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Abstract 
The physical and surface-active propert ies  of 

alkylolamides p repared  f rom methyl-9,10-epoxy- 
stearate are discussed. These materials  are pre- 
pared  by reacting methyl-9,10-epoxystearate with 
a polyoxyethylene alcohol to produce the methyl  
ester of the hydroxyalkoxypolyoxyether  substi- 
tuted carboxylic acid which is subsequently sub- 
jected to amino]ysis with diethanolamine. 

The propert ies of the derivatives as a function 
of the molecular weight of the polyoxyethylene 
alcohol are explored and appear  to exhibit criti- 
cal changes at a value of about  500. All "~he 
materials  thus p repared  exhibit higher water  
solubility than  corresponding N,N-di(2-hydroxy-  
ethyl)  amides and foam somewhat less. 

Possible applications for  materials  such as 
these include formulat ion of low-foam, heavy- 
du ty  cleaning compounds, both of a liquid and 
d ry  type. This would, of course, be especially im- 
por tan t  in the growing field of automatic  liquid 
dishwasher formulations. A need for  such ma- 
terials also exists in heavy-duty  metal  clean, 
ing, floor washing, and other heavy-duty  cleaning 
applications. 

Introduction 

T H E  U T I L I T Y  OF ALKYLOLA1EIDES a s  surface-active 
compounds has been explored to a great  degree 

since the work of Kr i tchevsky some 30 years ago (1). 
Such materials  find uses in today 's  detergent compo- 
sitions both in industr ial  applications and in the 
l ight-duty liquid materials  generally associated with 
household use. These materials  usual ly are N- 
substi tuted or N,N-disubsti tuted amides of f a t ty  acids 
generally having an average of about 12 carbon atoms 
in the f a t ty  chain. Their  industr ial  applications in- 
clude the product ion of fire-fighting foams, concrete 
a ir-entraining agents and go so fa r  as to include 

z Presented at AOCS l~eeting, New Orleans, April 1964. 

compounds designed to remove undesirable water  
f rom air-drilled, oil and gas wells. 

Sa tura ted  materials  having in excess of 12 or so 
carbon atoms in the f a t t y  chain are generally of lim- 
ited solubility, but  their surface-active propert ies  and 
their abil i ty to form colloidal solutions tha t  are in- 
definitely stable lead to their  use in combination 
with other materials  as opacifiers and pearlescing 
agents in l ight-duty household detergent  formula-  
tions. In t roduc ing  unsatura t ion  into the f a t t y  chain 
generally results in slightly increased water  solubility 
on the pa r t  of the hydrophobie port ion of the mole- 
cule. This disrupts  the s t ructure  of the compound 
so that  it is generally unable to form the type of so- 
lution that  is useful as an opaeifier, but  these ma- 
terials have increased oil solubility and are well 
known for  their  abili ty to produce emulsions espe- 
cially of the invert  or water-in-oil type. These ma- 
terials also act as emulsion stabilizers when used in 
conjunction with more hydrophil ic detergents to 
produce emulsions of the oil-in-water type. 

The inherent  nature  of many  of the alkylo!amides 
has, however, hindered or in some cases completely 
prevented their  use in applications where they might  
otherwise exercise utility. The two outstanding such 
propert ies  are the high viscosity of their  aqueous so- 
lutions and the limitations imposed on their  solubility 
especially in the presence of salts or builders. Some 
modifications have been a t tempted  in an effort to al- 
leviate the disadvantages with some success. One of 
these modifications designed to increase the solubility 
of these materials  is their  product ion via a route in- 
volving ethoxylation of f a t ty  amides or f a t ty  alkylo- 
lamides. These materials,  while having increased 
water  solubility, do in fact  lose their  basic nature  as 
alkylolamides, so tha t  the performance characteristics 
are not always what is desired. Control of the high 
viscosity of solutions of these materials  can be effected 
by a var ie ty  of techniques generally involving the use 
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T A B L E  I 

