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(57) ABSTRACT 

A multi stage process for separating oil, protein, fiber and 
clean water from a stream containing whole stillage byprod 
uct from ethanol production is disclosed. In a first step, fibers 
are separated in a two-step process that includes a plate 
separator and a press. In a subsequent step, the liquid stream 
separated from the fibers and contains oil, protein and water 
is treated with a composition that causes the protein to gel. 
The liquid stream is then processed in a phase separator that 
drains the oil by gravity, removes the water by an impeller 
under pressure and removes the Solidified protein using a 
scroll. 

13 Claims, 2 Drawing Sheets 
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1. 

SEPARATION OF BOCOMPONENTS FROM 
WHOLE STILLAGE 

FIELD OF THE INVENTION 

The present invention relates to a process of recovering 
useful bio-components from useful and high value materials 
that are byproducts resulting from ethanol manufacturing 
processes. More specifically, the process of the present 
invention separates a whole stillage stream that is a by 
product of ethanol production into four streams: a stream 
containing predominantly oil, a stream that contains pre 
dominantly water, a stream containing predominantly fibers 
and a stream containing predominantly protein. 

BACKGROUND OF THE INVENTION 

The ethanol manufacturing process starts by the cleaning 
and then the dry-milling of maize grains. The ground grains 
are mixed with water and enzymes (amylases) to produce a 
mash where starch hydrolysis occurs. This mash is cooked 
to kill bacteria that produce undesirable lactic acid. Enzymes 
are added to the mash to transform starch into dextrose (a 
saccharification step). After saccharification, yeast is added 
to start the fermentation process, which produces a “beer” 
and CO. The beer passes through a continuous distillation 
column to yield alcohol at the top of the column. The 
product that remains at the bottom is whole stillage, which 
in current practice is separated to produce distillers corn oil 
and distillers’ grains. Both byproducts are used as energy 
and protein sources for ruminants and the distillers corn oil 
can be used a feed stock for biodiesel production. This 
invention allows the separation of whole stillage into addi 
tional streams contain valuable bio-materials mainly fibers, 
oil and protein. Greater volumes of oil are recovered for use 
as a biofuel, animal energy source or for cooking. The ability 
to separate more DCO creates significant carbon reduction 
when it is converted to biodiesel rather than being used as an 
animal feed. 
The protein recovered from this invention is in a more 

concentrated form which increases its value as a protein 
Source for both monogastric and ruminant animals. In addi 
tion the main protein in corn is Zein which has been used in 
the manufacture of a wide variety of commercial products, 
including coatings for paper cups, Soda bottle cap linings, 
clothing fabric, buttons, adhesives, coatings and binders, 
recently this protein has been used as a coating for candy, 
nuts, fruit, pills, and other encapsulated foods and drugs. 
Additionally Zein can be further processed into resins and 
other bioplastic polymers. 
The fibers recovered from the process of the present 

invention comprise mostly corn kernel fibers which can be 
used as raw materials for the production of lignocellulosic 
ethanol or butanol as well as other chemicals that use 
glucose and Xylose as building blocks. 
The present invention results in a significant reduction in 

energy needed for the grain ethanol co-product separation 
process and in reduction in the carbon intensity associated 
with production of grain based ethanol. 

SUMMARY OF THE PRESENT INVENTION 

It is the object of the present invention to separate a 
stream of whole stillage materials from ethanol production 
into a stream rich in fibers, a stream rich in oil, a stream rich 
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2 
in protein and fibers and a stream consisting of clean water 
that may be recycled in this process or used for various 
industrial purposes. 

In an aspect of the present invention, a multi-stage con 
tinuous process for separating a source stream that inter 
mixedly contains water, fibers, protein and oil, the process 
being configured for separating the source stream into four 
streams each containing predominantly one component, the 
Source stream containing whole stillage from ethanol pro 
duction, the process comprising the stages of providing a 
first stream comprising whole stillage, the whole stillage 
containing water, oil, protein and fibers; separating from the 
first stream a sixth stream having a dry material component 
containing predominantly fibers and a fourth stream having 
a dry material component containing predominantly oil and 
protein; and separating the fourth stream into an eighth 
stream having a dry matter component containing predomi 
nantly oil, a ninth stream predominantly containing water 
and a tenth stream having a dry matter component contain 
ing predominantly protein. 

