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T E C H N I C A L  monoglyeerides almost invariably 
arc prepared by the reaction of fat  or fa t ty  acids 
with glycerol in the presence of an alkaline cata- 

lyst (2, 3, 5). The end product  of this reaction al- 
ways contains substantial quantities of free glycerol, 
diglycerides, and triglycerides, in addition to the de- 
sired monoglyeerides. In fact, the monoglyceride con- 
tent of commercial products seldom exceeds 60 per 
cent, which limit is fixed by the solubility of glycerol 
in the glycerides which in tu rn  is fixed by the maxi- 
mum permissible temperature  (4). 

When technical monoglycerides are i n c o r p o r a t e d  
in edible goods for the purpose of emulsifying the 
fa t ty  ingredients, the proportions of di- and triglyc- 
erides accompanying the monoglycerides is usually 
immaterial;  and in instances where monoglycerides 
are used to impart  staling resistance to breads, cakes, 
etc., the composition of the technical monoglycerides 
also may be of little significance. However there are 
present and potential uses where monoglycerides hav- 
ing purities greater  than those generally available are 
desirable. 

Where monog lyce r ides  derived from natural  fats 
are used as emulsifying agents for systems consisting 
of non-glyceride oils and water, any di- and triglyc- 
erides associated with the monoglyeerides are com- 
pletely inert  and expensive diluents. Elimination of 
the di- and triglyceride components f rom the techni- 
cal products would in most instances double or triple 
the surface activity of the monoglyceride portion and 
simultaneously provide raw materials for  the produc-  
tion of more monoglyeerides. 

Relatively pure none-  or diglycerides are excellent 
chemical intermediates and, if they were available in 
large quantities, would often be preferred  over the 
present technical products in the manufacture  of de- 
tergents, special surface "active agents, and oil-modi- 
fied resins. The pure compounds also are potentially 
important  in the preparat ion of " t a i lo r -made"  fats. 

The present investigation was undertaken to deter- 
mine how technical monoglycerides could be fraction- 
ated by relat ively simple methods adaptable to large 
scale production. Several methods for removing free 
glycerol from the glyeerides were examined, and at- 
tempts were made to fractionate the glycerides with 
the aid of immiscible solvent mixtures. The major  
emphasis however was placed on fractional erystalli- 
zntion from solvents. 

Materials and Methods of Analysis 
Monoglyceride Products. All of the monoglycerides 

used in the experiments were prepared from U.S.P.  
glycerol and a high-grade refined and bleached cot- 
tonseed oil which had been hydrogenated to an iodine 
value of 0.7 and which contained 0.16 per cent of 
free fa t ty  acids. The average molecular weight of 
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the combined acids was 279.2, calculated from their 
neutralization value without correcting for unsaponi- 
fiable matter.  

Reactions between the fat  and glycerol were car- 
ried out under  hydrogen at  a t m o s p h e r i c  pressure 
using a glass vessel equipped with a stainless Steel 
s t irrer  and heated by means of an electric heating 
mantle. The products containing approximately 40% 
of m o n o g ly ce r id e s  on a glyceride basis were pre- 
pared, Ush~g a p p r o x i m a t e l y  20% of glycerol on a 
fa t  basis and allowing the reaction to proceed for 
31./2 hours at 200~ Those products containing ap- 
proximately 60% of monoglycerides were made with 
45% glycerol, using a temperature  of 250~ and a 
reaction time of 15 minutes. In all instances sodium 
hydroxide equivalent to 0.1% of the weight of the 
fat  was used as a catalyst. Unless stated otherwise, 
at the completion of each run  and before the tem- 
perature  was reduced, the catalyst was destroyed by 
the addition of a phosphoric acid-glycerol solution 
sufficient to provide 0.75 mole of acid per mole of 
catalyst. Before being employed in fractionation ex- 
periments some of the end products were freed of 
uncombined glycerol by repeatedly emulsifying them 
with distilled water, cooling, and destroying the emul- 
sion u n d e r  ag i ta t ion ,  and filtering to separate the 
water. The g l y c e r o l - f r e e  products were dried by  
melting and agitation under  vacuum. The technical 
monoglycerides used in most of the experiments de- 
scribed hereaf ter  are listed in Table I. 

T A B L E  I 

Technical  Monoglyceride P roduc t s  Used for F rac t iona t ion  

P roduc t  

M 3-5,9 a .............................. 
a M 6-8 ................................. 

M 1 0  ................................... 

