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ABSTRACT
Historically, glycerol, a v a l u a b l e b y p r o d u c t o f the

f a t t y acid i n d u s t r y , is p r i c e d h i g h e r in the m a r k e t -
p l a c e than any o f the c o m m o n f a t t y a c i d s . G l y c e r o l
" c r e d i t " from fat-splitting, f r e q u e n t l y in t ime o f
e c o n o m i c stress, m a k e s the d i f f e r e n c e b e t w e e n a
p r o f i t a b l e s t e a r i c acid o p e r a t i o n a n d an economically
u n s o u n d one. "F, teoretical y i e l d s o f g l y c e r o l for the
c o m m o n fats a n d oils r a n g e from 9 - 1 3 . 5 % ; practi-
c a l p l a n t y i e l d s , c o r r e c t e d for F F A a n d u p g r a d i n g
y i e l d losses, are 9-12.8% on 100% glycerol b a s i s , o r
10.3-14.8% o n an 88% glycerol b a s i s . G l y c e r o l
" c r e d i t " p e r p o u n d o f f a t t y a c i d r a n g e s f r o m 1 to 3
c e n t s / p o u n d . U p g r a d i n g " s w e e t w a t e r s " from splitting
o p e r a t i o n s in the f a t t y a c i d i n d u s t r y r e q u i r e s removal
o f d i s s o l v e d salts, elimination o f c o l o r , a n d fat a n d oil
i m p u r i t i e s , concentration (evaporation o f w a t e r ) a n d /
o r distillation. F o r Twitchellized s w e e t w a t e r s this
g e n e r a l l y involves (a.) lime treatment . (b.) filtration,
(c.) evaporation t o half-crude, (d.) precipitation o f
e x c e s s l i m e , (e.) filtration, (f.) evaporation to a
concentration o f 88-90%, a n d p r o b a b l y , (g.) distilla-
t i o n . F o r autoclave or c o n t i n u o u s p r o c e s s s w e e t -
w a t e r s the u p g r a d i n g i n c l u d e s (a.) l i g h t l i m e treat-
m e n t , ( b . ) filtration, (c.) evaporation concentration
to 88-90%, a n d p r o b a b l y , (d.) distillation. G l y c e r o l
m a y also be u p g r a d e d by ion-exchange p r o c e s s i n g
f o l l o w e d by evaporation concentration in w h i c h
distillation m a y be eliminated. Ion-exclusion ( D o w
p r o c e s s ) is also feasible. Many s p e c i a l triglyceride
p r o d u c t s are r e q u i r e d o f d i f f e r e n t f a t t y a c i d h o m o l o g
d i s t r i b u t i o n than t h o s e of the p a r e n t o r h y d r o g e n a t e d
fats a n d oils. T h e s e are p r e p a r e d by splitting the fats
o r h y d r o g e n a t e d oils, fractionating the f a t t y a c i d s ,
u p g r a d i n g the glycerol, a n d r e c o m b i n i n g the d e s i r e d
f r a c t i o n a t e d a c i d s w i t h glycerol by reesterification.
One e x a m p l e is high l a u r i e triglyceride from c o c o n u t
oil s u i t e d f o r use a s a c o c o b u t t e r s u b s t i t u t e .

THE IMPORTANCE OF GLYCEROL IN
THE F A T T Y ACID INDUSTRY

G l y c e r o l , C H 2 O H , p r o p a n e 1,2,3 triol, m . w . 9 2 . 0 9 is a
i

C H O H
I

C H 2 O t t
pure c h e m i c a l c o m p o u n d , w h i l e the term " g l y c e r i n e "
usua l ly refers t o c o m m e r c i a l p r o d u c t s o f varying glycerol
c o n t e n t . The usua l g r a d e s o f glycerine on the m a r k e t are:
Crude G l y c e r i n e : Saponification c r u d e , from the h y d r o l y s i s
o f fats is 88% g l y c e r o l ; S o a p lye c rude is 80% g l y c e r o l ;
R e f i n e d G l y c e r i n e ( U S P , BP a n d Eur. P . specification, "Fable
I): USP a n d CP are colorless a n d are s u i t a b l e for f o o d ,
p h a r m a c e u t i c a l a n d c o s m e t i c u s e s , a n d are 95-99.5%
glycerol. The CP d e s i g n a t i o n a p p l i e s to a grade that is a b o u t
the s a m e as USP w i t h specifications v a r y i n g slightiy a s
d e s i r e d by the b u y e r . A r s e n i c , ash a n d heavy m e t a l s '
c o n t e n t have to be c a r e f u l l y controlled. F o o d , c o s m e t i c a n d
pharmaceutical m a n u f a c t u r e r s lay p a r t i c u l a r stress o n o d o r
a n d c o l o r .

The h i g h gravity, pale y e l l o w grade w i t h a m i n i m u m spgr
1 . 2 6 2 a t 1 5 . 5 ° / 1 5 . 5 ° C is for g e n e r a l i n d u s t r i a l p u r p o s e s a n d
is 99% glycerol. D y n a m i t e grade is more y e l l o w a n d is 99%.
R e f i n e d s y n t h e t i c d i s t i l l e d grade i s 99.5%.

