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A b s t r a c t  

[nteresterif ieation as appl ied  to fa t s  and oils is a 
process whereby the f a t t y  acid moieties of glyeeride 
motecu]es are r ea r r anged  in a r andom os dircx~ted 
manncr .  E i the r  type  or r e a r r angemen t  m a y  involve 
product ion of new tr igiyceride eomposi t ions  in a 
predict.able manner ,  A number  of patented processes 
for  accomplishing intea'esteriflcation are discussed. 
Effective rearrangcznent  ca ta lys ts  are listed. Typical  
appl ica t ions  to eo~nmereial products  are reviewed. 0 

I n t r o d u c t i o n  V c  -~" R ~.o. 
,,~ interest,~rilicathm (l-6) gen- 2 F o -  ~-R + oH ~ _  

0rally divide it  into three classes of' reactions ; acidolysis, ~o -~ n OH 
aleoholysL% and ester in terchange.  

Acidolysis involves the react ion of a f a t ty  ester with an  
acid, usua l ly  a f a t ty  a d d  (F igu re  t ) .  This  react ion can 
produe, e an  equil ibrium mlxt.ure of reac tants  and reaction 
t}l'Oduets, or iL can be dr iven to eompletioi~ by physical ly  
removing  one of the react ion products .  F o r  exalnple~ 
coeontt~ oil and  stearie ae, id can be reacted so as par t ia l ly  to 
s u p p l a n t  the short-ehMn acids {)f the coconut oil with the 
h igher  ]nelting stearie acid. The reaction can be carried 
out nnder  t empera ture  and vacuum conditions such timt 
the Cr to C~, acids volatilize as f a s t  as they are f reed  f rom 
the tr iglyeeride and are  thereby removed f rom the  reaction 
zone. Al though  a number  of  pa ten t s  (7~S,9) have been 
issued which cover various methods  for  modi fy ing  [a ts  by 
acidolysis, none are i mpor t an t  in ~he edible oil i ndus t ry  
today. 

Aleoholysis  (Figm,e 2), the react ion of  fa t  and an alcohol, 
has  several  commercial implications.  A. tr iglyceride can be 
reaeted with methyl  or ethyl alcohol t .  produce the  e e l  
respondi~g  nmt~yl or ethyl ester and free glycerine in 
v i r tua l ly  s toh@mmtr ie  yiel&~. Aga in ,  this reaction can be 
driven to eompletioi~ by removal  of the inure volatile re- 
action produc t  (10).  

The product ion of mono- and diglyeeridt!s f r om fat  is 
actual ly  an  alei)holysis reaction,  with glycerine as the 0 

II alcohol. Sorhitol and sucrose esters are also made, by O.-C--~, 
aleoholysis as  well as by dire('t esterifieation wi th  f a t ty  ~ l 
acids. 2% mutual  solvent for  eat and alcohol, like dimethyl-  o 
sulfoxhle,  is f requent]y  required for  such reactions. II 

Ester  interelmnge (F i gu re  3),  the final class (,f inter-  R~+NaK+H=O > 
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esterification reactions,  will be the  vhief suhjeet  of this  
paper .  ] t  involves the  exchange of acid radicals f rom one 
ester to another.  I n  other words,  the f a t ty  adds  in a f a t  
are "mixed up"  or rearranged.  Thus  the derivation of the 
more common a]]d descript ive ~mne for  ester interchaltge~ 
rear rangement .  W h e n  it per ta ins  to triglycerides, ester 
itl~erchatt~e or r ea r rangement  can be of two types,  r andom 
or directed. In  r andom rea r r angemen t  the, f a t ty  acid 
i 'adieats freely move 2rein one posi t ion to aaot.her in a 
single glyecride or f rom one glyccride to another.  

As the l a i ty  acids rear range ,  t&ey reach an equil ibrium 
wlfi(;h is based on the composit ion of the s ta r ,b ig  nmLeriM 
and is predietable f rom the laws of probability. T h u g  
when a nfixture of t r is tearht  and. triolein i~ randomized,  
(F igure  4) six different glycerides are  fl)rmcd, ~hereby 
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leadhtg to a marked change in melting point from 150F 
to .1201r when equal weights of ~ke two glyeerides arc; used. 

I)ireefed esbr  interchange, or directed rea.rrangement~ 
refers to the modificat.iov of randomized glyecrides by up- 
setting the equilibrium mixture, usually by crystallization 
of one or more of the higher melti~,g component6 (11). 
~'or instance% if the randtmllzed :mixture in l"i~tre 4 were 
eooled d~*wn so that the residual tristearin would crystallize, 
the liquid phase would no longer be random. More tri- 
stea.rhi would form as the liquid eomImnents searched for 
the sleet tt,ermodyns.mieally stable composition. [ f  tri- 
stearin continued to crystallize, the liquid phase would con- 
gin.no to rerando,nize. Theoretically all of the stcaric acid 
would eventually be solidified as tristearin so that the 
cmnposition woutd again be 50% tristearin, 50% t.rfiflein. 
A_s will be seen later, this proeess can be stopped at any 
interlnediate stage, by me.rely neutrMiaing the catalyst. Of 
course, if the tristearin were to be melted hehn'e the eat.alyst 
is nentrMized~ the nnix~ure would revert to the random 
state. 

