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1. 

This invention relates to a process of treating 
fatty material and is particularly concerned with 
a proceSS of effecting conversion of fatty material 
to a fatty acid partial ester of a polyhydric alco 
hol. 

Fatty acid partial esters of polyhydric alcohols 
are prepared by reacting fatty material with an 
alcohol in the presence of an ester-interchange 
catalyst. 

It is, an object of this invention to provide a, 
highly effective process for treating fatty mate 
rial. 

It is a further object of the invention to provide 
a commercially feasible process for preparing 
fatty acid partial esters of polyhydric alcohols. 
Another object of the invention is to provide a 

process for effecting substantially complete con 
version of fatty material to a partial ester. 
Another object is to provide a novel process 

whereby. Substantially pure partial ester is pre 
pared and recovered. 
A further object of the invention is to provide 

a process whereby ester-interchange catalyst is 
retained in active form throughout the process. 
Another object of the invention is to provide a 

cyclic process of preparing monoesters. 
Another object of the invention is to obtain 

monoglycerides in high yield. 
Another object of the invention is to provide a 

process whereby substantially all of the partial 
ester formed by alcoholysis of fatty material is 
recovered. 
Other objects Will be apparent from the draw 

ing, description and claims. 
These and other objects are attained by means 

of this invention which is best illustrated by ref 
erence to an embodiment thereof. The single 
figure of the drawings is a schematic represen 
tation of a process embodying the invention 
whereby a fatty oil such as Soybean oil is con 
verted to monoglyceride by reacting the Soybean 
oil with glycerine in the presence of an ester 
interchange catalyst. 

In converting Soybean oil to monoglyceride in 
accordance. With this invention, a predetermined 
amount of the oil is admixed with an excess of 
glycerine and with an ester-interchange catalyst. 
The amount of glycerine employed for alcoholysis 
of the oil may be varied; and, although stoichio 
metric or Smaller announts may be employed, it is 
preferable to use an excess of glycerine for opti 
murn conversion of the oil to monoglyceride. 
The convertible fatty material in the soybean oil 
consists largely of fatty acid compounds present 
as free fatty acid or fatty acid esters, particularly 
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2 
triglycerides, and the amount of glycerine used is 
calculated from the amount of convertible fatty 
material present in the oil calculated as fatty 
acid. Thus the glycerine may be used in Stoichio 
metric amounts or less but is preferably employed 
in at least 40% excess over stoichiometric 
amounts and in many cases as much as 200% 
exceSS O Ore. 
The alcoholysis is carried out in the presence 

of an ester-interchange catalyst which promotes 
the alcoholysis or esterification. Suitable ester 
interchange catalysts include any of the well 
known alkaline or acid catalysts, which do not 
distill simultaneously with the desired partial 
ester. Catalysts desirably employed in the alco 
holysis of soybean oil or similar vegetable oil or 
other fatty material are the metal compounds 
which react with fatty acid present in the reac 
tion sixture to form a metal Soap which func 
tions as ester-interchange catalyst. Particularly 
Suitable metal compounds are the alkali and alka 
line earth metal oxides and hydroxides and desir 
ably the bivalent metal compounds. Thus al 
though Such monovalent metal compounds as SO 
dium hydroxide, Sodium methylate, sodium car 
bonate and the like may be employed, particularly 
efficacious results are obtained by adding to the 
reaction mixture Such bivalent metal compounds 
as Strontium oxide, calcium oxide, calcium hy 
droxide, strontium hydroxide, barium oxide and 
the like. Strontium compounds are particularly 
desirable. Catalytic materials because of the en 
hanced yield of partial ester and its marked abil 
ity to prevent formation of color bodies during 
the process. The absence of color body forma 
tion is of particular importance in the cyclic 
process and particularly a continuously circulat 
ing process since color bodies formed in the proc 
ess otherwise build up in the System and contami 
nate the product. 
The amount of catalyst may be varied in ac 

cordance with Well-known practice as, for exam 
ple, from 0.01 mole to 0.5 mole of catalyst per 
equivalent of fatty material in the reaction. 
The resulting mixture of soybean oil, glycerine, 

and catalyst is then reacted to cause alcoholysis 
of the fatty material and formation of substan 
tial amounts of partial ester including monoglyc 

The temperature at which the reaction is 
carried out may vary from about 20° C. to about 
300° C. depending upon the materials, being 
treated. It is necessary, however, that the mini 
mum reaction temperature be sufficient to cause 
Substantial formation of the desired partial ester 
and it is desirable to carry out the reaction under 
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reaction conditions effective to cause Substan 
tially maximum formation of the desired partial 
ester in the composition resulting from the reac 
tion. In the case of alcoholysis of soybean oil, 
substantial formation of monoglyceride is initi 
ated above about 180° C. but desirably the reac 
tion is effected at a temperature above about 230 
C. The alcoholysis of soybean oil is preferably 
carried out above the minimum reaction tempera 
ture at which maximum amounts of monoglyc 
eride are obtained and desirably in the range of 
about 250° to 260° C., although reaction is succeSS 
fully effected at a temperature of about 180°-200 
C. with longer reaction times. 

