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METHODS OF PRODUCING COMPOUNDS 
FROM PLANT MATERIALS 

RELATED PATENT DATA 

This patent resulted from a divisional application of US. 
patent application Ser. No. 10/379,299, ?led Mar. 3, 2003 
now US. Pat. No. 6,982,328. 

The invention was made with Government support under 
Contract DE-FC36-00G10596, A000, awarded by the US. 
Department of Energy. The Government has certain rights in 
the invention. 

TECHNICAL FIELD 

The present invention pertains to methods of processing 
plant material and methods of producing compounds from 
plant material. 

BACKGROUND OF THE INVENTION 

Industrial processing of corn material and other plant mate 
rial currently produces primarily starch with an accompany 
ing large volume of ?ber byproduct. Despite the presence of 
useful components within the ?ber byproduct, most of the 
?ber byproduct is utiliZed only as a low value component in 
livestock feed. The usefulness of the plant ?ber byproduct is 
currently limited by a lack of developed methods for process 
ing the plant ?ber material to produce the useful compounds 
contained therein. 

It would be desirable to develop methods of producing 
useful compounds from plant materials. 

SUMMARY OF THE INVENTION 

In one aspect, the invention encompasses a method of 
processing plant material. Depending upon the initial water 
content, an amount of water can be added to the plant material 
to form a mixture. The mixture is separated into a liquid 
component and a solid-containing component. At least one of 
the liquid component and the solid-containing component 
undergoes additional processing. Processing of the solid 
component produces oils, and processing of the liquid com 
ponent produces one or more of ethanol, glycerol, ethylene 
glycol propylene glycol and lactic acid. 

In one aspect, the invention encompasses a process of 
forming one or more of glycerol, ethylene glycol, lactic acid 
and propylene glycol from plant matter. Water can be added to 
plant matter as needed to form a mixture. The mixture is 
heated and ?ltered and the ?ltrate is retained. The ?ltrate 
contains hemicellulose, fragments of hemicellulose and 
starch. At least some of the hemicellulose and fragments of 
the hemicellulose are converted to diols, linear polyalcohols 
and/ or lactic acid. At least some of the linear polyalcohols are 
cleaved to produce one or more of glycerol, ethylene glycol, 
propylene glycol and lactic acid. 

In one aspect, the invention encompasses a method of 
recovering sterols. A material containing plant ?ber can be 
mixed with water to form a mixture. The mixture is heated 
and ?ltered to produce a ?ltrate and a solid-containing por 
tion. The solid-containing portion is treated with one or more 
solvents to extract a material containing one or more free or 

complexed sterols, stanols or triglycerides. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are described 
below with reference to the following accompanying draw 
ings. 
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2 
FIG. 1 is a ?owchart diagram of a preliminary processing 

method of the present invention. 
FIG. 2 is a ?owchart diagram of step 100 depicted in FIG. 

1. 
FIG. 3 is a ?owchart diagram of a processing method of the 

present invention. 
FIG. 4 is a ?owchart diagram of step 300 of the processing 

method shown in FIG. 3. 
FIG. 5 is a ?owchart diagram of a particular processing 

sequence of the present invention. 
FIG. 6 is a ?owchart diagram of step 800 of the processing 

sequence shown in FIG. 5. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention encompasses methods which can be utiliZed 
for generating compounds from plant materials. A prelimi 
nary processing method encompassed by the present inven 
tion is described with reference to FIG. 1. In an initial solu 
biliZation step 100 of the preliminary processing, plant 
material is at least partially is solubiliZed. In a separation step 
200, the plant material solubiliZed in step 100 is separated 
into liquid and solid-comprising components. 

Step 100 of FIG. 1 is described in greater detail with 
reference to FIG. 2. The plant material solubiliZation step 100 
initially involves a plant material providing step 110. The 
plant material provided in step 110 is not limited to a speci?c 
plant type and can include, for example, material from one or 
more of corn, soybean, rice, barley, oats, chicory, wheat, and 
sugar beet. A mixture comprising the provided plant material 
and a liquid can be formed in an optional mixture formation 
step 130. Preferably, step 130 comprises the addition of water 
to form an aqueous mixture having a ?nal water content of 
from about 50% to about 90%, by weight. Where the plant 
material provided in step 110 comprises a water content 
within the desired range, step 130 can be omitted. 

