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Abstract

Interesterification as applied to fats and oils is a
process wherehy the fatty acid moicties of glyceride
molecnles are Tearranged In a random or direeted
wanner, Wither type of rearrangement may Involve
production of new triglyceride eompositions in a
predictable manner. A number of patenied proeesses
for aeeomplishing  interesterifieation are disenssed,
Effcetive rearvangement catalysts are listed. Typical
applications to comnmereial produels are reviewed,

Introduction

ITERATURE REFKRKNCES on interesterilicaion (1-6) gen-
erally divide it into three ¢lasses of reactions: acidolysig,
aleoholysis, and ester interchange.

Acidolysis invelves the reaction of a fatty cster with an
acid, usually a fatty acid (Figure 1). This reaction can
produce an equilibrinm mixture of reactants and reaction
prodnets, or it can be driven to cowpletion by physically
removing one of the reaction products. For exumple,
coconut oil and stearic acid ¢an he reacted so as partially to
supplant the short-chain acids of the coconut oil with the
higher melting gtearic acid. The reaction can be earried
out under temperatnre and vacuum conditions such that
the Cy to Cy acids volatilize as fast as they are freed from
the triglyeeride and are thereby removed from the reaction
zune. Although a number of patents (7,8,9) have heen
issued which cover various methods for modifying [ats by
acidolysig, none ave imporiant in the cdible oil industry
today.

Aleoholysis {Figure 2), the reaction of fat and an aleohol,
hag several eommerelal 1mplications. A triglyeeride ean be
reaected with metbyl or ethyl aleohol to produee the cor-
responding methyl or ethyl ester and free glyecerine in
virtually stoichemetrie yields. Again, this reaction can he
driven to completion by removal of the more volatile re-
action product (10).

The produetien of mono- and diglycerides from fat is
actmally an alecholysis reaction, with glycerine as the
alechol. Sorhitol and sucrose esters are also made by
aleoholysis as well as by direet csterification with fatty
acids, A wmuatual solvent for fat and alechol, like dimethyl-
sulfoxide, iz frequently required for such reactions.

Ester interchange (Figure 3), the final clasy of inter-
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esterifieation reactions, will be the chief subject of this
paper. 1t invelves the exchange of aeld radieals trom one
ester to another. In other words, the fatiy acids in a fat
are “mixed up” or rearranged. Thus the derivation of the
more common and deseriptive name for ester imterchange,
rearrangement.  When it pertains to triglycerides, ester
interchange or rearrangement ean be of two types, random
or direeted. In random rearrangement the faily acid
radieals freely move from one position to another in a
single giyecride or from one glyceride to ancther.

As the [afly acids rearrange, they reach an equilibriun
which is based on the eomposition of the starting material
and iy predictable from the laws of probability. Thus,
when a mixtore of tristearin and triolein is randomized,
(Figure 4) six different glycerides are formed, therchy
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leading to a marked change in melting poiat {rom 150F
to 1201 when equal weights of the two glycerides are nged.

Ihrected cster interchange, or directed rearranpement,
refers to the modification of randomized glyeerides by up-
seiting the eguilibrium mixiure, usnally by crystallization
of one or more of the higher melting eomponents (11).
For instance, if the randomized mixture in Piguve 4 were
cooled down so that the residusl tristearin would arystallize,
the liquid phase would no longer be random. Kore tri-
stearin would form as the liguid components searched for
the most thermodynamieally stable compozition. If fri-
stearin continued to crystallize, the liquid pbasc would eon-
finue to rerandowmize. Theoretically all of the stearie acid
would cventually he solidified as tristearin so that the
composition woutd again bhe 50% tristearin, H0¢%; triclein.
As will be seen later, this process can be stopped at any
intermediate stage by merely neutralizing the eatalyst. OL
comrse, it the tristearin were to be melied before the catalyst
is nentralized, the wmixture would revert to the random
slate,