Phys i ca l -Chemica l  P r o p e r t i e s  

l~olecuIar  
we igh t  of ST)e- P R  of A m i n e  Ti-  E s t e r  
Polyoxy- cific 3 % soap a t r ab le  amide  
e thylene g r a v i t y  solut ion (cot-  

s ide @ 30C @ 3 0 0  r ec t ed )  amine  r a t l o  b 
chain  

320  1 . 0 5 4 2  9 .35  0 .5  % 13.2  % 0 .27--0 .30  

550  1 . 0 6 7 6  9 .35  1.0 % 9.2 % 0 . 2 3 - 0 . 2 4  

750  i . 0 7 7 6  9 .30  Ni l  8.3 % 0 .46  

a AS d i e t h a n o l a m m o n i u m  oleate. 
b D e t e r m i n e d  by i n f r a r e d  spectroscopy a f t e r  4 months '  ag ing .  

of short-chain alcohols such as ethanol or isopropanol 
or materials  of the commonly encountered glycol 
ether type. These modifications often are, however, 
unsat isfactory due to considerations involving flash 
point, odor, effect on various organic coatings, etc. 
I t  is felt  that  the class of compounds under  discussion 
enlarges the scope of the applicat ion of the alkylola- 
mides to such a degree so as to permit  their  use in 
applications previously considered inappropriate .  

The alkylolamides described herein were synthe- 
sized using the methyl  ester of 9,10-epoxystearic acid 
(Fig. 1). The materials  could have equally well been 
p repared  f rom f a t t y  epoxides, but  it was found tha t  
the benzene cosolvent necessary in the polyoxyalco- 
holysis of f a t ty  tr iglycerides was not necessary in the 
polyoxyalcoholysis of the methyl  esters (2). The 
methyl  ester route was thus selected as being the most 
commercially expedient. In  general, the alcoholysis 
of f a t t y  epoxides is carried out under  moderate con- 
ditions in the presence of a Fr iedel -Craf t  catalyst  
such as tin-tetrachloride, boron trifluoride or anti- 
mony  pentachloride, etc., with the catalyst  being dis- 
persed in the alcohol pr ior  to the addition of the f a t ty  
epoxide. In  these studies the monofunctional  methyl-  
9,10-epoxy stearate was reacted with monofunctional  
polyoxyethylene alcohols. Pr ior  unpublished work in 
Swift  & Company 's  laboratories has shown tha t  while 
the adducts of polyoxyethylene glycols and polyols 
were indeed as would be expected, amphipathie,  their  
ut i l i ty  as surface-active agents was somewhat lacking. 
The use of these monofunctional  materials  also avoided 
any  polymerization of the materials  beyond tha t  of 
the condensation as manifested by the performance 
and physical  propert ies  of the products. 

Methoxy polyoxyethylene alcohols having molecular 
weights of 350, 550 and 750 (a) ,  were reacted with 
commercial methyl-9, 10-epoxystearate (b) in the 
presence of 0.3% boron trifluoride (c) (as its dihy- 
dra te) .  The reactions were init iated at ambient  room 
tempera ture  and were allowed to proceed without 
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FIG. 3. Infrared absorption spectrum, 550 adduct. 
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cooling to the max imum tempera ture  obtained by the 
exothermic reaction. 
(a) Carbowax 350, 550 and 750 as obtained f rom 

Union Carbide Chemicals Company.  
(b) Epoxidized methyl  oleate obtained f rom Swift  & 

Company,  Chemicals for Indus t ry  Department .  
(c) General Chemical Division, Allied Chemical 

Corporation. 
This varied f rom sample to sample inversely as the 

molecular weight of the polyoxyetby]ene alcohol, but  
was generally somewhat less than 80C at the appar-  
ent completion of the reaction. This tempera ture  was 
then mainta ined for a period of one-half hour fol- 
lowed by the addit ion of diethanolamine to effect an 
aminolysis of the ester. This aminolysis was carried 
out over a three-hour period noncatalyt ical ly at  a 
t empera ture  of 150C. This resulted in a so-called low 
active type amine condensate characterized by the 
presence of not only the fa t ty  diethanolamide but  
also the f a t ty  amine ester and the f a t t y  ester amide 
(3). Materials exhibiting higher amide contents can 
probably be p repared  by the use of sodium methylate  
or other alkali metal  alcoholates as alkaline catalysts 
at lower temperatures  (4). An excess of such a ma- 
terial would, however, have to have been added in 
order for  it to consume the acidic boron trifluoride 
and filtration of the final product  or other refining 
steps would probably  have been necessitated. 