These and other features, aspects and advantages of the 
present invention will become better understood with refer 
ence to the following drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flow chart schematic of the process according 
to an embodiment of the present invention; and 

FIG. 2 is a flow chart schematic of the process according 
to another embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The following detailed description is of the best currently 
contemplated modes of carrying out exemplary embodi 
ments of the invention. The description is not to be taken in 
a limiting sense, but is made merely for the purpose of 
illustrating the general principles of the invention. 
The first embodiment of the present invention includes the 

steps of 
1. Separating the whole stillage source stream containing 

water, fibers, non-aqueous liquids such as oil and protein 
into A) a stream containing predominantly water with 
between about 4%-10% non-aqueous solids that include 
protein, oil and fibers and B) a stream containing between 
30-45% non-aqueous materials made of mostly fibers, and 

2. Treating the stream containing predominantly water 
and 4-10% non-aqueous Solids with a composition that 
causes the protein to gel. 

3. Separating the treated stream containing predominantly 
water with 4-10% non-aqueous solids into a stream contain 
ing predominantly water, a stream containing predominantly 
oil and a stream relatively rich in protein. 

FIG. 1 presents a flow chart of the first process embodi 
ment. Each stream contains water and non-aqueous materi 
als, also referred to as dry matter which can be solids or 
liquids. In this context, fibers are solid materials, while 
proteins and oil in their original form are non-aqueous 
liquids. Protein that is treated with a gelling composition 
generally turns into a thickened liquid or a solid. 
The source stream labeled as the 1 stream contains whole 

stillage from ethanol production and has dry matter in the 
range of about 10-20%. The 1stream is diluted with recycle 
water from the downstream process to about 6-10% solids. 
The diluted whole stillage, labeled as the 2" stream, is 
passed into a liquid-solid separator that separates the 2" 
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stream into a 3" stream and a 4" stream. The 3" stream has 
a higher concentration of non-aqueous materials than the 1 
stream while the 4" stream has a lower concentration of 
non-aqueous materials than the 1 stream. A liquid-Solid 
separator Suitable for this application is an oval plate sepa 
rator which functions to concentrate solids by passing them 
between rotating oval plates. An example of an oval plate 
separator currently being marketed commercially in the US 
is Trident KDS. However; other separators also fall within 
the scope of the present invention. 

The 3" stream is passed through a press to separate it into 
a 5" stream and into a 6' stream. In the 6" stream, the dry 
matter is further concentrated to contain between about 30% 
to about 45% dry matter, while in the 5" stream, the dry 
matter is only in the range of about 7% to about 12% so it 

10 

4 
The separated streams from the phase separator are the 8" 

stream that contains over 95% oil, the 9” stream that 
contains over 90% water and the 10" stream that has a dry 
matter content of between 20 and 37% and is relatively rich 
in protein and fibers. Part of the 9” stream may be used as 
dilution water for the whole stillage to form the 2" stream. 
The 8' stream may be further passed through an oil filter to 
remove impurities from it. A suitable tricanter for this 
purpose is the Flottweg R tricanter that is currently available 
in the marketplace. 

Table 1 below provides composition ranges for the 
streams of the first embodiment process. 

TABLE 1. 

First embodiment of the process 

Stream Description 

is significantly more dilute. The press maybe a screw press 
or another similar type of press Suitable for this purpose. 

While dilute, the 4" and 5" streams contain significant 
amounts of dry materials that need to be recovered. The 4" 
and 5” streams are combined to form a 7" stream which is 
passed through a phase separator. The 4" stream is chemi 
cally treated with at least one composition that causes the 
protein to gel around the Solid fibers to form a generally 
Solid or semi-solid phase. Chemical compositions suitable as 
treatment chemicals for the 4" stream include polyamine 
and tannin. Addition levels may be between about 5 ppm to 
about 25 ppm based on a % dry composition of the stream. 
The gelling composition may be added in the 4" stream line 
or added into the mixing tank where the 4" and 5" streams 
are combined. In an embodiment of the present invention, 
the 7" stream is heated to between about 150° F. to about 
250° F. and, more preferably, to between about 200° F to 
about 210° F. The heating may be accomplished by using a 
heat exchanger or by direct injection of Steam into the 
stream. Heating the 7' stream enhances the separation of the 
phases in the phase separator. 
The phase separator is configured to separate three immis 

cible, but intermixed phases that contain a relatively low 
density liquid phase, a higher density liquid phase and a 
solid phase. The low density component in the 7" stream is 
corn oil having a density of about 7.6 lb./gal. Water has a 
higher density at about 8.3 lb./gal. The gelled protein has a 
density of between about 10 to about 13 lb./gal. 
A Suitable phase separator to achieve the separation is a 

tricanter in which the contents of the stream are fed into a 
chamber under pressure. An impeller causes the heavy liquid 
to discharge at the top of the tricanter under pressure, the 
light liquid is discharged by gravity and a scroll carries the 
Solids out from the liquid phases through a narrow discharge 
channel that allows passage of Small solid particles and 
fragments. 
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% Dry % % Density, 
materials Protein % Oil Fibers lb. gal 