After reaction has been effected, the mono 
glyceride formed in the reaction is separated 
from the composition resulting therefrom while 
the composition contains the catalyst in active 
form. IDuring the reaction, the composition 
reaches an equilibrium concentration between the 
alcohol, the convertible fatty material and the 
partial ester formed by the reaction. The equi 
librium System reached under reaction conditions 
is, however, a dynamic equilibrium. A change 
in the relative proportions of the components in 
the composition causes the equilibrium to shift 
in order to assume a new metastable condition. 
Thus, for example, removable of alcohol from the 

: composition by phase separation or other means 
causes reversion of partial ester to be initiated 
whereby additional alcohol is liberated to take 
the place of alcohol separated from the composi 
tion. The speed of reversion of the patrial ester 
is a function of the change in concentration of 
the alcohol, the temperature of the composition : 
and the presence of catalyst. Elevated tempera 
tures and presence of active catalyst in general 
accelerate the reversion. Lowering the tempera 
-ture, however, causes alcohol to separate from 
the oil phase and radically changes the composi 
tion of the system. 
The interrelationship of concentration, ten 

perature, and catalyst determines the time inter 
-val necessary for substantial reversion of partial 
ester to be effected, and the time interval, for 
any given combination of conditions, which Will 

: elapse before substantial reversion of the partial 
ester to a more stable ester form occurs is denoted 
the reversion time interval. 
To illustrate what is meant by reversion time 

interval, if soybean oil and glycerine are reacted 
at elevated temperatures, in the presence of ac 
tive catalyst, an equilibrium system is attained. 
If the temperature is maintained at the final 
reaction temperature and the concentration of 
the components of the System is maintained con 
Stant by preventing loss, decomposition or phase 
Separation of the Components, the system is 
maintained at static equilibrium for an infinite 
time interval. 
When the system is cooled, however, glycerine 

Separates from the reaction composition and re 
version of partial ester is initiated. The lowered 
temperature slows the reversion and When the 
composition is rapidly cooled for example from 
a reaction temperature of 260° C. to a tempera 
ture of 100° C., the reversion time interval Will 
be several hours. Thus, for example, 10% rever 
Sion does not occur in less than about 8 hours 

- at 100° C. 
When distillation is effected, however, to re 

move from the system either glycerine or partial 
ester Or both, the reversion time interval is 
greatly shortened by the elevated temperatures 
employed. Substantial reversion of the order of 
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10% or more will occur in ten minutes when 
distillation of monoglyceride is effected from a 
glycerine-depleted composition at a temperature 
of 200° C. and at least 10% reversion will occur 
under distillation conditions at a temperature 
above about 230° C. in about 5 minutes. 

I have discovered that in the process of this 
invention, separation of partial ester must be 
effected during the reversion time interval for 
Optimum yield. Because of the shortened rever 
Sion time interval at elevated temperatures, I 
discovered that separation of the alcohol and 
partial ester must be effected simultaneously or 
that Separation of the partial ester from a com 
position freed of a substantial portion of its un 
reacted alcohol must be effected rapidly if sub 
staintial reversion is to be obviated. 
I have found that such separation of partial 

ester is successfully effected by spreading the 
composition, containing partial ester and active 
catalyst, in a thin film at a temperature below 
the decomposition temperature of the catalyst 
and Subjecting the film to vacuum effective to 
distill partial ester therefrom. This is in contrast 
to pot type vacuum distillation where the rever. 
Sion time interval is exceeded before separation 
is effected and objectionable reversion occurs. 
Thus for optimum yield, monoglyceride present 

in a Composition resulting from alcoholysis of 
Soybean oil with glycerine in the presence of 
ester-interchange catalyst is separated from the 
composition, before the reversion time interval 
has elapsed, by vacuum distillation from a thin 
film leaving a distillation residue containing the 
Catalyst in active form. 
This separation is effected by maintaining the 

composition resulting from reaction substantially 
at reaction temperature and spreading successive 
portions on an evaporating surface maintained 
under vacuum So as to flash evaporate monoester 
and glycerine simultaneously and rapidly. Al 
ternatively the composition is cooled to allow 
glycerine to separate from the composition and 
be removed by phase decantation whereafter the 
monoester and any remaining glycerine are 
simultaneously distilled rapidly from the glyc 
erine-depleted composition by flash evaporation 
from a film as Set forth hereinabove Within the 
reversion time interval. 

in the preferred separation, the separating is 
effected within the reversion time interval by 
cooling the reaction composition to about 100° C., 
causing a Substantial proportion of the unreacted 
glycerine to separate from the composition, sep 
arating the layers thus obtained by phase de 
cantation, thereafter vacuum distilling substan 
tially all of the residual glycerine remaining in 
the composition therefrom by vacuum distillation 
of Successive increments of the glycerine-depleted 
composition in film from under conditions inef 
fective to substantially distill monoglyceride 
therefrom, and thereafter progressively subject 
ing Successive increments of the resulting sub 
stantially glycerine-free composition to vacuum 
distillation from a thin film under conditions 
effective to distill monoester therefrom. 
Thus, separation of the desired ester is effected 

While the composition contains the catalyst in 
active form and without substantial reversion of 
the partial ester during the separation by Spread 

in a thin film on an evaporating surface, main 
taining the film at a temperature Substantially 
below the decomposition temperature of the 
catalyst employed and subjecting the film to 
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vacuum effective to distill monoglyceride there 
from leaving a distillation residue containing 
substantially all of the original catalyst still in 
active form. The partial ester distilled from the 
film is condensed and cooled substantially im 
mediately upon being distilled from the film. So 
that the entire separation is effected during a 
time interval insufficient to effect Substantial re 
version of the partial ester. The Separation is 
described in greater detail in my copending ap 
plication Serial No. 105,271 filed July 16, 1949. 

