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Esterification and I nteresterification
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Dallas, TX 75237

ABSTRACT
A versatile a n d la rge g r o u p o f fat ty acid e s t e r s are

p r e p a r e d from m o n o h y d r o x y a l c o h o l s (C1 to C22
m e m b e r s ) , g l y c o l s (ethylene a n d p r o p y l e n e glycols a n d
others), etherglycols ( m a n y polyoxyethylene glycols),
triols (glycerol a n d others), tetraols (pentaerythritol
a n d others), polyglycerols, c a r b o h y d r a t e materials
(sorbitol, s o r b i t a n , s u c r o s e a n d others). The t w o m o s t
i m p o r t a n t d i r e c t esterifications o f f a t t y a c i d s are
t h o s e done with m o n o h y d r o x y a l c o h o l s (methanol,
b u t a n o l , e t c . ) a n d g l y c e r o l itself. Esterifications o f
t h e s e materials are c a r r i e d o u t w i t h o r w i t h o u t t h e
use o f catalysts. F o r e d i b l e e s t e r p r o d u c t s , the c h o i c e
o f catalyst is d e t e r m i n e d by (a) rate o f reaction
p r o m o t i o n p e r m i t t e d by the use o f the catalyst; (b )
c o l o r o f p r o d u c t o b t a i n e d ; ( c ) ease o f r e m o v a l o f
catalyst; (d ) toxicity o f catalyst, a n d p e r h a p s ; (e)
o t h e r f a c t o r s i n c l u d i n g p r o m o t i o n o f acrolein f o r m a -
tion from glycerol, loss by volatilization at high tem-
p e r a t u r e s , inactivation a b o v e c e r t a i n t h r e s h o l d tem-
p e r a t u r e s , a n d c a t a l y s t corrosivity o n the materials o f
c o n s t r u c t i o n o f the esterifier. I n c e r t a i n i n s t a n c e s the
last f a c t o r may i n d e e d be the p a r a m o u n t one in a
p a r t i c u l a r catalyst c h o i c e for a d i r e c t esterification.
I n d u s t r i a l p r o d u c t i o n o f m e t h y l e s t e r s is principally
by a p r o c e s s o f interesterification c a l l e d m e t h a n o l y -
sis. Polyols r e q u i r e c o n d i t i o n s f o r c o m p l e t e esterifica-
t i o n that are v i g o r o u s a n d severe. The t w o m o s t im-
p o r t a n t interesterification m e t h o d s u s e d in the f a t t y
a c i d i n d u s t r y are the methanolysis o f fats a n d oils f o r
t h e p r o d u c t i o n o f m e t h y l e s t e r s a n d the glycerolysis
o f fats a n d oils for the p r o d u c t i o n o f t h r e e k i n d s o f
so-called " m o n o g l y c e r i d e s , " n a m e l y the 40%, 60%
a n d 90% monoglycerides,

S i n c e the original d i r e c t esterification in 1844 by
P e l o u z e a n d Gel i s o f glycerol w i t h b u t y r i c acid (1), b o t h
esterification a n d interesterification have b e e n d e v e l o p e d t o
the s t a t e w h e r e t o d a y they collectively c o n s t i t u t e t h e m o s t
wide ly u s e d m e t h o d s for the p r o d u c t i o n of f a t t y a c i d
derivatives. Applications a p p e a r t o be a b o u t equa l ly d i v i d e d
a m o n g e d i b l e a n d n o n e d i b l e i n d u s t r i a l p r o d u c t s .

The versatile a n d la rge g r o u p o f f a t t y a c i d e s t e r s are

p r e p a r e d f r o m m o n o h y d r o x y a l c o h o l s ( C 1 t o C22 mem-
b e r s ) , g l y c o l s (ethylene a n d p r o p y l e n e g l y c o l s a n d o t h e r s ) ,
etherglycols ( m a n y polyoxyethylene glycols), triols
(glycerol a n d others), tetraols (pentaerythritol a n d o t h e r s ) ,
polyglycerols, c a r b o h y d r a t e materials ( s o r b i t o l , s o r b i t a n ,
s u c r o s e a n d others).

Esterification, a c c o r d i n g t o all the t e x t b o o k s , is the
reverse r e a c t i o n o f h y d r o l y s i s , a n d in the case o f g l y c e r o l it
i s the reverse reaction o f fat splitting. F o r many y e a r s it was
r e c o g n i z e d that in the r e a c t i o n the mechanistic c o u r s e
c o u l d c o r r e s p o n d t o one o r b o t h o f t w o separate r o u t e s .