E a r l y  D e v e l o p m e n t  of I n t e r e s t e r i f i c a t i o n  

Interesterifieation reactions bare been known for . n l a n y  
years. In  1852 Duffy performed aleuholysis by using tri- 
stearin and ethanul (12}. The ester inta~,rchange reaction 
was reported by Priedel and Crafts in 1865 (13). They 
reeognized that heat alone would produce an equRihrium 
interchange between ethyl benzoate and amy1 acetate. 
Distillation of ethyl acetate drove the reaction to com- 
pletion. (]lyeeride rearrangement was reported by Van 
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TABLN I 

r  B u t t e r  T r ig lyee r ldes  

Na t t t r a l  Randomized 

Tr is~turz , te  (Ss)  2.2 % 2 3 . 9 %  
Di~at, t~ r~te  (S~U) 8 4 . 6  413,8 
bIonos~t urnte  (~tgz) 11 .1  ~6.8 
T r i u n s a t u r a t e  (Lla) 0 .5  5 .5  
Ut• nt tf iad 1.6 . . . . . .  

boon (14,15), Norman (16), and Grits (7) in the 1920's. 
At a.hont the same time eat;b disco~.ered that the mc]~ing 
poinL 02 various fats and 2v.t mixtures could he Omnged 
hy exposure to high te:mperatm'es and redlte.ed pressures 
with or wlthm~ the presence of various metals and metal 
salts. Actually the first fat rearrangement probably took 
place unknowingly when a small amount of soap wax left 
m an ell which was being deod~wized. Barsi~y patented the 
use of aeido]ysis to xeplace the Lower molecular weight 
fatty acids in eoe, onut oil wifl, fatty acids from pain, and 
cottonseed oils in 1939 (8), 

1'he ela.ssleal stndie.s os ~ilditeh (17,5_8) on the fatty 
acid distribution in fats provided son,e understanding of 
~.he ehang'es in physical prolJer~ies associated with the ester 
m.teechauge rear.lion. It.e observed that the saturated and 
1moat.re'areal fatty adds were not randomly distributed in 
most naturally oeeurrh~g glyeerldes. He also found that 
re-esteHlled or interestcrifie.d fat had a random dist.ributioru 
This has slnee been confirmed by a ~mnber of other 
workers (19-22). 

R a n d o m  D i s t r i b u t i o n  

The method of calculating the composition of glyeeride 
types in. a randmn distribution has been outlined by Feat% 
Kraemer, and Bailey (23} and others (2,24). The calcula- 
tion is simply a determination of the probable mole 
fraction of each of the constituent glyeerides, based on 
the ~mmber anti amount of particular fatty acids present.. 

I f  A ,  I~, and C, are tim molar percentages os fatty ac.ids, 
a, h, and e, the molar percentage of a glycoside containing 
only one of the fatty acids will be the robe of ;he molar 
percentage of tha.t fatty add  divided by 10.000. 

% aaa A?zo,ooo (l.) 

Ttm molar pereentag'e o2" a glyeeride eontaining two dig  
ferent fatty acids will be the square of the molar percentage 
of t.be fatty acid occurring twice times the molar per- 
scrota.go of' the fatty ac.id occurring once times three, divided 
by I 0,000. 

% nab 3A~B,/10,000 (2) 

The :molar percentage of' a glyeeride eo.rdMnhlg three 
different fatty a.eids will be "she produc~ of the molar per- 
confutes of the three acids times six, divided by I.G000. 

% abe = 6.'kBC/20,000 (3) 

The 3 is needed in Eqn. (2) because there can be 3 
combinations of a, a, and b. Likewise there can be six 
co:mbinatkms of a, b, and e. 