Early Development of Inieresterification

Interesterification veactions have been lmown for many
vears. In 1852 Dully performed alevholysiz by using tri-
stearin and sthancl {12). The ester interchange reaction
was reported by Triedel and Crafts in 1865 {13). They
recognized that heal alone would produce an equilibrinm
interchange between ethyl benzoate and amyl acetate.
Distillation of cthyl acctate drove the reaction to com-
pletion.  Glyeeride vearrangement wus reported by Van
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TARLE I

Natural Randomized

Trisaturate {He) 226 23,94
Drisgturate (S0} R1.6 44.5
Monogaturate (80z) 11.1 26,8
Triungaturale ¢ Ue} 5 5.5
Uuidentified 1.6

Loon (14,15), Norman (i6), and Griin (7) in the 1920%.
At about the same time cach diseovercd that the melting
point of various fats and fat mivtures could be changed
hy expogure to high temperatnres and reduced pressures
with or without the presence of warious metals and metal
salts, Actually the first fat rearrangement prohably took
place unknowingly when a small amount of soap was left
n an oil which was being deodovized. Darsky patented the
use of acidolysis to replace the lower molecular weight
fatty acids in eoconul o1l with Lalty acids from palm and
voftonseed oils in 14939 ().

The cdassical studies of Hilditeh (17,18) on the fatty
aeid distribution in lats provided some understanding of
the changes in physical propertics assoeiated with the ester
nterchange reaction. e observed that the saturated and
unsaturated latty acids were not randomly distributed in
most naturally ocenrving glveerides. He alse found that
re-esterified or interesterified fat had a random distribution.
This has sinee been confirmed by a pumber of other
workers (19-32).

Random Distribution

The method of calemlating the eomposition of glyceride
types in o random distribution has been ontlined by Fenge,
Kraemer, and Bailey (23) and others (2,24). The ealcula-
tion is simply # determination of the probable mole
fraction of cach of the constitment glyeerides, hagsed on
the pumber and amount of partienlar fatty aeids present.

It A, B, and C, arc the molar pereentages ol fatty acids,
a, b, and ¢, the molar percentage of a glyecride containing
only one of the fatty acids will he the eohe of the molar
pereentage of that fatty aeid divided hy 10,0040,

&, aan — A/10,000 o)

The molar percentawe of a glyceride contuiming two dil-
Lerent Latty acids will be the square of the molar percentage
of the fatiy acid occurving twiee Limes the molar per-
ventagre of the fatty acid ovcurring onee tiines three, divided
by 10,000,

&, anh = JAB /10,000 (2}

The molar percentage of a glyeeride containing three
different fatty acids will be the produet of the molar per-
centages of the three amdy times six, divided by 10,000

ot abe = 6ABC,10,000 (%)

The 3 is weeded in Equ. (2} because fhere can be 3
combinations of a, a, and b. Likewise there ean he six
combinations of a, b, and e

Coeon butter i3 a good cxample of a triglyceride with
fatty acids digtributed wonrandownly. Recent data (25),
somewhat simplified in Table I, show that the saturated
latty acids of eocoa butfer are tound primarily in the one-
and three-positions of disaturated-monounsaturated triglye-
crides. Very littie trizaturate and monosaturate-diunsatnrate
ave present. II the fulty acids were randomly distributed,
the eomposition would approximate the second colanwn of
Table I. The marked changes in the physieal characteristies
wade by randomizing are demonstrated by the differenees

TARTLE TT
Composition of Tard

Trireeted

Naturasl Randomized
M 20 S 148
Bl 26 25 15
TN 54 44 32

Ty 18 26 29
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Fis. 6. Bolld-eontent index 0f natural lard, random rearranged
lard, and direeted rearranged lard,

m solid fat content of natural and randon eqeoa butter
{Figure 5}, This graph, like others in this paper, velates
solid fat content {o temperatnre aceording to the method
of Fulton, Lutton, and Wille (26}. With a much lower
disaturale content, randomized cocoa butler has a much
flatter BCI1 eurve and & lower solids level at low tem-
peratures. The higher trisaturate content is responsible
for the inerease in complete melting-point, from 94 to 19617

