
Fat-Based Surface-Active Agents 
A. J. STIRTON, Eastern Regional Research Laboratory, ~ 

S U R F A C E - A C T I V E  agents, or "surfaetants," is 
a general te rm applied to  organic compounds 
which, in dilute aqueous solution, considerably 

lower the surface tension of water,  and the interracial  
tension of the aqueous solution against  a refined min- 

eral oil. The magni tude of 
this lowering is shown in 
F igure  I (11). Most surf-  
actants at  0.1% concentra- 
tion at  25 ° lower the sur- 
face tension of water  f rom 
72 to about  28 to 40 dynes 
p e r  cm. S u r f a c e  a n d  in- 
terracial  tension values for  
the major i ty  of sur fae tants  
fal l  within the r e s p e c t i v e  
shaded areas of F igure  1. 

S u r f a c e - a c t i v e  a g e n t s  
m a y  have  emuls i f ica t ion ,  
wetting,  s p r e a d i n g ,  foam- 
ing, and detergent  proper-  
ties which make them use- 
fu l ;  they may  show other 
u s e f u l  p r o p e r t i e s  related 

A. J. Stirton to surface energy;  or, as 
in the case of the cationic 

bactericidal  agents, their  use may  appear  to be only 
incidentally related to surface-active properties.  

1A labora tory  of the E,astern Ut i l i za t ion  Research Branch ,  Agricul-  
t u r a l  Research Service,  U. S. Depar tmen t  of Agr icu l tu re .  

80  

. 6 0  

04 

E 
U 

¢n 4 0  

Z 

2 0  

0 

I I 

9" - -PU R E W A T E R  

/ 

6 / ' / / / S U R F A C E  T E N S I O N ' /  

0 0.2 0.4 0.6 0.8 1.0 

C O N C E N T R A T I O N ,  % 
]~IG. 1. S u r f a c e  a n d  i n t e r r a c i a l  t e n s i o n  v a l u e s  f o r  t h e  m a j o r -  

i t y  o f  s u r f a c e - a c t i v e  a g e n t s  ( 1 1 ) .  

579  

Philadelphia, Pennsylvania 

S u r f a c e - a c t i v e  agen t s  general ly have molecular 
weights in the range of about  280 to 450. Par t icu-  
lar ly  in the case of fat-based surfactants ,  the molecule 
is considerably longer than i t  is wide. A surface- 
active agent  has a s t ructure  combining an essentially 
hydrophobie  nature  with atoms or groups predomi- 
nant ly  hydrophilic.  The hydrophobic pa r t  is typified 
by  the parafflnic chain of the higher f a t t y  acids. The 
hydrophil ic  pa r t  may  be a carboxylie, sulfuric, or sul- 
fonic acid group in the case of an anionic sur fae tan t  ; 
the --NH~]+C1 - port ion of [R,NH~]+C1 - in the case of 
a cationic su r fac tan t ;  or a series of ether  oxygen 
atoms in the case of nonionic surfaetants.  

S u r f a c e - a c t i v e  agents are roughly classified as 
the wet t ing-agent  type  (with a s t rncture  such as 
RCIIOSOaNal~ '  , where R and 1%' are hydrophobic  
par ts)  ; or the detergent  type, such as RCtt20SO3Na, 
with the hydrophil ic  pa r t  at or near  the end of a 
hydrophobic  chain. The te rm "surface-active a g e n t "  
is therefore more inclusive than  "we t t i ng  a g e n t "  or 
" d e t e r g e n t " ;  i t  is a generic ra ther  than a specific 
term. 

The U. S. product ion of surface-active agents in 
1952 is shown in Table I (53). Soap is excluded f rom 

TABLE I 

U. S. Producl~ion of Surface Active Agents (53) a 
Anionic  Su r f ac t an t s  

I t em Cyclic P roduc t ion  
pounds  

1 Dodecylbenzenesulfonie  acid type ................................ 307,242,000 
2 Sul fona ted  pe t ro leum aromat ic  epds ........................... 84,510,000 
3 Sul fa ted  and sul fonated phenyl  ethers, subs t i tu ted  

blpl lenyls ,sul fonated ] ign in  der iva t ives  .................... 49 ,076,000 
4 Sulfonated naphtha lene  der ivs  .................................... 5 ,683,000 