Analysis  of fa t ty  po l t ion  

Mono- Diglyc- Free fa t ty  [ 
glyceride, eride, 

% % ' acids % 

38.9 46 ~ - -  
59.7 35 1.11 
43.6 A4 . . . . . . . .  

F ree  
glycerol, 

% 

0.00 
0.00 
9.48 

'~ Free glycerol was removed by wash ing  with dist i l led water.  
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Solvents. The various alcohols used in the experi- 
ments were of reagent grade;  unless they contained 
less than 0.1% moisture by actual test (9), they were 
brought  to this condition by t reatment  with calcium 
oxide and then distilled. The acetone employed was 
an anhydrous commercial product  of reagent grade 
which was treated with anhydrous calcium sulfate 
(Drieri te)  3 and distilled before use. The commercial 
hexane (Skellysolve B) 3 was used as received. The 
other nonpolar solvents were chemically pure. 

Methods of Analysis. Whenever samples were ana- 
lyzed for monoglycerides, the periodic acid oxidation 
method as modified by Handschumacher and Linteris 
(6) was employed. The free glycerol in the reaction 

a This  product  is named us par~ of the specification ef  the exac~ 
exper imenta l  condi t ions  and does net  imply tha t  this  p roduc t  is par- 
t ieulavly  endorsed or recommended by ttle Depa r tmen t  of Agr icu l tu re  
over other products  h a v i n g  the same or s imi la r  properties. 
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products was determined by  apply ing  this method 
to the samples before and af ter  washing with water.  
Since one par t  of free glycerol is equivalent to 7.68 
par ts  by  weight of m o n o g l y c e r i d e ,  the content of 
free glycerol could be calculated f rom the two mono- 
glyeeride determinations, making allowance for  the 
change in weight produced by  washing. Whenever  it 
was required that  solvents be removed f rom fa t  sam- 
ples to determine yields, the products  were spread 
over a relat ively large surface area and heated under  
vacuum to 80~ in order to minimize any  tendency 
of the monoglycerides to decompose. 

Removal of Free Glycerol 
Settl ing and d e c a n t a t i o n  is perhaps  the simplest 

method of removing at least a port ion of the free 
glycerol unavoidably present  in technical products, 
at least when the content of monoglyeerides is high. 
I t  has been shown (4) that  in the prepara t ion  of a 
product  such as the one f rom which sample M 6-8 
was prepared,  which contained about  60% monoglyc- 
erides on a glyceride basis, a min imum of 40% (on 
an original fa t  basis) of free glycerol must  be em- 
ployed in the interesterification. Only 38% of the 
added glycerol will combine chemically, leaving about  
22% of free glycerol (on a final glyceride basis) at 
the completion of the reaction. Labora to ry  experi- 
ments have shown that  in such an interesterification 
only about  10% of free glycerol (on a glyceride ba- 
sis) is miscible in the glyceride port ion of the end 
product  a f te r  the catalyst  has been destroyed and 
the product  cooled to about  90~ Hence about  55% 
of the 22% of free glycerol in the end product  can 
be removed by  decantation. 

Evidence exists to indicate that  this method of re- 
moving glycerol is used by  some manufacturers ,  as a 
commercial sample of glycerol monostearate said to 
contain 60% of m o n o g l y c e r i d e ,  was examined and 
found to contain about  10% of free glycerol. 

When the end product  of an interesterification con- 
tains less than approximate ly  10% of monoglycerides, 
it can be liquefied and successfully washed free of 
uncombined glycerol with a 20% solution of sodium 
sulfate in water. At  higher monoglyceride levels sta- 
ble emulsions form in spite of the sodium sulfate;  
and, if glycerol removal by  water  washing is desired, 
it is best to emulsify the product  in pure  water  and 
destroy the emulsion by  st i rr ing and cooling below 
the solidification point of the glycerides. 

I t  has been claimed (8, 9) that  mixtures  of pure  
mono- and diglycerides of f a t ty  acids can be distilled 
without disproport ionation and that  free glycerol can 
be fract ional ly distilled f rom a mixture  without  de- 
composing the mono- and diglycerides if the alkaline 
catalyst  used in the interesterification is destroyed by  
n e u t r a l i z a t i o n .  However  by  employing a modified 
form of distillation, it was not possible completely to 
remove free glycerol without the occurrence of ex- 
tensive decomposition, possibly because the mixtures  
were not sufficiently pure. 