Commercial Applications

Lard Shortenings. Rearrangement can be applied to w
single fat or to a mixture of [als. The primary example
of commexrcial application lo a single fat is its use in
modifying the physical eharaecteristies of lard (27). This
fut has an nnusual distribution of fatty aeids (28), such
that essenfially all of the 272, palmitie acid 1 lard is
found in the middle or 2-positien. The 109 stearic acid
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e, 7. Consistency of plastie shortenings made from natural
lard, tandum rearranged lard, and directed rearranged lard.
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is all found in the end or 1/3-pogition. Unsaturated latty
acids fill up the remainder of the glyceride stroetures. One
specific component, UPSt {UJ = unsaturated, I = palmitie,
Bt = stearie), predominates the normally solid portion of
lard. The 28¢7 disaturates shown in Table II are all
TP8t. This partienlar glyceride is responsible lor the
grainy, tranzlucent appearanee and stringy texture of
natural lard (28). By randomizing lard, the UPSt content
is reduceed from 269 to 3.49 even though the fotal di-
satnrate glyecride content Is still 25%. The trisaturate
content i inereased [rom about 22% to H9%. All other
possible combinations of unsaturated, palmitie, and stearie
acid are ereated aceording to the laws of ehance,

Randomization of lard manilests itself in radical changes
in physical properties as well as composition, The inter-
solubility of the mixed dizsatnvated glycerides in random
lard markedly changez its solids content (Figure 6). At
7F the solid fat content, as meazured by solid content,
index, i almost cut in half. At 92F, where substantially
all digaturates are liguid, randomized lard is higher in
solids than natural lard. This is caused by the higher
level of trisaturates in the randomized produet.

Randomized lard is superior to natural lard as a
shortening component {30), When 8-109 completely
hydrogenated eottonsced haxd flakes are added, it hecomes
a satisfectory shortening with a moderately good plastie
range (Figure 7) and a good appearance. It can be
partially hydrogenated (3-5 Iodine Value umits) to im-
prove oxidative stability withoul beeoming too firm, Re-
sistance to heat damage s also increased.

I¥iveeted rearvangoenient has also fonnd applieation in the
production of lard shortening (29). When lard is rau-
domized, it has the eomposition shown on the vertical axis
of Figure 8, By erystalhzing trisaturates ont of the random
liguid phase, the eowposition beging to chanpe aceording
to the lines of the graph, Mono and disaturates decrecase
while trisaturates and triumsainrates nercase. The proeess
i normally stopped when about 149 trisaturates are
formed. As o result, o shortening with a lower content
of intermediate melting glyeorides is fnally oblained. This
ig graphieally demonstrated by the flatter alope of the
solids eontent index enrve for divected lurd in Fignre 6.
The Jard iz softor al low temperatnres and firmer at high
temperatures than either natural or random lard.
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Sinee dirceted lard has trizaturates formed #n sitn, there
ig no need to add hard flakes to make a shovtening. Dirceted
lard can be hydrogenated abemt twice ug much as random
lard for a given shortening consistency at 70F. Figure T
shows that the eonsisteney of a direeted lard shortening is
ideal over a wider temperature range than either natural
or random lard. It is both softer at low tomperatores
and firmer at high temperatures.

Random and divected vearrangement have played a large
role in the increaged use of lard ag s shortening ingredient
during the last 10-15 years (Figure 9). Lard usage has
stabilized at 400-500 million pounds per year although
it was less than 100 million prior to ihe advent or re-
arrangement. Many of the houschold and bullk ghortening
brands wmarketed in the United States today contain re-
arranged lard as a primary ingredient (31).

Ffard Buiters. Rundom rearrangement of a single fat
has another important commercial application, the produe-
tion of hard butters or cocoa butter substiituties, from palm
kernel oil. This oil is made up of a wide range of fatty
acids from €, to Ce Most of the C,, fatty acids are un-
gsaturated. Tigare 10 shows that palm kernel oil has a
melting point of about 86F, too low to be used in candy
coatings, coffee whiteners, and whipped loppings. When
hydrogenated to increase 1ts solids eontent at anbient tem-
peratures, it contains a slzable fraction whieh does not
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melt at body temperature. As a result, it has a waxy
eating quality.

