to desorb and the effluent stream exiting the column is enriched in unsaturated FAME
and depleted of saturated FAME.

Example 8

Simulated Moving Bed Chromatography with Conditioned Argentized Spherical Alumina Adsorbent and Three Elution 
Zones,

[0094] Conditioned argentized spherical alumina is prepared substantially as in Example 7 and Simulated Moving Bed
Argentation Chromatography is carried out in a 12-coiumn AST type simulated moving bed (SMB) system (Figure 6)
using glass columns containing 40 milliliters, each, of adsorbent.
[0095] Feed containing compounds to be separated (in this case, desolventized ethyl acetate effluent enriched in
unsaturated FAME from the second desorption zone in example 11) is continually fed into column 11 of the SMB system,
which is configured in a 1-3-4-2-2 configuration as follows: Column 1 is in the reload zone (this zone displaces ethyl
acetate from column and prepares it for the feed/adsorption zone). Columns 2-4 comprise the ethyl acetate stripping
zone (this zone elutes the more highly unsaturated FAME [C18:3], as well as strips any remaining material from the
zone, allowing them to pass out of the SMB as an effluent stream enriched in C18:3 FAME). Columns 5-8 comprise the
intermediate desorption zone (this zone desorbs [using heptane/EA at ratio 2] the intermediately unsaturated methyl

Table 6. Particle sizes of Spherical Alumina before and after cycle tests.

Particle Diameter ≤ 10% ≤ 50% ≤90%

Before test 242mm 397mm 581mm

After 102.5 cycles 310mm 460mm 666mm

Feed: 0.4-1.0 ml/min. Ethyl acetate: 2.0-4.0 ml/min.
Heptane 1: 2.0-3.5 ml/min. Heptane 2: 1.0-3.0 ml/min.
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esters [C18:2] from the zone, leaving the more highly unsaturated methyl esters adsorbed, and allows a fraction enriched
in C18:2 to pass out of the SMB as an effluent).
[0096] Columns 9-10 comprise the lower desorption zone (this zone allows for the desorption of all monounsaturated
methyl esters [C18:1] but the heptane/ethyl acetate ratio [ratio 1] permits the more highly unsaturated methyl esters to
remain on the adsorbent, allowing a fraction enriched in monounsaturated FAME to pass out of the SMB as an effluent).
Columns 11-12 comprise the higher and intermediate adsorption zone (this zone allows for the adsorption of the more
highly unsaturated methyl esters [C18:2, C18:3] while the heptane/ethyl acetate ratio prohibits the adsorption of the
components of lower degrees of unsaturation [C18:1]).
[0097] Heptane/ethyl acetate at ratio 2 contains a greater proportion of ethyl acetate than heptane%thyl acetate at
ratio 1. Heptane/ethyl acetate at ratio 2 contains less than about 6% ethyl acetate, and heptane/ethyl acetate at ratio 1
contains less than about 3% ethyl acetate. The terms lower, intermediate, and higher (or more highly) refer to the degree
of unsaturation of the individual components.
[0098] The step time is 10 minutes. The temperature of the system is ambient in the reload, higher and intermediate
adsorption, and lower desorption zones; 35 °C in the intermediate desorption zone, and 40 °C in the ethyl acetate
stripping zone. The flow rates would be as follows:

[0099] The use of different ratios of heptane and ethyl acetate and different temperatures through the system allows
for the elution of a lower unsaturated enriched effluent (C18:1), an intermediate unsaturated enriched effluent (C18:2);
leaving primarily highly unsaturated methyl esters adsorbed on the adsorbent. The ethyl acetate elution, in the ethyl
acetate stripping zone, causes the highly unsaturated methyl esters to desorb and the effluent from the column will
therefore be enriched in highly unsaturated methyl esters (C 18:3).

Claims

1. A method of preparing a composition, comprising:

combining a first composition comprising at least one compound containing at least one saturated C12-24
carbon chain and at least one compound containing at least one unsaturated C12-24 carbon chain with an
argentized adsorbent comprising a conditioned argentized alumina in a simulated moving bed apparatus;
contacting the combined first composition and the adsorbent with one or more solvents simultaneously or in
sequence; and
eluting a second composition that is enriched relative to the first composition in at least one of the compounds
containing at least one unsaturated C12-24 carbon chain,
characterized in that the conditioned argentized alumina is prepared by contacting the argentized alumina
with a non-polar solvent for at least 24 hours in the absence of the first composition to condition the argentized
alumina.