In  one experiment  an interesterification was con- 
ducted, using the materials  and conditions employed 
in the prepara t ion  of product  M 6-8. Before reduc- 
ing the tempera ture  at the end of the reaction, 0.75 
mole of phosphoric acid per  mole of soap in the reac- 
tion mixture  was added, as usual. The mixture  was 
distilled for  1 hour at a t empera ture  of 20O~ and 
a pressure of 2 mm. of mercury.  Free  glycerol began 

to evolve rap id ly  as the tempera ture  surpassed 160~ 
While the tempera ture  was 200~ a small amount  of 
d ry  hydrogen was passed through the fa t  to str ip out 
residual glycerol. Af te r  the distillation the monoglyc- 
eride content of the glycerides was found to be 24.5% 
instead of the original 61.0%. The result ing distil- 
late was a milky fluid at room tempera ture  and much 
too small in volume to contain the m o n o g l y c e r i d e s  
which were not found in the residue. Exper iments  
with other monoglyceride products  showed tha t  the 
monoglyeerides likewise decomposed when steam was 
subst i tuted for  hydrogen or when the catalyst  was 
destroyed with acetic acid at a t empera ture  of about  
100~ 

One of the more at t ract ive methods of removing 
free glycerol on a large scale would involve mixing 
the technical product  with a solvent which dissolves 
the glycerides but  in which glycerol is pract ical ly in- 
soluble. Other desirable features of such a solvent 
would include cheapness, wide availabili ty,  chemical 
inertness, and a low boiling point. Commercial  hex- 
ane answers these requirements  to a reasonable degree. 

In  one experinlent product  M 10 was mixed with 
commercial hexane in the ratio of 25 par ts  of prod- 
uct to 100 par ts  of hexane. The flask containing the 
mixture  was heated to 55~ to l iquefy completely the 
f a t ty  port ion;  a f te rwards  it was thoroughly mixed 
and then immersed in a water  ba th  where it was held 
overnight at  a t empera ture  of 55~ The next morn- 
ing the clear hexane soluble port ion was wi thdrawn 
and analyzed. In  similar experiments various small 
amounts of distilled water  were added before heating 
and mixing and different concentrations of product  
M 10 also were used. The results obtained are re- 
corded in Table I I .  

TABLE II 

Effect of Glycerides and  Mois ture  on the Solubi l i ty  of Uncombined  
Glycerol in  the Hexane Phase  for  Systems Produc t  M 10 a- 

Commercial  Hexane-Water ,  at  55~ 

Rat io  of 
Exper iment  No. water  to 

glycerol 

25a ..................................... 0.36 : ~  
26b ..................................... 0 . 3 6 : 1  
26d ..................................... L 036:1 L 
26c ..................................... 0.00 : 1 
26d . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.36 : 1 
26a ..................................... 1.10 : 1 
28d ..................................... I 2 . 2 0 : 1  I 

Conc. of 
M 10, 

g . /100  g. 
hexane 

50.0 
25.0 
12.5 
25.0 
25.0 
25.0 
25.0 

Glyceride*glycerol 
f rac t ion  f rom 
bexane phase 

Appa ren t  
monoglyc- Free  

eride glycerol 
eontent, b content, 

% % 

56.0 1.57 
55.1 1.46 
54.9 1.43 
59.6 2.05 
55.1 1.46 
50.7 0.90 
46.5 0.36 

P roduc t  )]I 10 contained 9 .48% free glycerol and  39.5% monoglyc- 
erides. 

b On ana lyz ing  for  monoglycerides  1 pa r t  of free glycerol is equiva- 
ient to 7.68 pa r t s  of monoglycerides.  

I t  is remarkable  that  a 4-fold increase in the fa t  
in the system resulted in such a slight increase in 
the solubility of free glycerol. Monoglycerides have 
solvent propert ies  quite different f rom those of hex- 
ane, and a substantial  change in the proport ions of 
the two could conceivably have a marked influence on 
the behavior  of the combination. 

When a substantial  quant i ty  of water  is added to 
a monoglyceride-commercial  hexane solution, very  sta- 
ble emulsions are fornled. I f  however free glycerol is 
present  and the ratio of added water  to glycerol is 
similar to those shown in Table I I ,  the aqueous phase 
settles rapidly  and the emulsion breaks. In  the ex- 
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TABLE I I I  

Distr ibut ion of Monoglyceride P roduc t  M 3-5,9 Between Commercial ~Iexane and  Aqueous Solutions of Methanol and  Ethanol  
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Experiment  No. 

20]) ...................................................................... 
20a ...................................................................... 
186 ...................................................................... 
19a ...................................................................... 