By randomizing palm kernel oil, its high melting frae-
tion disuppears without materially rvedueing its solids eon-
tent at room temperaturc, By blending randomized and
unrandomized hydrogenated palm kernel oil, any desired
melting-point in befween may be obtained. Many millions
of pounds of palm kernel oil are processed m this manner
each year in the United States,

Multifat Systems. Random and directed rearrangement
ean also be applied to a mixture of vils. Numerous patents
(32-43) have heen issued on edible {at produoets made by
rearrangement of speeific combinations of fats. Tallow
can be made a wore gnitable component for shortening by
rearranging it with 10-35% soft vegetable oil. Margarine
oils and bard butters can he made by rearranging a lauric
type of oil, like coconnt oil, with hydrogenated domestic
vegetuble vils. Hydrogenated eosonut oil can be used az an
extender of palm kernel oil by corandomizing.

Aeetin Fats. One specalty type of fat made by random
rearrangement deserves mentioning, By sabstifnting acelic
aeid for one or two of the long-chain fatty acids n a fat,
large changes in melting peint are achieved. This is done
most eonveniently by reacting a fat like lard or partially
hydrogenated soyhean oil with triaceting Sinee lats amd
triaeetin are not mutnally soluble, the reaetion wust lake
plaee at the fat-triacetin interface, al least until the reac-
tion lms proeeeded part way. In this respeet, acetin fat-
production is similar te glyeerolysis for prodnction of
monoglvesrides. The resction produets inednde monoacetin
and diacetin components at levels which depend on the
proportion of starting materials, The distrihution is a
funetion of trigcctin input (Fignre 11). These are typieal
random-distribution curves, plotied on a welght basiz Lor
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TABLE 111
Tntoresterification Catalyata

Required

Type Example Lavel

High Temperature {250-5008)

Metal walt i Zince chloride 0l- 0205
Alkali metal hrdroxide Hodium hydroxide 0.5— 1.0
Alkali metal hvdroxida Radium bydroxide

. ==

Glyveerine 0028008
Boap Hodinm ptearats

+
Glyeerido 0.5— 1.0

Tow Tempersinre (45-875F)

Metu] alecholate Sodium methylate
Alkali metal Hodinm

Sadium /potussium alloy
Sadinm hvdride
Sodinm amide

Ul[\??b:tl\
==
E=1+ 1 =]

Alkali metal hydeide
Alkali metsl amide

poeee

triacetin-free material. Residual triaceting ave normally
removed by distillation. It is obvious that the velative
contents of diaecting, monoaceting, and normal triglyeerides
may be readily varied by the triacetin inpot. Naturally the
properties of the acelin [als hecome more or less fat-hke
ag the acetie acid eontent is varied.

The solid-content index of a hydrogenated vegetable
shortening base-stock and an acetin fat made from the
same hage-stock are shown in Figure 12, The acetin fat
was made from a 1797, by weight, triacetin mput and has
an acetle acld eontent of 10%. Its glyeeride composition
is 282, diaceting, 489 monoaceting, and 269 mnormal
sriglyeerides.  The large differenec in melting point i
indieated by the lemperalures al which the solid-content
index iz zero. When made inte a shortening, the acetin
fat will have a much flatter eongistency /temperature curve
than will the all-vegelable base-stoek.

By varying the degree of hydrogenalion and solidg
content of the vegetable component and the acetic acid
eontent, & wide range of physieal properties can be achieved.
At a given level of vxidative stability an acetin fat has
a much lower melting-point than its normal triglyeeride
aguivalent. Likewise, at a given melting point, it has a
mueh hetter oxidative stability. Acctin fafzs ean be used
in shortening, margarine, and salad oil formulations
{44504, However presenl commercial interest in aeetin
fats i3 largely in the coating arca, This resnlts primarily
from the waxy translucent but (exible films which can he
made from them. Pure monoaceting and diasecling ean be
made  from mixtures by moleenlar distillation.  Dirvect
acetylation of monn- and diglycerides with acetic anhydride
will also yield aectin fats (51l). Other shovt-chain acids
can be substituted for aeetie.

