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This invention relates to the re?ning of low-grade fats 
and is particularly concerned with the upgrading of black 
grease although it is applicable to other low-grade fats. 

Black grease is a low-grade product derived from the 
soapstock which is separated from glyceride oils in an 
alkali re?ning operation. Such soapstock contains fatty 
acid soaps, the gums originally present in the oil in partly 
decomposed form, excess alkali, entrained glyceride oil, 
a small amount of glycerine and a considerable portion of 
water. The most common commercial process of treat 
ing soapstock is to acidulate it with a large excess of con 
centrated sulfuric acid. This decomposes the fatty acid 
soaps to liberate fatty acids and furthermore chars and 
decomposes the gums. The acidulated material will sepa 
rate upon standing into two layers, an upper layer of 
fatty material and a lower aqueous layer. The upper 
layer can be separated from the lower layer and consti 
tutes the black grease of commerce. 

This black grease is a dark colored material which con 
tains a substantial proportion of free and combined fatty 
acids. That is to say, black grease is a complex mixture 
of pigments and other coloring matter, free fatty acids, 
glycerides, polymerized fats, products from the decom 
position of phosphatides and other materials, including 
unsaponi?ables such as sterols and tocopherols, and 
charred products resulting from the use of concentrated 
sulfuric acid. The free fatty acids may be directly dis 
tilled therefrom by vacuum distillation at high tempera 
tures, but large losses and low-grade fatty acids result. 
Repeated distillation with further losses are necessary to 
obtain high-grade fatty acids. In general, the black 
grease is subjected to either an acid or an alkaline split 
ting operation to liberate the combined fatty acids prior 
to distillation. Thus, black grease is usually subjected 
to an aqueous acid splitting operation known as twitchelli 
zation. Alkaline splitting may be employed, in which 
case the resulting material is acidulated. In either case, 
an upper layer of fatty material may be separated from 
a lower aqueous layer and the separated fatty material is 
usually distilled in vacuum at high temperatures. The 
fatty acid which distilled over must in most instances be 
redistilled to obtain a sufficiently low colored product. 
Even when distilling the split black grease, the losses are 
high, as the still residue or pitch from the ?rst distillation 
varies from 10 to 25% of the weight of the fatty material. 
Either the black grease itself or the fatty material result~ 
ing from splitting the black grease resists decolorization 
with bleaching agents and bleaching earths. 

Instead of being acidulated with concentrated sulfuric 
acid to ?rst produce black grease, the soapstock is some 
times boiled with added caustic alkali to saponify the 
entrained glyceride oil and the remaining mass then 
grained with salt and washed with water. The resulting 
soap is of very low grade as to color, odor and stability. 
This soap is sometimes acidulated to yield an upper layer 
of fatty material containing fatty acids. Such fatty acids 
'are dark in color and must be distilled to be acceptable as 
commercial fatty acids. Again the losses during distilla 
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tion are high. The temperatures of distillation in any of 
the fatty acid distillation steps above discussed are high, 
for example, 490“ F. and a high vacuum must be main 
tained. Under these conditions sterol esters of fatty acids 
are formed and remain as part of the residue in the still, 
i. e., part of the pitch. The only upgraded products re 
covered in the above processes are a part of the fatty 
acids and it is apparent that the prior processes of treating 
soapstock are expensive and unsatisfactory and result in 
the destruction or loss of valuable products such as sterols 
and tocopherols and a substantial portion of the fatty 
acids. 

In accordance with the preferred process of the present 
invention, the black grease is ?rst subjected to a combined 
splitting and esteri?cation step employing a lower mono 
hydric aliphatic alcohol and a strong mineral acid. This 
step is preferably carried out under re?ux conditions and 
the water content of the mixture is maintained as low as 
practicable. Thus the amount of water should preferably 
not exceed 2.5% by weight of the reaction mixture 
although amounts of water up to about 6.5% can be 
tolerated if the longer splitting times are employed. The 
time of treatment should be su?icient to split substantially 
all of the glycerides and to esterify substantially all of 
the fatty acids with the lower aliphatic alcohol. That is 
to say, the splitting operation is continued until all of the 
fatty material goes into solution or only a very small 
amount of undissolved material remains. 
The resulting mixture is cooled and preferably ?l 

tered to remove any insoluble matter. This insoluble 
matter may include a small amount of sterols if the sterol 
concentration in the mixture is relatively high. These 
sterols can be recovered from the insoluble matter. The 
excess alcohol in the ?ltrate is then distilled and recovered 
in concentrated form for reuse in the splitting and esteri? 
cation step. The resulting residue is predominantly fatty 
acid esters of the lower aliphatic alcohol but contains a 
substantial amount of coloring matter, the acid employed 
in the splitting step, glycerol, sterols and in some cases 
tocopherols. 