Mixture formation step 130 can comprise forming the mix 
ture to have a pH of from about 1 to about 1 1, preferably from 
about 1.5 to about 6.0. Although the pH of the mixture will 
typically fall within the desired range without adjustment 
after the addition of water, it is to be understood that the pH of 
the resulting mixture can be adjusted to fall within this range 
ofpH by addition of one or more ofan acid and a base. 
As shown in FIG. 2, providing plant material can option 

ally comprise destarching the plant material in a destarching 
step 120. The present invention encompasses methods that 
utiliZe both step 120 and step 130, methods that utiliZe only 
one of step 120 and step 130, and methods that omit both step 
120 and step 130. It is to be understood that methods of the 
present invention can be used to treat either destarched plant 
material or plant material that has not undergone a destarch 
ing treatment. 

For purposes of the present invention, destarched plant 
material can comprise plant material which has at least some 
of the original starch content removed. In particular aspects, 
destarched plant material can have greater than or equal to 
about 80% of the original starch content removed. Removal 
of starch from plant material can be achieved by a variety of 
conventional methods known to those of ordinary skill in the 
art. After the destarching step 120, the destarched plant mate 
rial can be used in step 130 to form an aqueous mixture of 
destarched plant material. 
As shown in FIG. 2, a hydrolysis step 140 canbe performed 

during plant material solubiliZation. Hydrolysis step 140 can 
hydrolyZe at least some of the polysaccharides in the plant 
material mixture. Hydrolysis step 140 can comprise, for 
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example, heating of the plant material. Step 140 can alterna 
tively or additionally comprise addition of an acid in an 
amount appropriate to adjust the pH of the mixture to a pH of 
from about 1 to about 3. Numerous acids are available for use 
in hydrolysis step 140 such as, for example, sulfuric acid, 
carbonic acid, phosphoric acid, lactic acid, nitric acid, acetic 
acid, hydrochloric acid, and mixtures thereof. 

In embodiments of the present invention Where it is desir 
able to selectively produce polysaccharides such as, for 
example, partially-hydrolyzed hemicellulose, it is advanta 
geous to avoid addition of acid or base during solubilization 
step 100 of the preliminary processing. When the solubiliza 
tion step 100 is performed utilizing an aqueous mixture com 
prising a pH betWeen about 1 and about 12 (preferably from 
about 1.5 to about 6.0), greater than or equal to about 75% of 
hemicellulose comprised by the mixture can be solubilized 
While predominantly retaining a polymeric form throughout 
solubilization step 100. 
The plant material mixture formed in step 130 can undergo 

solubilization from betWeen about 1 minute to about 2 hours, 
preferably from betWeen about 5 minutes to about 1 hour. 
Where acid has not been added, the temperature during solu 
bilization can be from about 100° C. to about 200° C., pref 
erably from betWeen about 120° C. to about 180° C., and 
more preferably from about 140° C. to about 160° C. If acid 
is added during step 140, the solubilization temperature can 
be from about 100° C. to about 200° C., preferably from 120° 
C. to about 180° C., andmore preferably from 120° C. to 160° 
C. 
As shoWn in FIG. 1, a separation step 200 can be performed 

after solubilization step 100. Separation step 200 can com 
prise, for example, one or more of centrifugation, pressing, 
and ?ltration. Separation step 200 can produce a liquid-com 
prising portion or ?ltrate, and a solid-comprising component. 
The liquid component 210 and the solid-comprising compo 
nent 220 can independently undergo further processing as 
discussed beloW. 

The ?ltrate or liquid component produced by the separa 
tion step 200 can comprise, for example, one or both of 
polysaccharides and monosaccharides. As discussed above 
With respect to plant material solubilization step 100 depicted 
in FIG. 2, the relative amount of monosaccharides and 
polysaccharides present in the liquid component Will depend 
upon conditions utilized during the solubilization step. The 
saccharides present in the liquid component can comprise, for 
example, partially hydrolyzed starch, partially hydrolyzed 
hemicellulose, polymeric fragments of hemicellulose, and 
monosaccharide components of hemicellulose. The ?ltrate 
can also comprise polysaccharides and monosaccharides of 
non-hemicellulose origin such as, for example, monosaccha 
ride and polysaccharide breakdown products of starch and 
cellulose present in the plant material. As shoWn generally in 
FIG. 3, liquid component can be subjected to reduction step 
400 to chemically reduce at least some of the saccharides 
present in the ?ltrate. 
As indicated generally in FIG. 3, processing of the liquid 