Acyclie 

5 Sul fa ted  and su l fona ted  alcohols .................................. 112,507,000 
6 Sul fa ted  and  su l fonated  oils, fats,  and waxes .............. 51,640,000 
7 Sul fa ted  and su l fonated  esters ..................................... 13 ,174,000 
8 Non-suIfenated salts of fa t ty  acids ............................... 4,746,000 
9 Sul fa ted  and  sulfo.nated n i t rogen  cpds ....................... 4 ,181,000 

10 Sulfa ted and  sul fonated-acids  ...................................... 3 ,285,000 
11 Phosphorus  cpds ......................................................... 602,000 

Total  anionic  su r fac tan t s  ............................................. 636,646,000 

Oationic Su r f ac t an t s  

12 Cyclie,non-sulfonated, n i t rogen  cpds ........................... I 4 ,238,000 
13 Acyclic, non-sulfonated,  n i t rogen  cpds . . . . . . . . . . . .  I 37,027,000 

Total  cationic s u r f a c t a n t s  ............................................ I 41 ,265,000 

Nonionic Su r f ac t an t s  

14 Cyclic, no n-sulfonated,  ethers and esters ...................... [ 26 ,894,000 
15 Acyclic, non-sulfonated,  ethers and esters ................... I 36,342',000 

Total  nonionic  su r f ac t an t s  ............................................. i 63,236,000 

a Soap is excluded iu  the  tabula t ion .  The f igures  are for  100% act ive  
ingredients ,  not  i n c l u d i n g  water,  bui lders ,  or other  addit ives.  

this tabulation,  a n d  the figures are for  the 100% ac- 
tive ingredient.  Most commercial sur fae tants  are how- 
ever marketed  as liquids, powders, pastes, flakes, or 
spray-dr ied  pellets in which the surface-active agent  
may  be present  to the extent of about  25% by  weight. 

The total  product ion of surface-active agents was 
741,147,000 lbs. on a 100% active basis. In  a sim- 
plified proport ion the product ion of anionic (636,- 
646,000), ca t ion ic  (41,265,000), a n d  non ion ic  (63,- 
236,000) surface-active agents was in the relation of 
31 :2 :3 ,  respectively. Anionic s u r f a c t a n t s ,  par t icu-  
lar ly  the dodecylbenzenesulfonie acid type, are the 
most impor tan t  in volume of production. The cyclic 
compounds are, in general, of pet roleum or coal t a r  
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origin; the aeyclie compounds, in generaI, are fat- 
based. The cyclic cationic surfactants  may include 
compounds based on fa t ty  acids. F rom Table I the 
total surfactant  production of all that  might be as- 
sumed to be based on fats or f a t ty  acids was about 
80% of the figure for  the dodecylbenzenesulfonic acid 
type. 

The natural ly  occurring fats, and more specifically 
the fa t ty  acids such as laurie, myristic, palmitic, ste- 
aric, oleic, and ricinoleic acids, are par t icular ly  suit- 
able as a raw material  for  prepar ing surface-active 
agents. The long stra'ight chain CH.~(CH2)~o-~6 and 
the chains CH~(CH~)TCH~CH(CH2)7  and 

CH~ (CH2) ~ C H O H C H ~ C H = C H  (CH~) 7 

are natural  sources for  the hydrophobic part .  The 
carboxyl group lends itself readily to reactions for 
the introduction of the necessary hydrophilic part .  
Hydrophi l ic  groups can also be introduced at the 
double bond o f  oleic acid or at the hydroxyl  group 
of ricinoleic acid. A greater  variety of surface-active 
agents has been derived from the fa t ty  acids than 
from any other single source. 

Soap is the oldest known and the simplest surface- 
active derivative of the fa t ty  acids. Soap has a long 
history of acceptability and is especially suited for 
toilet use and for detergency in soft water. Soap has 
however two major serious defects. I t  cannot func- 
tion in acidulated water  because it is converted to 
the almost insoluble f a t ty  acid. I t  cannot perform 
well in very  hard water because of the precipitation 
of calcium and magnesium soaps. These defects, have 
led to the development of synthetic detergents. Sales 
of built  synthetic detergents surpassed soap for the 
first time in 1953; 53% of the total (as marketed) 
against 47%, respectively (49). 