Cocoa but~er is a good exarcple of a triglyeeride with 
fatty act@ distributed nonrandom].y. Recent data (25), 
somewhat simplified in Table I, show that the sub, rated 
fatty adds of cocoa butter are found primarily in the one 
and tbree-positqoss of disaturated-monounsaturated triglye- 
or]des. Very little trisaturate and monosatura~e diunsatm'ate 
arc present. I f  the YaLty acids were randomly distributed, 
the composition would approxhna~e the second eolunm of 
Tabb, I. The marked changes in the physieM e.haraeterisdes 
made by randomizing art! demonstrated by the differences 

T_~BT~E TT 

CotnpoMt, icm tit Lard 

N a f a m J  Randumized  Di rec ted  

~-U 26 25 15 
~U~ 5~ 44 82 
l . ~  1 8  2 6  89 
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in solid s e(mtent of  natarM and random cocoa butter  
{Figut'e 5}. T~is graph,  like others in ~his paper,  relaAes 
solid fa t  eoatent to tempera ture  according to t h e  method 
of  Fulton~ Imtton, and Wille (26). With a muc~ lowe:' 
disaturate content,  randomized er*eo~ hal ter  bar a nu~nh 
flatter SCI curve and a lower solids level at low tem- 
peratures,  The higher trisah~rate content is re~pm~sible 
for  the increase ~rt complete melting-point,  f r~m 94 to 126F. 

C o m m e r c i a l  A p p l i c a t i o n s  

Lard Sho rte~vings. Rearrangement  can be ;~,pplied to a 
singJe fa t  or to a mixture ns f~ts. The pr imary  example 
of  (~o,nme~eial appl icat ion to a si~gle fa t  is its use in 
modifyh~g the physical eharac.teristies ~)f lard (27). This 
fa t  ~La~ an ]mustta[ distribution nC fa t ty  a,;ids (28), such 
that  essentially al[I of  the 27% palnnlie  acid in ]ard is 
found in the middle or 2 position. The 10% :stearie acid 
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~s all found in the cad or 1/3-position. Unsaturated fa t ty  
acids fill up the remainder of the glyeeride structures, One 
specific componen~ UPS~ (U = unsaturated,  P = palmitie~ 
St = stea~Je)~ preduminates tim normally solid portion ot' 
lard. The 26% disatuxat.es shown in Table I I  a ~  all 
UPSt .  This partimflar glb.eeride is responsible ["or the 
grsiny,  transh~cent appearance  and ~trin~" texture of 
natural  lard (29). By randomizing l~~ tbc UPSt  content 
is reduced f r o m  26% to 3.&% even though the total di- 
saburate glyeeride euntent is still 25%. The tr isaturate 
eonte~t is increased f rom abol~t 2.2% to 5%. All otho" 
possible eo~binat iens  of unsaturated,  palmitic,, and stearie 
a~id are ere'~.ted according t.(~ tim laws of e, hanee. 

J~andornization of lard manit'ests itsel~ in radieal changes 
in ptlysieal prnpexties as weLl as emnpesition. The inter- 
sohtbility of the ~fixed disaturgted glyeerides in random 
lard markedly changes its solids content (Figure 6). At  
70F the solid fat  content,  as measured b 2 s~did content 
i~tdex, is a.lm(~st cut in h a l l  At ,q2F~ where substantially 
all disatarates are liquid, randomized lard is higher in 
sotid~ than natural  lard. This is caused by the higher 
level of trisa~ura.tes in the randomized product.  

Randomized lard is superinr  to nat.aral lard as ,~ 
shortening component  {30), When  8,-1.0% complete ly  
tLvdrogenat.ed cottonseed hard flakes ave added, it  bceome.~ 
a satisfa~:tnry shortening with a moderately good plastic 
range (Fixture 7) and ~ good appearance.  I t  can b~ 
partially hydrogenated (3-5 Indine "Value units) to im- 
prove oxidative stability with(m~ becoming too firm, Re- 
sistanee to heat damage is Mso i~ereased. 

IIireeted rearrangement  has also found application in ~he 
production of la.rd shortening (29). When lard is ran- 
(t~mfized~ it t]as the ,~omposit.hm shown on the vertical axis 
oi: l,~igure 8, B.y m'ystallizing trisatu,'at~s (rot of  the randon~ 
liquid phase, the eompositio~ begins to change aceordiD~ 
t(i Ghe line~ of the graph.  Mend and disaturates dec'reuse 
while t.risaturates af~d triuns~t.urates increase. The pr .eess  
is normally s tepped when about 1"4-% trisaturates are 
formed. As a result, ~ shortening with a lmver content 
of int(!rmedia.te melting glyeerides is fiaally obgained. This 
is graphieall  S demonstrated by the flat.Zer slope (~f the 
solids content index cmwe for  directed lard in Figure 6. 
The lard is softer  a~ ]ow tempers,tares and firnu!r at high 
t~mperatures than either nah~ra] or raztdo]a lm'd. 
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Sine[; directed lard ha.s t r i sa tu ra tes  fo,rrned in sift+, there  
is no need to add hard  tlakes to make  a shm'tcning,  Ilireeted 
]ard catz be hydrogena ted  about  twice as n meh as r andom 
lard for  a given s~mrtening eonsister~cy at 70:~. F igure  7 
s h o w s  tha t  the consisteucy of a directed laxd shor ten ing  is 
ideal over a. ~4der t~emperature range  than either na tura l  
o r  ra,ndom lard. I t  is both sof ter  at  low tempera tu res  
and  firmer at h igh  t.empe~'atures. 

