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nary ammonium chloride. Although this linear rela- 
tionship between concentration of trimethyl quater- 
nary and absorbance was observed, there appeared to 
be some changes in the level of absorbance for a given 
range at different times. To overcome these variations 
and for best results during quantitative analysis, two 
standard mixtures, one containing less and the other 
more trimethyl quaternary than the sample, were run 
on either side of the sample on each paper. The ab- 
sorbances of these two standards were then used as a 
calibration for calculating the amount of trimethyl 
quaternary in the sample. 

Figure 3 is a photograph of several typical chro- 
matograms of mixtures of purified compounds and of 
commercial materials. 

Table IV lists results obtained on some synthetic 
mixtures and commercial samples. 
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Fractionation of Castor Oil Methyl Esters 
Liquid-Liquid Extraction 
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L 
IQUID-LIQUID extraction technique has recently been 
applied to the fractionation of castor oil methyl 
esters obtained by the methylation of castor oil. 

A recent analysis of castor oil by Sreenivasan et al. 
(4) gives the following composition: ricinoleie acid 
86.0%, dihydroxy stcaric acid 1.9%, oleic acid 5.1%, 
linoleic acid 3.5%, and saturated acids 3.5%. Me- 
Cormack and Bolley (3) indicate that while methyl 
esters other than methyl rieinoleate do not interfere 
with the ricinoleic acid reactions, it is nevertheless 
desirable to have the purest possible starting-material. 
They studied the separation of castor oil methyl esters 
by means of liquid-liquid extraction, using methyl 
alcohol and hcptane at 8.4~ and 24~ It was ob- 
served that the hydroxyl value of esters in the meth- 
anol phase was greater than that of esters in the 
hydrocarbon phase. Kasturirangan and Laddha (2) 
studied the fractionation of castor oil methyl esters 
with furfural  and cyclohexane at 30~ The two- 
phase region for the system, castor oil methyl esters- 
furfural-cyclohexane, was much larger than for the 
system, castor oil methyl esters-methanol-heptane, at 
24~ and 8.4~ indicating that furfural-eyelohex- 
ane gives a better performance. This fraetionation 
of methyl esters of castor oil into fractions of prefer- 
ably hydroxy and nonhydroxy esters is based on the 
observation that polar solvents will have more affinity 
for hydroxy esters. Fur ther  investigations indicated 
the possibility of the use of furfural-hexane and nitro- 
methane-hexane as suitable solvents. In the present 
paper equilibrium and distribution data for the sys- 
tems, castor oil-methyl esters-furfural-hexane and 
castor oil methyl esters-nitromethane-hexane, are pre- 
sented. The effect of the change of concentration of 
the esters and solvents on fractionation of esters has 
also been studied. 

Experimental 
1V[aterials used are given below. 
Castor oil methyl esters were obtained by the meth- 

ylation of castor oil, using HC1 as catalyst. The mixed 
methyl esters thus obtained had the following physi- 

cal and chemical constants: density d a~ 0.9250, re- 
fractive index 1.4602, specific rotation [~] a~176 5.48, 
saponification value 183.1, iodine value (Wij's, 30 
rain., 31~ 82.8, and hydroxyl value 165.8. 

Furfura l  supplied by Allied Chemical and Dye 
Corporation, New York, was purified by vacuum dis- 
tillation each time just before use. The specifications 
were density d no/4 1.124 and refractive index at 30 ~ 
C. 1.5184. 

Nitromethane from Fluka AG Chemische Fabrik 
Buschs SG. (Switzerland) was fractionally distilled, 
and the fraction between 100.5~176 was col- 
lected and used. The specifications were density d a~ 
1.1237 and refractive index at 30~ 1.3770. 

n-IIexane, as laboratory reagent-grade petroleum 
fraction supplied by B.D.H. Ltd., was rectified and 
the fraction collected between 67~176 was used. 
The physical constants were density d no/4 0.6782 and 
refractive index at 30~ 1.3761. 

Experimental procodure. The equilibrium solubil- 
ity data were determined by the synthetic method 
described by Treybal (5) at 30~ For determining 
the phase distribution data, known mixtures of ter- 
nary constituents comprising castor oil methyl esters, 
polar and nonpolar solvents well within the hetero- 
geneous region were placed in the constant tempera- 
ture bath at 30 ___ 0.1~ after vigorous agitation and 
allowed to separate into two phases after attaining 
equilibrium. The individual phases were then sep- 
arated and weighed. A weighed quantity of each 
phase was taken in a distilling flask, and the solvents 
were distilled in a water bath. Traces of solvents re- 
maining were removed under vacuum by drying the 
esters on a water bath to constant weight under a 
stream of carbon dioxide. The total weight of the 
esters thus obtained from the two phases was checked 
against the weight of esters taken originally in the 
ternary mixture. The fractions of methyl esters thus 
obtained from the polar and nonpolar solvent phases 
were evaluated in terms of their hydroxyl values by 
following the pyridine-acetic anhydride method of 
Burton and Robert Shaw (1). 