Rearrangement Catalysts

Ag has heen wmentioned earlier, rearrangement of tri-
glyeerides ean oecur withont the aid ol a eatalyst. Very
high temperatures, in the order of 450 50017, are required.
Even then, the reaetion proeceds to equilibrium very slowly;
up Lo 24 heurs are reguived {16). Under such eonditivns
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I'1G. 14. liearrangement catalyst neutralization reaction.

the glyeerides will undergo zome decomposition, and there
will he development of free futby acids.

It i« generally more convenient to use a catalyst to
speed the reaction and reduce the temperatnre require-
ments, Many have been proposed (Table ITT). Rearrange-
ment catalysts can be conveniently divided into two classes,
those whieh will work only at high temperature and those
which will work at hoth low and high temperature. The
difference hetween the two bypes iz a funetion of their
ability to react with water. TUnder normal eircumstances
a triglyeeride must be bone-dry before rearrangement will
oceur, This is frne even thowgh water itself has hcen
shown to eatalyZe rearrangement under certain conditions
{52). Metal aleoholates or alkaline metals and other low-
temporature eatalysts will veact with any water present
in the system to provide the necded dry conditions. On
the other hand, high-lemperature catalysts require an out-
side energy souvec like temperature and/or high vaeunm
to remove the moistore from the system,

A nnmher of high-lemperalure rearrangement catalyats
have been patented. Among them are many mcetal salts
sueh as the chlorides, earhonates, oxides, nitrates, and
acetates of wzine, lead, iron, tin, and echalt (53). Alkali
melal hydroxides, such as sodinm, potassinm, and lithium
hydroxides (34}, arce probably the most eommonly nsed
high-temperature catalysts. These, along with soap, ap-
pear to work wore effectively il used in conjunetion with
small arounts of glyeering or monoglyeeride (1,2,3255).

The alkali metal alecholate, sodivm methylate, s per-
haps the most widely used, low-temperainre rearrangement
catalyst  today (53,56). Along with the other Jlow-
temperalure eatalysts it has the advantage of not requiring
a closed systern under high vacawm. It will rearrange
triglyeeride in an open tank. Bodinm methylate also bas
advantages over the allali wetals (57,58} in that it can
he casily dispersed in a fat. Bodinm and potassium must
first be fuely dizspersed in a solvenf, snch ag toluene or
xylene, before they c¢an be safely ineorporated into fat.
Otherwise 6 violeni reaction with residual moeisture will
take place on the catalyst surface, followed by splitting of

{Continned on pages 45440
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surronnding fat wolecules to form a eoating of soap. The
heat generated by these reactions is sufficient te decompose
and even char the glycerides in localized arcas,

A sodiwm-potassium  alloy has been used in the re-
arrangement proeess without requiring o dispersing sol-
vent (59). As shown in the phase diagram for sodivm and
potassinm in Figare 33, an alloy of these metals 1 liquid
at temperatires as low as 10F. By seleeting an appropriate
composition, the alloy, commonly ealled NaK, can he
dispersed directly in triglyceride by the use of a high shear
agitator, It has been found that NaX partieles less than
50 microns in diameter sre most efficient, The alloy is
more active than either of the metals by themselves. Ap-
parently this results from the ability of liquid NaK particles
1o maintain unreacted metal on their surfaces while solid
sodim or potassium particles become coated with oxides
and hydroxides (20). Alkali mefal hydrides and amides
(60,61) also are reported to he effective at low tempera-
tures. However neither has advantages which wonld make
it economivally atiractive to use eommercially.