component 210 can comprise an initial processing step 300 
prior to saccharide reduction step 400. Step 300 is described 
in more detail With reference to FIG. 4. The liquid portion of 
separation step 200 can be collected in liquid collection step 
310 and a neutralization step 320 can be performed if neces 
sary, to adjust the pH of the collected liquid to betWeen about 
3 and 8, preferably to a pH of from about 4.5 to about 6.5. 
Neutralization step 320 can be utilized, for instance, When the 
preceding processing comprises an addition of acid. It can be 
advantageous to perform neutralization step 320 prior to a 
reduction step 400 or a hydrogenolysis step 500 shoWn in 
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4 
FIG. 3 (discussed beloW) to alleviate or avoid detrimentally 
effecting catalyst activity during the reduction or hydro 
genolysis. 

Referring again to FIG. 4, the liquid collected in step 310 
can optionally undergo a pretreatment step 330. As shoWn in 
FIG. 4, pretreatment can occur prior to neutralization step 
320. Alternatively, pretreatment step 330 can be performed 
after neutralization step 320. Pretreatment step 330 can com 
prise, for example, at least one of ultra ?ltration, carbon 
?ltration, anion exchange chromatography, cation exchange 
chromatography, and a treatment comprising chemical 
adjustment folloWed by precipitation and subsequent separa 
tion, Where chemical adjustment can include but is not limited 
to affecting solubility by changing the pH or by addition of a 
divalent cation. When pretreatment comprises ultra ?ltration, 
the ultra ?ltration can comprise ?ltration using a molecular 
Weight cutoff ?lter size of from 2,500 to 50,000. Pretreatment 
step 330 can remove greater than or equal to 90% of any 
protein, hydrolyzed protein and/or amino acids present in the 
liquid solution. It can be advantageous to remove protein 
from the solution prior to subsequent reduction or hydro 
genolysis steps (discussed beloW) to alleviate or avoid detri 
mentally effecting or deactivating a catalyst utilized in the 
reduction or the hydrogenolysis. 

In addition to the feature described above, the formation of 
liquid component step 300 can optionally include a hydroly 
sis step 340. As shoWn in FIG. 4, hydrolysis step 340 can be 
utilized in addition to pretreatment step 330 or can be utilized 
When pretreatment step 330 is omitted. Where hydrolysis step 
340 is utilized in conjunction With pretreatment step 330, 
hydrolysis step 340 can occur prior to or subsequent to pre 
treatment step 330. Hydrolysis step 340 can hydrolyze at least 
some of any polysaccharides present in the liquid collected in 
step 310. In some instances, it can be advantageous to per 
form hydrolysis step 340 to hydrolyze polysaccharides 
present in the solution and thereby minimize any detrimental 
effect polysaccharides may have on the activity of a catalyst 
used in subsequent processing steps. 

Hydrolysis step 340 can comprise an addition of an acid or 
a base. Preferably, hydrolysis step 340 utilizes an acid Which 
can comprise, for example, one or more of sulfuric acid, 
carbonic acid, phosphoric acid, lactic acid, nitric acid, acetic 
acid, hydrochloric acid, and mixtures thereof. It can be pref 
erable in some instances to use an acid other than sulfuric acid 
to alleviate detrimental effects sulfate may have on catalysts 
utilized in subsequent processing steps according to the 
present invention. In embodiments utilizing acidic hydrolysis 
step 340, the pH of the solution during the hydrolysis step can 
preferably be betWeen about pH 1 and about pH 5, and more 
preferably betWeen about pH 1.5 and pH 2.5. 
An effective temperature for purposes of hydrolysis step 

340 can be betWeen from about 100° C. to about 200° C., 
preferably from about 120° C. to about 160° C., and more 
preferably from betWeen about 120° C. through about 140° C. 
It can be bene?cial to perform hydrolysis step 340 to decrease 
the high temperature requirements during a subsequent 
reduction step, discussed beloW. In embodiments of the 
present invention Where hydrolysis step 340 is utilized, neu 
tralization step 320 can comprise to readjustment of the pH of 
the liquid to betWeen about 3 and 7, preferably to a pH of from 
about 4.5 to about 6.5, prior to subsequent processing steps. 