18a ...................................................................... 

17a ...................................................................... 

18b ...................................................................... 

Te~.p., o . 

40 
40 
40 
30 
30 
40 
40 

Conc. of 
M 3-5,9 

in hexane, 
g . / lO0  g. 

hexane 

7.5 
15.0 
30.0 
30.0 
30.0 
30.0 
30.0 

Wt. ratio 
of aqueous 
alcohol to 

hexane 

1 : 1  
1 : 1  
1 : 1  
1 : 1  
1 : 1  
1 : 1  
2 : 1  

Type 
of 

alcohol 

Methanol 
Methanol 
Methanol 
Methanol 
Ethanol  
Ethanol  
Ethanol  

Conc. of 
aqueous 
alcohol, 

wt .% 

95 
95 
95 
98 
80 
80 
80 

Glycerides in alcohol solution 

Yield of Mono- 
glycerides, glyceride 

% content ,% 

46.1 72.5 
44.0 66.4 

9.7 ...... 
0.0 ...... 

16.2 80.8 
18.7 68.3 
48.6 62.4 

Yield of 
monoglyc- 
erides,% 

85.9 
75.1 

33.7 
32.9 
77.9 

periments  summarized in Table I I  the volumes of 
the aqueous solutions always were nearly equal to 
the combined volumes of the free glycerol and water  
in the system. 

Distribution Between Immiscible Solvents 
Several exploratory experiments  were made to frac- 

t ionate monoglyceride product  M 3-5,9 by  allowing it 
to distr ibute itself between two immiscible solvents. 
The mixtures  always were p repared  in the late after-  
noon and allowed to come to equil ibrium overnight 
while being kept  at a constant temperature .  The data 
obtained are reproduced in Table I I I .  

In  these tests the alcohol phase exhibited a strong 
tendency to disappear  into the hexane phase as the 
amount  of glycerides in the system was increased or 
the water  content of the alcohol was decreased. As 
the water  content of the alcohol was increased, its 
dissolving power for  monoglycerides decreased rap- 
idly. While some of the results obtained appeared  
promising and  while this method is potential ly valu- 
able in the development of continuous fraet ionation 
processes, the method was not i n v e s t i g a t e d  fu r the r  
because bet ter  results were obtained with fract ional  
crystallization procedures. 

Fractional Crystallization from Solvents 
Because of the fact  that  mono-, di-, and triglyc- 

erides of given f a t ty  acids differ great ly  f rom each 
other with respect to average molecular weight and 
because the number  of polar  groups per  molecule 
varies f rom none for tr iglycerides to two for  the 
relatively low molecular weight monoglycerides, puri-  
fication processes utilizing fract ional  crystallization 
f rom solvents should be ideally suited for accom- 
plishing the intended objectives. The separation of 
mixtures  of mono-, di-, and t r i g l y c e r i d e s  by  frac- 
tional crystallization f rom ethanol-water solutions has 
been employed as an analytical  tool (7),  and numer-  
ous investigators have used this procedure to pu r i fy  
small quantit ies of m o n o g l y e e r i d e s ,  but  it appears  
tha t  no quanti ta t ive data on this type of fractiona- 
tion have ever been published. 

In  the present  experiments  the f a t ty  product  was 
always weighed into a glass-s toppered E r l e n m e y e r  
flask and the desired quant i ty  and type of solvent 
added. Then the fa t ty  product  was liquefied by  im- 
mersing the flask in water  mainta ined at  60~ or 
at  a t empera ture  just  slightly below the boiling point 
of the solvent if the solvent boiled below 60~ Af te r  
complete l iquefaction the f a t ty  product  and solvent 
were mixed well, and the flask was placed for  an 
hour  in an oven mainta ined about  10 ~ above the de- 
sired crystallization temperature .  The flask was then 
immersed almost completely and left  overnight in a 
thermostat ical ly controlled water  bath  set at  the crys- 
tallization temperature .  The following day a sintered 

