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Abstract 
The chemistry of castor oil and its derivatives 

is reviewed with par t icular  reference to work 
done in India in general and at the Regional 
Research Laboratory  in Hyderabad  in particular.  
Topics covered are the structure of castor oil, 
preparat ion of ricinoleic acid and its glycerides, 
monoglycerides, surfactants from castor oil, di- 
verse hydrogenations, dehydration, preparat ion 
and properties of estolides, alkali fusion or 
oxidation to dibasic acids, hydroxylat ion and 
acetoxy-epoxies, urethanes and polymerisable 
monomers. 

Introduction 
The work on castor oil by scientists in India, 

par t icular ly  the work conducted at the Regional Re- 
search Laboratory  in t tyderabad  for two decades 
will be reviewed. Although the many contributions 
of scientists f rom the USA, UK and East  and West 
Germany shall be referred to, the coverage and 
bibliography of this presentation will remain selective. 

When I was a boy, black Sunday came about once 
in six months. A teaspoonful of warm castor oil, 
flavored with a few drops of lemon juice to make 
the medicine go down, was poured into our unwilling 
throats to a waiting empty stomach below. The in- 
duction period was short ;  the rest of the day was 
disastrous. Litt le did I imagine that  I was to have 
so close an association subsequently with castor oil. 

Fatty Acids and Glycerides 
Scientifically castor oil is a material  with a di- 

versity of uses shared by no other natural  fat. Castor 
oil is unique not only in carrying overwhelmingly a 
single f a t ty  acid, but  in that  this acid is a very 
special one. Ricinoleic acid has an 18-carbon back- 
bone, with a hydroxy group on the 12 carbon atom 
and a cis double bond between carbons 9 and 10 
(Fig. 1). I t  is this par t icular  juxtaposit ion that  gives 
the acid its unusual versatility. Ricinoleic acid makes 
up 90% of the mixed acids of castor oil. The re- 
maining 10% consists of about 4% each of oleic and 
linoleic acids and 1% or less each of palmitic, stearic 
and dihydroxystearic acids (1,2). The reactions of 
castor oil are essentially those of a glyceride of 
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FIG. 1. S t r u c t u r e  o f  r i c ino le ic  ac id .  

1 Presented at the Plenary Session of the ISF-AOCS World Congress, 
Chicago, September 1970. 
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ricinoleic acid. The actual glycerides have been deter- 
mined (1) by countercurrent  distribution between 
90% ethanol and hexane. Triricinolein amounts to 
68%, and is thus slightly less than the random 
proport ion of about 72%;  diricinoleins constitute 
28%, which is slightly more than the random propor- 
tion of about 24%. There are 3% monoricinoleins, 
and slightly under  1% glycerides containing no 
ricinoleic groups at all. Short  term pancreatic 
lipolysis of the total oil, or of the pure di- and mono- 
ricinoleins isolated from it by  repeated preparat ive 
thin layer chromatography,  gave erroneous results or 
computation (showing, for  example, the presence of 
considerable triricinolein in the purified diricinolein 
concentrate),  suggesting that  such calculations are not 
applicable to the analysis of types in glycerides which 
carry  ricinoleic acid. Extract ion of commercial castor 
oil with aromatic-free light petroleum concentrates 
the triricinolein (3) ;  the residual product  contains 
94% ricinoleic acid and does not precipitate on hold- 
ing at --10 C for  10 days, an impor tant  consideration 
in its use as an a i rcraf t  brake fluid ingredient. To 
obtain ricinoleic acid, the mixed fa t ty  acids f rom this 
triricinolein concentrate can be first adducted with 
urea to remove normal acids, and the solubles then 
taken up in ethyl acetate to precipitate dihydroxy- 
stearic acid; the main impur i ty  remaining there- 
af ter  is about 1.5% linoleic acid (3). Alternatively 
the mixed acids of castor oil can be part i t ioned by 
Gunstone's well-known procedure between 80% 
methanol and hexane. F rom the alcoholic extract, 
removal of dihydroxystearic acid by ethyl acetate 
crystallisation yields 85% of ricinoleic acid of high 
pur i ty  (4). Ricinolcic acid tends to self-polymerise 
on keeping, and must be made afresh in the quantities 
needed. 