Referring again to FIG. 3, initial processing of the liquid 
component can be folloWed by reduction step 400. Reduction 
step 400 can comprise chemical reduction of saccharides by, 
for example, hydrogenation conditions Which can convert at 
least some of any monosaccharides and polysaccharides 
present in the liquid component into the respective linear 
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polyalcohols. In addition, if polysaccharides are present in 
the liquid component, hydrolysis to form the respective 
monosaccharides can occur during the reduction and can be 
enhanced by an increased reaction temperature. 

Reduction step 400 can comprise catalytic hydrogenation. 
Catalytic hydrogenation can comprise exposing saccharides 
to a catalyst comprising a support and one or more members 
of the groups consisting of Ru, Ni, Pt, and Pd. The catalyst 
support can comprise carbon and/or other insoluble support 
material, such as titania and Zirconia. Catalytic hydrogena 
tion can comprise a temperature from about 80° C. to about 
300° C., preferably from about 100° C. to about 250° C. and 
more preferably from about 120° C. to about 200° C. A 
hydrogen pressure during hydrogenation can be from about 
100 psig H2 to about 3,000 psig H2, preferably from betWeen 
about 1,000 psig H2 and about 2,200 psig H2 and most pref 
erably from about 1,200 psig H2 to about 1,800 psig H2. 
Hydrogenation can be performed over a time range of from 
about 1 minute to about 8 hours, preferably from betWeen 
about 1 minute and about 4 hours. 

Hydrogenation according to methods of the present inven 
tion can produce a total amount of linear polyalcohols Which 
can comprise sorbitol, xylitol and arabinitol as the major 
polyalcohols present. Sorbitol can comprise from 0% to 
100% of the total amount of linear polyalcohols produced, 
xylitol can comprise from 0% to 100% of the total amount of 
linear polyalcohols produced, and arabinitol can comprise 
from 0% to 100% of the total amount of linear polyalcohols 
produced. 

Referring again to FIG. 3, after the reduction of saccharides 
in reduction step 400, the liquid component can be subjected 
to a hydrogenolysis step 500. Hydrogenolysis step 500 can 
cleave at least some of the linear polyalcohols produced by 
reduction step 400 to form a group of products that can be 
collected by collection step 600 (discussed beloW). 

Hydrogenolysis step 500 can comprise catalytic hydro 
genolysis. Catalytic hydrogenolysis can utiliZe a catalyst 
such as, for example, a catalyst comprising a support and one 
or more members of the group consisting of Ru, Ni, Re, and 
Co. The support can comprise for example, one or more of 
carbon, titania and Zirconia. Catalytic hydrogenolysis step 
510 can further comprise utiliZation of an addedbase. Assum 
ing a neutral starting pH of from about pH 5 to about pH 8, an 
appropriate pH for catalytic hydrogenolysis step 510 can be 
achieved by, for example, an addition sodium hydroxide to a 
?nal concentration of from about 0% to about 10% by Weight, 
and preferably from about 0.5% to about 2% by Weight, 
relative to the Weight of the ?nal solution. 
As shoWn in FIG. 3, reduction reaction step 400 and hydro 

genolysis reaction step 500 can be performed individually. 
Alternatively, the reduction reaction can be combined With 
hydrogenolysis Within a common reaction vessel (not shoWn) 
and can utiliZe a common catalyst. For purposes of a com 
bined hydrogenation/hydrogenolysis, a common catalyst can 
be, for example, Ru on a carbon support. The conditions for 
the combined hydrogenation and hydrogenolysis reactions 
can comprise initial conditions identical to the conditions 
discussed above With respect to reduction reaction 400 as 
conducted independently. In the combined reaction, hydro 
genolysis can be induced by, for example, an addition of 
sodium hydroxide into the common reaction chamber. 
Assuming the solution Was neutraliZed prior to the hydroge 
nation conditions, sodium hydroxide can be added according 
to the conditions discussed above With respect to hydro 
genolysis reaction step 500, as conducted independently. The 
appropriate amount of sodium hydroxide to be utiliZed for 
hydrogenolysis reaction, either as performed independently 
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6 
or as combined With reduction reaction 400, can be varied 
Within the ranges discussed above based upon the pH of the 
solution prior to addition of the base and the sugar concen 
tration in the solution. 
As shoWn in FIG. 3, a product collection step 600 can be 

performed after hydrogenolysis reaction 500 to collect a 
group of products. The group of products can comprise one or 
more of lactic acid, propylene glycol, ethylene glycol and 
glycerol. A combined amount of ethylene glycol, propylene 
glycol and glycerol in the liquid component after hydro 
genolysis reaction 500 can comprise from about 50% to about 
100% of the total amount of carbon present in the liquid 
component. 