2. The method of claim 1, wherein the second composition comprises at least one compound containing at least one
monounsaturated C12-24 carbon chain, and optionally at least one compound containing at least one polyunsaturated
C12-24 carbon chain.

3. The method of claim 2, further comprising:

combining the second composition with a second adsorbent selected from the group consisting of argentized
cationic resin, conditioned argentized alumina, and combinations thereof, wherein the second adsorbent is
contained on chromatographic beds, columns or parts thereof arranged in a simulated moving bed chromato-
graphic array;
contacting the combined second composition and the second adsorbent with one or more solvents simultane-
ously or in sequence; and
eluting a third composition that is enriched relative to the second composition in at least one compound containing
at least one monounsaturated C12-24 carbon chain;
wherein a composition enriched in at least one compound containing at least one monounsaturated C12-24

Feed: 0.4-1.0 ml/min. Ethyl acetate: 1.0-4.0 ml/min.
Hept/EA ratio 1: 2.0-3.0 ml/min. Reload: 0.5-4.0 ml/min.
Hept/EA ratio 2: 1.0-3.0 ml/min.
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carbon chain is prepared.

4. The method of claim 3, further comprising:

eluting a fourth composition that is enriched relative to the second composition in at least one compound
containing at least one polyunsaturated C12-24 carbon chain.

5. The method of claim 4, further comprising:

eluting a fifth composition that is enriched relative to the second composition in at least one compound containing
at least one unsaturated C12-24 carbon chain, wherein the unsaturated C12-24 carbon chain is tri-unsaturated.

6. The method of claim 4, further comprising:

combining the fourth composition with a third adsorbent selected from the group consisting of argentized cationic
resin, a conditioned argentized alumina, and combinations thereof, wherein the adsorbent is contained on
chromatographic beds, columns or parts thereof arranged in a simulated moving bed chromatographic array;
contacting the combined fourth composition and the third adsorbent with one or more solvents simultaneously
or in sequence; and
eluting a fifth composition that is enriched relative to the fourth composition in at least one compound containing
at least one di-unsaturated C12-24 carbon chain.

7. The method of claim 1, wherein the adsorbent is a spherical argentized alumina.

8. The method of claim 1, wherein the first composition comprises fatty acid (C1-5) alkyl esters.

9. The method of claim 1, wherein the conditioned argentized alumina has a Hunter L color value that is at least 10%
lower than the Hunter L color value prior to conditioning.

10. The method of claim 1, wherein the non-polar solvent is heptane or hexane.

11. The method of claim 1, wherein the simulated moving bed chromatographic process comprises one or more zones,
wherein each zone is defined by the primary function of the one or more chromatographic bed(s), column(s) or parts
thereof contained in each zone.

12. The method of claim 11, comprising:

at least one higher and intermediate adsorption zone, at least one lower desorption zone, at least one interme-
diate desorption zone, at least one stripping zone, and at least one reload zone;
wherein a composition enriched in monounsaturated fatty acid methyl esters is passed out of the simulated
moving bed as an effluent from the lower adsorption zone;
a composition enriched in C18:2 fatty acid methyl esters is passed out of the simulated moving bed as an effluent
from the intermediate desorption zone; and
a composition enriched in C18:3 fatty acid methyl esters is passed out of the simulated moving bed as an effluent
from the stripping zone.

13. The method of claim 1, further comprising:

providing an argentized alumina adsorbent having an initial selectivity and an initial Hunter L color value;
subjecting the argentized alumina to a conditioning process for at least 24 hours whereby a conditioned argen-
tized alumina absorbent having a second selectivity and a second Hunter L color value is prepared;
wherein the initial selectivity is a value between the value of the second selectivity and 1, and the second Hunter
L color value is at least 10% lower than the initial Hunter L color value.