Distillation of monogylceride or other partial 
ester is readily effected in this manner in a short 
time since, due to the thinness of the layer being 
distilled, substantially all the molecules of mono 
glyceride readily find their way to the distilling 
surface and escape from the heated film. Thus, 
no portion of the composition is subjected to ob 
jectionable local overheating nor held at an ele 
wated temperature for an extended period of 
time. 

Distillation is preferably effected by causing 
successive Small increments of the composition 
being distilled to flow along an evaporation Sur 
face so that distillation of any given increment 
is completed in a time less than about five min 
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utes. It is desirable to employ high vacuum Sub 
stantially unobstructed path centrifugal distil 
lation for effecting separation of the mono 
glyceride, whereby relatively large quantities of 
monoglyceride may be distilled in a relatively 
short time. In the case of Such high vacuuin 
centrifugal distillation, the total distillation 
period for any given increment of the composi 
tion is less than a minute and usually only a few 
seconds. With such rapid distillation, the re 
version time interval is not exceeded even with 
active catalyst present in the distilland. Thus 
the distillation of monoglyceride may be effected 
from a composition containing active catalyst at 
temperatures of the order of 130°-200° C. and dis 
tillation temperatures below about 225 C. are 
preferably employed. 
The distillation is carried out under conditions 

effective to molecularly distill the monoglyceride. 
The pressure employed must be effective to cause 
distillation of the desired partial ester from the 
film of distilland at the temperature employed. 
In most cases, it is desirable to employ a vacuum 
below about 100 microns and preferably below 
about 50 microns mercury with pressures of the 
order of 1-20 microns or less being desirably en 
ployed. 

If it is desired to obtain monoglyceride Sub 
stantially free of alcohol, the unreacted glycerine 
in the composition resulting from the reaction is 
separated before vacuum distillation of the 
monoglyceride. Alcohols such as glycerine may 
be at least partially separated from the reaction 
mixture with fatty oils such as Soybean oil 
by cooling and allowing the reaction composition 
to stand for a short time and separate into layers 
whereby a substantial part of the unreacted glyc 
erine may be drawn off. 
The remaining unreacted glycerine is then 

separated from the composition by Subjecting the 
composition to high vacuum film distillation 
under conditions effective to distill off the glyc 
erine without distilling a substantial amount of 
monoglyceride. The resulting glycerine-free 
composition is then vacuum distilled whereby 
monoglyceride substantially free of catalyst and 
containing less than 1% glycerine is obtained as 
distillate leaving a distillation residue compris 
ing active catalyst and unreacted oil which con 
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6 
sists essentially of di-, and triglycerides in the 
case of oils. Such as Soybean oil. w 
. This distillation residue is then recombined 
With the unreacted glycerine previously separated 
therefrom, the resulting admixture is replenished 
With additional oil and glycerine and the process 
repeated. These successive steps are repeated 
until the amount of monoglyceride being re 
covered as distillate is substantially equivalent 
to the amount of convertible fatty material being 
added whereby Substantially complete conversion 
of the oil to monoglyceride is effected. The ac 
tive catalyst is repeatedly recycled and it is 
necessary only to add make-up amounts of oil 
and glycerine at each cycle. The amount of 
catalyst remains substantially constant with 
out substantial replenishment although. Small 
amounts may be added if necessary to make up 
for losses which may occur during the recycling. 
Thus, by means of this invention, quantity 

production of pure monoglyceride is made pos 
sible employing only a Small initial quantity of 
catalyst and converting Substantially all the fatty 
material being treated to monoglyceride and the 
monoglyceride recovered is substantially free of 
catalyst and glycerine. 
Any of the partial esters prepared by the alco 

holysis of fatty material may be prepared in ac 
cordance with this invention. The fatty material 
converted may be any of the natural or Syn 
thetic fatty acid compounds including fatty acids 
or fatty acid esters or mixtures thereof and in 
ciuding either solid or liquid fats and fatty oils. 
The fatty acid compounds are preferably those 
fatty materials having from about twelve to 
about twenty carbon atoms in the fatty acid 
chain although fatty acid chains of from about 
eight to about twenty-six carbon atoms are Suit 
able for use in practising this invention. The 
fatty acid esters may include esters of either 
monohydric or polyhydric alcohols, as, for ex 
ample, the fatty oils comprising a substantial 
proportion of triglycerides. 

Suitable fatty materials which may be treated 
in accordance With this invention include marine 
oils. Such as fish oils and Whale oil, animal fatty 
materials such as tallow, wool grease, hydro 
genated tallow and the various other animal fats 
and fatty oilis, and vegetable oils such as Soybean 
oil, cotton Seed oil, tung oil, coconut oil, palm oil, 
Corn oil, Olive oil, castor oil, peanut oil and the 
like, as well as such other fatty materials as the 
hydrogenated vegetable oils or shortenings. Par 
tial esters of particularly good quality for certain 
uses are prepared by alcoholysis of free fatty 
acids. Such as Stearic acid, oleic acid, lauric acid, 
palmitic acid, myristic acid and the like. 
The alcohol employed in the reaction may be 