It should be stated that it is doubtful that any of the
above-mentioned materials is really the rearrangement
catalyst. More probably intermediates like modium glye-
crate are formed in the fat and are the active catalysts,

Rearrangement catalysts must be removed from edible
triglyecrides at the end of the process. Several patoents
(62-64) have heen issued on techniques for deing this
while minimizing fat loss. Most catalysts can be removed
by merely washing the fat with water to separate a salt
or soap-rich gqueous phase. Or they can be reacted with
phosphorie acid to be removed by filtzation as a solid phos-
phate salt. Either technigue results in a considerable loss
of fat. Waler added to a metal aleoholate like sodium
methylate will yield sodium hydroxide and methyl alechol.
These, in turh, will react with nentral fat to produce soap
and methyl ester. The soap is then removed by eonventional

2-STAGE
VACUUM DRIER
STEAM {16 mm. Hy abs.)
SO%NAOH 4, 29400

TO CONTINUOUS
FOOTS CENTRIFUGE

ar

Fie. 17. Flow chart for eontinuons random rearrangement
of lard, using sodium hydroxide eatalysat.
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REACTION COIL
12 MINUTES} MIXER

&
) 0.1%NaCH

B —]
0.15% NoOH

REACTION CONDITIONS
350°F, Ié"Hg.ubs.

SOLID COMTENT INDEX AT 70°F

0.175% NaOH
v T v
. 0.2 % NaOH
a ] 1 | 1 | |
0 1o 20 30 40 50 80

REACTION TIME MINUTES

I'1e, 18. Lard randem roarrangement reaction rato curves
with variable catalyst usage.

relining technigues while the methyl ester will be stripped
out in subsequent decdorization. Phosphorie acid neu-
tralization will produce free fatty acids, which will also
be lost in desdorization.

A teehnique has been developed which will minimize the
loss of fat in the eatulyst neutralization operation (29,85).
By adding propetr guantities of CO, along with the water
{Figure 14), the system is huffercd with sodinm carbonate
ai a lower pH which will not split neutral fat. Figure 15
shows that the resulting reflining logs is significantly redneed
with this proeedure. This is true especially i there is a
time lag between catalyst nemtralization and centrifugal
separation of the fat and water plases.

Random Rearrangement Process

Random rearrangement can be accomplished either with
8 bateh or a eontinuous procesz, For the balch proecess
{Fignre 16} a deodomizer can he uwsed conveniently for
high-teraperature rearrangement. It will alrcady have the
sparging and vacuum equipment which are essential to the
proecss, A mechanienl agitator is eptional.

Fat is heated to the desived Teaction-tewnperatore while
being thoroughly dried under vacuum. 1n one patented
proeess {533 a 50 solution ol godium bydroxide 1s then
flashed into the hot {at. Ancther proeess (32) uses a
slurry of sodium hydroxide in glycerine. There must be
an execss of hydroxide above that needed to pentralizc the
free fatty aeid in cither proeess. One recent patent (64}

20

=]

0

REACTION CONDITIONS:

]
I

Q.1T5% NaCH, I} "Hg. abs.

SOLID CONTENT INDEX AT 70°F
=

320°F
- r

360°F

3J€|5|Itll

10 20 30 40 50 60
REACTION TIME - MINUTES

F1it. 13, Lard random rearrangement Teaetion rate eunrves

S
1

with variable temperature,
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POWDERED SO0IUM

METHYLATE
SLURRY

2- STAGE TANKS
VACUUM DRIER
{I5mm.Hg.obs.)

TO CONTINUOLS

300
FOOT CENTRIFUGE

TO .
350 120°F

REACTOR
{I0-MIMUTES)

HEATER g— CAGLER

Fig. 20. Flow chart for econtinmous random rearrangement
of lard, wsing sodium methylate catalyst.

demomstrates this quite clearly. I the [ree Latty acid in a
Tat iz prencutralized, as little as 0.02¢% sodiom hydrexide
15 all that iy required for rearvangement, )

Batech random rearrangement of triglycerides with low-
temperature catalysts does nol normally require a closed
wvessel and a vacuum systern. If enough sodium methylate
or godium iz uscd, the free fatty acids will be nentralized
and the moisture reacted so0 as to present the alkaline,
bone-dry eondifions necessary to accomplish rearrangement.
Of eourse, the more catalyst used to offset free fatty avids
and maoizture, the higher will he the refining loss. Catalyst
nentralization s normally carrvied on in the same vessel
ag the rearrangement reaction.