G l y c e r i n e i s a b y p r o d u c t o b t a i n e d d u r i n g h y d r o l y s i s o r
saponification o f oils a n d f a t s . U p t o 1948 it was p r o d u c e d

exclusively from fats a n d oils. In Augus t 1 9 4 8 , S h e l l pro-
d u c e d synthetic glycerine a t H o u s t o n , a n d this h a s a s s u m e d
an increasing s h a r e o f the market . R e c e n t overall ( 1 9 7 8 )
p r o d u c t i o n capacities are s h o w n in T a b l e II. Synthetic
glycerine is p r o d u c e d from propylene via v a p o r p h a s e
chlorination t o a l l y l c h l o r i d e a n d , by h y d r o l y s i s o f epichlor-
h y d r i n to glycerol, or via v a p o r p h a s e catalytic oxidation o f
propylene t o acrolein, a n d is o u t s i d e the s c o p e o f this
paper. N a t u r a l glycerine (ca. 37% o f p r o d u c t i o n capacity)
m a k e s a significant c o n t r i b u t i o n to the overall profitability
o f p r o d u c i n g f a t t y a c i d s a n d s o a p , a m o u n t i n g to ca. 8-10%
o f the overall r a w m a t e r i a l cost. The glycerol " c r e d i t "
from fat splitting (ca. 1-3¢ p e r lb. f a t t y ac id ) f r e q u e n t l y
m a k e s the difference b e t w e e n a p r o f i t a b l e stearic acid
operation a n d an economically u n s o u n d one in t i m e s o f
competitive m a r k e t situations. T a b l e III indicates the
theoretical u n c o r r e c t e d glycerol c o n t e n t o f c o m m o n fats
a n d oils e m p l o y e d , o f w h i c h b l e a c h a b l e f a n c y t a l l o w is

TABLE I

Refined Glycerine S p e c i f i c a t i o n

USP BP. and EUR. P.

Glycerol ~95.0 % 98.0- 100.0%
SP. GR. ~1.249 % 1.255- 1.260
Arsenic :1-1.5 ppm :1-2 ppm
Ash >0.01 % 1>0.01%
Chloride > 0 . 0 0 1 % Nil
Sulfate >0.002 % Nil
Reducing substances --- Nil
Heavy metals Pb, Hg >0.0005% Nil

TABLE II

Glycerine Production a

Supply Capacity 106 Ib./a 100% basis

Natural glycerine 200
Synthetic glycerine
l)ow Freeport, TX 130
FMC Bayport , T X 40
Shell Houston, TX 120
Shell Norco, LA 45

Total 535
Demand
1978 287
1982 Projected 300

aSource: Chemical Marketing Reporter, May 22 , 1978.

TABLE Ill

Theoretical Uncorrected Glycerol Contents
of Common Fats and Oils

% Glycerol
Fat or Oil SV M.W. by weight

Rapeseed oil 171.0 984.2 9.34
Soybean oil 192.7 873.3 10.53
BF Tallow 198.0 850.0 10.82
Marine oil 196.3 857.4 10.73
Coconut oil 245.8 684.5 13.44
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TABLE IV

Expected Recovery of 88% Crude Glycerine
From Various Triglyeeridesa

88% Glycerine
Material SV AV Factor recovery

Rapeseed oil 171.0 0.2 0.0607 10.37
Soybean oil 192.7 0.4 0.0607 11.67
Tallow (BFT) 1 9 8 . 0 3.6 0.0607 11.80
Marine oil 196.3 2.0 0.0607 11.79

The factor is derived from the following equation :
(SV-AV) (0.0547 x 0.99 x 0.99 x 0.997) = % Glycerine

0.88 88% Cone.

a sv = Saponification value; AV = Acid value; 0.0547 = millie-
quivalents of glycerine/unit material; 0.99 = splitter efficiency ; 0.99
-- recovery of material from pretreatment; 0.997 = recovery of
glycerine from evaporators; 0.88 = conversion from 100% to 88%
glycerine concentration.

typical. T a b l e I V d e a l s w i t h t h e e x p e c t e d recovery o f 88%
crude glycerine from v a r i o u s triglycerides.

A l t h o u g h a significant percentage, ca. 42%, o f n a t u r a l
glycerine is d e r i v e d from the soap-making p r o c e s s , ca. 58%
is o b t a i n e d from the f a t t y a c i d i n d u s t r y , a n d it is p r o p o s e d
to c o n f i n e this presentation to the p r o d u c t i o n o f glycerine
from the h y d r o l y s i s o f fats by the Twitchell, b a t c h a u t o -
clave a n d c o n t i n u o u s high p r e s s u r e fat splitting operations,
respectively.

The g l y c e r o l c o n t a i n e d in the " s w e e t w a t e r s " o b t a i n e d
in the a b o v e processes is at ca. 12-15% concentration.
S w e e t w a t e r treatment conventionally r e q u i r e s removal
of d i s s o l v e d i o n i z e d salts, elimination o f t r a c e s of f a t t y
r e s i d u e , concentration by evaporation o f w a t e r a n d finally,
usua l ly a distillation s t e p . M a j o r p r o c e s s o r s of n a t u r a l
g l y c e r i n e use the conventional distillation m e t h o d . S m a l l e r
processors may e m p l o y the ion e x c h a n g e s y s t e m . This may
involve only i o n e x c h a n g e r e f i n i n g o r m a y inc lude a treat-
m e n t with ion e x c l u s i o n r e s i n s as a p r i m a r y s t a g e , t o
separate high c o n t e n t s o f i o n i z e d s a l t s qualitatively f r o m
the nonionic glycerol. In saponification c r u d e , i o n i z e d
s a l t s in s o l u t i o n are low, a n d h e n c e pretreatment by i o n

e x c l u s i o n i s n o t essential.