R a n d o m  and directed r ea r r angemen t  have played a large 
role in ~he iner[~ased use of lard as a shor ;ening ingredient  
dur ing  the last  10-15 ye, ars  (F igu re  9), La,rd usage  has  
stabilized at. 400-500 million poumls  tx r  yea r  a l though 
it  was less than  100 mill ion p r io r  to the advent  or re- 
a r rangement .  M a n y  of  thr  househ~*ld and bulk shortenh~g 
brands  marketed  in the Uni ted  States  tmlay e ,mtain re- 
a r ranged  lard as a primaD:' ingredient  {31). 

Ha.r6 B~tte.r.s. Random rea r r angemen t  of a single fa t  
has  another  in ,por tent  eonlmereial aptdieat ien  , the produc-  
tion os hard  ba t te rs  or cocoa but ter  subs t ihdes ,  f rom pa lm 
kernel oil+ This oil is made up  of  a wide range  oR f a t t y  
acids f rom C, to C~,. Mr)st of  the C~, fatty acids are un-  
sa turated.  F igu re  10 shows tha t  palm kernel oil has  a 
mel t ing t)oi~t of  about  86F~ to<> low to be. used in candy 
eoatings~ coffee whiteners~ and  whipped tepl)ings. W h e n  
hydrogena ted  to increase its solids content  a t  ambient  tem- 
pera tures ,  it  contains  a sizable s which does not  
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melt  at body temperature .  As a resul t ,  it, has  a waxy 
eat ing quality.  

tI~, randomizing pMm kernel oil, i t s  high melting frac- 
t ioa d i sappears  without  ~naterially reducing its solids con- 
tent  a t  room temperatm't ' .  By blending randomized amt 
nnrandomized  hydrogeimted l)alm kenml  oil~ any desired 
melt,iDg-point in between may  be obtained, Ma]3y s t i f f ens  
of pounds  of pa lm kernel  o,1 are processed in this manner  
each year  in tt, c United States, 

3Iut t i f~t  Systems.  Random at~d direuted rea r rangement  
can also be appl ied to a. rnixhlre of  oils. ~ u m e r o u s  patents  
(32-43) have been issued o~, edible l:aL products  m~.de by 
r ea r r angemen t  of specific, cnmbinafions of Eats. Tallow 
can he made a more mfitahle eolnponent  /'or shortening by 
r ea r r ang ing  it with 10-35% sof t  vegetab]e oil. Ma.rgarille 
oils and hard but ters  can be lnade by r ea r r ang ing  a, lam, ie 
type  (>f eli, like coconut oil, with hydrogenated  <tomesfic 
vegetable uils. Hydrog 'enated eoeunnL oil ca= be used as at1 
extender  of pa lm kernel 0il by corandcmizil:g. 

A ee~i~ Fats.  One special ty type  of  f a t  made by random 
rearrartgc,nenl, deserves m,+nti:ming, By sn}mtltutlng acetic 
atdd for  one or two of  the hmg-chain  f a t t y  acids i~t a fat.~ 
large c.hazLges in mel t ing  point  are achieved. '2his is done 
most  conveniently by react ing a fa t  like lard or par t ia l ly  
hydrogenated soybean oil with triaeetin. Siit(!e fats  a.tnt 
tr iacetin are  not  rnntnal ly soh~ble, the reaet ien mus t  take 
place a t  the fat-triaeet.ht htterfaee, at lea~t until the :reac- 
tion has  proceeded pa r t  way. In this respect,  aeetin fa t -  
product ion is s imilar  to glyeerolysis f(>.r prodncti lm o~ 
monoglyeerides.  The reaeti tm products  include menoaeetin 
and  diacetin components  at levels whieh depend o~ the  
propor t ion  of starOci~g materials.  The distribution is a 
fmmt ion  o f  triaeetin inImt  (?Fignre l l ) .  These are tyl)ieM 
random-distx~bntion curves,  plotted on a weight basis ]:or 
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Alkali metal amidc So~tium .'.mide 0,15- 2.0 

t r laeeth,-free material.  Residual triaeetins are ltormaliy 
re~uoved by distillation. I t  is obvious that  the relative 
contacts of diaeetius, nmnoaeetins, and normal t.riglyet:ridcs 
:nay be readily varied by the triaeetin input.  Natural ly the 
proper t ies  of  the acetin fats  heroine more or less fat-like 
as the acetic acid content is varied. 