O C T O B E R ,  1960 L A K S H M A N A N  A N D  [ ~ A D D H A :  F R A C T I O N A T I O N  0 P  C A S T O R  O I L  467 

T A B L E  I 

E q u i l i b r i u m  Tie-Line  Da ta  for  the System, Castor  Oil 
Methyl E s t e r s -Fu r fu r a l - t t e xa ne  at  30~ 

Es te rs  

% 
4.40 
5.10 
5.20 
8.85 
9.96 

11.10 
13.67 
15.36 
16.40 
18.60 
20.26 
21.27 
22.92 
24.87 
25.29 
25.38 

i~Iixtur e taken 

F u r f u r a l  

% 

25.06 
45.35 
59.30 
25.08 
39.43 
53.95 
25.00 
39.45 
48.59 
25.97 
35.18 
43.77 
25.00 
35.72 
39.69 
29.58 

Esters  in  

l i 'urfur~l  H~ 
l~exane phase  

% % 

70.60 7.33 
4.(t.55 6.39 
35.00 6.28 
66.07 12.70 
50.61 12.61 
34.95 12.22 
61.33 18.30 
45,19 18.35 
35.01 18.15 
56.33 24.08 
44.56 23.35 
34.97 23.14 
52.08 26.31 
39.41 26.36 
35.02 26.31 
45.04 28.00 

Hydroxy l  va lues  

{exane ]?ur fura l  Hexane  
phase phase  phase  

% 
3.51 186.3 147.9 
3.75 185.4 133.5 
4.09 181.8 120.'~ 
7.72 185.1 148.2 
7.67 179.8 142.9 
8.33 174.2 129.7 

11.97 185.9 1.52.2 
11.95 177.2 141.9 
11.78 175.0 135.5 
16.13 179.9 154.5 
16.78 175.0 147.6 
16.62 170.8 140.3 
22.40 169.3 161.3 
21.62 170.9 148.3 
20.65 166.5 148.0 
24.25 166.9 160.5 

T A B L E  I [  

Equ i l i b r i um Tie-Line Da ta  for  the System, Castor Oil 
Methyl Es te rs -Ni t romethane-Hexane  at  30~ 

Mixture  taken 

Es te rs  

% 
5.02 
7.25 

10.11 
1 2 . 3 0  
1 1 . 7 4  
15.43 
20.80 
16.70 
20.17 
28,50 
20.50 
24,89 
32.60 
26.75 

Nitro- 
methane 

% 

60.00 
77.16 
54.59 
35.00 52.70 
73.24 15.02 
59. I 7 25.40 
40.00 39.20 
68,30 15.00 
59.93 19.90 
40.00 31.50 
64.50 15.00 
55.92 19.19 
40.00 27.40 
59.26 13.99 

Esters  in Hydroxy l  va lues  

Nitro- Hex~me Nitro- I I l exane  
metnane  I-Iexane methane phase phase  phase  

phase 

% % % 

34..() 8 3.68 7.53 1!)2.1 142.8 
15.59 5.72 15.88 184.0 I 134.2 
35.30 6.05 15.65 190.0 r 1149.7 

6.79 15.20 1.()5.9 157.4 
7.86 28.18 182.7 141.5 
8.31 27.95 187.9 154.6 
8.21 27.66 191.3 159.7 
9.75 "16.84 180.4 149.9 

10.64 36.56 182.4 157.2 
10.77 36.16 184.8 162.5 
12.27 39.05 175.3 156.4 
13.14 38.41 174.3 159.3 
14.11 :17.94 180.5 164.1 

. U.!:O! 36.35 . . . .  173. ' ,1. .  1 6 0 : 4 .  