It has been found that the greater part of the coloring 
matter may be removed from this mixture by washing 
the same with an aqueous solution of caustic alkali. 
This treatment also conditions the mixture for subsequent 
substantially complete decolorization with bleaching ad 
sorbents. Best results are obtained when the mixture re 
ferred to is ?rst dissolved in a volatile organic solvent 
therefor, for example, a light petroleum solvent such as 
commercial hexane or petroleum ether. The mixture 
resulting from the washing operation readily separates 
into an aqueous material and a solvent layer containing 
fatty material in solution. The aqueous layer or spent 
washing liquor contains most of the coloring matter, 
water soluble inorganic salts, excess alkali, glycerol and 
other water soluble materials. Valuable materials such 
as gycerol or choline or inositol compounds, if present, 
may be recovered from the spent washing liquor. 
The puri?ed and partially decolorized fatty material 

from the washing step is preferably treated with a bleach 
ing adsorbent while still containing the hexane or equiva 
lent solvent and upon being removed from contact with 
the adsorbent, a solvent solution of light colored fatty 
material is obtained. The solvent may be readily dis 
tilled from the solution leaving a material which is pre 
dominantly the fatty acid esters of the lower aliphatic 
alcohol employed. This material is a high grade light 
colored product and can be employed or sold Without fur 
ther treatment for various purposes. 
The decolorized fatty acid esters still contain substan 

tially all of the unsaponi?ables such as sterols and toco 
pherols. The fatty acid esters may be separated from 
the unsaponi?ables by a vacuum distillation step at a 
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much lower temperature than is necessary for distilling 
fatty acids themselves. Under these conditions sterol 
esters of fatty acids do not form. The distillate is sub 
stantially pure fatty acid esters of the lower aliphatic 
alcohol and is a high-grade product of light color. Again, 
it may be employed or sold in the form it is recovered 
from the distillation step or it may be split to recover 
high-grade fatty acids in either an alkaline or acid split 
ting step. The residue in the still is largely unsaponi? 
ables and may be fractionated into sterols and toco 
pherols with a lower aliphatic alcohol such as methanol 
in which the tocopherols are very soluble and the sterols 
substantially insoluble at room temperature and below. 

While the invention is particularly applicable to the 
direct treatment of black grease, other low-grade fatty 
materials may be similarly treated. Thus the fatty ma 
terial resulting from alkaline splitting of soapstock fol 
lowed by acidulation and separation as discussed above 
can be employed as the starting material in the present 
process. The same is true of the fatty material resulting 
from the acid splitting of black grease or the alkaline 
splitting of such material followed by acidulation. Also, 
the gums from the degumming of glyceride oils or the 
soapstock from re?ning operations employing volatile 
neutralizing agents, particularly in the case when such 
gums or soapstock are highly colored, may be advan 
tageously treated in accordance with the present inven 
tion. They may be ?rst dried and then introduced into 
the splitting and esteri?cation step of the present inven 
tion or the wet materials may be ?rst subjected to an 
acid splitting operation in order to obtain a fatty phase 
which may be treated in the present process. Alterna 
tively, such gums or soapstock may be split with a caustic 
alkali and the resulting product acidulated and separated 
to recover a fatty phase suitable for introduction into 
the present process. Even if the fatty acids have been 
substantially all. liberated from chemical combination by 
previous steps such as discussed immediately above, the 
present process enables high-grade fatty materials to be 
more easily recovered from low-grade fatty materials. 
Thus, substantially any low-grade fatty material of low 
water content can be advantageously subjected to the 
process of the present invention. 

It is, therefore, an object of the present invention to 
provide an improved process of upgrading low-grade fatty 
materials. 