In s h o r t , d o e s t h e w a t e r that i s p r o d u c e d arise from the
h y d r o x y l g r o u p of the a c i d o r from the h y d r o x y l g r o u p of
t h e alcohol? An e x a m i n a t i o n o f the c o u r s e o f the esterifica-
t i o n o f b e n z o i c acid a n d m e t h a n o l w i t h radioactive o x y g e n
a t o m s (2) p r o v e d o u t this p o i n t : the w a t e r is f o r m e d from
the h y d r o x y l o f the a c i d a n d the h y d r o g e n of the a l c o h o l :

O16 016

C6H5-C + CH3018H e ~ C6H5C
\O16H \O18CH3

+ H2O16

P e r h a p s the most i m p o r t a n t d i r e c t esterifications o f
f a t t y a c i d s are t h o s e c a r r i e d o u t w i t h m o n o h y d r o x y
a l c o h o l s ( m e t h a n o l , b u t a n o l , e t c . ) a n d glycerol itself. By n o
m e a n s d o e s this e x h a u s t the list o f i m p o r t a n t directly
e s t e r i f i e d p r o d u c t s . Esterifications o f t h e s e a l c o h o l s are
c a r r i e d o u t w i t h o r w i t h o u t the use o f catalysts. F o r e d i b l e
e s t e r p r o d u c t s , t h e c h o i c e o f catalyst i s d e t e r m i n e d b y : (a)
ra te o f r e a c t i o n p r o m o t i o n p e r m i t t e d by t h e use o f the
catalyst; (b ) c o l o r o f p r o d u c t o b t a i n e d a n d n e e d , i f any, t o
b l e a c h or d e c o l o r i z e ; ( c ) e a s e o f r e m o v a l o f catalyst; (d )
toxicity of catalyst; (e) p r o m o t i o n o f a c r o l e i n formation
( f r o m a c i d i c catalysts w i t h glycerol); ( f ) l o s s o f c a t a l y s t by
volatilization a b o v e certain t e m p e r a t u r e s ; (g) catalyst
inactivation a b o v e certain t h r e s h o l d t e m p e r a t u r e s or in the
p r e s e n c e o f c e r t a i n i m p u r i t i e s ; a n d ( h ) catalyst corrosivity
o n t h e m a t e r i a l s o f c o n s t r u c t i o n of the esterifier. I n c e r t a i n
i n s t a n c e s the last f a c t o r m a y i n d e e d be p a r a m o u n t in a
p a r t i c u l a r catalyst c h o i c e for a d i r e c t esterification.

I n d u s t r i a l p r o d u c t i o n o f m e t h y l e s t e r s is principally by a
p r o c e s s o f interesterification c a l l e d methanolysis. When
f a t t y a c i d s are c o n v e r t e d t o m e t h y l e s t e r s d i r e c t l y , the a c i d s
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are usual ly c h e a p s o u r c e materials such as low g r a d e f a t t y
a c i d s or acidulated soapstocks o b t a i n e d in the refining o f
vegetable o r animal fats and oils l ike s o y b e a n , c o c o n u t ,
c o t t o n s e e d or t a l l o w (3). D i r e c t esterif icat ions of low g r a d e
or o t h e r f a t t y a c i d s to m e t h y l esters usual ly involve a c i d -
catalyzed b a t c h operat ions in w h i c h from ca. 3 - 1 0 m o l a r
quanti t ies of C H a O H / f a t t y acid are used with fractionation
of the evolved vapors , r e t u r n o f s e p a r a t e d c o n d e n s e d
m e t h a n o l , and el iminat ion of the w a t e r . Soapstocks , s i n c e
they c o n t a i n 1 5 - 2 5 % m o n o - , di-, or tr iglycerides, are best
c o n v e r t e d to m e t h y l esters by two-step processes. One
m e t h o d consis ts o f f i rs t Twitchel l b a t c h sp l i t t ing the
acidulated soapstocks , removing the glycerol , and directly
esterifying the resul t ing acids wi th Twitchel l type catalysts ,
w h e r e b y ca. 94% conversion to m e t h y l esters can be readily
achieved. Otherwise, the acid-catalyzed m e t h y l esterifica-
t ion of unsp l i t acidulated soapstocks a f f o r d s only 7 0 - 7 6 %
y i e l d . A n o t h e r m e t h o d (4), p e r h a p s b e t t e r in some respects,
is f i rs t to esterify the free f a t t y a c i d s in the acidulated
soapstocks u n c a t a l y z e d with the p r o p e r a m o u n t of a d d e d
glycerol in the r a n g e 2 1 0 - 2 3 0 C at 5 - 1 0 mm pressure,
fol lowed by interesterif ication of the triglycerides so
p r o d u c e d with m e t h a n o l us ing N a O H , KOH or ZnO.