Results 

The equilibriunl data for the systems, castor oil 
lnethyl esters-furfural-hexane and castor oil methyl  
esters-nitronmthanc-hexane, are given in 'rabies [ and 
I I with the hydroxyl  values of the methyl  esters ob- 
tained front the polar and nonpolar solvent phases. 
Although it is realized that  castor oil methyl  esters 
ar t  not a single conlponent, the results of these 
investigations are best represented by ph)tting the 
ternary-phase distribution data on the conventional 
t r iangular  diagrams. This has been done in Figures 
1 and 2. The two-phase region in the ease of the ter- 
nary system, methyl esters-nitronlethane-hexane, is 
greater  than that for  the system, methyl csters-fur- 
fural-hexane, but  tie lines in the ease of :uitromcthanc 
as solvent slope towards the solvent eu(1 of the dia- 
gram, indicating much lesser concentration of the 
methyl esters in the nitromctha,tc phase as C(mll)arelt 
to fu r fu ra l  as the solvent. Till; estimated plait point 
for the system, methyl  cstcrs-nitromethane-hexane, 
corresponds to 24.2% methyl cstcrs, 64.9% nit,pine- 
thane, and 10.9% hexane while for the system, methyl 
esters-furfural-hexane, it corresponds to 27.2% methyl 
esters, 29.4% furfura l ,  and 43.4% hexane. The plait 
point represents the maximum concentration of esters 
that can possibly be handled in the extraction columns. 

The esters obtained from the polar and nonpolar 
solvent phases were analyzed for hydroxyl  vahles to 
determine the extent of fractionation. I t  is observed 
that  hydroxy  acid esters are preferent ia l ly  distr ibuted 
in the polar solvent phase and the values are compar- 
able with that  of the hydroxyl  value of pure methyl 
ricinoleate at lower concentrations of methyl  esters in 

METHYL ESTERS 

^ k3o 

I0 20 30 40 50 60 70 80 90 
FURFURAL HEXANE 

FIG.  1. O a s t o r  oi l  m e t h y l  e s t e r s ,  f u r f u r a l - h e x a n e  s y s t e m  
a t  3 0 ~  

METHYL ESTERS 
50 . . . . .  50 

IO 20  30  4 0  50 60  70  8 0  9 0  
NITROMETHANE HEXANE 

FIG.  2. C : l s t o r  o i l  n l e t h y ]  e s t e r s ,  n i t r o m e t h a n e - h e x a n e  sys-  
t e m  a t  30~ 

the original mixture. The hydroxyl  vahtes of pure 
methyl reci,loleate is 179.5. The higher hydroxyl  
values of ester samples obtained from polar solvent 
phases nmy be at t r ibuted to the presence of methyl 
d ihydroxy stcarate, which is present up to 2% in the 
,nixed esters of castor oil. The hydroxyl  value of 
pure methyl  d ihydroxy stearate is 339.4. The pres- 
ence of a little quant i ty  of methyl d ihydroxy  ste- 
arate therefore will show a higher hydroxyl  value. 

I t  may be obserw~d that  ni tromethane has a greater  
affinity to hydroxy esters as compared with furfural  
since the esters obtained fronl the ni tromethane phase 
show higher hydroxyl  values even at high concentra- 
tions of esters iu the original lnixtures. 

The effect of the change in concentration of the 
solvents along the same tie-lines was also studied. It 
is observed that,  with the increase in concentration 
of the polar solvent, the hydroxyl  values of ester 
samples obtained fronl the polar solvent phase de- 
crease. Effect of varying the composition of methyl 
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WT.~ METHYL ESTERS 
Fro. 3. C h a n g e  o f  h y d r o x y l  v a l u e  f o r  c a s t o r  o i l  m e t h y l  

e s t e r s ,  f u r f u r a l - h e x , q n e  s y s t e m .  

1. E s t e r s  f r o m  f u r f u r a l  p h a s e  a t  2 5 %  f u r f u r a l  
2. E s t e r s  f r o n l  h e x a n e  p h a s e  : i t  2 5 %  f u r f u r a ]  

3. E s t e r s  f r o m  f u r f u r a l  p h a s e  a t  3 5 %  h e x a n e  

4. E s t e r s  f r o m  h e x a n e  p h a s e  a t  3 5 %  h e x a n e  
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Fro. 4. Change of hydroxy l  value for  cas tor  oil me thy l  
esters,  n i t romethaue-hex :nm system. 