It is another object of the invention to provide a proc 
ess of upgrading low-grade fatty materials in which the 
fatty acids are liberated and converted into esters of a 
lower monohydric aliphatic alcohol and the esters then 
re?ned with a caustic alkali. 
A further object of the invention is to provide an im 

proved process of recovering high-grade low colored 
products from low-grade fatty material in which process 
the free or combined fatty acids of the low-grade mate 
rial are ?rst converted into fatty acid esters of lower 
monohydric aliphatic alcohols and the esters re?ned to 
recover high quality esters and other valuable by 
products. 

Other objects and advantages of the invention will 
appear in the following detailed description of the proc 
ess illustrated in the attached drawing which is a ?ow 
sheet of the process. 

Since black grease, particularly cottonseed black grease, 
is one of the most diliicult low-grade fatty materials to 
upgrade, the invention will ?rst be described with ref 
erence thereto. Referring more particularly to the draw 
ing, black grease may be introduced into a combined 
splitting and esteri?cation step 10 as indicated by the 
arrow 11, and a lower monohydric aliphatic alcohol 
and a strong mineral acid also introduced in this step 
as indicated by the arrow 12. The preferred alcohol is 
methanol and the process will be described with refer 
ence thereto, although other lower monohydric aliphatic 
alcohols, such as ethyl, normal propyl, and isopropyl 
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4 
alcohols may be employed. The amount of alcohol em 
ployed will ordinarily be just sui?cient to retain the 
methyl esters of the fatty acids in solution after esti?ca 
tion has been effected and the resulting solution cooled. 
This amount of alcohol will usually range from 2.5 to 12 
times the weight of the black grease introduced. The 
amount of acid employed is su?icient to make the reac 
tion mixture strongly acid and will usually range from 
25 to 100 parts by weight per 100 parts by weight of 
the black grease. The reaction in the splitting and 
esteri?cation step 10 is ordinarily carried on at the re?ux 
temperature of the alcohol and the treatment is con 
tinued until the material becomes homogeneous or only 
a small amount of oily material remains. This step may, 
however, be carried out under pressure and at higher 
temperatures. That is to say, temperatures between ap 
proximately 64° C. and 150° C. may be employed. This 
time will usually range between 3 and 24 hours, depend 
ing upon the nature and concentration of the acid and 
the temperature employed as Well as the water content 
of the reaction mixture. 
The products discharged from the splitting and esteri?~ 

cation step 10 are essentially a methanol solution of 
methyl esters of fatty acids containing coloring matter, 
the strong acid, glycerol, sterols and tocopherols. This 
material may be delivered into a cooling and ?ltering step 
13 in which the materials are cooled to approximately 
room temperature or below, i. e., zero to 20° C. and 
?ltered to remove any insoluble material. The insolu 
bles, which may contain sterols, may be discharged from 
the process as indicated by the arrow 14. The materials 
delivered from the cooling and ?ltering step to the next 
step of the process are substantially the same as those de 
livered into the cooling and ?ltering step, except that 
materials insoluble in the methanol solution have been 
removed. This material may be delivered into a dis 
tillation step 14 in which the excess methanol is distilled. 
This distillation may be at atmospheric pressure and the 
methanol may be condensed and recovered in concen 
trated form for return to the splitting and esteri?cation 
step 10. The residue discharged from the distillation step 
14 is essentially methyl esters of fatty acids containing 
coloring matter, acid, glycerol, sterols and tocopherols. 