glass filter was placed in the bot tom of the flask and, 
without removing the flask f rom the bath, the clear 
filtrate was forced into a second Er lenmeyer  with 
the aid of dry  nitrogen which had been adjusted to 
the crystallization tempera ture  and was  mainta ined 
under  a slight pressure. F i l t ra t ion  was discontinued 
when the first bubbles  of ni trogen gas passed through 
the filter. Most of the solvent was evaporated f rom 
the filtrate and the residue then was placed in a 
vacuum oven held at 80~ From the weight of the 
filtrate and the weight of f a t t y  mater ial  in the fil- 
t ra te  the yield of glycerides was calculated by  taking 
into consideration the amount  of filtrate which was 
not actually removed f rom the cake; i.e., the yields 
of glycerides given are the quantit ies actual ly soluble 
under  the conditions of crystallization. The f a t t y  ma- 
terial obtained f rom each filtrate was analyzed for  
monog]yeeride content ( p u r i t y ) ;  and this value, the 
corrected yield of f a t ty  material ,  and the total  quan- 
t i ty  of monoglycerides in the system were used to 
calculate the yield of monoglycerides. 
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C o n c e n f r a f i o n  o f  Fat  in S y s t e m ,  9/ t00c~. E t h a n o l  

FIG. 1. Y i e l d s  a n d  p u r i t y  o f  a l c o h o l  s o l u b l e  f a t t y  m a t e r i a l  ob- 
t a i n e d  b y  c o o l i n g  s o l u t i o n s  o f  e t h a n o l  a n d  g l y c e r o l - f r e e  t e c h -  
n i c a l  m o n o g l y c e r i d e  M 3-5,9 ( 3 8 . 9 %  m o n o g l y c e r i d e s )  t o  3 0 ~  
( 1 )  Y i e l d  o f  f a t t y  m a t e r i a l s ;  ( 2 )  y i e l d  o f  m o n o g l y e e r i d e s ;  
( 3 )  m o n o g l y c e r i d e  c o n t e n t  o f  t h e  f i l t r a t e  f r a c t i o n .  

In  Figure  1 are shown the yields and pur i ty  of 
the monoglyceride-rieh product  f rom the filtrates ob- 
tained when solutions of ethanol and a glycerol-free 
technical monoglyeeride were cooled to 30~ I t  is 
evident f rom this figure that  both the monoglycer- 
ide and total  glycerides in the filtrate increase in a 
roughly linear manner  with the total fa t  content of 
the system, and the net result  is that  over most of 
the range shown the monoglyeeride content or pur-  
i ty of the f a t t y  mater ial  f rom the filtrate remains 
relat ively constant. Calculations show tha t  over the 
given range of concentration most but  not all of the 
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monoglycerides in the system appear in the filtrate. 
Percentage yields of monoglycer.ides are 98.6, 93.4, 
89.5, and 82.1 when fat concentrations in the system 
are 5.0, 10.0, 15.0, and 20.0 g. per 100 g. of ethanol, 
respectively. These results indicate that after an ap- 
preciable quanti ty of fa t ty  material has been forced 
out of an ethanol-technical monoglyceride solution by 
decreasing the temperature, any fur ther  decreases in 
temperature will result in a mixture of monoglycer- 
ides and non-monoglycerides being separated from 
the solution in a relatively constant proportion. 

Determination of the hydroxyl  value of the fa t ty  
portion of the filtrate obtained when the concentra- 
tion of the fat in the system represented in Figure  1 
was 20 g. per 100 g. of ethanol revealed that the glyc- 
erides in the filtrate consisted entirely of mono- and 
diglycerides. 

100 
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- . ~  
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E f h o n o l  in  S o l v e n t ,  P e r  C e n t  

FI(i. 2. Yields and purity of soluble fatty material obtained 
by cooling to 30~C. ethanol-water solutions containing 7.50 g. 
of glycerol-free technical monoglyceride M 3-5,9 per 100 g. of 
solvent. Monoglyceride content of technical product, 38.9%. 

Figure 2 shows the solubility of a technical mono- 
glyceride in an ethanol-water solvent as the concen- 
tration of ethanol in the solvent decreases. The con- 
centration of monoglycerides in the soluble fraction 
increases fair ly rapidly as the concentration of the 
ethanol decreases, and when the ethanol concentra- 
tion reaches 65%, the fa t ty  portion of the filtrate 
contains 92% of monoglycerides. At  this point only 
31% of the glycerides in the system are in solution, 
but  74% of the monoglycerides in the system are sol- 
uble. As the concentration of the ethanol decreases 
below 65%, the dissolving power of the solvent de- 
creases rapidly below the range of practical signifi- 
cance, and rapid filtration becomes more difficult 
because the solids separate out of solution in finer 
and finer particles. When the ethanol concentration 
reaches 55%, the system represented in Figure 1 has 
a milky appearance and some of the solids will pass 
through coarse filter paper. 