Monoglycerides 
The monoglycerides of castor oil, as of other oils, 

are generally made commercially by the alkali- 
catalysed glycerolysis reaction. The monoglyceride 
content of the product  does not exceed 50% and 
Choudhury (5) has shown that  this is because of the 
limited solubility of glycerol in the fa t  phase, which 
limits the forward reaction and results in an equili- 
brium. Molecular distillation can of course raise the 
monoglyceride content, but  is an expensive operation. 

Alternatively,  and less expensively, the reactants 
can be refluxed together in a mutual  solvent, such as 
phenol, pyridine,  or others more easily handled, using 
about 2.5% of sodium bicarbonate as a catalyst. I f  
proper  solvent removal can be achieved without en- 
couraging the reverse reaction, the product contains 
up to 95% of monoglycerides. Much less glycerol is 
required than in the usual glycerolysis reaction, and 
excess glycerol and solvent can both be recovered and 
reused (6). 

Monoricinolein of high pur i ty  can also be made 
synthetically. A simple procedure has been worked 
out for this purpose (7,8). Isopropylidene glycerol, 
itself obtained by condensation of glycerol with ace- 
tone, is interesterified with methyl ricinoleate in the 
presence of sodium methoxide as a catalyst, the 
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SULFATE GROUPS 

TOTAL SECONDARY PRIMARY 

3 3 

DIRICINOLEIN ~ l ~  OR * �9 �9 3 3 

MONORICINOLEIN ~ OR , ,  3 2 

MONOACETOXYRICINOLEIN ~ OR =, 2 1 1 

DIACETOXYRICINOLEIN ~ OR 'o ' 1 1 

Fro. 2. RicJnoleo glycerides examined for surfactance as 
sulfate salts. 

methanol formed in the reaction being distilled away 
continuously. This procedure could even be com- 
mercially attractive since the methyl esters of castor 
oil (which are of course 90% methyl ricinoleate) can 
be made simply by stirring the oil with two parts of 
methanol in the presence of an alkaline catalyst, 
either at room temperature overnight, or at 30 C for 
2 hr, the glycerol which separates as a layer being 
simply tapped off (9). 

For what end use is a high monoglyceride content 
important? Monoglycerides of normal oils obviously 
have a higher emulsifier action than corresponding di- 
or triglycerides. With castor oil, in which the mono-, 
di- and triricinoleins each carry three hydroxyl 
groups, the position is not so clear. A study has 
been made (10) of the surfactant properties of the 
neutralised sulphated salts of various glycerides of 
ricinoleic acid, some of which were also acetylated. 
Perusal of the structures in Figure 2 shows that the 
only two products among them carrying primary 
hydroxyl groups are monoricinolein and monoacetoxy- 
ricinolein. It  is of interest that only the sulphated 
salts from these two products show a high detersive 
ability, although the emulsifying power of the sul- 
phated salts of all the products studied was almost 
uniformly good. 

Other Surfactants 

From the days of Turkey Red Oil, the first syn- 
thetic nonsoap surfactant, castor oil has been a natural 
choice as a rew material for surfactant manufacture. 
The early products were obtained simply by treat- 
ment of castor oil with concentrated sulphuric acid 
or oleum. A later development was the introduction 
of castor fat ty acids into the reaction mass at some 
point in the manufacture to give products of improved 
stability, the so-called Monopol oils or soaps. Soon 
after came the sulphated esters of ricinoleic acid with 
lower alcohols, which are even today rated as out- 
standing for their excellent fibre rewetting ability. A 