14. The method of claim 13, wherein the conditioning process comprises contacting the alumina with a liquid for a portion
or all of the conditioning.
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Patentansprüche

1. Verfahren zur Herstellung einer Zusammensetzung, umfassend:

Kombinieren einer ersten Zusammensetzung, die wenigstens eine Verbindung, welche wenigstens eine gesät-
tigte C12-24-Kohlenstoffkette enthält, und wenigstens eine Verbindung, welche wenigstens eine ungesättigte
C12-24-Kohlenstoffkette enthält, umfasst, mit einem mit Silberionen behandelten Adsorbens, das ein konditio-
niertes, mit Silberionen behandeltes Aluminiumoxid umfasst, in einer Vorrichtung für "simulated moving bed";
In-Kontakt-Bringen der mit dem Adsorbens kombinierten ersten Zusammensetzung mit einem oder mehreren
Lösungsmitteln gleichzeitig oder nacheinander; und
Eluieren einer zweiten Zusammensetzung, die relativ zu der ersten Zusammensetzung an wenigstens einer
der Verbindungen, welche wenigstens eine ungesättigte C12-24-Kohlenstoffkette enthalten, angereichert ist;
dadurch gekennzeichnet, dass das konditionierte, mit Silberionen behandelte Aluminiumoxid dadurch her-
gestellt wird, dass man das mit Silberionen behandelte Aluminiumoxid wenigstens 24 Stunden lang in Abwe-
senheit der ersten Zusammensetzung mit einem unpolaren Lösungsmittel in Kontakt bringt, wobei das mit
Silberionen behandelte Aluminiumoxid konditioniert wird.

2. Verfahren gemäß Anspruch 1, wobei die zweite Zusammensetzung wenigstens eine Verbindung, die wenigstens
eine einfach ungesättigte C12-24-Kohlenstoffkette enthält, und gegebenenfalls wenigstens eine Verbindung, die
wenigstens eine mehrfach ungesättigte C12-24-Kohlenstoffkette enthält, umfasst.

3. Verfahren gemäß Anspruch 2, weiterhin umfassend:

Kombinieren der zweiten Zusammensetzung mit einem zweiten Adsorbens, das aus der Gruppe ausgewählt
ist, die aus mit Silberionen behandeltem kationischen Harz, konditioniertem, mit Silberionen behandelten Alu-
miniumoxid und Kombinationen davon besteht, wobei das zweite Adsorbens in Chromatographiebetten, -säulen
oder Teilen davon, die in einer "simulated moving bed" Chromatographie-Aufstellung angeordnet sind, enthalten
ist;
In-Kontakt-Bringen der mit dem zweiten Adsorbens kombinierten zweiten Zusammensetzung mit einem oder
mehreren Lösungsmitteln gleichzeitig oder nacheinander; und
Eluieren einer dritten Zusammensetzung, die relativ zu der zweiten Zusammensetzung an wenigstens einer
Verbindung, welche wenigstens eine einfach ungesättigte C12-24-Kohlenstoffkette enthält, angereichert ist;
wobei eine Zusammensetzung, die an wenigstens einer Verbindung, welche wenigstens eine einfach ungesät-
tigte C12-24-Kohlenstoffkette enthält, angereichert ist, hergestellt wird.

4. Verfahren gemäß Anspruch 3, weiterhin umfassend:

Eluieren einer vierten Zusammensetzung, die relativ zu der zweiten Zusammensetzung an wenigstens einer
Verbindung, welche wenigstens eine mehrfach ungesättigte C12-24-Kohlenstoffkette enthält, angereichert ist.

5. Verfahren gemäß Anspruch 4, weiterhin umfassend:

Eluieren einer fünften Zusammensetzung, die relativ zu der zweiten Zusammensetzung an wenigstens einer
Verbindung, welche wenigstens eine ungesättigte C12-24-Kohlenstoffkette enthält, angereichert ist, wobei die
ungesättigte C12-24-Kohlenstoffkette dreifach ungesättigt ist.

6. Verfahren gemäß Anspruch 4, weiterhin umfassend:

Kombinieren der vierten Zusammensetzung mit einem dritten Adsorbens, das aus der Gruppe ausgewählt ist,
die aus mit Silberionen behandeltem kationischen Harz, konditioniertem, mit Silberionen behandelten Alumini-
umoxid und Kombinationen davon besteht, wobei das Adsorbens in Chromatographiebetten, -säulen oder Teilen
davon, die in einer "simulated moving bed" Chromatographie-Aufstellung angeordnet sind, enthalten ist;
In-Kontakt-Bringen der mit dem dritten Adsorbens kombinierten vierten Zusammensetzung mit einem oder
mehreren Lösungsmitteln gleichzeitig oder nacheinander; und
Eluieren einer fünften Zusammensetzung, die relativ zu der vierten Zusammensetzung an wenigstens einer
Verbindung, welche wenigstens eine zweifach ungesättigte C12-24-Kohlenstoffkette enthält, angereichert ist.