Polyo l s require condi t ions for c o m p l e t e esterif ication
that are both vigorous and severe. The uncatalyzed triester-
i f icat ion of glycerol is s o m e w h a t t ime-consuming; f in ishing
off temperatures are ca. 250 C c o m p a r e d to catalyzed
esterif icat ions w h i c h are f inished off at ca. 200 C . For
pentaerythri tol (a tetraol), f in ishing off temperatures are
b e t w e e n 2 7 0 - - 3 0 0 C , depending upon the catalyst used and
the applicat ion i n t e n d e d . V a c u u m and o e r h a o s a s o a r z e d
i n e r t gas are used for w a t e r removal .

The two mos t i m p o r t a n t interesterif ication m e t h o d s
used in the f a t t y acid indust ry are the methanolysis of fats
and oils for the product ion of m e t h y l esters , and the
glycerolysis of fats and oils for the product ion of t h r e e
k i n d s of so-called monoglycerides, n a m e l y , the 40%, 60%
and 90% "monoglycerides." Glycerolysis is usual ly done
w i t h o u t a solvent for ed ib le p r o d u c t s ; i t i s catalyzed with
alkaline catalyst l ike s o d i u m h y d r o x i d e , sodium ethoxide,
occasionally l i m e (for b e t t e r c o l o r of p r o d u c t ) . The

a c t i o n is reversible and the t e x t b o o k s indicate i t to be a
simple, straight-forward reaction, but in p r a c t i c e i t is tr icky
and diff icul t to m a n a g e :

f
CH2OCOR C H 2 O H CH2OCOR

CHOCOR + 2 CHOH 3 CHOH
I I I
CH2OCOR CH2OH CH2OH

C u r r e n t th inking a b o u t glycerolysis of fats i s that the
f a t t y acid acyl g r o u p s d is t r ibu te themselves s ta t i s t ica l ly
a m o n g all the avai lable h y d r o x y l g r o u p s in fat-glycerol
mixtures wi th no r e g a r d to p r e f e r e n c e for primary or
s e c o n d a r y hydroxyls , and that the o p t i m u m solub i l i ty of
glycerol in any fat at prescribed temperatures l imi t s the
m a x i m u m conversion to monoglyceride that can be ob-
t a i n e d by such interesterif icat ions (5). Whi le n e i t h e r as-
sumpt ion is e x a c t l y t r u e , the assumpt ions hold up r e a s o n -
ably well for some practical appl icat ions . It is now k n o w n
that the p r e f e r e n c e for the p r i m a r y and secondary h y d r o x -
y ls o f glycerol is not e q u a l in e i t h e r d i r e c t or interchange
esterif ication (6). F u r t h e r m o r e , the assumpt ion that the
f o r m a t i o n of m a x i m u m monoglyceride that can be ob-
t a i n e d is d e t e r m i n e d by the so lub i l i ty of glycerol in t r i -
glyceride fat is subject to misinterpreta t ion. D u r i n g glyc-
erolysis the composi t ion o f the reaction m i x t u r e changes
as r e a c t i o n progresses; i . e . , 1-monoglyceride c o n t e n t in-
creases as triglyceride c o n t e n t d imin ishes , and the so lub i l i ty
of glycerol in the near equi l ibr ium m i x t u r e i s , presumably,
much h i g h e r than i t is in the triglyceride star t ing material .