PRODUCT SKELETON UNSATURATION SULFATE 

TRtRICINOLEtN j = - - x 3  CENTRAL CENTRAL 

OLEYLSULFATE CENTRAL TERMINAL 

RICINOLEYL D]SULFATE ~ = ~  CENTRAL CENTRAL& 
TERMINAL 

METRYLSULFATOOLEATE �9 = - -  CENTRAL CENTRAL 

METHYLSULFATOSTEARATE NONE CENTRAL 

STEARYLSULFATE NONE TERMINAL 

Fie .  3. S t ruc tu res  of  f a t t y  p roduc t s  examined  for  sur- 
f ac t ance  as su l f a t e  salts .  
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recent systematic study (11) has shown that of 
various lower alcohol esters of ricinoleate, the hexyl 
ester after sulfation exhibited the lowest critical 
micelle concentration; saturation of the double bond 
of the ricinoleate moiety raised the critical micelle 
concentration considerably. The sulfated ricinoleic 
amides have also been examined (12). The di-n-butyl 
amide showed the highest surface tension lowering 
ability and detergent power, and in this instance the 
corresponding saturated product was even better in 
these respects. 

The surfactant properties of salts of various sul- 
fated fat ty  derivatives, chosen for structural variety 
as shown in Figure 3, have been examined (13). As 
expected, terminally sulfated oleyl sulfate showed 
good detersion and foaming, and centrally sulfated 
methyl sulfatoSleate, good wetting and emulsifying 
ability; saturation of the double bond in either prod- 
uct diminished their particular qualities, particularly 
in oleyl sulphate. Foaming ability is very low in 
ricinoleyl disulfate, which carries both a central and 
a terminal hydrophile in the chain, as well as a 
high unsaturation; wetting, detersion and emulsifying 
power are all very good. In another study (14), 
progressive reduction of the unsaturation in ricinolcyl 
disulphate was found to adversely affect the wetting 
power and detersion, while enhancing slightly the 
emulsifying ability. 

Another comparative evaluation also (15) con- 
cerned similar fat-based products with terminal or 
central hydrophiles, or both, and carrying unsatura- 
tion or otherwise. In one series, these hydrophiles 
were sulfate groups, and in the other they were 
sulfonate groups. In every instance the sulfate ex- 
celled the corresponding sulfonate of an otherwise 
identical structure in the major surfactant manifesta- 
tions of wetting, emulsification and detergency. In 
aliphatic products therefore the sulfate group as a 
hydrophile is more effective than the sulfonate group. 
The position of the hydrophile in the center of the 
chain had an unexpectedly strong effect; a hydrophile 
located at the twelfth carbon atom in an 18-carbon 
aliphatic chain conferred better surfactance than 
one located at the ninth or tenth carbon atom. 

A well known pyrolysis product of castor oil is 
]0-undecenoic acid with a terminal double bond. 
Coupling its methyl ester with either benzene or 
toluene by a Friedel-Crafts reaction gave mixed alkyl 
aryl products with the structures shown in Figure 4. 

CH 2 = CH(CH2) 8 COOCH 3 

§ benzene / ~ +  toluene 
/ \ 

Y H3C ~L~ 

SO3 [SO3 

HO3S ~ Y H 3 C ~  
SO3H 

x = C I to C 3 
y = CIO to C 8 

FIe. 4. Alkyl aryl surfactants derived from methyl undecenoate. 
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+H 2 
12 II IO 9 

R' CH CH 2 CH2 CH2 (CH2)7 COOP 
6H 

12-hydroxystcaratr 

-H20'+2H2, R' CH 2 CH 2 CH 2 CH 2 (CH2) 7 COOR 

steorote 

+ H 2 " - H 2 .  ~ C CH 2 CH 2 CH 2 (CH2) 7 COOR 

12-ketostearatr  

+2H 2 R' CH CH 2 CH = CH (CH2) 7 CH2OH 
6H 

ricinolcyl alcohol 

FIo. 5. Various hydrogenations of rieinoleate. 

Further sulfonation yielded para sulfonates from the 
benzene-coupled product and meta sulfonates from 
the toluene-coupled product. The sodium salt of the 
former had considerably better detersion than that of 
the latter, but inferior emulsifying and suspending 
ability (16). This study is of interest since meta 
sulfonates have rarely been examined for their sur- 
factant quality, being rather difficult to prepare. 