This material may be delivered into a washing step 
15. Hexane or similar solvent is preferably ?rst added 
in the step 15 so as to dissolve the fatty material therein. 
The amount of hexane will ordinarily be approximately 
equal to the weight of the fatty materials introduced into 
the process but may range from 50 to 200 parts by weight 
per 100 parts by weight of such fatty materials. The 
hexane reduces the viscosity of the materials in this step 
and assists in the alkali washing step although it is en 
tirely possible to perform this step without the presence 
of a solvent. An aqueous solution of a caustic alkali, 
such as sodium hydroxide is added in the washing step 
15 and stirred with the fatty material. The amount of 
alkali on a dry basis employed will usually range from 
approximately 12 to 50 parts by weight per 100 parts 
by weight of the fatty material introduced into the proc 
ess and the concentration of the aqueous solution will 
usually range between approximately 6% and 25%. 
After stirring for a short period of time, for example 5 
to 20 minutes, the mixture may be settled and separates 
cleanly into two phases, an upper fatty phase and a lower 
aqueous phase. The aqueous phase may be discharged 
from the process as indicated by the arrow 17 and is 
essentially an aqueous solution of the excess alkali, 
glycerol and the salts resulting from neutralization of 
the acid employed in the splitting and esteri?cation step 
10. It contains a substantial amount of the coloring 
matter present in the fatty material. If any other water 
soluble material, such as choline or inositol compounds 
are present, they are also removed with the aqueous 
phase and may be recovered therefrom. Any lower 
aliphatic alcohol which might remain is also removed in 
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the washing step and except for the fact that such alcohol 
is di?icult to recover from the separated aqueous alkaline 
solution, all of the alcohol distillation step can be omitted 
and all of the excess lower aliphatic alcohol removed in 
the washing step 15. 
The fatty phase may be discharged from the washing 

step 15 and delivered into decolorizing step 18. This 
fatty material is essentially a hexane solution of methyl 
esters of fatty acids containing sterols, tocopherols and 
the remaining coloring matter. A bleaching adsorbent, 
such as activated carbon, acid treated clay, fuller’s earth, 
etc., may be introduced into the decolorizing step as in 
dicated by the arrow 20. Although the methyl esters 
of fatty acids, even in the absence of hexane or similar 
solvent, are liquid materials and the solvent may also 
be omitted in the decolorizing step, the solvent is ad 
vantageously employed in this step in order to decrease 
the viscosity of the fatty material and minimize adherence 
thereof to the bleaching adsorbent. The amount of 
bleaching adsorbent will usually range approximately 
between 1 and 3% by weight of the fatty material in 
troduced into the process. The bleaching adsorbent may 
be stirred with the esters or solvent solution thereof for 
a short period of time, for example 10 to 30 minutes, 
and the resulting mixture ?ltered. The bleaching ad 
sorbent may be discharged from the process as indicated 
by the arrow 21 and carries with it substantially all of 
the remaining coloring material. 
The ?ltered fatty material may be delivered into a dis 

tillation step 22 and is essentially a hexane solution of 
light colored methanol esters of fatty acids containing 
sterols and tocopherols. The hexane may be easily dis 
tilled from this solution at atmospheric temperature and 
may be condensed and recovered, for reuse in the wash 
ing step 15. The fatty material constituting the residue 
in the distillation step 22 may be delivered into a vacuum 
distillation step 24. This material is essentially methyl 
esters of fatty acids containing sterols and tocopherols. 
The methyl esters of fatty acids may be distilled under 
vacuum conditions from the fatty material and condensed 
and discharged from the process as indicated by the arrow 
25. These are high-grade light colored esters of fatty 
acids and have a variety of uses. 
The residue from the vacuum distillation step 24 is es 

sentially high-grade sterols and tocopherols as dis 
tinguished from the pitch resulting from prior fatty acid 
distillation steps as applied to black grease. This mate 
rial may be delivered to a methanol treating step 26. Suf 
?cient methanol to dissolve thettocophcrols but not the 
sterols, when the solution is cold, is introduced into the 
step 26 as indicated by the arrow 27. The mixture is 
preferably heated to the boiling point of the alcohol in the 
step 26 and ?ltered hot. Both the sterols and tocopherols 
dissolve in the heated solution. Thus, the methanol so 
lution may be re?uxed for a short period of time, for 
example, 5 to 10 minutes, and then ?ltered at the re?ux 
temperature so as to remove insoluble impurities. A 
small amount of insoluble material is usually present. 
These insolubles may be discharged from the process, as 
indicated by the arrow 28. 
The hot ?ltered methanol solution of sterols and to 

copherols may be delivered into a cooling and separating 
step 29 in which the solution is cooled to room tempera~ 
ture or below, i. e., 0 to 20° C. The sterols precipitate 
and may be removed from the cooled solution by ?ltra 
tion and may be discharged from the process as indicated 
by the arrow 30. A methanol solution of tocopherols 
may be discharged from the cooling and ?ltering step 29 
as the ?ltrate, as indicated by the arrow 31, and this ma 
terial may then be subjected to a methanol distillation 
step similar to the step 14 to recover concentrated meth 
anol for return to the splitting and esteri?cation step 10 
and a tocopherol concentrate. 
The lower layer, i. e., the aqueous material discharged 