either monohydric or polyhydric; but where a 
monohydric alcohol such as methyl alcohol or 
ethyl alicohol is employed it is reacted with a fatty 
acid ester of a polyhydric alcohol to give a par 
tial ester. Alcohols which are particularly suit 
able for alcoholysis are the aliphatic alcohols in 
cluding the aryl-substituted alcohols and desir 
ably the lower saturated polyhydric alcohols. 
Thus, Suitable alcohols include the polyhydroxy 
alkanes Such as glycerol, sorbitol, mannitol and 
the like; ether alcohols such as diglycerol, poly 
glycerols and the like; alkylene glycols such as 
trimethylene glycol, ethylene glycol, propylene 
glycol, diethylene glycol, polyethylene glycols, 
polypropylene glycols and the like; as well as such 
other alcohols as pentaerythritol and the like. 
The catalyst employed in the reaction may be 
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any ester-interchange catalyst wihch will not 
distill with the desired partial ester and, al 
though the metal compounds such as alkali and 
alkaline earth compounds and particularly the 
bivalent metal compounds are preferably em 
ployed, other suitable catalysts include Well 
known organic and inorganic acid catalysts Such 
as phosphoric acid, sulfuric acid or similar in 
organic acid, substituted inorganic acids such as 
alkyl Sulfuric acid, organic acids such as aryl 
sulphonic acids, and the like, and other acid ma 
terials, as well as Such other materials as tetra 
methyl ammonium hydroxide, aluminum chlo 
ride, and the like. The preferred strontium 
compounds are the fatty acid-reactive strontium 
compounds and particularly the water or alcohol 
Soluble compounds. Suitable strontium comi 
pounds include strontium oxide, strontium hy 
droxide, strontium chloride, strontium bromide, 
strontium nitrate, strontium acetate, strontium 
tetraborate, strontium lactate and the like and 
Such compounds are desirably employed where 
product color is a prime factor. 
The alcoholysis reaction is carried out at a 

temperature substantially above the minimum 
temperature necessary for formation of the de 
sired partial ester and desirably at a temperature 
sufficiently above the minimum reaction tempera 
ture to establish an equilibrium system with opti 
mum yield of the desired partial ester in a period 
of from 2 to 4 hours. The reaction is generally 
effected at temperatures of from about 20° C. to 
about 400° C. depending upon the materials be 
ing reacted and the reaction time desired. For 
example, the alcoholysis of soybean oil has been 
Carried out at 180°-200° C. but is more preferably 
effected at 250-260° or desirably at 285° C. The 
reaction mixture is preferably maintained at re 
action temperature for about one-half hour al 
though in Some cases alcoholysis may be effected 
in fifteen minutes or less or the reaction may be 
carried on for as much as one or two hours or 
longer. When the reaction mixture is heated for 
extended periods, precautions should be taken to 
prevent substantial loss of the alcohol, which 
would shift the reaction equilibrium. 
In the process according to this invention, it is 

desirable to preheat the reaction mixture before 
it is introduced into the reaction in order that 
the total reaction time may be minimized. The 
reaction mixture is preferably agitated during 
reaction and Water evolved during the reaction 
should be continuously removed from the reaction 
ZOle. 
The invention is particularly applicable for 

the preparation and recovery of monoesters such 
as monoglycerides but the invention may be em 
ployed in preparing any fatty acid partial ester 
Such as diglycerides and the like. The desired 
partial ester may be separated and recovered 
With unreacted alcohol from the reaction in 
which case the amount of alcohol employed dur 
ing the reaction may be adjusted to give a prod 
uct of the desired composition. 

Preferably, however, the desired partial ester 
is separated in substantially pure form and the 
unreacted alcohol is recycled With the distillation 
residue containing the active catalyst whereby 
only make-up amounts of fatty material and al 
cohol are added to replenish the composition 
from which the partial ester has been separated. 
In an example of the process in accordance 

With this invention as represented schematically 
in the drawings, a fatty oil such as soybean oil 
is admixed with glycerine in the proportions of 
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8 
2.3 moles of glycerine per mole of fatty oil calcu 
lated as triglyceride and 0.1% by weight of stron 
tium oxide based on the weight of the reaction 
mixture. The strontium oxide combines with 
fatty acid in the oil to form a strontium soap 
Which functions as ester-interchange catalyst in 
the reaction. The resulting mixture is passed 
through a preheater wherein the temperature is 
raised to about 225-230 and the heated mixture 
is then led into a pot reactor. In the reactor, 
the mitXure is heated to 250°-260 C. and main 
tained at that temperature for 20 minutes to 
cause formation of monoglyceride. During the 
reaction, the mixture is constantly agitated and 
Water vapor evolved during the reaction is went 
ed from the reactor. 
The composition resulting from the reaction, 

consisting primarily of active catalyst, unreacted 
glycerine, and mono-, di- and triglycerides, is 
then led through a cooling coil whereby the tem 
perature of the composition is rapidly reduced 
to about 100 C. 
The composition is allowed to stand without 

agitation for about five minutes whereupon a 
Substantial proportion of the unreacted glycerine 
Separates from the body of the composition and 
is drawn off. 
The remainder of the composition which is 

poor in glycerine is continuously fed on to the 
rotor of a high vacuum substantially unobstructed 
path centrifugal still. The nature of centrifugal 
distillation is such that a single pass of a given 
increment of composition being distilled is usually 
effected in a second or two or at most in less than 
2 or 3 minutes. Furthermore, with the compo 
Sition Spread in a thin film, the temperature of 
the composition can be rapidly changed. It is 
therefore possible to distill off glycerine in a 
relatively short time and at a relatively low 
temperature Without initiating reversion of the 
monoglyceride. 
Accordingly most of the residual glycerine re 

maining in the composition is separated there 
from by Subjecting successive Small increments of 
the composition to high vacuum centrifugal dis 
tillation at about 100 microns pressure and a rotor 
temperature of about 100° C., although pressures 
of 10-300 microns and temperatures of 90°-150° C. 
are Suitable. 