Hydrogenation 

Castor oil or methyl ricinoleate can be hydro- 
genated in a number of ways, and four products 
which result are shown in Figure 5. Simple double- 
bond hydrogenation to give glycerides of 12-hydroxy- 
stearle acid can be commercially achieved using 2% 
of a Raney-type nickel catalyst at 150 C and 150 psi 
hydrogen pressure. The catalyst can be repeatedly re- 
used if 10% of fresh catalyst is added before each 
run (17,18). The resulting waxy-looking product 
has a high melting point of 85 C, and is used to make 
high pressure lithium-based greases and as a sus- 
pending agent for pigments in paints. 

Conversion of riciuoleic glycerides to stearic (or 
stearic-oleic) glycerides can, of course, be done in 
two stages : initial dehydration to diene products, and 
total saturation of the latter. I t  is possible to com- 
bine the two steps, and use a mixed catalyst con- 
sisting of dehydrating (sodium bisulfate) and 
hydrogenating (Rufert nickel) components (19). Sub- 
jecting commercial castor oil to this mixed catalyst 
at 200 C at atmospheric hydrogen pressure yielded, 
after 6 hr, a product of low hydroxyl value (below 
10), low acid value (6-8) and iodine value ca. 40. 
This is useful for making soap in countries like India 
where hard animal fats are scarce. Another approach 
is to dehydrate fully hydrogenated castor oil; the 

product of iodine value 66 has 40% trans and 30% 
cis monoenoic acids, the balance being stearic acid 
(2O). 

The conversion of ricinoleate to 12-ketostearate has 
been studied (21,22) at the Western Regional Re- 
search Laboratory, Albany, California. The overall 
reaction involves no net loss of hydrogen atoms. 
However the hydrogenation reaction is separate from 
the dehydrogenation; hydrogen to saturate the double 
bond comes from the catalyst surface and this re- 
action occurs rapidly, followed by a separate slow 
and overlapping dehydrogenation of the CHOII to 
a keto group. In fact the reaction proceeds best with 
a saturated product like methyl 12-hydroxystearate, 
which is cleanly reduced to 12-ketostearate using 1% 
Adkins copper chromite catalyst at 180-260 C. This 
catalyst is preferred to the somewhat erratic Raney 
nickel. With castor off or even hydrogenated castor 
oil, the reaction does not proceed smoothly. 

The fourth type of hydrogenation is the reduction 
of the terminal carboxy or carbalkoxy group to an 
alcohol function. Of course either castor oil or its 
methyl esters can be quantitatively reduced to the 
fat ty (ricinoleyl) alcohol using a secondary reducing 
alcohol and suspensions of sodium in refluxing xylene 
by Hansley's well known modification (23) of the 
classical Bouveault-Blanc procedure. High pressure 
hydrogenation can also be employed if the twin 
problems of preserving the hydroxyl group and pro- 
tecting the unsaturation can be overcome. This has 
been done (24) by batch hydrogenation of freshly 
prepared ricinoleie acid at 220 C and 3800 psi hydro- 
gen pressure using 5% of a 3:1 copper-cadmium 
catalyst employed in the form of the ricinoleate soaps. 
The yield of the alcohol is about 70% ; the remainder 
consists of lower fission products and wax esters. 
I f  the ratio of copper to cadmium in the catalyst 
is reversed without altering the total quantity used, 
the main product is the wax ester, ricinoleyl ricin- 
oleate (24,25). 

Dehydration 
Dehydration of castor oil gives a product called 

dehydrated castor oil (DCO) containing a fair pro- 
portion of conjugated diene and therefore useful as 
a surface-coating material. The mechanism of the 
reaction, shown in Figure 6, involves no complex 