T h u s , conclusions b a s e d upon the so lub i l i ty of glycerol
in the star t ing materials are not suff icient ly val id when used

to p r e d i c t the o p t i m u m ratios of misc ib le reactants for
conversion to monoglycerides. Actual ly , the determinat ion
of so lub i l i ty of glycerol in fats w i t h o u t interchange c a t a -
lys t s p r e s e n t i s not poss ib le at temperatures a b o v e a b o u t
200 C s i n c e uncatalyzed interchange has already com-
m e n c e d at t h e s e temperatures. If, i n d e e d , the assumpt ions
were t r u e , i t should be poss ib le from exis t ing data and
stat ist ical calculat ions to e x p e c t the reaction of hydrogen-
ated c o t t o n s e e d oil and glycerol at 250 C with 40% glyc-
erol b a s e d upon the weight of fat u s e d , to a f f o r d a 70%
monoglyceride/30% diglyceride p r o d u c t . This is n e v e r
achieved in the commercial nonsolvent m e t h o d of p r o d u c -
t i o n . (Usually 5 8 - 6 2 % is the o p t i m u m y i e l d u n d e r t h e s e
condit ions,) Fai lure to achieve the predicted yields is due
to the inappl icabi l i ty of several of the bas ic assumpt ions on
w h i c h t h e s e data were calculated, bu t , a l so , to the reversion
of monoglyceride w h i c h o c c u r s at the p o i n t of reaction
complet ion b e f o r e catalyst neutral izat ion or a f t e r i f neutral-
izat ion is incomplete. D u r i n g the cool ing w h i c h precedes
glycerol removal (by e i t h e r washing or v a c u u m dis t i l la t ion) ,
glycerol is less so lub le in the f a t t y p h a s e and separates in to
the l o w e r l a y e r . This shi f t s the equi l ibr ium s o m e w h a t and
diglyceride and triglyceride are regenerated. Even catalyst
neutral izat ion does not g u a r a n t e e that reversion will not be
e n c o u n t e r e d . T h u s , the catalyst neutral izat ion and removal
of glycerol is the critical part of the r e a c t i o n and mus t be
carried out wi th care and precise control .

Al though yields of monoglycerides by u s u a l nonsolvent
m e t h o d s of product ion are l imi ted to u n d e r 70% total
monoglycerides, the use o f solvents for the glycerolysis
reaction enables a much h i g h e r conversion. I l lustrat ive of
the advantage of employing solvents i s work carried out on
sunflower oil (7). H e a t i n g at 1 1 5 - 1 2 0 C for 3 hr us ing 10
p a r t s of o i l and 20 p a r t s of glycerol wi th 0.3 p a r t s N a H C O3
catalyst in excess pyridine a f f o r d e d , a f t e r removal of the
excess glycerol upon r e a c t i o n complet ion , a 75% ot-mono-
or 83% t o t a l monoglyceride yie ld; the same ratio of re-
actants w i t h o u t a solvent yielded 52% t~-mono- and 58%
total monoglycerides.

The advantage of pressure in carrying out glycerolysis is
n o t e w o r t h y . The e f f e c t s a p p e a r to aid in the at ta inment of
homogenei ty and t h u s , yie lds are improved. Castor oil
glycerolysis is claimed (8) to give 82% a-monoglyceride
c o n t e n t a f t e r 2 hr at 240 C with 800 g of the oil and 2000 g
glycerol , i f c a r b o n dioxide, p r o b a b l y a coblanketing cataly-
t i c a g e n t , is used at 100 P S I G . U n d e r s imilar condi t ions
c o c o n u t o i l is said to give 7 4 . 5 % and p e a n u t oil 73% ot-
monoglycerides.

The highest commercial grades of monoglycerides
p r o d u c e d by glycerolysis are the so-called 60% m o n o -
glycerides; 90% monoglycerides are p r o d u c e d by using
molecular d i s t i l l a t ion , an efficient separative m e t h o d for
th i s p u r p o s e .

The p r o d u c t i o n of f a t t y acid esters i s generally done in
versat i le b a t c h equipment that is used indust r ia l ly for a
variety of p r o d u c t s wi th several cata lysts . Acid resis tant
materials of construct ion such as M o n e l or some of the
n e w e r m e t a l s are required for the esterifiers used for high
t e m p e r a t u r e direct esterif icat ions; s ta inless steel o f the 316
type is entirely satisfactory for alcoholysis reactions
(al though 304 type sta inless s t e e l or even ordinary c a r b o n
steel have been used for e q u i p m e n t used only for m e t h -
anolysis) . A compromise c h o i c e for a versat i le un i t w o u l d
be one constructed from M o n e l or p e r h a p s several of the
n e w e r highly corrosion resis tant a l loys "E-Brite," Incoloy
825 or C a r p e n t e r 20Cb (see E.E. Rice 's p a p e r ) . In some
cases, h ighly acidic catalysts l ike su l fonic acids , su l fur ic acid
can be r e p l a c e d by less s e v e r e ones such as h y p o p h o s p h o -
rous a c i d , d ibuty l t in o x i d e and others .