Figure 17 is a simplified flow chart of a continuous
randomizing process, using sodium hydroxide as a eatalyst.
Crude lard has been selected as a representative triglyeeride
feed. Heated lard and sodinm hydroxide are metered imto
the first of two vaeuumn driers. The mixture is sent through
a short hold-coil which serves as a veaetor and is then
cooled to ahout 1401, The catalyst is nentralized with
watcr or water and (0, The lard iz then ready for re-
fining and subzequent processing.

The rate of rearrangement for lard can he plotted as
a function of the 7O solids eontent of the triglyceride.
At thiz temperature, natural lard hag an SCI of about
20; random lavrd has an SCI of about 10. Figure 18 i
a plot of solids content against reaction time, with variahle
godinm hydroxide usage. With the parlicular crude lard
used, 0.175% NaOIl was the minimum required to reach
equilibrium at 320%. This graph alse demonstrates that,
when reaction eonditions are right, rearrangement ocours
very quickly, When they are not right, the fat jmst will
not rearrange no matter how long the reaetion time is.

The effeet of temperature on lard rate of rearrangement
is shown in Figure 19, The lack of random equilibrinm
kelow 320F defines the minimmm reaction temperature at
this ecatalyst usage. At higher catalyst levely, or perhaps
with better drying conditions, lower temperatures wonld
be possible.

Figure 200 presents a fow chart for random rearrange-
ment of lard by using a sodimn methylate eatalyst. It iz
gimilar to the previous sodium hydroxide process in many
respects. ITowever the lard is dried and cooled before the
addition of the sodium wmethylate. Catalyst is normally
added as a conventrated slurry In dry oil, Reaetion tem-
peratures as low as 120F are quite satisfactory with
this system, .

Directed Rearrangement Process

In directed rearvangement (66,67) only eatalysts which
are aetive at low temperatures are usahle. Fven so, the
rate of random rearrangement is important sinee the tri-
saturated glycerides can precipitate only as fast as they
are formed in the ligunid phase. The greater activity of
NaX makes it more snitable thaw either sodium or sodium
methylate for thizs process.

Pigure 21 iz a flow chart of a patented proecss (68)
for continuous directed rearvangement of lard. Vacuum
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CATALYST
STORAGE

5 PICKER
REHEATER FREEZER | BOX

FREEZER

DEGASIFLER-

CRYSTALLIZERS coz MIXER  TO REFINING

GENTRIFUGE

Fra. 21, Flow ehart for dirceted veurrungement of lard,

deying ig gimilar to that used in random rearrangement
of jard. NaK iz metered into the lard stream by means
of a spoeally designed, variable-speed, positive-displace-
ment pump. A high shear mixer is nsed to provide proper
NaK particle size, At 1201 the lard will be randormized
in less than six minates with as liftle as 0.29, NaK.
Actually it s not necessary to rcach random equilibrimmn
hefore the directing process beging.

Lard-catalyst slurry iz chilled to about TOI' in a eon-
ventlonal shortening seraped wall freczer, eoaled by direct
expansion amieonia. At this point many {risaturate wystal
muclel form. These nuclei are allowed to grow for abomt
five minntes in & small evystallizer of a degign similar to a
shortening picker or work hox. While crystallizing, the
lard warms up to about 82F, as indicated in Figure 22
Another freezer reeooly the lard to TOF fo renew the
erystallization driving foree. These things are happening
gilnultaneonsly: any trisaturated glycerides present are
erystallizing; any selid disaturated glyeerides are melting;
and rearrangement of the liguid phase is forming tri-
suturates in an  attompt to restore the equilibrium
distribution.

Further precipitation, after the seeond cooling step,
continnes at a slower rate. Therefore rciatively large
crystallizers with carcfully controlled agitation and about
1% hours of hold-time arc used to reach the endpoint.
Tt has heen found eonvenient to use four srystallizers in
geries to reduee end-for-end mixing and fo provide simple
endpeint control.