DEHYDRATION 

------- o2 ,3o" H2SO 4 § H20 H$ * 

HSO 2 * H20 : SO4 e(~ . 1,130 ~ 

-CH CH 2 CH=CH - + I"13 ~  ~ -CH CH 2 CH=CH-+ H20 

~)H +(~H 2 
hydroxonium ion 

l 
-CH CH 2 CH=CH-+.1"120 

r ion 

H 
i 

-CH2-CH CH CH= C H - + H 2 0  ~ -CH=CH CH=CH - +H30* 
conjugated 

H 
-CH CH CH 2 CH = Ch- + H20 § - C H . C H  CH 2 CH=CH-+H3 O+ 

non - conjuga tcd 

FIG. 6. Dehydration mechanism. 
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formation. Carbonium ions are formed by electro- 
philic attack on the unshared pair of electrons of the 
hydroxyl oxygen atom via formation of a hydro- 
xonium ion. Further reaction yields both conjugated 
and nonconjugated diene forms. The reaction is first 
order. The activation energy for dehydration of the 
fl,~-unsaturated system is about 45 kcals/mole; had 
the system been a,fl-unsaturated, the energy required 
for dehydration would have been just half this figure 
(26). 

The practical dehydration process has been the 
subject of hundreds of patents, concerned either with 
increasing the diene content, with giving a product 
of light color or with reducing the degree of after-tack 
shown on drying. In the Hyderabad experience, a 
DCO of light color, low viscosity and good drying 
qualities is obtained by dehydration of castor oil at 
220 C with 1.5% of sodium bisulfate as dehydrating 
agent and 0.5% of either sodium bisulfite or zinc 
dust or aluminium powder as an antipolymerising 
agent (27). I f  tungstic acid on clay is employed for 
dehydration, the quantity of catalyst required is only 
0.2%, but a higher temperature of 260-270 C is re- 
quired; with phosphotungstic acid as catalyst, the 
temperature of dehydration is as low as 150-180 C 
but simultaneous bodying of the oil is difficult to 
control (28). Use of sulfonic acids and phosforic 
acids as dehydration catalysts yields products which, 
despite a high conjugated diene content, show poor 
practical drying qualities. 

This brings up again the cause of the after-tack 
which DCO is known to exhibit to a greater or lesser 
degree on drying. The presence of sulfonates or 
sulfates, when sulfuric acid or its derivatives are 
used for dehydration, has been held responsible, as 
have residual hydroxy groups escaping dehydration 
or caused by hydrolysis. Another hypothesis was 
that an uneven molecular weight distribution in the 
DCO glycerides causes poor drying, and that an 
essentially monomeric DCO, with a viscosity ap- 
proaching that of natural oils, would dry through 
more efficiently. The presence of trans unsaturation 
was usually postulated to be the cause of after-tack 
on drying; following a study of various model com- 
pounds (29), nonconjugated trans, trans dienoic acids 
have been implicated as villains of the piece. 

Gas chromatographic analysis of a bisulfate- 
dehydrated product (K.T. Achaya, unpublished work) 
showed 44% of total nonconjugated diene which was 
not resolved by polyester gas liquid chromatography 
into its separate constituents. Since castor oil con- 
tains about 4% linoleic acid, some 40% nonconjugated 
diene has been created by dehydration. In addition, 
35% conjugated diene was also created, and con- 
sisted of 15% cis, trans, 8% cis, cis and 12% trans, trans 
forms. 

Higher degrees of diene conjugation than this are 
possible if DCO acids are desired rather than glyc- 
erides. One method of attaining this is by way of 
the estolides. 

Estolides 
The preparation of estolides from ricinoleic acid, 

and their properties and uses, has been studied at the 
Department of Chemical Technology, Bombay Uni- 
versity. The structure of an estolide trimer is shown 
in Figure 7. Stepwise buildup is caused by con- 
densation of the carboxyl end of one molecule of 
ricinoleic acid with the hydroxyl group of another. 
This occurs even at room temperature (30) but can 

CH3(CH2) S CHCH 2 CH = CH(CH2)7COOH 

CH3 (CH2} 5 C H CH2 CH = CH(CH2)TCO~-~ 

CH3(CH2)sCHCH2CH:CH(CH2)TCO~O~H 
OH 

E stofidG formation 

Fxo. 7. Structure of am estolide trimer. 

be hastened by heating. Estolides can be obtained on 
a preparative scale by heating the split mixed acids 
of castor oil at 220 C for 4 hr under vacuum or 
carbon dioxide (20). The product after this period 
is mainly the estolide trimer, and side reactions like 
internal lactonisation or anhydride formation are 
negligible. As the reaction proceeds, the optical rota- 
tion increases to a maximum of 25.5 ~ and of course 
both the hydroxyl value and the acid value go down. 
The reaction is second order, and has an activation 
energy of 14.7 kcal/mole and a rate constant of 
12.1 • 10 -4 at 170 C and 25.6 • 10 -4 at 187 C. 