The materials  thus synthesized were then analyzed 
to determine their  physical  propert ies  and their chem- 
ical constitution. The results of the analysis were 
summarized in Table I. I t  can be seen that  specific 
gravi ty  increased slightly and tha t  the t i t ra table  

i 

i ....... { 

F _L~J 

! i . 
4 5 b 

I 
I 

I 
7 8 

W A V E L E N G T H  ( M I C R O N S  ) 

FIG. 2. Infrared absorption spectrum, 350 adduct. 
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FIG. 4. Infrared absorption spectrum, 750 adduct. 
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FIG. 5. Surface tension at 25C (ASTM D-1331-56). 

amine remained essentially constant at  roughly 50% 
of the original amine. The ester amide ratio which 
was computed f rom the in f ra red  spectrum of each of 
the samples showed some interesting variation. The 
in f ra red  absorpt ion  spectra  of the samples  shown in 
Figures  2, 3 and 4 were determined approximate ly  
four  months af ter  their  p repara t ion  and the relative 
absorpt ion rat ios  at 5.75 ~ and 6.15 ~ were de te rmined  
and used to estimate the es ter /amide ratio of the 
condensate (5). The sample having no de- 
tectable amine soap retained its original expected 
high es ter /amide ratio, while the samples having de- 
tectable quantit ies of amine soap left  in the com- 
pound showed a marked decrease in the cstcr /amide 
ratio, the decrease being greater  with the higher 
amine soap level. This confirms earlier work tha t  in- 
dicated the es ter /amide ratio of compounds in this 
general class decreased upon aging in the presence 
of amine soap (6). 

The performance  characteristics of these materials  
were also quite interesting. The surface tension of 
the materials  in distilled water  (7) did as would be 
expected, decrease with increasing concentration, as 
shown in F igure  5, but  it was interesting to note that  
the surface-tension-depressing effect was significantly 
greater  in the case of the derivative having the low- 
est molecular weight polyoxyethylene side chain. This 
effect was also reflected in the interracial  tension be- 
tween hexane and the water  as shown in F igure  6, 
but  the interracial  tension between benzene and water  
(Fig. 7) showed no detectable difference between the 
lowest and highest molecular weight polyoxyethylene 
side chain with the intermediate molecular weight 
showing higher interracial  tensions at the same con- 
centration. In  all cases the interracial  tensions were 
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quite low and indicated that  the materials  may  show 
uti l i ty as oil-in-water emulsifiers. 

The materials  were also subjected to s tandard  wet- 
t ing tests as described by the Amer ican  Association 
of Textile Chemists and Colorists (8). These tests are 
summarized in F igure  8. Here  as with the inter- 
facial tension between benzene and water  the inter- 
mediate value of molecular weight deviated f rom both 
the lowest and the highest value in the same direction, 
especially at higher concentrations where it gave ap- 
preciably faster  wett ing times. I t  was noted, how- 
ever, tha t  at lower concentrations not only did the 
curve for the intermediate mater ia l  fail  to mainta in  
the advantage it held at high concentrations, but  its 
solutions became cloudy at concentrations of less than 
o.2.% 

These materials  were also evaluated as foaming 
agents using the pour  foam test as originally sug- 
gested by Ross and Miles (9) and current ly  described 
by the American Society for Testing Materials. The 
results of these tests are shown in F igure  9. Here  
again the apparen t  anomaly in surface characteris- 
tics appear ing  between the molecular weights of 350 
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and 750 with respect to the polyoxyethylene chain, 
manifested themselves in the characteristics of the 
materials.  The foam height values showed a minimum 
at the intermediate molecular weight. I t  is possible, 
though unlikely, that  the change in ester /amide ratio 
or the very small differences in soap level accounted 
for this anomaly. I t  is more likely that  the molecular 
weight range between 450 and 650 represents an in- 
fection in the characteristics of the materials. 

I t  was also quali tat ively ascertained tha t  the 
products  exhibit infinite water  solubility at room tem- 
perature  exeept in the ease of the slight turbidi ty  de- 
veloped in the intermediate molecular weight range 
at low concentration. Their solubility at normally 
encountered detergent eoncentrations (i.e., in the 
neighborhood of 2-5%) was good even in the presence 
1-5% electrolyte. 
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