In addition to the features described above, methods of the 
present invention can include processing of a solid-compris 
ing portion 220 obtained by the separation step 200 shoWn in 
FIG. 1. Methods for processing of the solid-comprising por 
tion according to the present invention are discussed gener 
ally With reference to FIG. 5. An initial processing step 700 
can optionally be utiliZed to remove at least some of any 
liquid portion present in the solid-comprising component. 
Initial processing step 700 can comprise removal of some or 
all of any Water present in the component utiliZing one or 
more of ?ltration, air drying, vacuum drying and heating. 
Alternatively, subsequent processing of the solid-comprising 
component can be performed in an absence of any further 
removal of liquid or additional drying. 
As shoWn in FIG. 5, Whether or not initial processing step 

700 is performed, processing of the solid-comprising com 
ponent can include an extraction step 800. Extraction step 800 
is discussed in more detail With reference to FIG. 6. Extrac 
tion step 800 can include a ?rst solvent addition step 810. 
Numerous suitable solvents are available for purposes of the 
extraction step, and can include but are not limited to one or 

more of hexane, ethyl acetate, methylene chloride, and 
acetone. Solvent can be added to provide a volume to mass 
ratio of from about 1:1 to about 20: 1, Where the volume is the 
volume of the added solvent and the mass is the mass of the 
solid-comprising component prior to solvent addition. In par 
ticular processing events, the volume to mass ratio can pref 
erably be about 10:1. The extraction can be conducted for a 
time of from a feW seconds to several hours. Additionally, the 
extraction can be conducted batchWise or utiliZing a continu 
ous process. Extraction step 800 can comprise a ?rst solvent 
separation step 820 to separate the ?rst solvent from a non 
solubiliZed portion of the solid component. A collection step 
830 can be utiliZed to collect a solubiliZed component in the 
separated ?rst solvent. 
As shoWn in FIG. 6, the non-solubiliZed portion of solvent 

separation step 820 can be retained in a retention step 840.An 
optional second solvent addition step 850 can be performed 
and can utiliZe the conditions discussed above With respect to 
the ?rst solvent addition. After a second solvent addition, a 
second solvent separation step 860 can be performed and the 
second solvent portion containing a second solubiliZed com 
ponent can be recovered. The second solubiliZed component 
can be combined With the ?rst solubiliZed component in a 
combination step 870 Which combines the solvent collected 
in step 830 With the solvent collected from separation step 
860. Alternatively the ?rst solvent collected in 830 and the 
second solvent collected in 860 can remain separate. It is to be 
noted that the solvent used for addition of solvent step 810 
and the solvent used for the second solvent addition step 850 
can be identical or can be different. Further, the ?rst solvent 
collected in step 830 can comprise a product material that is 
different than the product material extracted by the second 
solvent addition. 



US 7,652,131 B2 
7 

As shown in FIG. 6, extraction step 800 can comprise one 
or tWo additions of solvent steps 810 and 850. It is to be 
understood that the present invention can encompass methods 
utilizing greater than tWo solvent addition steps (not shoWn). 
It can be advantageous to utiliZe a plurality of solvent addi 
tions and separation steps to maximize product extraction. 

Referring again to FIG. 5, after extraction step 800, the 
extracted products can be collected in a collection step 900. 
The extracted products collected in step 900 can be from 
about 3% to about 5% of the initial plant material by Weight, 
or alternatively up to 100% of available extractables. The 
extracted product can comprise, for example, one or more of 
campesterol, campestanol, stigmasterol, sitosterol, sito 
stanol, tocopherols and triglycerides. 