In order to ensure substantially pure monoglyc 
eride being obtained as product, the distillation 
residue from the first distillation is immediately 
passed to another high vacuum unobstructed path 
centrifugal still whereon a second distillation is 
effected at about 20 microns pressure and a rotor 
temperature of about 120° C. whereby substan 
tially all residual unreacted glycerine and a Small 
annount of monoglyceride is distilled from the 
composition. 
The resulting substantially glycerine-free dis 

tiliation residue which still contains the catalyst 
in active form is immediately subjected to a third 
high vacuum centrifugal distillation at about 
3 iniCrOnS preSSure and about 170° C. rotor ten 
perature whereby about 30% by weight of the 
Composition being distilled is distilled out as pure 
monoglyceride containing substantially no cata 
lyst and leSS than 1% glycerine by weight. This 
distillate is immediately condensed and recovered. 
The distillation residue from the third distilla 

tion is thereafter preferably molecularly distilled 
at a pressure of about 3 microns and a tempera 
ture of about 210°C. whereby any residual mono 
glyceride is stripped therefrom and returned to 
the System to be redistilled in the above-named 



2,634,278 
9 

third distillation. In a continuous process of 
Successive distillations, the entire series of dis 
tillations is readily effected in less than five 
minutes of actual distillation time for any given 
increment of composition. 
The final distillation residue consisting mainly 

of diglycerides, triglycerides and active catalyst 
is then recombined with the unreacted glycerine 
cuts Separated from the reaction composition 
prior to recovery of the pure monoglyceride and 
the recombined admixture is replenished with 
make-up amounts of fatty oil and glycerine cor 
related to the amount of monoglyceride recovered 
and the cycle is repeated successively. Since the 
original catalyst is retained intact throughout 
the process, no additional catalyst is added. It 
is desirable to separate from the distillation resi 
due Small amounts of polymeric material formed 
in the reaction before recycling. 
By the time the third cycle is being effected, the 

amount of monoglyceride being recovered is sub 
stantially equivalent to the amount of convertible 
fatty oil being added to replenish the distillation 
residue. Thus, the process is readily continued 
for extended periods of time whereby substan- ; 
tially all of the convertible fatty material being 
treated is recovered as monoglyceride. 
Thus, by means of this invention it is possible 

to obtain substantially complete yields of mono 
glyceride, 
rather than the yields of 40-50% by weight based 
On the Weight of fatty material obtained hereto 
fore. Furthermore, the monoglyceride obtained 
contains less than 1% glycerine by weight as 
compared to commercially available monoglyc 
eride preparations which contain 7% or more 
glycerine. The monoglyceride obtained is sub 
stantially free of fatty acids, diglycerides and 
triglycerides rather than being mixed with the 
almost equal amount of diglyceride normally 
formed during the reaction. The distillation 
residue is readily recycled since it contains no 
materials added to inactivate the catalyst. The 
cost of the catalyst becomes a negligible factor 
since it is reused repeatedly. There is substan- ; 
tially no by-product to be disposed of since sub 
stantially the entire amount of fatty material is 
converted to the desired partial ester. The proc 
eSS is capable of large-scale production of mono 
glycerides or other partial ester of high purity : 
which was not feasible heretofore. Substantially 
all the monoglyceride formed in the reaction is 
recovered since Substantial reversion is obviated. 
While the invention has been described in con 

siderable detail with reference to the preparation 
and recovery of monoglyceride, it will be under 
stood that the invention is applicable to the 
preparation and recovery of any fatty acid par 
tial ester of a polyhydric alcohol or mixtures 
thereof and that variations and modifications 
may be effected within the spirit and scope of 
the invention in accordance with the foregoing 
description and drawings and as defined in the 
appended claims. 
What claim is: 
1. The process which comprises admixing a 

fatty material, an alcohol and an ester-inter 
change catalyst, reacting the resulting mixture at 
a reaction temperature, effective to cause Sub 
stantial formation of a desired fatty acid partial 
ester in the composition resulting from the re 
action, Separating said partial ester from said 
composition while said composition contains said 
catalyst in active form, said separating being 
effected by spreading said composition in a thin 

diglycerides or other partial ester 
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film while maintaining said film at a temperature 
Substantially below the decomposition tempera 
ture of Said active catalyst and subjecting said 
composition while in said thin film to vacuum ef 
fective to distill said partial ester therefrom 
leaving a distillation residue containing said ac 
tive catalyst, replenishing said distillation resi 
due With make-up amounts of said fatty material 
and Said alcohol and again effecting reaction of 
Said replenished residue and separating partial 
ester formed thereby, and repeating said process 
at least until the amount of said partial ester 
being recovered is substantially equivalent to the 
amount of convertible fatty material being added 
to the distillation residue whereby substantially 
complete conversion of Said fatty material to said 
partial ester is effected. 

2. The process which comprises admixing a 
fatty material, an alcohol and an ester-inter 
change catalyst, reacting the resulting mixture 
at a temperature effective to cause Substantial 
formation of a desired fatty acid partial ester in 
the composition resulting from the reaction, 
separating from Said composition a Substantial . 
proportion of Said alcohol remaining in Said 
composition after said reaction, separating said 
partial ester from the remainder of said composi 
tion while said composition contains Said cata 
lyst in active form, said last-named separating 
being effected by spreading said composition in a 
thin film while maintaining said film at a tem 
perature substantially below the decomposition 
temperature of said active catalyst and Subject 
ing said film to vacuum effective to distill said 
partial ester from said composition leaving a dis 
tillation residue containing said catalyst in active 
form, recombining said distillation residue and 
said alcohol separated from said composition, 
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adding thereto make-up amounts of Said fatty 
material and said alcohol, repeating the reaction 
and separation of said partial ester formed there 
by, and continuing the proceSS until the amount 
of said partial ester being distilled from said 
composition is substantially equivalent to the 
amount of convertible fatty material being added 
to said distillation residue whereby Substantially 
complete conversion of said fatty material to said 
partial ester is effected. 