Thc sol:d-eozatcnt index of a hydrogenated vegetMfle 
shorte.ning base-stock and an acetin fa t  made f rom the 
same base st.oek are show:: in Figure 12. The aeeLin fat  
was made from a 17%~ by welt'hi, t.ri~eetin iml)ut, and has 
an acetic acid content of 1(/%. I ts  glyeeride eompositi(m 
is 26% diaeetins, 48% monoaeetins, a~d 2g% normal 
triglyeeYidcs. The ]arg~! difference in melting point  is 
indicated by the tempe: 'a tur~ at which the, sol.i.d-coDtent 
index is zero. When  made into a .~hortenin~, the aectin 
fat will }/ave a inurE: flatter ctu:sis~ency/tempcratuL'e curve 
~ban will the all-vegetable base-stuck. 

By varying the deg~'ee of hydrogenation "~.nd solids 
content of  the vegetable eompnncnt  and the acetic acid 
ecmten~, a wide range of physical proper t ies  r be achieved. 
At  a given level of  oxidative ~tabillty an a.eetin fa t  },as 
a much lower Iaelt iac-poiat  than its normal t, rigdytx!ride 
equivalent. Likewise, at a given melting point~ it has a 
muel, better oMdativ(! stability. Acetin fats  (!at: be used 
in shortening, margarine,  adatl salad oil formulations 
(44-50). However  present commercial i:~terest in acetin 
fats  is largely in T.he coatieg arem This results pr imari ly  
frmn the waxy translucent but llexib]e films wluch can bc 
made frulu them. Pure  monoaeeffns and diaectins can be 
made f rom mixtures by molecular dlstillat~on. Direct 
acetylation ur mnnn- and diglyccrides with a.cetie anh:r 
wilt also yield aeetia fats  (51). Other ,~hort chah~ acids 
can be substi tuted f[~r acetic. 

R e a r r a n g e m e n t  C a t a l y s t s  

As has been n:eut, iened earlier, rearrangement  of tci- 
glyeerides can occur without the aid of a catalyst. Very 
high temptwatures, in the order of 450 500F, art~ required. 
Even then~ the reaction proceeds to equilibrium very slowly; 
np  to 24 hours are required (16). Under such cundithms 
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thc g]yeerides will undergo some decomposition, and there 
will he development of free fa t ty  acids. 

I t  is generall:~ ~ more con~.enieut to use a catalyst to 
speed the reaetim7 and reduce the temperablre  require- 
merits. Many have been p ropssed  (Ta.hlc I I I ) .  l~earrange- 
meat  catalysts can be conveniently divided into tw. elasses~ 
those which will work only at h]~b t.eml?erature and those 
wMeh will work at  both low and high temperature.  The 
difference between the two ty lxs  is a function of their 
ability to react  with water. Under  normal circumstances 
a triglyceride must be bone-dry before rearrangement  will 
occur§ Thl.s is trm~ ewm though water  itself has been 
shown ta catalyze rearrangement  under certain eondithms 
(52). l~ietal ateoholates or alkaline metals and other low- 
tc~q.peratut'e catalysts will react  with any water presen~ 
in the system to providt~ th~ needed dry c(mditions. On 
the other hand, high-temperature catalysts require an out- 
side energ'y source like temperature  and /o r  k i th  vacuum 
to remove the na*isture from the system. 

A nnmhc?" of high-temperature :learrangemellt catalysts 
have heen patented. Ameng them are many metal salts 
such as the ~h[orides, carhotmtes, oxides, nitrate% and 
ar of zinc, lead, iron, tin, anti cobalt (53). ALkali 
mN.a,l hydroxide% such as sodium, potassium, and lithium 
hydroxides (54), are probably the most eo~nmenly used 
high-temperature catalysts. These, ahmg with soap, ap- 
pe~.r te work more effectively if  used in conjanet~on with 
small amounts of ~]ycerine or monoglyeeride (1,2,32,55). 

The alkali ~:etal aleehoh|tc, sodium mcthyiate~ 1~ per-  
haps the moat widely used, low-temperature re, ar.can~,ement 
cata.]y~t today (53~56). Along with the uther low- 
temperature  catalysts it  has the advantage of not requiring 
a closed system under high vaeunnl. It will rearrange 
trigqyeeride in an open tank. Sodium inet.hylate also t~as 
advantages over the alkali metals (57,58) hr that  it ('..an 
he easily dispersed in a fat .  Sodium and pot.assfl~m must  
first be fiaely disperse(1 in a solvent, such as toluene or 
xyleae, before they can t,e safely incorimrated into fat. 
O1;herwJse a violeng reaction with residual reels;urn will 
take p h e e  on the catalyst surface, followed by split t ing of  
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sm'roundir,g fat molecules to form a coating of soap. The 
heat generated by these reactions i~ sufficient to decompose 
and even char the glycerides.in localized areas, 