Whole stillage 10-20 2-5 1-4 2-5 8.3 
Diluted stillage 6-10 1-3 O.S.-1.5 1-3 8.3 
Plate separator fiber fraction 12-22 3-8 1-3 S-10 8.6 
Plate separator liquid fraction S-10 1-3 O.S.-2:S <0.1 8.1 
Screw press liquid fraction 7-12 1-3 O.S.-2:S <0.1 8.1 
Screw press solid fraction 30-45 8-14 2-4 20-25 9.O 
Tricanter feed 4-8 1-2 O.S.-1.5 <0.1 8.1 
Tricanter oil fraction 90-99 2-5 85-95 O1.-O.S 7.6 
Tricanter water fraction 2-9 O5-2 O.5-2 <0.1 8.1 
Tricanter protein fraction 20-37 10-17 2-6 5-14 10-13 
Filtered oil 95-99 2-4 92-96 <0.1 7.6 

A screen analysis of the fibers present in the whole stillage 
(Stream 1) indicates that about 90% of the fibers are larger 
than 1.2 mm as they pass through a screen opening of about 
1.2 mm. 
The second embodiment of the present invention process 

is shown in FIG. 2. A dissolved air flotation device (DAF) 
is used to remove water from the 4" stream prior to the 
separation in the tricanter. This allows for easier control over 
the process resulting in better consistency and reduced 
variability of the stream compositions. With the process 
configuration shown in FIG. 2, the 4" and 5” streams are fed 
into the DAF that separates out an 11" stream that contains 
low dry matter and an 7" stream that contains most of the 
solids from the 4" and 5" streams. The 7" stream is fed into 
the tricanter which splits it into three phases as with the first 
embodiment. The water from the tricanter in the 9” stream 
may be combined with the water fraction from the DAF in 
the 11" stream. The combination stream may further be 
passed through a second DAF which removes additional dry 
matter from the water fraction. A portion of the water 
fraction from the second DAF may be recycled to be used as 
dilution water for the whole stillage or for water to be used 
in the ethanol process. Reduction of the water content from 
the combined the 4" and 5" streams using the dissolved air 
flotation device (DAF) prior to feeding the combined the 4" 
and 5" streams into the tricanter improves the operating 
efficiency of the tricanter. 
As with the first embodiment, the 7" stream entering into 

the phase separator is treated to cause the protein to gel 
around the fibers. This increases the density of the protein 
from about 9.0 lb./gal to between about 10 and 13 lb./gal. In 
this form, the protein is substantially a solid and may be 
effectively separated out by the phase separator. 

Table 2 below provides the compositions of the streams 
for the second embodiment of the process. 
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TABLE 2 

Second embodiment of the process 

% Dry % 
Stream Description materials Protein % Oil 

1 Whole stillage 10-20 2-5 1-4 
2 Diluted stillage 6-10 1-3 O.S.-1.5 
3 Plate separator fiber fraction 12-22 3-8 1-3 
4 Plate separator liquid fraction S-10 1-3 OS-2.5 
5 Screw press liquid fraction 7-12 1-3 OS-2.5 
6 Screw press solid fraction 30-45 8-14 2-4 
7 DAF solids fraction 9-14 2-5 2-5 
8 Tricanter oil fraction 95-99.9 <0.1 95-99.9 
9 Tricanter water fraction 2-4 O.S.-1.5 O.S.-1.5 
10 Tricanter protein fraction 25-30 11-15 2-4 
11 DAF water fraction 2-7 O5-2 O.1-0.5 
15 Recycle water 1-3 OS-1 OS-1 

The 4" and 5" streams are mixed before entering the first 
DAF and are treated with: 

1. between about 5 ppm to about 100 ppm on a dry weight 
basis of an anionic acrylamide copolymer Such as sodium or 
potassium acrylate acrylamide copolymer having a charge 
density of about 50% and a MW of between 18 million and 
24 million, and 