7. Verfahren gemäß Anspruch 1, wobei das Adsorbens ein sphärisches, mit Silberionen behandeltes Aluminiumoxid ist.
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8. Verfahren gemäß Anspruch 1, wobei die erste Zusammensetzung Fettsäure-C1-5-alkylester umfasst.

9. Verfahren gemäß Anspruch 1, wobei das konditionierte, mit Silberionen behandelte Aluminiumoxid einen Hunter-
L-Farbwert aufweist, der um wenigstens 10% niedriger ist als der Hunter-L-Farbwert vor der Konditionierung.

10. Verfahren gemäß Anspruch 1, wobei es sich bei dem unpolaren Lösungsmittel um Heptan oder Hexan handelt.

11. Verfahren gemäß Anspruch 1, wobei das "simulated moving bed" Chromatographie-Verfahren eine oder mehrere
Zonen umfasst, wobei jede Zone durch die primäre Funktion des einen oder der mehreren Chromatographiebetten,
-säulen oder Teilen davon, die in jeder Zone enthalten sind, definiert ist.

12. Verfahren gemäß Anspruch 11, umfassend:

wenigstens eine höhere und mittlere Adsorptionszone, wenigstens eine niedere Desorptionszone, wenigstens
eine mittlere Desorptionszone, wenigstens eine Abziehzone und wenigstens eine Wiederbeladungszone;
wobei eine an einfach ungesättigten Fettsäuremethylestern angereicherte Zusammensetzung aus der niederen
Adsorptionszone als Effluent aus dem "simulated moving bed" ausgeleitet wird;
eine an C18:2-Fettsäuremethylestern angereicherte Zusammensetzung aus der mittleren Desorptionszone als
Effluent aus dem "simulated moving bed" ausgeleitet wird; und
eine an C18:3-Fettsäuremethylestern angereicherte Zusammensetzung aus der Abziehzone als Effluent aus
dem "simulated moving bed" ausgeleitet wird.

13. Verfahren gemäß Anspruch 1, weiterhin umfassend:

Bereitstellen eines mit Silberionen behandelten Aluminiumoxid-Adsorbens, das eine Anfangsselektivität und
einen Anfangs-Hunter-L-Farbwert aufweist;
Behandeln des mit Silberionen behandelten Aluminiumoxids in einem Konditionierungsverfahren während we-
nigstens 24 Stunden, wodurch ein konditioniertes, mit Silberionen behandeltes Aluminiumoxid-Adsorbens,
das eine zweite Selektivität und einen zweiten Hunter-L-Farbwert aufweist, hergestellt wird;
wobei die Anfangsselektivität ein Wert zwischen dem Wert der zweiten Selektivität und 1 ist und der zweite
Hunter-L-Farbwert um wenigstens 10% niedriger ist als der Anfangs-Hunter-L-Farbwert.

14. Verfahren gemäß Anspruch 13, wobei das Konditionierungsverfahren das In-Kontakt-Bringen des Aluminiumoxids
mit einer Flüssigkeit für einen Teil oder die gesamte Konditionierung umfasst.

Revendications

1. Procédé de préparation d’une composition, comprenant :

la combinaison d’une première composition comprenant au moins un composé contenant au moins une chaîne
carbonée en C12 à 24 saturée et au moins un composé contenant au moins une chaîne carbonée en C12 à 24
insaturée avec un adsorbant argenté comprenant une alumine argentée conditionnée dans un appareil à lit
mobile simulé ;
la mise en contact de la première composition et de l’adsorbant combinés avec un ou plusieurs solvants simul-
tanément ou en séquence ; et
l’élution d’une deuxième composition qui est enrichie par rapport à la première composition en au moins l’un
des composés contenant au moins une chaîne carbonée en C12 à 24 insaturée,

caractérisé en ce que l’alumine argentée conditionnée est préparée en mettant en contact l’alumine argentée avec
un solvant non polaire pendant au moins 24 heures en l’absence de la première composition afin de conditionner
l’alumine argentée.

2. Procédé selon la revendication 1, dans lequel la deuxième composition comprend au moins un composé contenant
au moins une chaîne carbonée en C12 à 24 monoinsaturée, et facultativement au moins un composé contenant au
moins une chaîne carbonée en C12 à 24 polyinsaturée.