When directed rearrangement has reached the desived
point, that is, when total trisaturate eontent is about 1465,
the catalyst 13 neutralized. It is important fo accomplish
thig neutralization hefore the trisaturates are remelted to
prevent reaction backwp. Thus water and CO, are metered
inte the lard in a mixer before heating. The melted lard
1 puroped through a degasifier to release free hydrogen

00T
25+

90 1

TEMP.
"F

85T

ST

rol
-

CAYETALLIZEHE

[ + - i
FREEZER PICKER FREEZER
BOX

THELD TIME —Mm——————————————+—

Fig. 22.'Temperature profile of lard directed roarrsngement
DIOROSE.
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prior to centrifuge separation of the foots. The direeted
rearranged lard is now ready for other processing snch
a8 hydrogenation or deodorization.

A variation on the dirceted rearrangement process which
bas been patented (68) wonld crystallize ihe disaturate
glyeerides in a fat before adding the rearrangemwcnt
catalyst. Then as the liguid phase begins to randomize,
maore digainrates are formed. It the ervstallization driving
foree is wmaintained, these disaturates will erystallize before
they are converted to trisaturales. Thus a fat suitable
Loy uge in margarvine with a melting point near body tem-
perature can he obtained. Similarly, dirceted rearrange-
ment ean be earried out in the presence of a free aleohol,
guch ns glyeeripe, In the reaction mixfure (70). As the
higher melting-point  monoglycerides  form, they will
erystullize out of the liguid phase just as trisaturates do
in the lard process.
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ApprIsnp Sc1Excs Laporarorins, Ixc,, have made avail-
able Caialogue No. 11, a 5l-page indexed listing of their
produets for gax chromatography, thin-layer chromatog-
raphy, lipids and calibration standards. They have also
listed their custom syntheses and analytical serviees which
now inchide lipid and nenlipid chemieals. (P.0. Box 440,
State College, Pa. 16801.)

The 3-page “ASTM List of Publications” is now avail-
ahle npon request. It lists over 500 ASTM publieations
dealing with the knowledge of materials, materials evalu-
ation, and the standardization of methods of test and
apeeifications Lor materials. {Dept. HH, Ameriean Soclety
Tor Testing and Materials, 1816 Race Street, Philadelphia,
Pa. 19103)

The Soar a¥p DETERGENT ASSOCIATION issues regulavly
its Periodical and Litergture Digest, for Soap and Deter-
gent Kxecentives, Topies covered are Ilousehold and Gen-
ral, Indusirial and Instiintional, Research and ‘lcehnieal,
Raw Materials and Processing, (lyecrine, and General
Business Management. This summary of current litorature
Is sent g8 @ serviee fo Assoclation members, and ig available
to nonmembers at §12 per year. (Soap and Detergent As-
poeintion, 485 Madison Ave, New York, N ¥Y. 10022.)
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New Gelman Instrument Courses

(Gelman Instrument Company is sponsoring a new scries
of conrzes tn October in Chicago, Los Angeles, and San
Ifranciseo.

The first, slated for Oclober 13-14 in Chicago, provides
one day of instrnetion in Basic Eleetrophoresis, and one
day in I'mmunoclectrophoresis and Tmmuuodiffusion. K. €.
Brieve, Johnston-Willis Hospital, Richmond, Va., teaches
eleclrophoresis, and Curtis \Tl]harm R()Lkef'eller Founda-
Lion, New YorL teaches immuno t(‘('hmqu?s‘ Tuition for the
Lwn-da._} sesslon 15 $65.

At a one-day scsxion in Los Angeles on October 16,
registrants will study under Dr. Williams, or practice TLC
techniques under James amilton, Tulane University School
of Medicine, New Orleans. Tuition for either elass is $35.

Dr. Williama and Dr. Bamilton will each instruet on
October 18 in Han Francisco. Tuition for the conrse
on immuno techniques ov for TLC i $34.

Advanee registralion is mandatory and shouwld he made
throngh the Information Depariment, Gelwan Instrument
Company, P. 0. Box 1448, Ann Arhor, Michigan 48106,
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