Estolides can undergo various reactions (20,31). 
Dehydration by the usual agents yields DCO fatty 
acids with over 50% diene conjugation, and the 
process is commercialized in India. The estolides are 
easily saturated by heterogeneous catalytic hydro- 
genation, and saponification of the resulting product 
yields 12-hydroxystearie acid, which is utilized for 
grease manufacture. Dehydration of the saturated 
estolides gives a mixture of cis and trans monoenoic 
acids, which could find use in soap formulation. 

Alkali Fusion and Dibasic Acids 
The alkali fusion of castor oil gives two distinct 

sets of products. Reaction at a temperature of 185- 
190 C for a long period (say 13 hr) with one molec- 
ular proportion of alkali yields methyl hexyl ketone 
and 10-hydroxydecanoic acid in a yield of about 
70%, and the reaction is favored by the presence 
of primary or secondary alcohols like 1- or 2-octano] 
(32). 

MECHANISM 

H j H  - ~  
CH3(CH2) 5 C CH2CH=CH (CH2)7 cOOe 

ldehydrogcnotio n 

CH3(CH2) S C CH2CH = CH (CH2) 7COO e 

O J,T-ketonc 

CH3(CH2) S CH 2 CCH--CH (CH2) 7 COO e 
O 

~,p-ketonr 
I retrooalekN fissiell 

CH3(CH2)sC CH 3 OHC (CH2)sCOOH 
O § 

octon-2-onr C~aldchydo acid 

Fro. 8. Alkali fusion reactions of rieinoleate, first stages. 
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REACTION PATHWAYS 

CH3(CH2)5C CH 3 OHC (CH2) 8 COOH 
0 Clo-a~dchydo a c i d  

a6dc~ydc group acts ~ ss 
as a hydrogen o~kali, 
occtptor from ir revGrslblr 
ricfnolcic a 

HOH2C 1CH2)8 COOH H~ICH2)sCOOH 

hu t ransf l r  reaction I O - h y d r o x y d e c a n o i c  acid sebocic  acdd 
with ketone OCttng @$ 

ion ar 
+ 

CH3ICH2)sCH CH 3 OHC (CH2lsCOOH Cls-JI,T-ketonic ac id  

OH + C,~-aldehvdo a c i d  
2 - o c t a n o l  

FIG. 9. Alkali fusion reactions of rlcinoleate, later stages. 

The other and better known alkali fusion reaction 
of castor oil gives rise to sebacie acid, 2-octanol and 
hydrogen. At tiyderabad a continuous process is 
being evolved using either solutions or pastes. The 
reaction requires 2 moles of alkali per mole of ricin- 
oleate, temperatures of the order of 240 C and short 
reaction times of 1-2 hr, and is favored by the 
presence of ketones or aldehydic acids. 

To explain both reactions, the interesting reaction 
mechanism shown in Figure 8 has been proposed (33). 
Ricinoleic acid, in presence of alkali, is converted into 
the corresponding fl,7 unsaturated-keto acid which 
isomerises to the a,B-kcto acid. This undergoes a 
"retro-aldol" fission to yield a ketone and an aldehydo 
acid. These products become starting points for a 
complex series of reactions (Figure 9). The aldehydo 
acid can react in one of two ways: it can go irre- 
versibly to sebacic acid, or it can accept hydrogen 
from ricinoleic acid, converting it to the fl,7-keto 
acid, which recycles into the system, meanwhile giving 
rise itself to 10-hydroxydecanoic acid. The end prod- 
ucts of the two reactions are shown underlined in the 
figure. 