from the washing step 15 can be acidi?ed to produce a 
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6 
precipitate of coloring material. Upon adding hydro 
chloric acid or other strong mineral acid to this material, 
a green-black precipitate is produced. This precipitate 
may be ?ltered from the aqueous solution and washed 
with water until free of acid, salts and glyeerine. Upon 
being dried, the precipitate is crystalline and dark green 
in color. It is insoluble in water and petroleum ether 
but soluble in methanol, acetone and chloroform. The 
material is a pigment having high tinctorial powers and 
can be used as a dye in systems which require dyes re 
sistant to acids but not to alkalies. 
The fatty acid esters discharged from the distillation 

step 24 may be hydrolyzed with aqueous acid solutions to 
yield light colored high-grade free fatty acids. They also 
may be hydrogenated to produce hydrogenated methyl 
esters useful for various purposes. They may also be 
converted either in the form discharged or, after being 
hydrogenated, to high-grade mono- or diglycerides or 
even triglycerides by heating them with the calculated 
quantities of glycerol in the presence of a catalyst such 
as sodium methoxide or alkaline soaps of fatty acids in 
vacuo. In such a step concentrated lower aliphatic alco 
hol may be condensed and recovered for return to the 
splitting and esteri?cation step of the present invention. 
As a speci?c example of a process in accordance with 

the present invention, the following treatment of cotton 
seed black grease is illustrative. 

100 parts by weight of cottonseed black grease were 
re?uxed with 950 parts by weight of methanol and 
46.7 parts by weight of concentrated hydrochloric acid 
for 12 hours. The resulting liquid material was cooled 
to 20° C. and ?ltered. The ?ltrate was transferred to 
distilling apparatus ?tted with a condenser and the meth 
anol distilled at atmospheric pressure, condensed and re 
covered. The residue was cooled to approximately 
20° C., and 96 parts by weight of petroleum ether was 
added thereto. The fatty material of the residue dis 
solved in the petroleum ether to form an upper layer, a 
small lower layer containing the acid and minor amounts 
of other materials also forming. This lower layer was 
withdrawn and a solution of 24 parts by weight of sodium 
hydroxide in 200 parts by weight of water was added to 
the remaining upper layer while stirring. After 10 min 
utes stirring the agitation was stopped and the reaction 
mass allowed to settle. Settling was rapid, the upper 
fatty layer being reddish in color and the lower aqueous 
layer being jet black. The upper layer was withdrawn 
and 2 parts by weight of activated carbon added there 
to. The mixture was stirred for 15 minutes and then 
?ltered, the ?ltrate being a light colored material. The 
petroleum ether was distilled from this ?ltrate at atmos 
pheric pressure and was condensed and recovered. The 
residue was a light colored material which was essentially 
the methyl esters of the fatty acids containing a small 
amount of sterols and tocopherols. The color was 
20 Y-ll. R (5%" column) Lovibon-d. The yield was 
78.3 parts by weight, the material having a saponi?ca~ 
tion equivalent of 296 (saponi?cation value 189). Vacu 
um distillation is effective to separate high-grade esters 
from the sterols and tocopherols which may in turn be 
separated by precipitating the sterols from methanol. 
The lower layer, i. e., the aqueous liquor from the 

caustic wash, was acidi?ed with enough hydrochloric acid 
to make it strongly acid. A green-black precipitate was 
produced and was ?ltered and washed. The precipitate 
was dried and was dark green in color and the yield of 
the precipitate was 3.2 parts by weight. 