Internal coi ls heat the c o n t e n t s of the esterifier wi th 150
PSIG (185 C ) or 200 PSIG (200 C ) s t e a m ; the coi ls are also
used for circulat ing cool ing w a t e r . For u l t ima te reaction
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temperatures at 2 8 0 - 3 0 0 C , such as d u r i n g the f in ishing off
stages o f polyol ester if icat ions, the uni t i s e q u i p p e d with a
D o w t h e r m h e a t i n g j a c k e t . It i s also designed to be used at
pressures up to 100 PSIG (for certain low pressure ion-
e x c h a n g e resin-catalyzed esterif icat ions w i t h o u t r e m o v a l o f
w a t e r ) , and to withstand v a c u u m o p e r a t i o n down to 0.1
m m Hg in o r d e r that r e m o v a l of w a t e r of esterif ication be
faci l i ta ted, and the excesses of low boi l ing h y d r o x y l i c or
carboxylic c o m p o n e n t s be readily r e m o v e d by v a c u u m
dis t i l l a t ion . Basket type mesh enclosures to hold h e t e r o -
geneous esterif ication catalysts assure f u r t h e r use
versa t i l i ty . Provis ion to m o n i t o r l a y e r separation directly
from the e s t e d f i e r or separating t a n k s including i l luminated
s igh t gages b e l o w them is required.

In p r a c t i c e , esterif ication of alcohols , glycols or glycerol
is generally accomplished with a mi ld acid or meta l l ic
catalyst in the h y d r o x y l i c c o m p o n e n t part o f the c h a r g e
and included in the c h a r g e of the e x c e s s acid in the case of
glycerol t r iester i f icat ions. Esterif icat ion p r o c e d u r e s vary
considerably according to the p r o d u c t desired and i t s
qua l i ty . Use o f t e m p e r a t u r e , azeotropic ester if icat ion, or of
v a c u u m ( i f boi l ing p o i n t of alcohol or glycol p e r m i t i t ) are
e m p l o y e d to r e m o v e the w a t e r of esterif ication and p e r m i t
the reaction to p r o c e e d to complet ion . In the esterif ication
of low boi l ing glycols , such as e t h y l e n e and p r o p y l e n e
glycols , i t is c u s t o m a r y to separate the evolved v a p o r s
t h r o u g h a p a c k e d fractionating c o l u m n , to discard the
w a t e r , and to r e t u r n any separated glycol to the esterifica-
t ion u n i t . With glycerol o r wi th polyols l ike pentaerythri tol ,
f in ishing off temperatures as high as 2 6 0 - 3 0 0 C may be
required. The excesses of hydroxyl ic or carboxylic com-
p o n e n t s remaining a f t e r esterif ication is c o m p l e t e are
usual ly dis t i l l ed off u n d e r r e d u c e d pressure a f t e r neutraliza-
t ion of the catalysts (acids wi th l ime, alkalies wi th p h o s -
p h o r i c acid). S o m e operators use i n e r t s t r ipping gases such as
nitrogen to faci l i ta te removal of low boi l ing components .