Another interesting reaction which has been eval- 
uated is the oxidation of fully hydrogenated castor 

MONOMERS 

VINYL 
Esters CH 2 =CH'OCO : R 

Ethers CH2=CH'O'R 

ALLYL 
Esters CH2=CHCH 2.O.CO. R 

Ethers CH 2 =CHCH 2.O.R 

ACRYLIC Esters CH 2 = CH. CO.O'R 

METHACRYLIC Esters CH2= C.CO'O-R 
CH 3 

where R is 

/~undccenoate 

undecanoa t (  
I I -substitutcd undeconoates 

(Be CI. [. OH. OCH3, ~ )  

IO, II- dlsubstituted undeconootes 

L t l -d isubs t [ tu ted  undecanoo tes 

Fro. 10. 

ricinoleatr 

hydroxystearate  

ace toxys teara te  

k e t o s t e a r a t e  

Polymerizable monomers prepared. 

oil with nitric acid to give an equimolar mixture of 
Cn and C12 dibasic acids (34). Normal oxidative 
cleavage of ricinoleie acid will, of course, cause scis- 
sion of the double bond to azelaic acid. Hence castor 
oil can give rise directly to one of four dibasic acids, 
C9, Clo, Cn or C12, depending upon the conditions 
of fission. With ,no other oil is this possible. 

Hydroxy Derivatives 
An isolated double bond is amenable to hydroxyla- 

tion particularly with peracids, and that in castor oil 
is no exception. A series of fully hydroxylated 
(saturated) products have been prepared at Hy- 
derabad (35) both from ricinoleic acid and its deriva- 
tives like the trig]yceride and the fatty alcohol, and 
from 10-undecenoic acid and its derivatives like the 
1-monoglyceride and the fatty alcohol. The utility 
of these products, both Cls and Cn, in alkyd formula- 
tions (36) was examined. The 1,10,11-trihydroxy 
product (obtained by hydroxylation of 10-undeeenyl 
alcohol) yielded quick drying alkyds, while fully hy- 
droxylated castor oil itself showed alkyd formulation 
potential. There were indications that adjacent hy- 
droxy groups, such as are introduced by peracid 
hydroxylation, are not fully utilised for cross-linking, 
perhaps because of steric hindrance. 

The same hydroxy derivatives were also sulfated 
and the neutralised materials examined as surfactants 
(36). The sulfate salt of the ll-carbon saturated 
alcohol, undecanyl, closely resembled that of lauryl 
alcohol in its properties, and the 18-carbon polysul- 
fate salts were all good emulsifying agents. 

Acetoxy-epoxy Derivatives 
Where unsaturation and hydroxy groups both 

occur, as in castor oil or its derivatives, the former 
can be epoxidised using appropriate reagents, such 
as anhydrous peracids under nonacidic conditions, 
and the latter can then be acetylated with acetic 
anhydride and pyridine. In PVC resins, the products 
obtained may be expected to exhibit both a stabilising 
function, by reason of the epoxy groups present, and 
a plasticising function, by reason of the acetoxy 
groups. Some studies in this direction have been 
made. At the Hyderabad laboratory, castor oil alone 
or in admixture with various proportions of linseed 
oil has been epoxidised and then acetylated to give 
a range of products with varying epoxy-acetoxy 
ratios (37). At the Shri Ram Institute for Industrial 
Research in Delhi, several series of products have 
been evaluated. When monoricinolein was acylated 
at all the three hydroxyl groups with various fat ty 
acids from one to six carbon atoms in length, the 
hexyl triester was found to show the best plasticising 
properties (38). When various diols and higher 
polyols were esterified with rieinoleic acid, the 
ricinoleate diester of pentaerythritol showed excellent 
plasticiser properties (39). 

At the Southern Regional Research Laboratory in 
New Orleans, good plasticising properties have been 
shown by the morpholide esters of ricinoleic acid 
and of cyanoethylated ricinoleic acid (40,41). 