A sodimu potassium alloy has been used in the re- 
arrang'emcnf process without req~tlring a dispersing sol- 
vent (59). As sh~)wn in the phase diagraiu for sodium and 
potassium ia Figure ]3, an alluy uf these metals is liquid 
at temperatures as low as 10tC By selecting an appropriate 
composition, the alloy, commonly salled NaK~ eau be 
dispersed directly in triglyeeride by the use of a high shear 
a~,dtator, I t  has been found that NaK partMes less than 
50 microns ill diameter are inost efficient. The alloy is 
wore active than either of the metals by themselves. Ap- 
parently this results from the ability of liquid NaK paxtieles 
to maintain unreaeted metal on their surfaces while solid 
sodium or potassium particles become coated with oxides 
and hydroxides (29). Alkali metal hydrides and amides 
(60,61) also are reported to be effective at low tempera- 
mfrs. However neither ]:as advantages which would make 
it economically attractive to use commercially. 

:it should be stated that it is doubtful ttmt any of the 
above-mentioned materials is really the rearrangement 
catalyst, 1Core probably b~termediates like sodium glye- 
crate are formed in the fat  and are tim active catalysts, 

:Rearrangenmnt catalysts must be removed from edible 
triglycerides a~ the end of the process. Several patents 
(62-64) have been issued on teetmiques for doing this 
while minimizing fat lass. Most catalysts can be removed 
by merely washing tile fat  with water to separate a salt 
or soap-rich ~utueous phase. Or they can be reacted with 
phosphoric acid to be removed by liltratiort as a solid phos- 
phate salt. EitJaer tcehnique results in a considerable loss 
of fat. Water added to a metal alcoholate like sodium 
methylate will yield sodium hydroxide and mettwl alcohol. 
Thes% in turn, will react with neutral fat to produce soap 
and methyl ester, The soap is then removed by conventianal 
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relining techniques while the methyl ester will be stxipped 
ou~ in subsequent deodorization. Phosphoric ~dd neu- 
tralization will produce free fatty acids, which will also 
be lost in deodorization. 

J~ technique has been 5eveloped which will mi~fimize the 
k)ss os fat iIl the catalyst veutralization operatilm (29~65). 
By adding proper quantities of CO~ along with the water 
(Figure 14)~ the system is buffered with sodium carbolmtc 
at a lower pH whivh will not split neutral fat. F~gqlre 15 
shows that the resulting relining loss is significantly reduced 
with this procedure. This is true especially if tbere is a 
time lag between catalyst neutralization and centrifugal 
separation of the fat and water pl,ases. 

R a n d o m  R e a r r a n g e m e n t  Process 

Randnm rearrangement can be aceonlplis either with 
a batch or a eOiltitluoas process. 7(n' the batch process 
(Figure 16) a deodorizer can be used conveniently for 
high-temperature rearrangement. I t  will already have the 
s p a r i n g  and vacuum e(p]ilfnnent which are essential to the 
process. A mechanical agitator is optional. 

7a t  is heated to the desired reaetiorL-temperatore while 
being thoroaghly dried under vacuum. In one patented 
process (55) a 50% solution of sodium hydroxide is then 
flashed inte the hot fat. Another. process (32) uses a 
slurry of sodium hydroxide in gl3"eerine.  There must be 
an excess of hydroxide above that needed to neutralize the 
free fatty acid in either process. One recent pahmt (64) 
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demonstra tes  this quite dear ly .  I f  the free f a t ty  ~c'id in a 
f a t  is preneut.ra]ized~ as little as 0.02% sodium hydroxide  
is all ~tlat is required for  rear rangement .  

B a t &  random rea r r angemen t  nf tr iglycerides with low'- 
tempera ture  ea~alyst~ does no~ normal ly  requLre a closed 
vessel a~d a vacunln system, f f  enough  sodium methyla te  
or sodium is used~ the free f a t t y  acids will be neutral ized 
and  tt, e, moisture  reacted so as to present  the alkaline, 
bone-dry conditions necessary to accomplish rearrangement. ,  
Of course, the snore catalyst  used to offset free f a t t y  acids 
�9 ~nd moisture,  the  h igher  will be the  refining loss. Catalys~ 
nentraliza.tion is normal ly  carried un in the  same vessel 
as the r ea r r angemen t  reaction. 

F igure  17 is a simplified flow char t  of  a eont.inuous 
randomJzi~ng process,  u s ing  sodium hydroxide as a catalyst .  
(?rude lard has been seleete, d as a re.presengative triglyeeride 
feed. Heated  lard and  sodhnn hydroxide  are metered into 
the first of two vacuum driers. The mixture  is sent thrm~gh 
a shor~ hold-coil which serves as  a reactor  and  is it,on 
cooled to about  140F, The catalyst  is neutral ized with 
water  or  water  and  CO~, The laa'd is then  ready for  re- 
l ining and  subsequent  processing.  