FAT-SPLITTING PROCESSES

in the o l d e r T w i t c h e l l p r o c e s s , l o w grade i n e d i b l e fats
like special t a l l o w are p r e t r e a t e d with 0.5 - 1.5% c o n c e n -
t r a t e d H 2 S O 4 at 6 0 - 8 0 C b a t c h w i s e in a c i d resistant m o n e l
l i n k e d t a n k s to r e m o v e c a t a l y s t p o i s o n s a n d d i r t . A f t e r
d r a i n i n g the s ludge , the fat is b o i l e d w i t h ca. 16% w a t e r ,
1% Twitchell catalyst s u c h a s s o d i u m s u l f o n a p h t h y l s t e a r a t e
a n d ca. 0.3% H 2 S O 4 for ca. 10 h r . A f t e r settling for 2 hr.
the s w e e t w a t e r c o n t a i n i n g 10-19% g l y c e r o l is w i t h d r a w n .
A s e c o n d boil is c a r r i e d o u t f o r 10 h r w i t h ca. 2 0 % w a t e r
a n d 0.3% H 2 S O 4 but w i t h n o f u r t h e r a d d i t i o n o f catalyst.
A f t e r s e t t l i n g a n d w i t h d r a w a l o f s w e e t w a t e r c o n t a i n i n g
3-8% glycerol, t h e c o m b i n e d w a t e r s o f the f i r s t a n d s e c o n d
boil containing ca. 12% g l y c e r o l are t r e a t e d w i t h C a ( O H )2
t o remove free a c i d i t y a n d t r a c e s o f f a t t y m a t t e r a n d t o
r a i s e the p H to 8-9. A f t e r a d d i t i o n o f f i l t e r a i d , the b a t c h i s
f i l t e r e d t h r o u g h a p l a t e a n d f r a m e p r e s s a n d sent for
evaporation. It is e v a p o r a t e d t o half c rude at w h i c h s t a g e
f u r t h e r CaSO 4 m a y be precipitated r e q u i r i n g a f u r t h e r
filtration s t e p , f o l l o w e d by f i n a l evaporation to 88% crude
glycerine.

F a t s p l i t t i n g in a u t o c l a v e s u n d e r p r e s s u r e c a n be d o n e in
the b a t c h o r c o n t i n u o u s m o d e . The f o r m e r use o f Z n O
catalyst a t l o w e r p r e s s u r e h a s n o w b e e n r e p l a c e d by high
p r e s s u r e b a t c h splitters w o r k i n g at ca. 2 3 0 C, to o b v i a t e the
cost o f s u b s e q u e n t c a t a l y s t a n d soap r e m o v a l treatment .
A t first, a c o n t i n u o u s p r e t r e a t m e n t w i t h H 2 S O 4 w i t h
c e n t r i f u g a l separators is a d v i s a b l e ( F i g . 1) to r e m o v e
i m p u r i t i e s b e f o r e they p r e s e n t d i f f i c u l t i e s at l a t e r stages.

The m e d i u m p r e s s u r e b a t c h splitting p l a n t T P G - S A G. Maz-
zoni i s i l l u s t r a t e d i n F i g u r e 2 . U s i n g d i r e c t s t e a m o f 400 PSIG,
a split o f 90-92% is a t t a i n e d . I n o r d e r t o i n c r e a s e the s p l i t to
98-99%, a s e c o n d split w i t h f r e s h w a t e r i s u sed . P u m p
recirculation o f t h e a u t o c l a v e c o n t e n t s r e d u c e s c y c l e t i m e .

F o r p r o d u c t i o n capacities in e x c e s s o f 2 0 t o n s / d a y , it
is necessary to e m p l o y the c o n t i n u o u s c o u n t e r c u r r e n t
m o d e o f w h i c h the C o l g a t e E m e r y p r o c e s s a n d the L u r g i
p r o c e s s are classic e x a m p l e s . F i g u r e 3 illustrates a L u r g i

I

CRUDE OIL ACID WATER PURIFIED OIL

!. CRUDE OIL PUMP
2. PREHEATER
3. CENTRIFUGAL MIXER I
4. CENTRIFUGAL MIXER 2
5. SEPARATING VESSEL

6. SETTLING VESSEL
7. CENTRIFUGES
8. PUMP FOR SEDIMENT
9. PUMP FOR PURIFIED OIL

I0. H2SO4 CONTAINER
FIG. 1. Lurgi continuous feedstock purification plant .

I!. HOT WATER VESSEL
12. VESSEL FOR ALKALINE

WATER
13. VESSEL FOR PURIFIED

OIL

J. AM. OIL CHEMISTS' SOC., November 1979 (VOL. 56) 8 1 3 A



TTL. . . .

--O-!
I
=

1i

1

[ ~ - - ~ 7

5

12

I. PRETREATMENT CONTAINER
2. AG ITATOR
3. H2S04 FEED
4. SETI"LtNG VESSEL

5. AUTOCLAVE
6. INTERMEDIATE VESSEL
7. CYCLONESEPARATOR
8. COOLER

9. COLLECTING TANK
I0. CONDENSATE RECEIVER
I I . FEED PUMP
12. CIRCULATION PUMP

FIG. 2. Batch medium pressure fat splitter "TPG-SA" by Mazzoni S.p.A.

c o u n t e r c u r r e n t process, us ing a r e a c t i o n pressure of ca. 600
ps ig .

In c o m p a r i s o n with s p e n t lyes from soap plants , sweet-
w a t e r s p r o d u c e d by the autoclave and cont inuous high
pressure sp l i t t ing process c o n t a i n ca. 10-25%, averaging
12 to 15% glycerol . This resul ts in e n e r g y e c o n o m y in
evaporation c o s t s and r e d u c t i o n in s w e e t w a t e r p r e t r e a t m e n t
cos ts , in comparison with soap lye c r u d e s .

The c r u d e weak glycerine so lu t ion o b t a i n e d by the
a b o v e processes i s e v a p o r a t e d and r e f i n e d to p r o d u c e
industrial and pharmaceutical grades. Due to the l o w e r
c o n t e n t o f i o n i c sa l t s , the processing of sweetwaters i s
much e a s i e r than that of s p e n t soap lyes . The s w e e t w a t e r
d r a w n from the h y d r o l y z e r has a concentration of 12-15%
glycerol and is usual ly so ho t , 2 3 0 - 2 5 0 C , that considerable
e c o n o m y of e n e r g y i s o b t a i n e d by flashing i t in to a receiver
and directly passing i t t h r o u g h t h r e e mul t i p l e e f f e c t
evaporators. The f i n a l concentration increases to 88%. The
c r u d e is held in a se t t l ing tank for 4 8 hr to s e p a r a t e f a t t y

impuri t ies and then dis t i l l ed at 5 0 - 1 0 mm H G abs at ca. 175
C. Smal l a m o u n t s of caust ic soda are a d d e d to the s t i l l feed
to saponify the smal l a m o u n t s of f a t t y impuri t ies so that
they will not d i s t i l l wi th the glycerol . The glycerol-water
v a p o r m i x t u r e i s c o n d e n s e d in a t h r e e stage condensing
s y s t e m with progressively l o w e r temperatures at each stage,
the c o o l a n t being air, s t e a m or hot w a t e r ; the f irs t stage
yie lding > 99% glycerol . The glycerine is purif ied by
bleaching or by ion exchange.