Since the fa t ty  acids combined in the technical 
monoglycerides used in these experiments consist of 
a p p r o x i m a t e l y  75% stearie and 25% palmitic, it 
might be supposed that when a r e l a t i ve ly  small  
amount of monoglyceride-rieh material is separated 
by fractional crystallization the average molecular 
weight of the acids in the monoglyeeride-rich frae- 

tion would differ from those in the technical prod- 
uct. However determination of the average molecular 
weight of the combined fa t ty  acids in several such 
fractions showed that the lowest molecular weight was 
274.8 for a fraction (from product  M 6-8) obtained 
in a yield of 34.8% and containing 83.3% of mono- 
glyeerides. Since the average molecular weight of the 
combined fa t ty  acids in the technical monoglycerides 
is 279.4, the change in average molecular weight can 
be neglected for all yields of practical significance. 

100 l 

- M o n o g l ] ' c ,  y i e l d  "-I'~ \ ~.~ 

I 
80 ~ . ~  M~o~o i  

] l y e ;  

8 0  / p u r i f y  

" 

L G/ycer, cles 

m 40 

20 

0 I I I I i 

lO0 90 80 70 60 50 
Isopropono l  in Solvent, Per Cent 

FIG. 3. Yields and purity of soluble fatty material obtained 
by cooling to 30~ isopropanol-water solutions containing 7.50 
g. of glycerol-free technical monoglyceride M 3-5,9 per 100 g. 
of solvent. Monoglyceride content of technical product, 38.9%. 

The systems shown in Figures 3 and 4 are identi- 
cal with that represented by Figure 1 with the ex- 
ception that isopropanol, methanol, and acetone have 
been substituted successively for ethanol. 

Inspection of these systems reveals that ethanol, 
i sopropanol ,  methanol, and acetone can be made 
equivalent to a fair  degree, insofar as the fractional 
crystallizations are concernedl if the water content 
of each is adjusted to the proper level. The dissolv- 
ing power of methanol is most sensitive to a change 
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Fig. 4. Yields and purity of soluble fatty material obtained 
by cooling to 30~ methanol-water solutions and acetone-water 
solutions each containing 7.50 g. of glycerol-free technical 
monoglyceride M 3-5,9 per 100 g. of solvent. Monoglyceride 
content of technical product, 38.9%. 
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Var iab le  t 

I:Z::I::I:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 
Tempera ture  ............................... 

Tempera ture  ............................... 

Concentrat ion ............................. 

Concentra t ion ............................. 

Concentrat ion ............................. 

Concentrat ion ............................. 

Concentrat ion ............................. 

Concentra t ion ............................. 

~ o n o  - 
g l y c e r i d e  
product  

M 3-5.9 

M 6-8 

M 6-8 

M 3-5.9 

M 3-5.9 

~I6-8  

M 3-5.9 

M 6-8 

M 3-5.9 

M 6-8 

Solvent  

65% Ethano l  

70% Ethano l  

70% Isopropanol  

Hexane . 

65% Ethano l  

80% Ethanol  

E thano l  

70% Isopropanol  

Hexane 

Hexane  

C: ystalli- 
zation 

temp.,~ 

30 
35 
40 

30 
35 

30 
40 

30 
40 

40 

30 

3 0  

30 

30 

30 

Concentrat ion 
of glycerides 

in system, 
g./lO0 g. 

solvent  

7.5 

7.5 

25.0 

15.0 

7.5 
15.0 
22.5 

7.5 
15.0 

5.0 
20.0 

15.0 
25.0 

7.5 
15.0 

7.5 
15.0 

Glycer-  
ides  

soluble, % 

31.1 
35.5 
38.2 

55.4 
61.6 

53.1 
65.0 

36.8 
59.8 

38;2 
42.5 
24.8 

59.4 
34.8 

63.3 
49.6 

63.6 
53.1 

56.8 
36.8 

31.8 
31.1 

Mono- 
glycerides 
in soluble 

glycerides, 
% 

92.0 
86.1 
82.6 

88.7 
83.4 

80.1 
68.5 

9.9 
17.9 

82.6 
78.4 
81.4 

83.2 
83.3 

58.7 
64.4 

79.6 
80.1 

9.8 
9.9 

18.7 
24.4 

Yield of 
mono- 

g|ycerides, 
% 

73.6 
78.6 
81.1 

82.3 
86.1 

71,3 
74.6 

9.4 
27.4 

81.1 
85.6 
51.9 

82.8 
48.5 

98.6 
82.1 

84.7 
71.3 

14.2 
9.4 

15.2 
12.7 

Yie ld  of 
o t h e r  

g lycer ides ,  
% 

4.1 
8.6 

10.8 

11.3 
21:3 

26.2 
50.8 

54.3 
80.0 

10.8 
15.0 

7.6 

24.7 
14.4 

44.1 
28.9 

32.3 
26.2 

84.0 
54.3 

64.1 
58.3 

in water  content while that  of isopropanol is least 
sensitive. Ethanol  and acetone are of intermediate 
and almost equal sensitivity. 