The rate  of r e a r r angemen t  for  l a rd  Call t)e plotted as 
a funct ion  of the  70F solids content  of the t.riglyecride. 
A~ t.hiG tempera ture ,  na tura l  lard i~as an  SOT of about  
20; random lard has  an  SCI of  about  10. lfi.gare 18 is 
a plot of  s:dids content  aga ins t  react ion time, with variable 
sodinm hydroxide  usage. W i t h  the  par t icu lar  e.rude lard 
used,  0.175% h - s O U  was the  m i n i m u m  required to reach 
equil ibrium at  320F. This g raph  also demm~strates that,  
when reaction conditions axe r ight ,  r ea r r angemen t  occurs 
ve ry  quieldy. W h e n  the 5" are not  r i g h t  tile f a t  j u s t  will 
no~ rear range  no mat te r  how long the react ion t ime is. 

The effect of  t empera tn re  on }ard rate  of r ea r r angemen t  
Js showD in F igure  19. The lack of r andom equi]ibrimn 
below 320F defines the  n~inimum react ion t empera tu re  a~ 
this catalys~ usage. A t  kLgher ca ta lys t  lords ,  or pe rhaps  
with better dcxing conditions, lower tempera tm'es  would 
be possible. 

Pigmre 2 0  presen t s  a ~ow ehart  for  r andum rearrange- 
mcnt  of  lard by us ing  a sodiuln methyla te  eatalyst.  I t  is 
s imilar  to the previous sodium hydroxide  process in many 
sespect.s. I Iowever De  lard is dried and  cooled before t~e 
addit ion of the sodium methyIate.  Cata lys t  is nor~nally 
added as a concentrated s lu r ry  in dry  oil. l~.eaetion tern 
p e r a m r e s  as low as 3_20F are qui te  sa.tisfaetory with 
this system, 

Directed  Rearrangement  Process  
I n  directed rearrangement~ (66,67) only e.atalysts which 

are  active at low tempera tures  are usable. Even so, t]~e 
ra te  of  random rea r r angemen t  is impor tan t  since the tri~ 
sa tura ted  gtyeerides can precipi ta te  oDgy as f a s t  as they 
are  formed in the liquid phase.  The grea te r  activity of  
N a K  makeG it more  suitable than  ei ther sodimn or sodium 
n~ethylate for  this process. 

F igure  21 is a flow e.ha~ of a pa ten ted  process (68) 
fo r  cont inuous directed rea . r ra~gement  of lard.  Vacuura 

dry ing  is s imilar  to tha t  used in r a n d o m  rea r r angemen t  
os lard. N a g  is metered into the lard s t ream by means  
of a specially designed~ variable-speed,  positive-displace- 
ment  pump.  A high shear  mixer  is used  to provide p roper  
N a K  particle size, A.~ 120F the la rd  wilt be rando=,ized 
in less than  six minutes  with as little as 0.2% NaK.  
.hetlmliy it. is not  necessary f~* reach random equilibrium 
bef 'o~  the  directing process begins.  

I ,ard-eatMyst  s]m'ry is chilled to about. 70F in a con- 
ventional  shor tening  scraped wall freezer,  sooted by direct 
expans ion  ammonia.  A t  this point  m a n y  t r i sa tura te  m'ystal 
nuclei  form.  These nudlei are allowed to ~n.ow for  about  
live minu~es in a small  crystal l izer  of  a desi~'n similar  to a 
shor tening  picker or  work box. Whi le  crystallizing, the  
�9 lard warms  up  to about  82F, as indicated in F igure  22, 
Ano the r  freezer  retools the lard to 70F ~o r e n e w  the 
erystallizatio.n dr iv ing force. These th in~s  are h a p p e n i n g  
s iulul taneously:  any  t.risaturated glyeerides present  are 
crystal l iz ing;  any  solid disaturat.ext glyceridcs are n~elting; 
and r ea r r angemen t  of the liquid phase  is fornf ing tri-  
sMurates  in an  a t t emp t  to res tore  the  equil ibrium 
distr ibution.  

F u r t h e r  precipitat ioi  b a f te r  the st!rend cooling step, 
c.(mtinues a t  a Glower rate. Therefore  relatively ]argc~ 
crystall izers with careful ly controlled agi ta t ion and abuut  
11,~ hours  o~' hold-time arc used to reach the cndpoint.  
I t  has  been found  eonvenient  to use fou r  cL~'stallizers in 
series to reduce end-for-end mix ing  and  to tu'ovide simple 
endpoint  control. 