Urethanes 
Urethanes are products of reaction of an alcohol 

with an isocyanate group. If  excess isocyanate is 
present, and this is then reacted with water, an amine 
and carbon dioxide result and escape of the latter 
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through the reaction mass gives rise to a cellular 
or foam structure: 

ROH + R'NCO - ~ RNHCOOR' 
R~NCO + It20 ) RNH~ + C02 J' 

A great deal of work has established that when castor 
oil is the alcohol component, the foams produced are 
of the rigid or semirigid type which find use for 
insulation and structural support (42,43). 

The published work of the Defence Laboratories in 
India may be cited (44). Castor oil is treated with 
slightly less than half its weight of triethanolamine 
at 150 C for 2.5 hr under nitrogen. The amount of 
triethanolamine is controlled to give a pH of 8.6 to 
9.5 in the final product, which is important for sub- 
sequent balanced urethane formation. The resinous 
reaction mass, which is a complex mixture of tri- 
ethanolamine ricinoleate with mono-, di- and triglyc- 
erides of castor oil, is stirred at high speed with 
small amounts of surfactant and water, and the 
isocyanate (4,4'-diphenylmethyldiisocyanate) added 
all at once, when an instant reaction occurs. Both 
the density (2.54.4 lb/f t  3) and compressive strength 
(ca. 50 psi) of the foams are high, and the proportion 
of open cells low (15-20%). To obtain fireretardancy, 
which is increasingly important in the riot and arson 
prone world of today, a retardant like tri-fl-chloro- 
ethylphosphite can be incorporated. Brominated and 
chlorinated derivatives of castor oil have been em- 
ployed for the same purpose in America (42,43). 

Castor oil can be used for production of other 
types of urethanes called elastomers, which are hard 
yet resilient and malleable products used, for ex- 
ample, to make trolley wheels. In work at the Na- 
tional Chemical Laboratory in Peoria, India (45), 
castor oil is first made difunctional by blocking one 
of the three hydroxyl groups of triricinolein with 
phenyl isocyanate. Further  reaction with one 
equivalent of ethylene glycol and three equivalents 
of 4,4'-diphenylmethyldiisocyanate gives the elasto- 
mer, which is cured with sulfur, peroxide or radia- 
tion. The product is reported to have a high Shore 
hardness of 90, a tensile strength of 3500 psi and 
an elongation of 100%. 

Monomers Capable of Polymerization 
Coupling of fat ty materials with acids and alcohols 

carrying terminal unsaturation yields esters and 
ethers which are capable of polymerization. A series 
of such products have been prepared in a high degree 
of purity at t tyderabad (46,47). The fatty portion 
was either ricinoleic acid or its derivatives (e.g., hy- 
droxystearic, acetoxystearic and ketostearic acids), or 
undecenoic acid or its derivatives (such as unde- 
canoic acid, 11-substituted undecanoic acid including 
halo-, hydroxy-, methoxy- and phenyl-substituted ma- 
terials, ]0,1]-disubstituted products and ],ll-disub- 
stituted products). These were coupled with vinyl 
and allyl alcohols to give esters or ethers, or with 
acrylic and methyacrylic acids to give the esters 
(Fig. I0). Several new or improved preparative 
methods were developed. Thus in the preparation of 
vinyl esters by the interchange reaction between 
fat ty  acid and vinyl acetate, 40% hydrofluoric acid 
was used in place of strong sulfuric acid. In pre- 
paring the acrylate esters of secondary alcohols, 
acrylic acid was added to the secondary alcohol 

alternately with a tertiary base, the latter being 
added in quantities just enough to fix the liberated 
hydrogen chloride which otherwise causes a sub- 
stantial lowering of the yield. 

Polymerisation of some of the materials has been 
examined. The homopolymers were not useful. The 
copolymers were more promising (48,49). Thus an 
equimolar mixture of methyl 12-acryloxystearate and 
vinyl acetate or chloride, when polymerized by 
free radical or a redox system, yielded polymers wi~h 
potential in the manufacture of adhesive tape. 
Potential paint vehicles with drying qualities re- 
sulted when vinyl 10,11-epoxyundecanoate was co- 
polymerised with vinyl chloride using a redox system. 
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