For process c o n t r o l in the b a t c h esterif ication of f a t t y
acids wi th the use o f excess alcohols in the c h a r g e , the
determinat ion of acid v a l u e ( A O C S Te-la-64) i s generally
e m p l o y e d ; for the esterif ication of glycerol or polyols
w h e r e e x c e s s f a t t y acid is used in the c h a r g e , the determina-
t ion of h y d r o x y l v a l u e ( A O C S Cd-13-60) i s appropriate.
Obvious ly , neutral izat ion of e i t h e r acidic or alkaline c a t a -
lys t s i s required a f t e r esterif ication is c o m p l e t e i f the
e s t e r i s to be dis t i l l ed ; occasionally i n e r t or i n n o c u o u s
catalysts are left in the e s t e r , but mos t frequently i t is
desirable to r e m o v e them by neutral izat ion a n d / o r clay
bleaching ( w h i c h also improves the c o l o r of the c r u d e
e s t e r ) , b e c a u s e mos t catalysts are c a p a b l e of reverting
esters . T in , a n t i m o n y , lead and arsenic-containing catalysts
are r e m o v e d b e c a u s e of t h e i r tox ic i ty . Cata lys t r e m o v a l
may be m o n i t o r e d by the analysis of certain t r a c e m e t a l s by
a t o m i c absorpt ion analytical m e t h o d s , appl icable to S n , Hg,
T i , P b , C d , B , P , Ca, Mg, K, Na and several others . Final
p r o d u c t qual i ty for f a t t y acid e s t e r s i s generally described
by m e a n s of saponif icat ion value ( A O C S Tl-la-64), acid
value, h y d r o x y l value, and f a t t y acid d is t r ibu t ion , al though
the l a t t e r is rarely a p u r c h a s e specif icat ion. T r a c e m e t a l
c o n t e n t , c o l o r ( G a r d n e r : AOCS T d - l a - 6 4 ; A P H A : AOCS
T d - l b - 6 4 ) and c o l o r s tab i l i ty ( A O C S Td-3a-64), p e r o x i d e
value ( A O C S Cd-8-53), part icularly for ed ib le esters , and
ash c o n t e n t ( A O C S Tm-I a) are o t h e r c o m m o n specification
cri ter ia for f a t t y acid esters .

Sucrosolysis
The direct esterif ication of sucrose is l imi ted by the

t e n d e n c y of s u g a r to carmelize i f subjected to temperatures
a b o v e 105 C . Although some sugar e s t e r s have been pro-
d u c e d by the sucrosolysis of m o n o - and diglycerides (9),
when t h e s e p r o d u c t s are p r o d u c e d indust r ia l ly on a smal l
s c a l e they are generally made from m e t h y l esters . Su-
crosolysis of m e t h y l esters a p p e a r s to be the mos t satisfac-

tory m e t h o d for the p r e p a r a t i o n o f s u g a r esters , and much
o f the technical l i terature deals wi th innovat ions wi th and
w i t h o u t solvents and with reaction condi t io0s for efficient
conversions. D u r i n g the la te 1 9 5 0 s and in the 1 9 6 0 s , a t -
t e m p t s were made to c o n d u c t m e t h y l e s t e r interchanges in
solvents such as dimethylsulfoxide ( 1 0 , 1 1 ) , d imethy l -
f o r m a m i d e ( 1 0 , 1 2 - 1 7 ) , subs t i tu ted morphol ine or piper i -
d i n e s ( 1 8 ) , or dimethylbenzylamine ( 1 9 ) . A Br i t i sh p a t e n t
(20) in 1963 described the use of p h e n y l e s t e r s and in-
volved the el iminat ion of p h e n o l by fractional d is t i l l a t ion
from a nonsolvent suspension of p h e n y l e s t e r s and p o t a s -
s ium c a r b o n a t e at 1 1 0 - 1 2 0 C / 0 . 1 - 0 . 3 ram. In an e f f o r t to
avoid the use o f expensive and troublesome solvents and to
p e r m i t the use of s o m e w h a t h i g h e r r e a c t i o n t e m p e r a t u r e s
than ordinari ly e m p l o y e d , O s i p o w and Rosenblat t (21)
suggested the ut i l iza t ion of a "micro-emulsion" p r o c e s s for
the p r e p a r a t i o n of sucrose esters . Sucrose, m e t h y l stearate,
s o d i u m s t e a r a t e and potass ium c a r b o n a t e suspended in
p r o p y l e n e glycol were microdispersed u n t i l a transparent
emuls ion was f o r m e d . Using a star t ing m o l a r r a t i o of
1.5:1:0.9 for s u c r o s e , m e t h y l stearate and s o d i u m s t e a r a t e ,
the s low dis t i l l a t ion of p r o p y l e n e glycol was c o n t i n u e d
u n t i l reaction complet ion . The p r o d u c t a s s a y e d 85%
sucrose m o n o s t e a r a t e and 15% s u c r o s e distearate. F e u g e
and c o w o r k e r s (9) interesterif ied m e l t e d sucrose wi th esters
l ike m e t h y l "Carbi tol" palmitate, monopalmi t in , distearin
and 40% technical "monoglycerides" at t e m p e r a t u r e s of
1 7 0 - 1 8 7 C w i t h o u t exorbitant decomposi t ion us ing
l i th ium o l e a t e or m i x t u r e s of s o d i u m , potass ium or l i th ium
s o a p s as emulsif ier-catalysts . With l i th ium o l e a t e the pro-
d u c t s were 90% o f tetraesters or higher; l o w e r e s t e r s c o u l d
be p r o d u c e d by blending the emulsif ier s y s t e m to include
s o d i u m and potass ium o l e a t e soaps . A G e r m a n p a t e n t
assigned to Tate and L y l e , L td . (22) describes preparation
of sucrose monoesters from a nonsolvent m e d i a at 125 C .
The process involves sucrosolysis of m e t h y l esters such as
t h o s e o b t a i n e d from tal low with K2CO 3 highly emulsif ied
t h r o u g h the use of an emulsifer s y s t e m consis t ing of s u c r o s e
m o n o e s t e r and tal low f a t t y acids . More r e c e n t l y , a non-
solvent , two-step p r o c e s s has been developed (23) for the
p r e p a r a t i o n of sucrose polyesters ( S P E ) w h i c h p e r m i t s use
of less soap emulsif iers than h e r e t o f o r e b a s e d upon the use
of meta l l ic s o d i u m or potass ium or t h e i rh y d r i d e s a d d e d to
the m i x t u r e of sucrose, m e t h y l esters and soap at t e m p e r a -
t u r e s as low as 130 C . In the firs t s tep m e t h y l esters and
sucrose at a 3 : 1 m o l a r r a t i o are r e a c t e d wi th potass ium soap
emulsif ier to form low sucrose esters . In the s e c o n d s t e p ,
more m e t h y l e s t e r s are a d d e d and r e a c t e d to p r o d u c e
S P E in yields up to 95% b a s e d on sucrose.
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ABSTRACT
The b a s i c material o f c o n s t r u c t i o n for the tankage