Due to the r a p i d escalation of e n e r g y cos ts , the key to
the viabi l i ty of competi t ive glycerol product ion w o u l d
a p p e a r to be (a.) maximizing the concentration of glycerol
to be fed to the evaporators by us ing c o u n t e r c u r r e n t
sp l i t t i ng . Figure 4 indicates the a m o u n t of w a t e r to be
e v a p o r a t e d per l b . o f glycerol from sweetwaters of various
concentrat ions; e . g . , for 6% glycerol sweetwater, 16 kg of
w a t e r mus t be evaporated; for 12% s w e e t w a t e r only 7 kg
w a t e r mus t be e v a p o r a t e d per kg o f glycerol . (b.) Maxi -
mizing evaporation efficiency by operating in mul t i p l e

Fe t ts l~ t tappara te
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FIG. 3. Cont inuous fat-splitting plant by Lurgi GeseUschaften.
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Glycer lnwasser
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FIG. 4 . Amount of water to be evaporated to produce 1 kg of
glycerine.

effect. C o n s i d e r a b l e s c o p e also e x i s t s in i m p r o v i n g
evaporator des ign to increase overall heat t r a n s f e r c o e f f i -
c i e n t s by a c l o s e examination o f p a r a m e t e r s in t h e overall
e q u a t i o n Q = U A A t m . The use o f p l a n t w a s t e s t e a m s h o u l d
be t h o r o u g h l y investigated. (c.) A d e t a i l e d evaluation o f
the e c o n o m i c s of u s i n g the ion e x c l u s i o n / i o n e x c h a n g e
r o u t e vs. the distillation r o u t e will p a y off in r e d u c i n g
f u t u r e operating costs.

UNIT OPERATIONS IN THE PRODUCTION OF
GLYCEROL FROM SWEETWATERS

Conventionally, purification of s w e e t w a t e r s r e q u i r e s
r e m o v a l of d i s s o l v e d a n d s u s p e n d e d f a t t y a c i d s , n i t r o -
g e n e o u s c o m p o u n d s , c o l o r i m p u r i t i e s , fermentation
p r o d u c t s s u c h as trimethylene glycol, a l d e h y d e s , k e t o n e s
a n d o x i d i z e d f a t t y a c i d s p r i o r to evaporation; evaporation
to c rude g l y c e r i n e in m u l t i p l e e f f e c t evaporators; usua l ly a
distillation s t a g e in the refinery; f i n a l b l e a c h i n g w i t h
a d s o r b e n t c a r b o n t o p r o d u c e colorless qualities.

O n e o f the g e n e r a l arrangements f o r a n u p d a t e d s e m i -
c o n t i n u o u s e n e r g y efficient p l a n t f o r treatment o f h i g h

p r e s s u r e s p l i t s w e e t w a t e r s is i l l u s t r a t e d in the f l o w s h e e t in
F i g u r e 5 . Crude s w e e t w a t e r s are p u r i f i e d in the f i r s t centri-
f u g a l separator, A, c o l l e c t e d in a tank a n d p u m p e d t o t h e
first e f f e c t E. The preconcentrated w a t e r s are c e n t r i f u g e d in
the s e c o n d s e p a r a t o r for f u r t h e r p u r i f i c a t i o n a n d f e d t o the
p u r i f y i n g tank B w h e r e the w a t e r s are t r e a t e d with
C a ( O H ) 2 a n d then f i l t e r e d t h r o u g h p r e s s C. The f i l t e r e d
s o l u t i o n is p u m p e d to s t o r a g e tank D a n d by m e a n s o f
a n o t h e r p u m p , t r a n s f e r r e d to s e c o n d e f f e c t E. The c o n c e n -
t r a t e d w a t e r s leaving the s e c o n d e f f e c t are p i c k e d up by a
p u m p a n d sent to the t h i r d e f f e c t E. The p r o d u c t l e a v i n g
the t h i r d e f f e c t is ca. 88% g l y c e r o l a n d o f y e l l o w i s h c o l o r .

The f i r s t e f f e c t is f e d w i t h s t e a m o f ca. 100 p s i g in the
c a l a n d r i a , a n d the t h r e e e f f e c t s a r e o p e r a t e d at p r e s s u r e s o f
a b o u t f i r s t e f f e c t 74 p s i g , s e c o n d e f f e c t 4 5 p s i g , a n d t h i r d
e f f e c t 15 p s i g . In this m a n n e r , 1 l b . o f s t e a m evaporates
2.86 l b . o f w a t e r , in c o n t r a s t with 0.9 lb. w a t e r evaporated
p e r l b . o f s t e a m u s e d in a s i n g l e e f f e c t operation.

F i g u r e 6 s h o w s a s c h e m a t i c of a M a z z o n i D C A p l a n t for
c o n t i n u o u s t r e a t m e n t o f g l y c e r i n e s w e e t w a t e r s . The p l a n t is
f l e x i b l e in h a n d l i n g s w e e t w a t e r s from l o w grade f e e d
stocks. Use o f l o n g vertical r i s i n g film evaporators with high
l iqu id film velocities m a x i m i z e s the film coefficient o n the
b o i l i n g s i d e . T o m i n i m i z e evaporation c o s t s , o n e m u s t
o p e r a t e i n m u l t i p l e e f f e c t , u se thermocompression t o u t i l i z e
the e n t h a l p y o f v a p o r s from one effect t o vaporize the next
e f f e c t , a n d l a s t l y a r r a n g e recuperative heat exchange.