The possibility of employing 1, 4- dioxane in frac- 
tional c r y s t a l l i z a t i o n s  also was investigated: Pure  
1,4-dioxane proved to be an excellent solvent but  
possessed little value for  fract ionat ion at 30~ while 
water  solutions of 1,4-dioxane were inferior  to alco- 
hol solutions and exhibited a tendency to separate  
into two liquid phases. 

Among the several nonpolar  solvents t es ted  com- 
mercial hexane yielded the best results and was also 
the most desirable f rom the s tandpoint  of such sec- 
ondary  considerations as low boiling point, relative 
toxicity, chemical inertness, availabili ty,  and price. 

When a nonpolar  solvent is used on a mixture  of 
mono-, di-, and t r i g l y c e r i d e s ,  the tr iglycerides are 
dissolved preferent ial ly .  The extent of this prefer-  
ential solubilization is i l lustrated by  the following 
example:  A solution containing 7.5 g. of technical 
monoglyceride M 3-5,9 per  100 g. of commercial hex- 
ane was cooled to 30~ At  this t empera ture  56.8% 
of the glycerides still remained in solution, but  the 
monoglyceride content of the glycerides in solution 
was 9.7%. Since the monoglyeeride content of prod- 
uct M 3-5,9 was 38.9%, only 14.2% of the monoglyc- 
erides originally dissolved remained in solution while 
84.0% of the non-monoglycerides remained. 

Data  presented earlier in connection with the par-  
tial crystallization of glycerides f rom technical mono- 
glyceride-ethanol solutions showed that  the monoglyc- 
eride content of the soluble fract ion was relatively 
unresponsive to changes in the quant i ty  of technical 
monoglycerides in the solvent or in the solvent and 
solid fract ion combined. The data in Table IV  show 
that  the same is t rue but  in a more marked degree 
than  in other solutions of technical monoglycerides. 
The data in this table also show the influence which 
changes in the tempera ture  of crystallization have on 
the quant i ty  and composition of the glyeerides in the 
solvent fraction. The data presented in Table I V  are 

of an empirical  na ture  and were obtained with prod- 
ucts derived f rom co t tonseed  oil stearine;  however 
they can p robab ly  be applied with little or no error  
to products  p repared  f rom other hard  fats  in common 
use. 

Summary 
Methods of pur i fy ing  technical monoglycerides pro- 

duced f rom cottonseed oil stearine by  interesterifica- 
tion were investigated. 

I t  was found that  the concentration of uncombined 
glycerol in technical monoglycerides could be reduced 
to about  0.4% by  dissolving the technical product  in 
commercial hexane, adding water  equivalent to twice 
the amount  of free glycerol, and separat ing the hex- 
ane solution. The format ion of stable emulsions was 
largely avoided by  this procedure. 

Technical monoglycerides containing 38.9% mono- 
glycerides were purified by  dis tr ibut ing them between 
two immiscible liquid phases (commercial hexane and 
an aqueous solution of methanol or ethanol) .  Prod- 
ucts containing as much as 80% of monoglycerides 
were obtained in this manner.  

On fract ional ly crystallizing a solution of the same 
technical monoglyceride f rom aqueous ethanol, a glyc- 
eride fract ion having a pu r i ty  of 92% and containing 
74% of the monoglycerides in the technical product  
was obtained. 

I t  was found that  b y  addition of proper  amounts 
of water  ethanol, isopropanol, methanol, and acetone 
could be made nearly equivalent for  f r a c t i o n a t i n g  
mixtures  of glycerides. Methanol is most sensitive to 
a change in water  content while isopropanol is least 
sensitive. 