a n d r e a c t o r s that are u s e d in the f a t t y c h e m i c a l indus -
try i s one o r a n o t h e r variant o f the 300 s e r i e s stainless
steels. The use o f t h e s e alloys essentially eliminates
the possibility o f iron a n d o t h e r m e t a l contamina-
t i o n s w h i c h m a y e i t h e r degrade the p r o d u c t o r
c a t a l y z e u n d e s i r a b l e o x i d a t i o n a n d o t h e r side r e a c -
t i o n s . With certain exceptions, it has b e e n f o u n d that
Type 304 stainless s t e e l may be u s e d in fat ty
c h e m i c a l processing at t e m p e r a t u r e s up to 150 C a n d
Type 316 stainless s t e e l for t a n k s a n d vessels d e s i g n e d
f o r use a b o v e that t e m p e r a t u r e . Where w e l d i n g is in-
volved in the f a b r i c a t i o n o f e q u i p m e n t d e s i g n e d for
high t e m p e r a t u r e u s a g e , it h a s b e e n f o u n d necessary
t o use e i t h e r a s p e c i a l l o w c a r b o n stainless s t e e l o r a n
a l l o y w h i c h c o n t a i n s an e x t r a i n g r e d i e n t that will in-
h i b i t c a rb ide precipitation in the weld area s i n c e s u c h
precipitation usua l ly r e s u l t s in a p o i n t o f corrosion
a n d u l t i m a t e f a i l u r e . In the fabrication o f p r e s s u r e
vessels, it i s n o r m a l p r a c t i c e to use c a r b o n s t e e l p l a t e s
o f s u i t a b l e t h i c k n e s s that have a m i n i m a l a m o u n t o f
the d e s i r e d a l l o y b o n d e d to the s u r f a c e r a t h e r than fab-
r i c a t e o f s o l i d a l l o y . This n o t only r e d u c e s the cost
o f the vessel but adds g r e a t l y to the s t r e n g t h o f the
s h e e t s i n c e most high alloys lose t e n s i l e s t r e n g t h
r a p i d l y as t e m p e r a t u r e s are i n c r e a s e d w h i l e c a r b o n
s t e e l r e t a i n s s t r e n g t h u n t i l very high temperatures are
r e a c h e d . In a d d i t i o n t o the 300 s e r i e s stainless steels,
c e r t a i n h i g h l y s p e c i a l i z e d a l l o y s s u c h as Inconel 825 ,
C a r p e n t e r 20 C b , o r M o n e l are f r e q u e n t l y u s e d for ex-
t r e m e a c i d c o n d i t i o n s . The l o w e r cost o f a l u m i n u m as
c o m p a r e d t o a high a l l o y m a k e s it attractive f o r stor-
age t a n k s but it c a n be u s e d only w h e n materials con-
tain n o m o i s t u r e , s i n c e even t r a c e s o f w a t e r accelerate
the rate o f corrosion a n d r a p i d l y r e n d e r the tank u n -
u s a b l e . N e w m a t e r i a l s o n the s c e n e are fiberglass-
p o l y e s t e r tankage a n d a p p l i e d l i n i n g s o f the p h e n o l i c
o r the epon-epoxy t y p e . T h e s e m a t e r i a l s do n o t have

a wide application, but w h e r e t h e i r u se i s p o s s i b l e , it
is a l o w e r cost a n s w e r to the p r o b l e m of iron
contamination.