In the above speci?c example, hydrochloric acid was 
employed as the catalyst in the splitting and esteri?cation 
step 10. However, substantially any other strong acid 
or mixtures thereof which are non-oxidizing, i. e., which 
do not have greater oxidizing properties than sulfuric 
acid, may be employed. Examples of such other acids 
are sulfuric, phosphoric, benzene sulfonic acid, aromatic 
or aryl sulfonic acids, aryl sulfuric acids, trichloracetic 
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acid, tri?uoracetic acid, other alpha-polyhalocarboxylic 
acids and even strong cationic exchange resins of the 
sulfonic acid type; hydrochloric or sulfuric acid being 
preferred. Although methanol is the preferred alcohol, 
other monohydric aliphatic alcohols, for example, those 
containing up to three carbon atoms, can be employed. 
Mixtures of such alcohols can also be employed. Also 
substantially any volatile organic solvent for the fatty 
material, which is inert to the fatty material at the boiling 
point of the solvent, can be employed instead of hexane 
or petroleum ether. 
From the above, it should be apparent that an im 

proved process of upgrading fatty materials has been 
provided. This process gives high yields of high-grade, 
low colored stable fatty acid esters of lower monohydric 
aliphatic alcohols, which esters may be readily converted 
into fatty acids or otherwise employed. Such esters con 
taining small amounts of unsaponi?ables are obtained 
from low-grade fats without necessity of distillation 
although distillation of the esters may be carried out to 
further purify the esters by separating them from con 
tained unsaponi?ables. The bulk of the coloring matters 
which are the most difficult impurities to remove from 
low-grade fatty materials are separated from the esters 
of the fatty acids in an easily carried out alkali washing 
step. This enables the subsequent removal of residual 
color with bleaching or decolorizing agents. The lower 
aliphatic alcohol esters of fatty acids are much less viscous 
than triglycerides or fatty acids and are more easily 
handled. In general, they are liquid at room tempera 
ture and can be mixed with bleaching earth and readily 
?ltered, even in the absence of a solvent, although the 
presence of a solvent in the alkali washing and bleaching 
step is advantageous. 
We claim: 
1. In a process for re?ning low grade fatty material 

containing substantial amounts of fatty acids and coloring 
matter wherein said fatty material is treated to convert 
said fatty acids into fatty acid esters of a low aliphatic, 
monohydric alcohol and said esters are removed by distil 
lation, the step of washing said fatty material containing 
said esters prior to distillation of said esters with an 
aqueous solution of caustic alkali in an amount su?icient 
to remove the major portion of said coloring matter to 
insure a permanently light-colored fatty material after 
distillation of said esters. 

2. In a process for re?ning low grade fatty material 
containing substantial amounts of fatty acids and coloring 
matter wherein said fatty material is treated to convert 
said fatty acids into fatty acid esters of a lower aliphatic, 
monohydric alcohol and said esters are removed by distil 
lation, the step of washing said fatty material containing 
said esters prior to distillation of said esters with an 
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aqueous solution of 12 to 50 parts by weight of caustic 
alkali for each 100 parts by weight of said low grade 
fatty material to remove the major portion of said color 
ing matter to insure a permanently light-colored fatty 
material after distillation of said esters. 

3. In a process for re?ning low grade fatty material 
containing substantial amounts of fatty acids and coloring 
matter wherein said fatty material is treated to convert 
said fatty acids into fatty acid esters of a lower aliphatic, 
monohydric alcohol and said esters are removed by dis 
tillation, the step of washing said fatty material con 
taining said esters prior to distillation of said esters with 
an aqueous solution of 12 to 50 parts by weight of caustic 
alkali for each 100 parts by weight of said low grade fatty 
material, said aqueous solution having a concentration 
of said caustic alkali of from 6% to 25%, to remove the 
major portion of said coloring matter to insure a per 
manently light-colored fatty material after distillation of 
said esters. 

4. In a process for re?ning low grade fatty material 
containing substantial amounts of fatty acids and coloring 
matter wherein said fatty material is treated to convert 
said fatty acids into fatty acid esters of a lower aliphatic, 
monohydric alcohol and said esters are removed by distil 
lation, the step of washing said fatty material containing 
said ‘esters prior to distillation of said esters with an 
aqueous solution of caustic alkali in an amount sufficient 
to remove the major portion of said coloring matter to 
insure a permanently light-colored fatty material after 
distillation of said esters, said fatty material containing 
said esters being dissolved in a water-immiscible volatile 
organic solvent to reduce the viscosity thereof during said 
washing step. 

5. The process of claim 4 wherein said solvent is 
hexane. 
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