REFINING OF CRUDE GLYCERINE
BY DISTILLATION

Steam distillation is the method of choice to separate
h i g h b o i l i n g , heat sensitive s u b s t a n c e s like glycerol from
w a t e r s o l u b l e a n d o t h e r impurities. The approximate
composition o f c rude glycerine is: glycerol 88%, w a t e r
9 - I 0 % , i m p u r i t i e s 2-3%. D e p e n d e n t o n t h e p u r i t y a n d c o l o r
o f g l y c e r o l d e s i r e d , one t o t h r e e distillations may be re-
q u i r e d . A g e n e r a l s c h e m a t i c d i a g r a m for the p r o d u c t i o n o f
m a x i m u m p u r i t y d i s t i l l e d g l y c e r i n e is s h o w n in F i g u r e 7 .
In o r d e r to m e e t s p e c i a l r e q u i r e m e n t s , t h r e e distillations
m a y s o m e t i m e s be n e c e s s a r y . B e c a u s e g l y c e r o l b o i l s at 293
C at 7 6 0 m m H g a n d d e c o m p o s e s at 202 C, it is essential t o
use s t e a m distillation u n d e r high v a c u u m . C o n t i n u o u s o r

B.I~

E . I

A A

--D-1

A. CENTRIFUGAL SEPARATOR A. I SWEET WATER INLET

B. PURIFIER B. I CONCENTRATED GLYCERINE OUItET

C. FILTER PRESS C. 1 LIME INLET

D. CONCENTRATED WATER TANK D. I INLET FOR l kg/cm 2 STEAM

E. TRIPLE-EFFECTEVAPORATOR E. I WATER INLET

F. CONDENSER

FIG. 5 . Flow diagram of a plant for the Ireatment and concenlration of sweetwaters.
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FIG. 6 . Continuous glycerine liquor treating plant "DCA."

b a t c h v a c u u m stills m a y be e m p l o y e d w i t h the f o r m e r n o w
predominating. S u f f i c i e n t open s t e a m is injected into the
still u n t i l the sum o f the partial p r e s s u r e s o f glycerol a n d
s t e a m e q u a l s the prevailing p r e s s u r e in the still, a t w h i c h
p o i n t distillation c o m m e n c e s . C o n d e n s a t i o n o f the distillate
t a k e s p l a c e in a s e r i e s o f air c o n d e n s e r s f o l l o w e d by s t e a m -
hot w a t e r c o n d e n s e r s , each o f w h i c h operates at a con-
t r o l l e d t e m p e r a t u r e w h e r e partial c o n d e n s a t i o n o c c u r s .
The c o n d e n s a t e in the h o t t e s t c o n d e n s e r contains the
h i g h e s t p u r i t y glycerol. V a r i o u s still s y s t e m s have b e e n in

CRUDE GLYCERIN
(88% Glycerol)

I ~ , . . . .
NEUTRALI SAT ]ON

VACUUM DEHYDRATION

IST D] STI LLAIION

MONODI ST I LLED GLYCERIN
SAPONIFICATION VALUE

12C-I 30

NEUTRAL~ SATION

l
21NO VACUUM DISTILLATION

. . . . i

BIDISTILLED GLYCERIN
SAPONIFICATION VALUE

0 . 4 - 0 . 5

"E2SO4

NEUTRALISATION

3RD VACUUM DISTILLATION

1.
TRIDISTILLED GLYCERIN
SAPONIFICATION VAt.UE

0.1 MAX

FIG. 7 . Flow diagram for production of distilled glycerine.

u se over the y e a r s starting with the V a n R u y m b e k e ,
Gar r igue a n d l t t n e r stills. More recently W u r s t e r a n d S a n g e r
a n d M a z z o n i operate c o n t i n u o u s stills that are e n e r g y
efficient a n d reliable. In a b a t c h s y s t e m , c rude is fed to the
b a t c h still u n t i l the s a l t s a n d nonvolatiles have a c c u m u l a t e d
to the e x t e n t that they can be d i s c h a r g e d as foots. The f e e d
i s then d i s c o n t i n u e d , the s t i l l w a s h e d out, a n d operation
r e c o m m e n c e d , the down t ime b e i n g 30%. In the Wurster
a n d S a n g e r c o n t i n u o u s s y s t e m , ( F i g . 8), salt a n d i o n i c
s p e c i e s pass to the salt d rum b e l o w a n d are b lown inter-
mittently to a slurry-receiving tank w h e r e they are t r e a t e d
separately by centrifuging a n d recovering o f glycerol in a
separate still. S t i l l s can be e q u i p p e d with fractionating
c o l u m n s for improvement o f glycerol separation, in p l a c e o f
air o r hot w a t e r condensers, but in most s y s t e m s , the latter
p r e d o m i n a t e . In a t y p i c a l c o n t i n u o u s still, o n e operates at
10 m m H g abs. with a still temperature o f 160-165 C u s i n g
0.25 lb. open s t e a m a n d 2 lb.-2.25 lb. t o t a l s t e a m / l b .
glycerol, a n d w i t h an overall y i e l d o f 99%. F i g u r e 9 i l lus-
trates M a z z o n i ' s D G A p l a n t .

In the evaporation a n d distillation o f glycerine t h e r e are
several s o u c e s o f l o s s e s , a n d a c l o s e m a t e r i a l b a l a n c e at each
s t a g e i s necessary. Entrainment a n d f o o t s l o s s e s are the
l a r g e s t loss factors.

B L E A C H I N G OF G L Y C E R I N E

Distilled glycerine s t i l l c o n t a i n s some o f tile volatile
a n d e n t r a i n e d c o l o r e d s u b s t a n c e s w h i c h c o n d e n s e with the
glycerol fractions collected. It is s o m e t i m e s essential to
b l e a c h the glycerine for f o o d a n d p h a r m a c e u t i c a l g r a d e s .
U s u a l l y 1 to 2% o f a c t i v a t e d c a r b o n w i t h filter aid i s a d d e d
to the glycerine in a b l e a c h tank at 8 0 C , m i x e d for 1 t o 2
h r a n d filtered. D u r i n g the bleaching, filtration, and storage,
it is advisable to take p r e c a u t i o n s t o prevent m o i s t u r e
u p t a k e by the highly h y d r o s c o p i c glycerol.