3. The process which comprises admixing 
fatty material with an excess of an alcohol and 
an ester-interchange catalyst, reacting the re 
Sulting mixture to cause maximum formation of 
a desired fatty acid partial ester of a polyhydric 
alcohol in the composition resulting from the 
reaction, and during the reversion time interval 
before substantial reversion of said partial ester 
is effected and while said composition contains 
said catalyst in active form, Separating Said par 
tial ester from Said composition by spreading 
said composition in a thin film While maintaining 
said composition at a temperature Substantially 
below the decomposition temperature of said 
active catalyst and Subjecting Said film to vacuum 
effective to distill said partial ester therefrom 
leaving a distillation residue of higher ester in 
admixture With Said active catalyst, adding to 
said residue make-up amounts of Said fatty ma 
terial and said alcohol and again reacting the re 
Sulting replenished mixture and separating Said 
partial ester as in said first-named reaction and 
Separation and thereafter again replenishing the 
distillation residue, and repeating said process 
until the amount of said partial ester being re 
covered is Substantially equivalent to the amount 
of convertible fatty material being added where 
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by substantially all of said fatty material is con 
verted and recovered as Said partial ester. 

4. The process which comprises admixing fatty 
material with an excess of a polyhydric alcohol 
and a bivalent metallic ester-interchange cata 
lyst, reacting the resulting mixture under condi 
tions effective to establish an equilibrium Com 
position containing Substantially a maximum 
amount of a fatty acid monoester, recovering Sub 
stantially all of Said monoester present in Said 
composition during the reversion time interval, 
which time interval is insufficient to permit Sub 
stantial reversion of said monoester, said recover 
ing being effected While Said composition con 
tains said catalyst in active form by first separat 
ing unreacted polyhydric alcohol from said com 
position and thereafter separating said mono 
ester from said composition, said last-named Sep 
arating being effected by Subjecting successive 
portions of said composition to high-vacuum sub 
stantially unobstructed path centrifugal distilla 
tion at a temperature substantially below the de 
composition temperature of Said catalyst under 
conditions effective to distill said monoester from 
Said composition leaving a distillation residue 
containing said catalyst in active form, recom 
bining said separated unreacted polyhydric al 
cohol and said distillation residue, replenishing 
the resulting admixture With make-up amounts 
of said fatty material and said polyhydric alco 
hol, and repeating the reaction and separation of 
Said monoester and replenishing of the distilla 
tion residue until the amount Of Said monoester 
being recovered is substantially equivalent to the 
amount of fatty material being added to replen 
ish the distillation residue. 

5. The process Which cornprises admixing a 
fatty oil with an excess of glycerine and an ester 
interchange catalyst comprising a bivalent metal 
compound, reacting the resulting mixture under 
conditions effective to cause Substantially maxi 
mum formation of monoglyceride in the coin posi 
tion resulting from said reaction, thereafter with 
in a reversion time interval insufficient to permit 
substantial reversion of said monoglyceride and 
While said composition contains said catalyst in 
active form, separating said monoglyceride from 
said composition by Subjecting Successive portions 
of Said composition to molecular distillation leav 
ing a distillation residue containing said catalyst, 
in active form, replenishing said distilation resi 
due with additional fatty oil and glycerine, and 
repeating the reacting, separating and replenish 
ing a plurality of times whereby the amount of 
additional fatty oil being added is substantially 
equivalent to the amount of monoglyceride being 
separated from the composition resulting from 
the reaction. 

6. The process Which comprises converting sub 
stantially all of the fatty constituents of a vege 
table oil to monoglyceride, said converting being 
effected by reacting a predetermined amount of 
said vegetable oil with an excess of glycerine in 
the presence of a bivalent metal soap catalyst at 
a temperature effective to cause substantial for 
nation of monoglyceride in the composition re 
Sulting from the reaction, separating said mono 
glyceride from said composition while said con 
position contains said catalyst in active form, 
said Separating being effected by subjecting suc 
Cessive portions of said composition to high vacu 
um unobstructed path centrifugal distillation at 
a temperature substantially below the decompo 
Sition temperature of Said catalyst under condi 
tions effective to distill monoglyceride from said 
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composition leaving a distillation residue con 
taining said catalyst in active form, replenishing 
said distillation residue with additional vegetable 
oil and glycerine, and repeating Said process 
successively until the amount of monoglyceride 
being separated is Substantially equivalent to 
the amount of vegetable oil being added to the 
distillation residue, 

7. The process which comprises successively 
and repeatedly reacting fatty material and poly 
hydric alcohol in the presence of an ester-inter 
change catalyst under conditions causing Sub 
stantial formation of a monoester in the compo 
sition resulting from the reaction, separating Said 
monoester from said coniaposition, while the Cata 
lyst is in active form, by molecularly distilling 
said monoester from said composition leaving a 
distillation residue containing said active catalyst, 
and replenishing said distillation lesidue with 
additional fatty material and polyhydric alcohol, 
said process being continued at least until the 
amount of said monoester being distilled from 
said composition is substantially equivalent to 
the amount of said fatty material being added to 
said residue. 