2. between about 5 ppm to about 100 ppm on a dry weight 
basis of an cationic acrylamide copolymer Such as Acryl 
amide-dimethylaminoethyl acrylate copolymer (ADMAEA) 
having a Molecular Weight of between 8 million to 12 
million and a charge density between about 20-40%. 
The polymers are added in line at two addition points 

separated by 15 seconds calculated based on an average 
volumetric flow rate through the line. The anionic acrylam 
ide copolymer is preferably added first. The additions of 
these polymers aids in the separation of the 4" and 5' 
streams that are fed into the DAF into the 7" and 11" 
streams. The 7" stream floats to the top of the first DAF and 
is removed as an overflow. 
The 8' stream containing over 95% oil in both the first 

and second embodiments may further be passed through an 
oil filter to remove impurities. 

Below is information about the compositions and prop 
erties of the treatment chemicals added in the processes of 
the present invention: 
Polyamines 

Molecular weight between 10,000 and 1,000,000 
Liquid form with 40 to 50% concentration 
Cationic site on the main chain 
Viscosity at 50% of between 40 and 20,000 centipoises. 

Tannin 
Molecular weight between 10,000 and 300,000 
Liquid form with 30 to 40% concentration 
Cationic site on the main chain 
Viscosity at 50% of between 40 and 2000 centipoises 
Comes in various forms such as tannic acid C.H.O. and 

gallic acid CHOs. 
ADMAEA 

Acrylamide-dimethylaminoethyl acrylate copolymers. 
The copolymerization of DMAEA-MeCl with acrylamide 

produces the cationic polymer. 
The main characteristics of the products obtained are: 

Molecular weight: about 3 million to about 10 million. 
Viscosity at 5 g/l: 100 to 1700 cps. 
Specifically: acrylamide/Ethanaminium, N. N. N-trim 

ethyl-2-(1-oxo-2-propenyl)oxo)-, chloride copolymer 
is a useful form of ADMAEA in the present invention. 

% Density, 
Fibers lb/gal 

2-5 8.3 
1-3 8.1 
5-10 8.6 
<0.1 8.1 
<0.1 8.1 
20-2S 9.0 
1-3 8.5 
<0.1 7.6 
<0.1 8.1 
7-11 10-13 
<0.1 8.1 
<0.1 8.1 
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The molecular formula is CHCINO. The molecular 
structure is shown below in 2D. 

Cationic Acrylamide Copolymers 

y =CH, H H C C 
HN-y in 1 No1 N 

O H.N-C1 O / 
V etc. 

Acrylamide O O 
R / 

-- Hos HC 

V 
HC=CH2 HC CH 
M 3 

OEC SN 
V / YCH, y H3C 

HC M. Hubbe 
V 

HC CH 
3 NN, 

/ YCH, 
HC 

Quaternized 
OOle 

Sodium or Potassium Anionic Acrylate Acrylamide Copo 
lymer. 

This polymer may be made from the reaction between an 
acrylamide monomer and an acrylic acid monomeras shown 
below. 
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CH2= c CHF c 

=o 1–0 son - 
NH2 OH 

Acrylamide Acrylic Acid 

ci 
FO EO 

NH2 ONa 
iii. 

Sodium Acrylate Acrylamide copolymer 

It is noted that in the context of the present invention, a 
dry matter component is defined as predominant in a given 
stream if it is present at a higher percent than any of the other 
dry matter component in the stream. 

It should be understood, of course, that the foregoing 
relates to exemplary embodiments of the invention and that 
modifications may be made without departing from the spirit 
and scope of the invention. 

I claim: 
1. A multi-stage process for separating a source stream, 

said source stream containing oil water, fibers and protein, 
said process being configured for separating the Source 
stream into four streams, wherein each stream contains 
predominantly one component, said process comprising the 
stages of 

providing a first stream comprising whole stillage, said 
whole stillage containing water, oil, protein and fibers; 

separating from the first stream a sixth stream having a 
dry matter component containing predominantly fibers 
and a fourth stream having a dry component containing 
predominantly oil and protein; and 

separating the fourth stream into an eighth stream having 
a dry matter component containing predominantly oil, 
a ninth stream containing predominantly water and a 
tenth stream having a dry component containing pre 
dominantly protein, 