Surface-active agents which do not have the impor- 
tant  defects of soap can be made from the same source 
material  as soap, the natural ly  occurring fats and 
oils and the derived fa t ty  acids. The most popular  
fa t ty  acids, in general, have been the coconut oil 
fa t ty  acids (principally laurie and myristic acids.), 
and oleic acid, which produce more readily soluble 
su r f ace -ac t i ve  agents than do palmitic and stearic 
acids. Pa]mitie and stearie acid derivatives may how- 
ever have other advantages, such as contributing to 
bet ter  detergency. A difference in solubility may not 
be an important  factor, and economic considerations 
may be most important.  Differences. in the solubility 
of surface-active derivatives of individual fa t ty  acids 
may not be important  when commercial surfaetants 
are made from a mixture  of fa t ty  acids. Mutual sot- 
ubilization may occur to some extent, as. it does in 
soaps. 

Examples of fat-based surface-active agents are the 
following: sulfated and sulfonated oils, f a t ty  acids, 
esters, and amides; sulfated coconut oil alcohols and 
sulfated tallow alcohols; sulfated monoglyeerides, tal- 
low-based N-methyl taurates  and related compounds; 
fa t ty  acid esters of condensation products of anby- 
drosorbitols and ethylene oxide; fa t ty  acid Mkanola- 
mides; and the quaternized and nonionic derivatives 
of long chain fa t ty  amines and fa t ty  acid amides. 

Fat-based surfactants will be discussed under  the 
usual categories: anionic, cationic, and nonionie, rep- 
resented by  formulas such as RCH2OSQNa,  

[RN(CH~)~]÷C1 :, and RCH20(C2II40)~C2H4OH , 

respectively. 

Fat-Based Anionic  Surfactants  

The fa t -based anionic s u r f a c t a n t s  are primarily 
either sulfates or sulfonates, although carboxylates, 
sulfites, thiosulfates, persulfates, and phosphates can 
also be made. 

Carboxylic Anionic  Surfactants  

The simplest earboxylie fat-based surfactant  is, of 
course, soap. Lithium, ammonium, substituted amino- 
nimn, alkaline earth, and heavy metal soaps can be 
made as well as the more common sodium and potas- 
sium soaps. The reader is referred to the proceedings 
of the Ju ly  195'2 short course on soaps and synthetic 
detergents (1) and to the paper on metallic soaps of 
the present series. 

Intermediate amide linkages between the paraffinic 
chain and the earboxyl group increase the solubility 
and lime resistance of earboxylic surfaetants. Be- 
cause of their  close relation to soap, desirable prop- 
erties, such as good detergency for cotton, mildness 
on the human skin, and favorable emulsification char- 
acteristics, may be expected. 

Products  of the general formula 

RCON (CHa) CH=CO=H 

from the condensation of sareosine, CH:~NHCtt2COzH, 
with a fa t ty  acid chloride have been marketed as the 
Medialans. ~ (4, 7, 16). Sareosine can be made from 
CItaNH~, CIt~O, and IICN. The fa t ty  aeyl sareosin- 
ares are soluble detergents, useful except in the very 
hardest waters, favored for personal use because of 
their mild feel and good foaming properties. Sodium 
N-lauryl sarcosinate is an ingredient in a toothpaste 
composition. 

The Lamepons, such as 

C17HaaCONtIR' (CONHR")  ~C ()~Na, 

are made by the reaction of fa t ty  acid chlorides with 
amino acids fronl protein hydrolysates (31). They 
are emulsifiers, softening agents, lime soap dispersing 
agents, and useful in shampoos and cosmetics. The 
Maypons are similar products. 

Fat-Based Sulfates  and Sulfonates  

Sulfaied and sulfmmted fat-based anionic surfae- 
tants include the following: " s u l f o n a t e d "  oils, fa t ty  
acids, esters, and amides; sulfated alcohols; snlfated 
monoglyeerides ; sulfated alkanolamides ; sulfated non- 
ionies; a-sulfonated acids ; su[foethyl esters (lgepon 
A ) ;  sulfoethyl amides ( lgcpon T) ; sulfoaeetates; and 
ring sulfonated long chain aromatic compounds. From 
Table I it is apparent  the two most important  types 
are the sulfated alcohols and the sulfonated oils. 