Ion

PURIFICATION OF C R U D E GLYCERINE
BY ION EXCLUSION

exclusion, developed by the Dow Chemical
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C o m p a n y , uses ion e x c h a n g e r e s i n s to s e p a r a t e w a t e r
s o l u b l e i o n i c s a l t s from n o n i o n i c s like glycerol, t h u s
o b v i a t i n g the use o f heat e n e r g y o r regenerant chemicals. It
is a semiquantitative p r o c e d u r e w h i c h can inexpensively
p u r i f y g r o s s l y c o n t a m i n a t e d s u b s t a n c e s s u c h as c rude
glycerol, u s i n g only w a t e r a s the r e g e n e r a n t m e d i u m . T h u s ,
c rude glycerine o b t a i n e d from s w e e t w a t e r s c a n be com-
mercially p u r i f i e d in conjunction w i t h a s u b s e q u e n t d e i o n i -
z a t i o n operation a n d evaporation to y i e l d USP g l y c e r i n e
w i t h o u t a f i n a l distillation s t a g e .

The p r o c e s s o p e r a t e s by e x c l u d i n g s t r o n g electrolytes
from w i t h i n a w a t e r s w o l l e n r e s i n b e a d , w h i l e p e r m i t t i n g
o t h e r s u b s t a n c e s t o f r e e l y m i g r a t e into a n d o u t o f the r e s i n
particle; e . g . , D o w e x 50 WX8, (an 8% cross-linked, m e d i u m
p o r o s i t y r e s i n c o n s i s t i n g o f s u l f o n a t e d styrene-divinylben-
zene c o p o l y m e r b e a d s o f 50-100 m e s h s c r e e n s i z e ) . In a
c o l u m n o f D o w e x 50 WX8 r e s i n , t h e r e are t h r e e phases:
the r e s i n m a t r i x , the l iqu id w i t h i n the r e s i n b e a d (resin
l i qu id ) , a n d the l iqu id s u r r o u n d i n g the b e a d (the interstitial
l i qu id ) . Most l o w m o l e c u l a r w e i g h t s u b s t a n c e s o f n o n i o n i c
o r slightly i o n i c n a t u r e d i f f u s e f r e e l y in a n d o u t o f the r e s i n
l iqu id a n d e x i s t a t the same concentration in the r e s i n
l iqu id a n d the interstitial l iqu id p h a s e s . B e c a u s e o f the
D o n n a n m e m b r a n e e x c l u s i o n effect, i o n i c s u b s t a n c e s are
r e p e l l e d by the i o n i c c h a r g e s o f the r e s i n a n d e x i s t at a
m u c h l o w e r c o n c e n t r a t i o n in the r e s i n l iqu id than in the
interstitial l iqu id . Thus w h e n a m i x t u r e o f i o n i c a n d
n o n i o n i c s o l u t e s i s p a s s e d t h r o u g h a r e s i n c o l u m n a n d
r i n s e d w i t h w a t e r , i o n i z e d m a t e r i a l is e x c l u d e d from the
r e s i n b e a d s a n d r e a c h e s the e f f l u e n t p o i n t first, w h i l e the
n o n i o n i c is h e l d b a c k a n d a p p e a r s in the e f f l u e n t w i t h the
r i n s e w a t e r . A l t e r n a t e c y c l e s o f i n f l u e n t s t r e a m a n d
regenerant w a t e r , properly b a l a n c e d , wi l l e f f e c t s e m i q u a n t i -
tative, l o w cost s e p a r a t i o n o f the n o n i o n i c .

F i g u r e 10 illustrates the e l u t i o n c u r v e a n d t ime c y c l e
w i t h overlapping fractions o f p r o d u c t a n d w a s t e w a v e s re-
t u r n e d to t h e f e e d f o r recycle. A t r e a t m e n t pass consists,
therefore, o f t h r e e o p e r a t i o n s ; feed a n d rinse, w a s t e frac-
tion t o s e w e r ; m i x t u r e o f w a s t e a n d p r o d u c t fractions t o
r e c y c l e in the f e e d ; a n d finally, the p r o d u c t fraction.

REFINING OF CRUDE GLYCERINE
BY ION EXCHANGE

A q u e o u s g l y c e r o l s o l u t i o n s w h i c h are not g r o s s l y con-
t a m i n a t e d w i t h electrolyte c a n be p u r i f i e d by d e i o n i z i n g
m e t h o d s s i m i l a r to t h o s e u s e d in w a t e r treatment plants.
With the d e v e l o p m e n t o f high c a p a c i t y synthetic r e s i n s ,
t h e r e a p p e a r s to be a r e a s o n a b l e case b a s e d o n e n e r g y
cost vs. r e s i n c o s t s f o r installing ion e x c h a n g e s y s t e m s in
new, s m a l l s c a l e g l y c e r o l refineries, as the distillation step
c a n then be o b v i a t e d . The i m p u r i t i e s in c rude g l y c e r i n e are
N a + , C a ++, M g++, CI- a n d SO4 = ions w i t h t r a c e s o f f a t t y
a c i d s a n d n o n i o n i z e d c o l o r a n d o d o r c o m p o u n d s . Each
b a t c h o f c rude i s d i l u t e d to ca. 25% g l y c e r i n e in the
d i l u t i o n tank b e f o r e e n t e r i n g t h e i o n e x c h a n g e p r o c e s s . In
a t y p i c a l ion e x c h a n g e t r e a t m e n t p l a n t , t h r e e p a i r s o f
cation-anion e x c h a n g e r s a n d a m i x e d b e d e x c h a n g e r are
used . The crude g l y c e r i n e d i l u t e d t o 25% is p u m p e d t o the
p r i m a r y u n i t o r f i r s t p a i r o f exchangers. H e r e , a b o u t 80% o f
the s o d i u m ion is r e p l a c e d by h y d r o g e n ion. The HC1
f o r m e d by the r e a c t i o n i s r e m o v e d in the p r i m a r y a n i o n ex-
c h a n g e r as i s the bulk o f the c o l o r a n d o d o r i m p u r i t i e s . The
s o l u t i o n is then p a s s e d t h r o u g h the o t h e r t w o p a i r s o f
e x c h a n g e r s a n d f i n a l l y t h r o u g h the m i x e d b e d exchanger.
The e f f l u e n t d i s c h a r g e d f r o m the m i x e d b e d is c o l l e c t e d in
a c rude d i l u t i o n tank f o r several m i n u t e s b e f o r e glycerol
a p p e a r s in the p r o d u c t . D i l u t e d e i o n i z e d g l y c e r i n e w h i c h
f o l l o w s w a t e r is run into this t a n k u n t i l it r e a c h e s a con-
c e n t r a t i o n o f ca. 15%, at w h i c h p o i n t the s o l u t i o n i s r u n
into a p r o d u c t s t o r a g e tank. F i n a l concentration is by
m u l t i p l e e f f e c t evaporation t o 95-99.5% glycerine. A l t h o u g h
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FIG. 10 . lon exclusion, elution curve and t ime cycle.