1. Ea te r s  f rom n i t r om e tha ne  phase  a t  59.6% l f i t romethane  
2. Ea te r s  f rom hexane  phase  a t  59.6/% n i t r o m e t h a n e  
3. E s t e r s  f rmn n i t r om e tha ne  phase  a t  15% hexane  
4. E s t e r s  f rom hexane phase  a t  15% hexane  

esters at a constant concentration of polar  or non- 
polar so/vent was also determined.  F igu re  3 shows 
the effect on hydroxyl  values of esters f raet ionated 
at 25% f u r f u r a l  and 35% hexane for  the system, 
methyl  esters-furfural-hexane.  F igure  4 shows a sim- 
ilar effect for  the system, n i t romethane-methyl  asters- 
hexane, at 59-60% ni t romethane and 15% of hcxane. 
It is observed that  the hydroxyl  values of esters f rom 
the polar  solvent phase decrease with a higher co.u- 

centrat ion of esters. I t  may  also be seen that  the 
increase of hydroxyl  values of esters in the polar 
solvent is accompanied by a decrease in the hydroxyl  
values of the esters obtained f rom the nonpolar  sol- 
vent phase. 

Conclusion 
The phase equilibrium data are presented for  methyl 

e s t e r s - f u r f u r a l - h e x a n e  a n d  m e t h y l  e s t e r s - n i t r o -  
methane-hexane at 30~ 

The hydroxy l  values of ester samples obtained f rom 
the f u r f u r a l  and ni t romethane phases indicate that  
f u r fu r a l  and ni t romethane can be used as solvents 
for f rae t ionat ing hydroxy  esters f rom the mixed es- 
ters obtained by the methanolysis of castor oil. 
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Synthesis of Polyoxyethylene 
of Sucrose with Long-Chain 

Derivatives 
Fatty Acids 

of Diesters 
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Department of Chemical Technology, Faculty os Engineering, Osaka University, Osaka, Japan 

NUMBER of publications concerning the long-chain 
f a t t y  acid monoesters of sucrose have appeared  
since the synthesis of the sucrose monoesters was 

first repor ted  in 1956 by Osipow and co-workers (1).  
The method of p repara t ion  (2,3,4), proper t ies  (5,6,7), 
and uses (8,9) have been investigated in detail. 

Sucrose monoesters are said to be inexpensive as 
cmnpared with other nonionie sur fac tan ts  and have 
m a n y  desirable propert ies  as solubilizing (8) or emul- 
s i fying agents for  food or cosmetics. However,  in the 
manufac tu re  of sucrose monoesters, sucrose diesters 
are inevitable by-products  responsible for  a lowered 
surface-act ivi ty  because of the poor solubil i ty of the 
diesters in water.  Fo r  certain purposes the sucrose 
monoesters can be separated and purified by  recrystal-  
lizing the mix ture  f rom acetone or ethanol (1,6,10), 
but  this method is difficult and costly, and f rom an 
industr ial  s tandpoint  it is more desirable to use the 
mixture  of mono- and diesters without  fu r the r  refining. 

Al though sucrose diesters can be s imply  p repared  
by  alcoholysis by  using a 2:1 molar  rat io os the 
methyl  ester to sucrose (11), sucrose diesters of acids 
of chain length greater  than  myris t ie  acid are prac- 
t ically insoluble in water,  and their  use as emulsifying 
agents is l imited to the format ion  of water  in oil 
emulsions. 

Accordingly since it is impor tan t  to find new uses 
for  sucrose esters, we have a t t empted  to increase the 
solubility in water  of palmitic and stearie acid esters 
by reaction with ethylene oxide in order to make use 
of them as solubilizing or emulsifying agents. Sucrose 
esters resemble sorbi tan monoesters in properties,  and 
it can be expected tha t  solubilizing propert ies  s imilar  
to those of the " T w e e n s "  (12,1.3) could be obtained 
by the introduct ion of polyoxyethylene radicals. 

The reaction of sucrose with ethylene oxide has been 
repor ted by DeGroote (14,15,16), by the use of xylene 
as the solvent, and  by sodium methylate  as the catalyst  
in an autoclave at 150~-170 ~ 

In  the present  research sucrose diesters were chosen 
as the s ta r t ing  materials.  Pure  sucrose dimyristate,  
dipalmitate,  distearate, dioleate, and dierueate were 
p repared  by interesterifieation between sucrose and the 
methyl  esters, using formylmorphol ine  as the sol- 
vent, and the proper t ies  of the diesters were studied. 
The diesters were then caused to react with ethylene 
oxide in an autoclave, with an alkaline catalyst  such 
as sodium hydroxide,  potassium hydroxide,  or t e r t i a ry  
amines (17). 

The polyoxyethylene derivatives of diesters of su- 
crose with long-chain f a t ty  acids were found to be 
oily or waxy products  soluble in water ;  the surface 