W h e n  directed rear rangemen~ has  reached the desh'ed 
point,  t ha t  is~ when total  t r i sa tura te  content  is about  Z d ~  
the ca ta lys t  is neutralized.  I t  is impor tan t  to accomplish 
this neu tml iza t inn  before the trisatxtrates are remelted to 
prevent  react ion tlaek~p. Thus  water  dud (!O= are metered 
into tim lard in a mixer  before heat ing.  The melted lard 
is p u m p e d  th rough  a des to ~e:case free .hydrogen 
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prior to eenDifuge separaSon of the feats. The directed 
rean'anged lard is ~,ow ready for other processing such 
a.s hydrogenation or deodorization. 

A variation on the directed vearrangemen~ process which 
has been pa.tented (6~) wmfld el'ys~.llize the 4isaturat.e 
glyeerides in a fat before adding the xeal~ 
eata.lyst Then as the liquid phase begins to randomize, 
more disaturates are formed. I f  the crystallization driving 
force is maintained, these disat.urates w~ll crystalli~e before 
ehey are converted to ~risathrates. Thus a fa~ suitable 
for use in nqarga.rine with a melth~g point, ileal' ~ody tem- 
perature ran be obtained. Similarly, directed rearrange- 
mcnt can be carried out in the presence of a free alcohol, 
sueh "~.s glycerine, in the reaction mixture (70). As the 
higher melting-polnt monoglye.erides form, they wilt 
a~,stallise out of the, liquid phase jLtst as Lrlsaturates do 
in the lard process. 
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P~*tn, 2 .625 ,478  482 (195,~) .  
5,t. Donen ick ,  W F,., a n d  D. Nelson ( S w i f t  a n d  Cm~,pany) U.S. 

:Pat, 2,625,4"s ( t 9 5 3 ) .  
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pany)  U,S .  I 'M,  2,7~3[t.251 ( 1 9 5 6 ) ,  
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�9 Ne~' Literature 
APPLI~n SCIZNCE L_41auRartmsl~S, Ii~-C., h&ve made avail- 

able Ca.ts.legue No. 11, a 51-page indexed listing of their 
prodnets for g~ts ehromM.egraphy, thin-layer chroma.tog- 
ra.phy, lipids and eMihration standards. They have also 
listed their custom syntheses and analytical services wkich 
nnw ineh~de lurid acid nnnlipid chemicals. (p.o.  Box 44 G 
Sta;e College, Pa. 16801.) 

The 3.t-page "AST3,[ List c)f Publications" is now ava.iL 
s.bh! ripen request. It lists over 500 ASTM publications 
dealing with the knowledge of materials, materials evalu- 
ation, and the standardization of methods of test and 
specifications for materials. (Dept. HI-t, American Society 
for Testing and N-aterial% 1916 P~aee Street, Philadelphia, 
Pa. 19103) 

The So..le o~rr) I)gq'~I~IEt,-T ASSOCIATION iSSUeS regularly 
its Pe~'i.ed.ieal a.ng Lite~'a.tu.~ Ds % far  Soap and De;er- 
ge~?t. Executives. Topics covered are Iio~sehold and Gen 
re], ]ndush'ial and Institutional, Research and Technical, 
J aw  Ma.terials and Proeessi~g~ Glycerine, and General 
Bnsiness 3f~magement. This summa D- of e.urrent literature 
is sent ~s a service Lo Assnciati~m members, and is aw~.ila.hle 
to nmnmemhers at $12 per yea~ ~ (Soap and Detergent As- 
see.tartan, 485 Xgdison Ave, New York, N.Y. 10022.) 

(Contlnned on pans 466A) 

New Gelmar~ Ir>trum.ent Courses 
(-}ehnan Instrumen[ O o l a p & u v  i s  sponsoring a new series 

of courses ill October in Chicago, Los Angeles, and San 
t f r s l l e ,  J s e a .  

The first, sla.ted for Or.h,her 13:14 in OT'ieago; provides 
one day of instrnefion in Ba.sic E~ee.troptloresis, and one 
dny iu ]mmunoelcetrophosesis gnd "hnmnnodiffuslon. R. O. 
Briere, aohnstm>Willis ]-lospiLal~ R.ichmond~ Va., t.eaettes 
eleetrophocesis, and Curtis Williams, Rockefeller Younda- 
lion, New York, tear immnno techniques. Tuition for the 
~wo-day session is 865. 

A.t a one-day session hi Los Angeles ml 0r 16, 
registrants will study under De. WilIia,~% or practice TLC 
techniques under James tIamiIt.on~ Tnlane Universit F School 
nf Medi(,.ine, New OHeans. Tuitinn for either, class ix $35. 

Dr. Williams and l)r. Iq.~.milt.on will eaeti inatruet 'on 
OGober I8 in San Fr:me, iueo. Tuiti:m for {he eou'rse 
on in/hi=no teelmiques or for TLC is $35. 

Advance registration is mandafo~3; and sho~2d he made 
fl~rough the Informatinn Department, Gehnan Insti~ment 
Company, P. O. Box 1448, Ann Arhor~ Miekigan 48106. 