the overall q u a n t i t y o f w a t e r to be evaporated m a y be
l a r g e r in this s y s t e m o f operation, the c o s t s o f bleaching,
filtration a n d distillation are eliminated.

REVERSE OSMOSIS SEPARATION FOR THE
SYSTEM G LYCEROL-WATER,
USING POROUS MEMBRANES

R e v e r s e o s m o s i s is the separation o f one c o m p o n e n t
o f a s o l u t i o n from a n o t h e r c o m p o n e n t by m e a n s o f p r e s -
sure e x e r t e d on a s e m i p e r m e a b l e m e m b r a n e . Cellulose
acetate m e m b r a n e s preferentially s o r b w a t e r over ions a n d
d i s s o l v e d electrolytes. S o u r i r a j a n a n d K i m u r a f o u n d that
starting with a 0 . 2 5 M glycerol-water f e e d s o l u t i o n a n d u s i n g
a film type C A - N R C - 1 8 , a concentration increase o f 11
t i m e s , from 2 . 2 5 % to 21.65%, c o u l d be achieved. The mem-
b r a n e s , a s s e m b l e d in O S M O t u b u l a r m o d u l e s , wou ld have a
capacity o f 12 g a l l o n s / d a y per sq . f t . o f film area a n d y i e l d
a s o l u t e recovery o f 96% in the concentrate, a t an operating
p r e s s u r e o f 1500 p s i g . This t e c h n i q u e s u g g e s t s the possi-
b i l i t y o f concentrating w e a k glycerol lyes a n d s w e e t w a t e r s
o f 2 t o 3 % concentration w h i c h o t h e r w i s e in c e r t a i n c a s e s
are n o t recoverable; e.g., w e a k lyes a n d s w e e t w a t e r s .

GLYCEROL USAGE IN SYNTHETIC EDIBLE A N D
INDUSTRIAL CHEMICAL PRODUCTS

Many glycerol derivatives have i m p o r t a n c e in the f o o d ,
i n d u s t r i a l chemical, a n d cosmetic i n d u s t r i e s , as s h o w n in
T a b l e V. A m o n g t h e s e , g l y c e r o l e s t e r s u s e d in a l k y d r e s i n s

TABLE V

Glycerine Usage a

%

Drugs, including toothpastes 1 9
A l k y d resins 17
Tobacco 11
Monoglycerides and food applications 11
Cellophane and meat casings 1 0
Urethane polyois 7
Cosmetics 4
Explosives 2
Miscellaneous (textiles, solvents, e t c . ) 19

100

Food, beverage and urethane polyols
sector expec ted to increase.

aSource: Chemical Marketing Reporter, May 22 , 1978.
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are of p a r t i c u l a r significance. Polyols s u c h as g l y c o l s o r
g l y c e r o l are r e a c t e d w i t h n a t u r a l oils c o n t a i n i n g c a r b o x y l
f u n c t i o n s t o o b t a i n the p a r t i a l e s t e r o f the p o l y o l a n d the
oil. Then a d i b a s i c acid s u c h as a d i p i c acid or phthalic a c i d
is a d d e d to c o m p l e t e the polyesterification. A b o u t 900
m i l l i o n lb. o f a l k y d s w e r e c o n s u m e d in the p a i n t i n d u s t r y
in 1974.

A n o t h e r e s t e r , glycerol trinitrate, is u s e d in explosives
a n d as a h e a r t s t i m u l a n t . R o s i n e s t e r s o f g l y c e r o l are u s e d in
e s t e r g u m s as varnish c o m p o n e n t s . F o o d grade glycerol
fat ty e s t e r s may be p r o d u c e d e i t h e r by alcoholysis or by
d i r e c t esterification. P r o d u c t m o n o g l y c e r i d e c o n t e n t s vary
a c c o r d i n g to m a n u f a c t u r i n g p r o c e d u r e a n d e n d use. F o r
e x a m p l e , glycerol monostearate is m a r k e t e d a t several p r i c e
levels d e p e n d i n g on p u r i t y a n d e n d use, the t h r e e main
p r o d u c t s b e i n g f o o d grade (e.g., D r e w m u l s e ) , c o s m e t i c
g r a d e , a n d technical g r a d e . The f o o d g r a d e , o f p r e m i u m
q u a l i t y , is u s e d for shortening a n d margarine, the c o s m e t i c
g rade for c r e a m s a n d lotions.

Many special triglyceride p r o d u c t s are r e q u i r e d o f
d i f f e r e n t f a t t y a c i d h o m o l o g d i s t r i b u t i o n than t h o s e o f
p a r e n t o r h y d r o g e n a t e d fats a n d o i l s . These are p r e p a r e d
by splitting the fats or h y d r o g e n a t e d f a t s , fractionating
the f a t t y a c i d s , u p g r a d i n g the glycerol, a n d reesterifying the
d e s i r e d fractionated a c i d s with glycerol. One e x a m p l e
i s l a u r i c triglyceride from c o c o n u t oil, s u i t a b l e f o r use
as a c o c o b u t t e r s u b s t i t u t e c o n s t i t u e n t in confectionery
c o a t i n g f a t s .