Sulfonated Oils 

The so-called sulfonated oils were the earliest modi- 
fication on soap. The reaction, under  the usual sulfa- 
tion conditions with sulfuric acid, is predominantly 
sulfation at the carbon to carbon double bond. The 
double bond can migrate under  the sulfation condi- 
tions, to increase the complexity of the reaction (39, 
41). Sulfation is mainly at the hydroxyl  group in 
the case of castor oil and the rieinoleates. Other reac- 
tions taking place in the sulfation of oils are the 
partial  hydrolysis of the glyeeride; part ial  hydrolysis 

21~ention of any  I~r~duet by eommereiM name does not  imply endorse- 
ment  by the U. S. Depar tmen t  of Agr icu l tu re  over those of a similar 
na ture  not  ment ioned.  
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of the sulfated oil to hydroxy acids; ]actone, lactide, 
and estolide format ion;  and the formation of highly 
oxidized or polymerized products of unknown consti- 
tut ion (5). Sulfonation ra ther  than sulfation may 
p r e d o m i n a t e  u n d e r  anhydrous conditions at some- 
what higher temperatures, with chlorosulfonic acid 
or oleum, or by the use of sulfur  trioxide at lower 
temperatures.  

Completely saturated fats or fa t ty  acids cannot be 
sulfated with sulfuric acid. Oils with a high content 
of dienoic or polyenoie acids are likely to polymerize 
or oxidize under  sulfation conditions to give dark, 
gummy products. The desired oils for  sulfation are 
those containing a sufficient content of oleie or ricin- 
oleic acid, lesser amounts of ful ly saturated glycerides, 
and minor amounts of polyunsaturated constituents. 
A large number  of natural  fats  and oils can be sul- 
fa ted to give technically useful products. Tallow, 
castor oil, olive oil, and teaseed oil have been widely 
used, and a number  of other oils can be sulfated. 

The oil or fa t  is usually sulfated with concentrated 
sulfuric acid at about room temperature,  allowed to 
stand, and washed with aqueous sodium chloride or 
sodium sulfate to remove the spent acid, leaving the 
oil as an upper  layer. Af ter  neutralization the sub 
fa ted oil is a yellow to dark brown viscous liquid. 
Depending on the type of oil and degree of sulfation, 
it may give a clear foaming solution in water or it 
may form a cloudy oily dispersion. Sulfation is in- 
complete, and the product  contains uusulfated glyc- 
eride and fa t ty  acid, water, and salt, as well as by- 
products  already discussed. 

Higher  degrees of sulfation to increase solubility 
and general surface activity can be obtained by  ex- 
traction and removal of unsulfated material, or by  
sulfation at about 0 ° with excess sulfuric acid, oleum, 
or chlorosulfonic acid. A high degree of sulfation is 
not required or even desirable when the product  is 
a textile lubricant.  High degrees of sulfation are not 
possible when the oil or fat  (tallow, for example) 
contains a relatively high percentage of unsulfatable 
saturated fa t ty  acids. 

The principal uses for  the sulfated oils are in the 
leather and textile industry. Sulfated cod liver oil, 
neat ' s  foot oil, and tallow are used in the fat-liquor- 
ing of leather. Sulfated tallow is a non-substantive 
softening agent for cotton and rayon. Sulfated oils 
have a number  of misce l laneous  uses as wetting, 
d i spers ing ,  and emulsifying agents. They are not 
ordinari ly classed as. detergents. The i r  s t r u c t u r e ,  
RCHOSOsNaR',  is that  of a wetting agent ra ther  
than a detergent. 

The fa t ty  acids, esters, and amides can be sulfated 
instead of the glycerides. Sulfated oleic and ricin- 
oleic acids have much greater  wetting and foaming 
power than the sulfated glyeerides. Sulfated lower 
alkyl oleates and rieinoleates are rewetting and sol- 

tening agents (27). Sulfated amides are stable to 
use at high temperatures,  in the presence of acid or 
alkali, and resistant to hard  water. Humectol  CX 
(or Dismulgan V),  the sulfated diisobutyl amide of 
oleic acid, CH.~ (CH2) ~CHOSQNa (CH2) yCON ( C +H:,) 2 
(16, 37) is a wetting and leveling agent, also a versa- 
tile textile assistant. 

The reaction of oleie acid with oleum or chloro- 
sulfonic acid, in the presence of a solvent, produces 
hydroxysulfonic acids such as 

Ctt~ (CH~) ~CHOHCHSQH ( CH2 ) yCO2tI. 

These true sulfonic acids are stable in hot nlineral 
acid solutions. 