8. The process which comprises the steps of 
reacting a fatty acid compound With a polyhy 
dric alcohol in the presence of a bivalent metal 
Soap catalyst under conditions effective to cause 
Substantial formation of monoester in the comi 
position resulting from the reaction, separating 
said monoester and unreacted polyhydric alcohol 
from Said composition and from each other, While 
said composition contains said catalyst in active 
form by repeated high vacuum substantially un 
obstructed path centrifugal distillation under 
conditions leaving a distillation residue. Substan 
tially free of polyhydric alcohol and monoester 
but containing said catalyst in active form, re 
combining said separated unreacted polyhydric 
alcohol with said distillation residue, replenishing 
the resulting mixture with additional fatty acid 
compound and polyhydric aicohol, and succes 
Sively repeating Said steps at least until the 
amount of said monoester being separated from 
Said Composition is Substantially equivalent to 
the amount of fatty acid compound being added 
to replenish said distillation residue. 

9. The process which comprises repeating the 
Successive steps of reacting a fatty acid compound 
With glycerine in the presence of a bivalent metal 
soap catalyst under conditions effective to cause 
Substantially maximum formation of monoglyc 
eride in the composition resulting from the 
reaction, recovering Substantially pure monoglyc 
eride formed in said reaction by separating said 
monoglyceride from said composition during a 
time not Substantially greater than the rever 
Sion time interval, which reversion time interval 
is insufficient to permit substantial reversion of 
Said monoglyceride, and while said composition 
contains said catalyst in active form leaving a 
residue containing said active catalyst, said sepa 
rating being effected by first treating said com 
position to remove therefron substantially all 
unreacted glycerine, said treating including sub 
jecting Successive portions of said composition to 
high vacuum unobstructed centrifugal distilla 
tion under conditions causing substantially all 
of Said glycerine to distill from said composition 
Without distilling a substantial amount of mono 
glyceride therefrom, and thereafter subjecting 
Successive portions of said composition substan 
tially freed of glycerine to high vacuum substan 
tially unobstructed path centrifugal distillation 
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under conditions effective to distill substantially 
pure monoglyceride therefrom at a temperature 
Substantially below the decomposition tempera 
ture of said active catalyst, recombining said resi 
due containing said active catalyst. With said un 
reacted glycerine removed therefrom, and re 
plenishing the resulting recombined mixture with 
additional fatty acid compound and glycerine. 

10. The process of converting fatty material 
to fatty acid partial ester of polyhydric alcohol 
which comprises establishing a cyclic System by 
repeatedly in successive stages of Said. System 
effecting ester-interchange in a reaction mixture 
between fatty material and an alcohol in the 
presence of an ester-interchange catalyst under 
conditions causing substantial formation of a 
fatty acid partial ester of polyhydric alcohol in 
the composition resulting from the reaction, 
separating said partial ester from the remainder 
of Said composition while said catalyst is in ac 
tive form by progressively spreading said com 
position in a thin film and vacuun distilling said 
partial ester from said composition in said thin 
film leaving a distillation residue containing said 
catalyst in active form, and recycling said dis 
tillation residue to again effect ester-interchange 
in the reaction mixture, progressively withdraw 
ing fron said cyclic Systern partial ester formed 
in said reaction mixture and progressively add 
ing to said cyclic System fatty material and 
alcohol in armounts Substantially equivalent to 
Said partial ester being withdrawn from Said 
Systern. 

11. In the process of converting fatty material 
to a fatty acid partial ester of a polyhydric alco 
hol by reacting fatty material with an alcolhol in 
the presence of an ester-interchange catalyst, the 
method which comprises establishing a continu 
ously circulating System containing said ester 
interchange catalyst in active condition through 
out said System, progressively adding to said 
System reacting proportions of Said fatty mate 
rial and said alcohol, effecting an ester-inter 
change reaction between said fatty material and 
Said alcohol in the Course of Said circulating in 
Said System, and progressively removing from 
said system partial ester produced in said reac 
tion, Said removing being effected by progres 
sively spreading the composition resulting from 
said reaction in a thin film and vacuum distilling 
said partial ester from said composition leaving 
a distillation residue containing said catalyst in 
active form, coordinating the quantities of fatty 
material and alcohol progressively added to said 
system with the amount of partial ester progres 
sively removed from said System and thereby 
maintaining predetermined equilibrium condi 
tions in said System, the quantity of catalyst in 
said system remaining substantially constant 
without substantial replenishment. 

12. The process which comprises repeatedly 
and successively subjecting a reaction mixture 
comprising fatty material. in admixture with a 
polyhydric alcohol and a strontium soap ester 
interchange catalyst to an alcoholysis reaction, 
separating from said reaction mixture polyhydric 
alcohol fatty acid partial ester formed in Said 
reaction, and adding to Said reaction mixture re 
active amounts of fatty material and polyhydric 
alcohol, said strontium Soap catalyst being in 
active form throughout Said process, Said Sepa 
rating being effected following said reaction by 
progressively spreading said reaction mixture in 
a thin film on a vaporizing surface, maintaining 
said film at a temperature Substantially below 
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the decomposition temperature of Said stron 
tiun soap catalyst, and subjecting said reaction. 
mixture. While in said thin film to Vacuum effec 
tive at said temperature to distill said partial 
ester fron said reaction mixture. . 