G l y c e r o l e t h e r s , i . e . , polyglycerols, have m a n y o f the
properties o f glycerol a n d offer g r e a t e r flexibility a n d
functionability than glycerol itself. Polyglycerol e s t e r s '
derivatives, (e.g., decaglycerol decaoleate, tetraglycerol
c o c o a t e ) are u s e f u l in emulsifiers, plasticizers a n d especially
in the b a k e r y , f o o d a n d i n d u s t r i a l applications (e.g., the
Caprols, the D r e w p o l s ) .

The m o n o , d i a n d triacetates o f glycerol, c a l l e d a c e t i n s
a r e u s e f u l i n d u s t r i a l chemicals. Triacetin is u s e d as a
c e l l u l o s e plasticizer in cigarette filters, a n d a s p e r f u m e
solvent.

G l y c e r i n e is also u s e d a s o n e o f the f u n d a m e n t a l b u i l d i n g
b l o c k s in polyethers for u r e t h a n e polymers. It is the
initiator, to w h i c h p r o p y l e n e o x i d e a l o n e o r with e t h y l e n e
o x i d e is a d d e d t o p r o d u c e trifunctional p o l y m e r s , w h i c h o n
r e a c t i o n with diisocyanates p r o d u c e flexible u r e t h a n e
f o a m s .

G l y c e r o l i t s e l f is wide ly u s e d as a h u m e c t a n t in the s o a p s
a n d c o s m e t i c s i n d u s t r y a n d is one o f the f e e d s t o c k s for
p r o d u c i n g e m u l s i f i e r s a n d d e t e r g e n t s in the s u r f a c t a n t s
i n d u s t r y . F o r e x a m p l e , s o d i u m g l y c e r o l e t h e r s u l f o n a t e
is a p a t e n t e d c o m p o n e n t o f o n e o f P r o c t e r a n d G a m b l e ' s
d e t e r g e n t s . The s u l f a t e s a n d p h o s p h a t e s o f m o n o g l y c e r i d e s
are u s e f u l s u r f a c t a n t s with g o o d f o a m i n g a n d c l e a n i n g
properties. P u r i f i e d m o n o g l y c e r i d e s like the Myverols serve
as e m u l s i f i e r s in c r e a m s a n d lotions. The f a t t y a c i d m o i e t y
m a y be stearic, l a u r i c , ricinoleic o r o l e i c a c i d . G l y c e r o l
monocaprylate o r c a p r a t e ( N e o b e e o i l s ) are e m o l l i e n t
c o n s t i t u e n t s in oils a n d c r e a m s .
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ABSTRACT

R e c e n t a d v a n c e s in t h e a n a l y s i s o f i n d u s t r i a l f a t t y
a c i d s a n d t h e i r derivatives a l m o s t a l w a y s involve
c o m p l e x instrumentation. O n e o f t h e most i m p o r t a n t
developments in the analysis o f f a t t y a c i d s a n d t h e i r
derivatives was the a p p l i c a t i o n o f gas c h r o m a t o g r a p h y
( G C ) . The r e s u l t h a s b e e n so effective that t h e t i m e -
c o n s u m i n g fractional distillation a n d d e t a i l e d a n a l y s i s
o f fractions previously e m p l o y e d are r a r e l y used .
Even t h o u g h t h e so-called G L C t e c h n i q u e has n o w
b e e n a p p l i e d f o r over t w e n t y y e a r s , n e w a d v a n c e s
c o n t i n u e to be m a d e in this a r e a . P e r h a p s t h e most
potentially v a l u a b l e n e w d e v e l o p m e n t i s t h e coupl.ing
o f G L C w i t h mass spectrometry ( G L C - M S ) . T w o
n e w e r c h r o m a t o g r a p h i c m e t h o d s w h i c h have g r e a t
potential in the f i e l d o f f a t t y m a t e r i a l a n a l y s i s are
thin l a y e r chromatography ( T L C ) a n d high
performance l iqu id chromatography (HPLC). The
f o r m e r i s a p p l i c a b l e t o d i f f i c u l t separations; e . g . ,
s e p a r a t i o n o f b r o a d l i p i d classes, in m i c r o q u a n t i t i e s .

T h e l a t t e r h a s a l r e a d y b e e n a p p l i e d w i t h some s u c c e s s
to the separation o f i n d i v i d u a l c o m p o n e n t triglyc-
e r i d e s o f fats a n d oils a n d f a t t y a c i d s u s i n g reverse
p h a s e H P L C . I n s t r u m e n t a t i o n t e c h n i q u e s inc lude
s u p p o r t i v e m e t h o d s w h i c h are f r e q u e n t l y u s e d in
c o n j u n c t i o n w i t h o t h e r m e t h o d s . A m o n g t h e s e , the
t e c h n i q u e s o f n u c l e a r m a g n e t i c r e s o n a n c e ( N M R )
a n d i n f r a r e d a b s o r p t i o n ( I R ) are the most prominent .
l 3 C N M R is u s e f u l in d e f i n i n g fine s t r u c t u r e o f f a t t y
a c i d s , particularly w i t h respect to b r a n c h i n g . X - r a y
d i f f r a c t i o n is u s e d to s t u d y p o l y m o r p h i s m in f a t t y
a c i d s .

INTRODUCTION

R e c e n t a d v a n c e s in t h e a n a l y s i s o f f a t t y a c i d s a n d t h e i r
derivatives a l m o s t a l w a y s involve use o f c o m p l e x i n s t r u m e n -
t a t i o n . O n e o f t h e most i m p o r t a n t i n s t r u m e n t a l develop-
m e n t s was the application o f gas chromatography to t h e
a n a l y s i s o f f a t t y a c i d s . Historically, f a t t y a c i d s were t h e
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