3. Procédé selon la revendication 2, comprenant en outre :
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la combinaison de la deuxième composition avec un deuxième adsorbant choisi dans le groupe consistant en
une résine cationique argentée, une alumine argentée conditionnée et leurs combinaisons, dans lequel le
deuxième adsorbant est contenu sur des lits, des colonnes chromatographiques ou des parties de ceux-ci
agencés dans un réseau chromatographique à lit mobile simulé ;
la mise en contact de la deuxième composition et du deuxième adsorbant combinés avec un ou plusieurs
solvants simultanément ou en séquence ; et
l’élution d’une troisième composition qui est enrichie par rapport à la deuxième composition en au moins un
composé contenant au moins une chaîne carbonée en C12 à 24 monoinsaturée ;
dans lequel une composition enrichie en au moins un composé contenant au moins une chaîne carbonée en
C12 à 24 monoinsaturée est préparée.

4. Procédé selon la revendication 3, comprenant en outre :

l’élution d’une quatrième composition qui est enrichie par rapport à la deuxième composition en au moins un
composé contenant au moins une chaîne carbonée en C12 à 24 polyinsaturée.

5. Procédé selon la revendication 4, comprenant en outre :

l’élution d’une cinquième composition qui est enrichie par rapport à la deuxième composition en au moins un
composé contenant au moins une chaîne carbonée en C12 à 24 insaturée, dans lequel la chaîne carbonée en
C12 à 24 insaturée est tri-insaturée.

6. Procédé selon la revendication 4, comprenant en outre :

la combinaison de la quatrième composition avec un troisième adsorbant choisi dans le groupe consistant en
une résine cationique argentée, une alumine argentée conditionnée et leurs combinaisons, dans lequel l’ad-
sorbant est contenu sur des lits, des colonnes chromatographiques ou des parties de ceux-ci agencés en un
réseau chromatographique à lit mobile simulé ;
la mise en contact de la quatrième composition et du troisième adsorbant combinés avec un ou plusieurs
solvants simultanément ou en séquence ; et
l’élution d’une cinquième composition qui est enrichie par rapport à la quatrième composition en au moins un
composé contenant au moins une chaîne carbonée en C12 à 24 di-insaturée.

7. Procédé selon la revendication 1, dans lequel l’adsorbant est une alumine argentée sphérique.

8. Procédé selon la revendication 1, dans lequel la première composition comprend des esters d’alkyle (en C1 à 5)
d’acide gras.

9. Procédé selon la revendication 1, dans lequel l’alumine argentée conditionnée a une valeur de couleur Hunter L
qui est inférieure d’au moins 10 % à la valeur de couleur Hunter L avant le conditionnement.

10. Procédé selon la revendication 1, dans lequel le solvant non polaire est l’heptane ou l’hexane.

11. Procédé selon la revendication 1, dans lequel le processus chromatographique à lit mobile simulé comprend une
ou plusieurs zones, dans lequel chaque zone est définie par la fonction primaire du ou des lit(s), colonne(s) chro-
matographique(s) ou parties de ceux-ci contenus dans chaque zone.

12. Procédé selon la revendication 11, comprenant :

au moins une zone d’adsorption supérieure et intermédiaire, au moins une zone de désorption inférieure, au
moins une zone de désorption intermédiaire, au moins une zone d’extraction, et au moins une zone de recharge ;
dans lequel une composition enrichie en esters de méthyle d’acide gras monoinsaturés est extraite du lit mobile
simulé en tant qu’effluent provenant de la zone d’adsorption inférieure ;
une composition enrichie en esters de méthyle d’acide gras en C18:2 est extraite du lit mobile simulé en tant
qu’effluent provenant de la zone de désorption intermédiaire ; et
une composition enrichie en esters de méthyle d’acide gras en C18:3 est extraite du lit mobile simulé en tant
qu’effluent provenant de la zone d’extraction.
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13. Procédé selon la revendication 1, comprenant en outre :

la fourniture d’un adsorbant d’alumine argentée ayant une sélectivité initiale et une valeur de couleur Hunter L
initiale ;
le fait de soumettre l’alumine argentée à un processus de conditionnement pendant au moins 24 heures, un
adsorbant d’alumine argentée conditionnée ayant une seconde sélectivité et une seconde valeur de couleur
Hunter L est ainsi préparé ;
dans lequel la sélectivité initiale est une valeur entre la valeur de la seconde sélectivité et 1, et la seconde valeur
de couleur Hunter L est inférieure d’au moins 10 % à la valeur de couleur Hunter L initiale.

14. Procédé selon la revendication 13, dans lequel le processus de conditionnement comprend la mise en contact de
l’alumine avec un liquide pour tout ou partie du conditionnement.
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