I f it c o u l d be sa id that t h e r e are b a s i c m e t a l s for the
fat ty c h e m i c a l i n d u s t r y , they w o u l d have t o be t w o o f the
so-called 18-8 s e r i e s austenitic stainless steels, Type 304 a n d
Type 316 in one o r a n o t h e r o f t h e i r variant f o r m s ( T a b l e
I).

Typically in this i n d u s t r y , Type 304 stainless s t e e l i s
u s e d for f a t t y chemical processes w h e r e the temperature
d o e s not e x c e e d i 50 C, a n d Type 316 is u s e d for tempera-
t u r e s a b o v e this level. The principal difference in t h e s e t w o
a l l o y s i s that Type 3 1 6 h a s a d d e d 2 to 3% m o l y b d e n u m ,
w h i c h greatly i m p r o v e s resistance t o c o r r o s i o n particularly
a t elevated temperatures. S i n c e this a l l o y i n g component
will act in m u c h the s a m e w a y a s e x c e s s c h r o m i u m in the
p r o m o t i o n o f a ferritic s t r u c t u r e , the n i c k e l i s usua l ly
i n c r e a s e d slightly in o r d e r t o keep the a l l o y in the austenitic
f o r m , a n d c o n s e q u e n t l y it r e m a i n s less s u b j e c t t o inter-
g r a n u l a r c o r r o s i o n as well as retains the n o n m a g n e t i c
property that i s typical o f austenites.

One p r o b l e m o f any a l l o y containing b o t h c h r o m i u m
a n d c a r b o n is the precipitation of a c h r o m i u m ca rb ide as
the a l l o y i s s u b j e c t e d to w h a t is c a l l e d the sensitizing
t e m p e r a t u r e r a n g e o f 566 to 871 C , a t e m p e r a t u r e r a n g e
that will a l w a y s o c c u r d u r i n g any type o f w e l d i n g . In this
r a n g e , the c a r b o n leaves s o l u t i o n in the austenite a n d
selectively r e a c t s with c h r o m i u m f o r precipitation as the
ca rb ide a l o n g g r a i n b o u n d a r i e s . This l e a v e s the area im-
m e d i a t e l y a d j a c e n t to the ca rb ide g r a i n d e f i c i e n t in
c h r o m i u m s i n c e the c a r b o n wi l l tie up 17 t i m e s its o w n
w e i g h t o f this metal. This r e n d e r s the b o u n d a r y less resis-
tant to corrosion, a n d the e n d r e s u l t i s e v e n t u a l weld area
failure. In e x t r e m e c a s e s involving severe corrosive c o n d i -
t i o n s , i t can also r e s u l t in an electrochemical a c t i o n b e i n g
initiated b e t w e e n the chromium-rich a n d the c h r o m i u m -
d e p l e t e d a r e a s a n d c a u s e t o t a l f a i l u r e due t o d e s t r u c t i o n o f
the g r a i n b o u n d a r i e s w i t h r e s u l t i n g lack o f c o h e r e n c y o f the

TABLE 1

Materials of Construction: 1 8 - 8 Stainless Steels

Type Ni Cr C Mn Si P S Mo
N o . % % Max % Max % Max % Max % Max % %

304 8 - 1 2 1 8 - 2 0 0.08 2.0 1.0 0 . 0 4 5 0.03 --
304L 8 - 1 2 1 8 - 2 0 0.03 2.0 1.0 0 . 0 4 5 0.03 --
3 1 6 1 0 - 1 4 1 6 - 1 8 0.08 2.0 1.0 0 . 0 4 5 0.03 2 . 0 - 3 . 0
316L 1 0 - 1 4 1 6 - 1 8 0.03 2.0 1.0 0 . 0 4 5 0.03 2 . 0 - 3 . 0
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