When commercial hexane was used in the fract ional  
crystallization of technical monoglycerides, as much 
as 84% of the non-monoglycerides was retained in the 
liquid phase, and the glycerides f rom this phase were 
found to have a monoglyceride content of 9.8%. The 
solids obtained by  crystallizations f rom hexane were 
found to simulate the filtrates obtained with the polar  
solvents. 
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When a mixture of technical monoglycerides was 
partially crystallized from a solvent, the composition 
of the glyeerides remaining in the solvent was rela- 
tively unaffected by changes in the concentration of 
the glycerides originally present in the solution. 
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Palm Oil :Substitutes for Hot Dip Tinning I 
GEORGE G. FERENCE, W. R. JOHNSON, L. C. KINNEY, and JOHN M. PARKS, Armour Research 
F o u n d a t i o n  o f  I l l i no i s  I ns t i t u te  o f  T e c h n o l o g y ,  Ch i cago ,  I l l i no is  

T HE steel industry of the United States consumes 
annually appreciable quantities of palm oil, about 
7,500 tons, in making hot dip tin plate. Over a 

period of years the price has fluctuated considerably, 
for example, rising from 31/2 c a pound before World 
War I I  to as high as 40c. Fur thermore the quality 
of oil has been uncertain;  it has contained variable 
amounts of water and foreign matter and has been 
received in various degrees of rancidity. In addition, 
all this oil is now imported over long shipping routes 
such that the United States is in a strategically un- 
favorable position should an emergency arise which 
might imperil shipping lanes. In view of these fac- 
tors a study of palm oil substitutes was instigated 
at the Armour  Research Foundation of Illinois In- 
stitute of Technology under the sponsorship of the 
American Iron and Steel Institute. 

Requirements of a Tinning Oil 
In  the making of hot dipped tin plate, sheets of 

pickled steel are passed by means of rolls through a 
flux into a bath of molten tin and up through an 
18-inch layer of hot (460~ palm oil floating on the 
tin. Three sets of rolls, operating in the oil, smooth 
and thin the tin coating (Fig. 1). 

_~IN PLATE 

@~__A,R SLAGT 
THERMOCOUPLE.,~ ~1~ , /  FOR COOLING 

,;fPALM OIL ENTRY 

FEED IMMERSION FLUX 
HEATERS ~ _ ~ O X  

FLOOR L,R,~ ~ - - - - ~  - '  j / / .# ,  ~ ~ ~ ~ ~ . ~ -  BRICKWORK 

PALM OIL SETTLING 
a . o  COOL~.O 'raN~ 

Fro. 1. Diagram of hot dip tin pot. 

/PALM OIL OVERFLOW 

In order that an oil may operate properly in a tin 
pot, it should possess at least the following charac- 
teristics : 

1 Presented at the 23rd annual fall meeting, American Oil Chemists' 
Society, Chicago, Oct. 31-Nov. 2, 1949. 

1. It should make smooth, bright, good quality tin plate. 
2. It should drain rapidly and freely from the sheet. 
3. It should be of low volatility. 
4. It should have high flash and fire points. 
5. It should neither Oxidize nor polymerize readily. 
6. It should be cleaned from the sheet readily. 
7. It should be of low viscosity at 100 to 2O0~ so that it 

may be pumped or poured without difficulty. 

I f  a thin layer of oil is allowed to remain on the 
sheet, this oil affects the end use of the sheet. Conse- 
quently the oil should possess the following features:  

1. It should be non-toxic, odor-free, and preferably edible. 
2. It should not become rancid during storage. 
3. It should not interfere with lithographing or lacquering 

procedures. 
4. It should not interfere with soldering. 
5. It should retard atmospheric corrosion. 
6. It should assist handling in fabrication. 

Finally, the oil should meet the following important  
economic requirements : 

1. It should be readily available, preferably from domestic 
sources. 

2. It should be inexpensive. 

Palm oil has been and is a commercially satisfac- 
tory t inning oil; it has however several deficiencies. 
Its flash and fire points are low enough to create a 
fire hazard;  it is quite volatile at  tin pot tempera- 
tures and tends to increase in viscosity with time 
at tin pot operating temperatures. A pr imary  disad- 
vantage is its foreign source, and the strategic and 
financial problems which thereby arise. 

Survey of the Problem 

The actual operations of making tin plate have al- 
ways been more of an art than a science, with the 
lore of the tin house being passed from one operator 
to the next without ever being recorded. Much of the 
information on tinning oil is available only in the 
memories of the operators, and the important  details 
have been closely guarded by the individual. Only 
comparatively recently has information been made 
available on tinning oils, and much of that  has been 
from British sources. In  virtually all the li terature 
little space has been devoted to evaluating or explain- 
ing the mechanism of the t inning oil action; most of 
the research has been devoted principallly to simu- 
lated service tests. 

A review of the information gained in interviews 
of tin house operators revealed the following points 
of agreement : 