wherein separating the fourth stream is accomplished by 
a tricanter in which a liquid oil phase drains by gravity, 
a liquid water phase is discharged at a top of the 
tricanter under pressure by an impeller and a Solid 
protein phase being moved by a scroll out a discharge 
opening, and 

wherein separating the sixth stream from the first stream 
is accomplished through the steps of adding dilution 
water to the first stream to produce a second stream 
containing dilute whole stillage; adding to the second 
stream a caustic Solution Such that a pH of the second 
stream is raised to between about 4.5 to about 8.2: 
passing the second stream through an oval plate sepa 
rator, wherein actions of the oval plate separator result 
ing in separating the second stream into a third stream 
and into the fourth stream, wherein a dry matter of the 
third stream comprises predominantly fibers; and pass 
ing the third stream through a press, wherein actions of 
the press result in separating the third stream into a fifth 
stream and into the sixth stream, said fifth stream 
having a dry matter component containing predomi 
nantly oil and protein. 

2. The process of claim 1, wherein separating the fourth 
stream comprises a step of treating the fourth stream with a 
chemical composition to cause the protein to Solidify, said 
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8 
chemical composition being added to the fourth stream at a 
rate of between about 5 ppm to about 25 ppm based on dry 
weight. 

3. The process of claim 2 wherein said composition is 
selected from the group consisting of polyamine and tannin. 

4. The process of claim 1 further comprising returning at 
least a portion of the ninth stream as dilution water to the 
first stream to form a dilute whole stillage stream. 

5. The process of claim 1, further comprising combining 
the fifth stream and the fourth stream before feeding the 
fourth stream into the phase separator. 

6. The process of claim 1 further comprising passing the 
eighth stream through an oil press to remove impurities. 

7. A multi-stage process for separating a source stream, 
said source stream containing oil water, fibers and protein, 
said process being configured for separating the source 
stream into four streams, wherein each stream contains 
predominantly one component, said process comprising the 
stages of 

providing a first stream comprising whole stillage, said 
whole stillage containing water, oil, protein and fibers; 

separating from the first stream a sixth stream having a 
dry matter component containing predominantly fibers 
and a fourth stream having a dry component containing 
predominantly oil and protein; and 

separating the fourth stream into an eighth stream having 
a dry matter component containing predominantly oil, 
a ninth stream containing predominantly water and a 
tenth stream having a dry component containing pre 
dominantly protein, wherein separating the fourth 
stream into an eighth stream, a ninth stream and a tenth 
stream is accomplished by the steps of treating the 
fourth stream with between about 5 to about 100 ppm 
on a dry weight basis of an anionic acrylamide copo 
lymer, said treating being done through an addition at 
a first in-line inlet port; treating the fourth stream with 
between about 5 to about 25 ppm on a dry weight basis 
of a cationic acrylamide copolymer, said treating being 
done through an addition at a second in-line inlet port, 
said second in-line inlet port being located at about 15 
seconds after the first in-line inlet port based on an 
average Volumetric flow rate; passing the fourth Stream 
through a dissolved air flotation device wherein the 
actions of the dissolved air flotation device result in 
separating the fourth stream into a seventh stream and 
an eleventh stream, said seventh stream having a dry 
component containing predominantly oil and protein, 
said eleventh stream containing predominantly water; 
treating the seventh stream with a chemical composi 
tion to cause the protein to Solidify; and passing said 
seventh stream through a phase separator configured to 
separate a low density liquid phase, a higher density 
liquid phase and a Solid phase. 

8. The process of claim 7 wherein the phase separator 
separates the seventh stream into an eighth stream having a 
dry matter component containing predominantly oil, a ninth 
stream that contains predominantly water and a tenth stream 
whose dry component is predominantly protein. 

9. The process of claim 8 further comprising passing the 
eighth stream through an oil press to remove impurities. 

10. The process of claim 7 wherein the phase separator is 
a tricanter in which a liquid oil phase drains by gravity, a 
liquid water phase is discharged at a top of the tricanter 
under pressure by an impeller and a solid protein phase 
being moved by a scroll out a discharge opening. 

11. The process of claim 7, further comprising feeding the 
ninth and eleventh streams into a dissolved air flotation 
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device to further separate out solid impurities and produce a 
fourteenth stream that contains useable water. 

12. The process of claim 7, further comprising heating the 
Seventh Stream to between about 150° F. to about 250° F. 

13. The process of claim 12, further comprising heating 5 
the Seventh Stream to between about 200°F. to about 210° 
F. 

10 