13. The method of preparing a monoester 
composition substantially free of objectionable 
color containinants, which method comprises es 
tablishing a cyclic system having an ester-inter 
change catalyst comprising a strontium con 
pound maintained in active form throughout 
said System, said cyclic System comprising re 
peating the Successive steps of (1) effecting re 
action in a reaction zone between a fatty mate 
rial and an alcohol in the presence of Said cata 
lyst under conditions effective to convert a Sub 
stantial proportion of said fatty material to a 
fatty acid monoester of a polyhydric alcohol, 
(2) separating monoester formed in said reaction 
from the mixture resulting from Said reaction, 
said separating being effected while said catalyst 
is maintained in active form by progressively 
spreading the mixture resulting from Said reac 
tion in a thin film and vacuum distilling said 
monoester therefrom, and (3) returning said 
mixture from which said monoester has been 
Separated to Said reaction zone, withdrawing 
separated monoester from said System and add 
ing to said Systern fatty material and alcohol in 
amounts correlated to the amount of monoester 
Withdrawn. 

14. The cyclic process for preparing mono 
glyceride of uniform color which comprises -es 
tablishing a cyclic system comprising the suic 
cessive steps of (1) reacting in a reaction zone 
fatty naterial including a Substantial proportion 
of triglyceride with glycerine in the presence of 
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a strontiuin Soap ester-interchange catalyst, (2) 
separating in a separating zone monoglyceride 
formed in the reaction from the composition re 
Sulting from said reacting while said composi 
tion contains Said catalyst in active form, said 
separating being effected by progressively spread 
ing Said composition in a thin film and vacuum 
distilling monoglyceride from said composition, 
and (3) returning the resulting monoglyceride 
depleted composition containing said active cata 
lyst to Said reaction Zone, withdrawing from said 
system monoglyceride separated in said separat 
ing zone and adding to Said System fatty mate 
rial and glycerine in amounts correlated to the 
monoglyceride being withdrawn from said sys 
tem and effective to maintain predetermined 
equilibrium conditions in said system. 

15. The method of producing monoglycerides 
which comprises reacting triglyceride fatty ma 
terial with glycerine in the presence of a metal 
Soap catalyst and thereby forming a composition 
containing a substantial amount of monoglyc 
eride, Separating monoglyceride from the re 
mainder of Said composition while said composi 
tion contains said catalyst in active form by sub 
jecting said composition to thin film high vac 
uum distillation, recycling said remainder of said 
composition including Said catalyst in active 
form, adding to the recycling remainder of said 
composition amounts of triglyceride fatty mate 
rial and glycerine substantially equivalent to 
Said monoglyceride separated from said compo 
sition, and repeating said reacting, separating, 
recycling and adding. 

16. The process of preparing a monoglyceride 
product which comprises establishing a continu 
ously circulating System containing ester-inter 
change catalyst maintained in active form 
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throughout said System, effecting alcoholysis of 
fatty material With glycerine in the course of 
said circulating Systern, and adding fatty material 
and glycerine to Said circulating Systein and 
vacuum distilling monoglyceride fron Said Sys 
tem in correlated amountS effective to maintain 
predetermined equilibrium conditions in said 
system, said vacuum distilling being effected from 
a thin film at a pressure below 100 microns. Hg. 

17. The process which comprises the sequential 
steps of reacting a mixture of fatty acid and 
glycerine in the presence of an ester-interchange 
catalyst and thereby forming a cornposition Con 
taining a Substantial amount of monoglyceride, 
Separating unreacted glycerine froiin Said corn 
position, progressively spreading the resulting 
glycerine-depleted composition in a thin film and 
vacuum distilling nonoglyceride from Said corn 
position while said catalyst is in said composi 
tion in active form and leaving a distillation 
residue containing said active catalyst, and re 
plenishing Said distillation residue With addi 
tional fatty acid and glycerine in amounts col 
related to the annount of monoglyceride distilled 
from Said Composition and thereby forming a 
reconstituted mixture for said reacting, and re 
peating Said reacting and said vacuum distilling 
with said reconstituted mixture. 

18. The process which comprises the sequential 
steps of reacting a mixture of fatty material and 
glycerine in the presence of an ester-interchange 
catalyst and thereby forming a composition con 
taining a Substantial amount of monoglyceride, 
separating a Substantial portion of the unre 
acted glycerine from said composition by phase 
Separation, vacuum distilling substantially all of 
the remaining unreacted glycerine from said 
composition without distilling off substantial 
amounts of monoglyceride, and thereafter pro 
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gressively Spreading said composition in a thin 30 
film and vacuum distilling monoglyceride from 
Said composition While Said catalyst is in Said 
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composition in active form and leaving a dis 
tillation residue containing said active catalyst, 
and replenishing said distillation residue with 
additional fatty material and glycerine in 
amounts correlated to the amount of monoglyc 
eride distilled from said composition and 
thereby forming a reconstituted mixture for said 
reacting, and repeating said sequential steps with 
the reconstituted mixture at least until the 
amount of fatty material and glycerine added 
to replenish the distillation residue is substan 
tially equivalent to the amount of monoglyceride 
distilled from the composition resulting from the 
reacting. 

19. The process which comprises the sequential 
Steps of reacting a mixture of vegetable oil and 
glycerine in the presence of a strontium soap 
catalyst and thereby forming a composition con 
taining a Substantial amount of monoglyceride, 
Separating unreacted glycerine from said compo 
Sition, progressively spreading said composition 
in a thin film and vacuum distilling monoglyc 
eride from Said composition while said composi 
tion contains said catalyst in active form and 
leaving a distillation residue containing said ac 
tive catalyst, and replenishing said distillation 
residue with additional vegetable oil and glycerine 
in an amount Substantially equivalent to the 
amount of monoglyceride distilled from said com 
position and thereby forming a reconstituted 
mixture for said reacting, and repeating said 
Sequential steps with said reconstituted mixture. 

NOEL H. KUHRT. 
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