In compliance With the statute, the invention has been 
described in language more or less speci?c as to structural and 
methodical features. It is to be understood, hoWever, that the 
invention is not limited to the speci?c features shoWn and 
described, since the means herein disclosed comprise pre 
ferred forms of putting the invention into effect. The invention 
is, therefore, claimed in any of its forms or modi?cations 
Within the proper scope of the appended claims appropriately 
interpreted in accordance With the doctrine of equivalents. 
We claim: 
1. A method of producing organic compounds from plant 

material, comprising: 
providing a plant material; 
destarching the plant material to form a starch fraction and 

a destarched plant byproduct material having at least 
80% less starch relative to the plant material; 

forming a mixture comprising the destarched plant byprod 
uct material and Water; 

heating the mixture; 
?ltering the mixture and collecting a ?ltrate comprising 

components including hemicellulose and fragments of 
hemicellulose; 

after the ?ltering, performing a treatment of the ?ltrate 
comprising one or more of ultra?ltration, carbon ?ltra 
tion, anion exchange chromatography, cation exchange 
chromatography, and chemical adjustment folloWed by 
precipitation and subsequent separation, Where chemi 
cal adjustment is pH adjustment or addition of a divalent 
cation; 

contacting the ?ltrate With a catalyst to chemically reduce 
at least some of the hemicellulose and fragments of 
hemicellulose contained in the ?ltrate by catalytic 
hydrogenation; 

fragmenting of at least some of the hemicellulose and 
fragments of hemicellulose in the presence of a hydro 
genolysis catalyst to produce smaller fragments by cata 
lytic hydrogenolysis; and 

Wherein the organic compounds produced comprise one or 
more of glycerol, ethylene glycol, propylene glycol, and 
lactic acid. 

2. The method of claim 1 further comprising neutraliZing 
the ?ltrate by adding a base to the ?ltrate prior to the frag 
menting. 

3. The method of claim 1 Wherein the contacting and the 
fragmenting occur utiliZing a common catalyst. 
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4. The method of claim 1 Wherein the reducing converts at 

least some of the hemicellulose and fragments of hemicellu 
lose to linear poly-alcohols; and 

Wherein the fragmenting produces one or more of glycerol, 
ethylene glycol, propylene glycol and lactic acid. 

5. The process of claim 1 Wherein the ?ltrate comprises one 
orboth of starch and starch fragments, Wherein the contacting 
converts at least some of the starch and starch fragments to 
linear poly-alcohols. 

6. The method of claim 1 Wherein the plant material com 
prises com material. 

7. The method of claim 1 further comprising, after forming 
the mixture, adjusting the pH of the mixture to a pH of from 
about 1 to about 3. 

8. The method of claim 1 further comprising, prior to the 
contacting: 

adjusting the pH of the ?ltrate to a pH of from about 1 to 
about 5; 

heating the ?ltrate to a temperature of from about 1000 C. 
to about 2000 C.; and 

readjusting the pH of the ?ltrate to a pH of from about 3 to 
about 7. 

9. The method of claim 1 further comprising, after the 
contacting adding NaOH to the ?ltrate to a ?nal NaOH con 
centration of from 0.5% to 10%, by Weight. 

10. A method of producing organic compounds from plant 
material, comprising: 

providing a plant material; 
destarching the plant material to form a starch fraction and 

a destarched plant material having at least 80% less 
starch relative to the plant material; 

forming a mixture comprising the destarched plant mate 
rial and Water; 

heating the mixture; 
?ltering the mixture and collecting a ?ltrate comprising 

components including one or more of hemicellulose and 
fragments of hemicellulose; 

contacting the ?ltrate With a catalyst to chemically reduce 
at least some of the hemicellulose and fragments of 
hemicellulose contained in the ?ltrate by catalytic 
hydrogenation; and 

fragmenting of at least some of the one or both of hemi 
cellulose and fragments of hemicellulose in the presence 
of a hydrogenolysis catalyst to produce smaller frag 
ments by catalytic hydrogenolysis, the catalytic hydro 
genation and hydrogenolysis being performed in a 
single reaction vessel utiliZing a common catalyst. 

11. The method of claim 10 further comprising, during the 
fragmenting adding NaOH to the ?ltrate to a ?nal NaOH 
concentration of 0.5% to 10%, by Weight. 

12. The method of claim 10 further comprising after the 
?ltering, performing a pretreatment of the ?ltrate prior to the 
contacting, the pretreatment comprising one or more of ultra 
?ltration, carbon ?ltration, anion exchange chromatography, 
cation exchange chromatography, and chemical adjustment 
folloWed by precipitation and subsequent separation, Where 
chemical adjustment is pH adjustment or addition of a diva 
lent cation. 
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