Sulfated Fa t ty  AlcohMs 

The sulfates of the long chain pr imary  alcohols, 
RCtI~OSQNa,  first introduced about 1930, are the 
most impor tant  fat-based, surface-active agent, as is 
evident from Table I. The fa t ty  alcohols can be ob- 
tained from the saponification of natural  waxes, such 
as those of sperm oil; by  the sodium reduction of 
glycerides or esters (14, 19) ; and by  hydrogenolysis 
of glycerides, esters, or fa t ty  acids. 

The sodium reduction process does not affect un- 
saturation present in the original glyeeride or ester. 
Except  under  certain conditions (36, 38) catalytic 
hydrogenolysis may saturate double bonds. 

Sodium reduction of fats gives a sodium hydroxide- 
glycerol solution which does not permit  glycerol re- 
covery. Transesterification of the fat  with the reduc- 
ing alcohol, CH3CHOHCH2CH(CHs)2,  pr ior  to re- 
duction, permits glycerol recovery. Another  method 
is the reaction of the sodium alcoholates with urea, 
instead of water, to give sodimn eyanate as a by- 
product. Glycerol can then be recovered by water- 
washing (2). 

The fa t ty  alcohols to be sulfated may be those from 
coconut oil, tallow, or sperm oil. Coconut oil on con- 
version to long chain pr imary  alcohols would give a 
mixture of about 15% octanol and decanol, 45% do- 
decanol (or lauryl  alcohol), 18% tetradecanol (or 
myristyl  alcohol), and 22% eetyl, stearyl, and oleyl 
alcohols. Tallow would give a mixture  of about 6% 
myristyl ,  25% eetyl, 14% stearyl, 50% oleyl, and 2% 
linoleyl alcohols. I f  the double bond becomes satu- 
rated dur ing  hydrogenolysis or if the start ing mate- 
rial is the completely hydrogenated fat,  there will be 
a corresponding increase in the stearyl alcohol con- 
tent and a disappearance of oleyl alcohol and other 
unsatura ted alcohols. 

The saturated alcohols can be sulfated with an ex- 
cess of concentrated sulfuric acid, with chlorosulfonie 
acid, or with sulfur  trioxide. Sulfat ion with sulfuric 
acid is usually incomplete and is accompanied by  a 
certain amount  of dehydrat ion and olefin formation. 
Small amounts, about 5%, of unsulfated mat te r  and 

TABLE I I  
Surface Active Propert ies  o2 Sodium Salts of Sulfated Alcohols (56) 

Foam height, Detergency, 
Surface Interracia l  0.1% solns., Sinking time, 0.1% solns., Solubility 
tension, tension, 100 p.p.m. 0.1% solns., 100 p.p.m. %, 

0.1%, 25 °, 0.1%, 25 °, 60 ° 25 °, 60 ° 25 ° 
dynes,/cm, dynes/era, ram. seconds /kR 

Na dodecyl sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.0 20.3 240 13 28.6 28.8 (56) 
Na tetradecyl sulfate ................................ 25.3 9.1 24.6 12 34.2 0.237 (56) 
Na he~a:deeyl sulfate ............................... 35.0 7.5 178 59 35.9 0,05 (9) 
Na octadecyl sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40,6 14.2 151 280 38.6 0.02 (17) 
N~ oleyl sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ! 35.0 7.4 226 19 37.1 easily soluble 
N~a elaidyl-sulfate,. ................................... 36.1 6.3 202 20 37.6 easily soluble 
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impurities generally have no detrimental effect. Ex- 
traction of impurities by carbon tetrachloride or gas- 
oline may be necessary. 

When a product substantially free of inorganic 
salts is desired, the reaction mixture prior to neu- 
tralization may be separated into two layers by add- 
ing butanol or carbon tetrachloride. The lower layer 
of spent sulfuric acid is withdrawn. After neutrali- 
zation and solvent removal the product contains only 
minor amonnts of inorganic salt. 

Sulfated primary fatty alcohols may be marketed 
as the sodium salt fit dry form or as an aqueous 
paste, associated with trade names, such as Avitex, 
Duponol, Gardinol, Lissapol, Maprofix, Modinal, 0r- 
vus, and Stepanol. Large amounts of the triethanol- 
ammonium salt are made for use in shampoos and 
liquid detergents. Sulfated alcohols are stable to al- 
kaline hydrolysis but  can be hydrolyzed to the long 
chain alcohol in hot acid solutions. 

The individual sodium alkyl and alkenyl sulfates 
compare as shown in Table II  (56). The surface ten- 
sion value for sodium dodeeyl sulfate at concentra- 
tions near the critical mieelle concentration (about 
0.25%) is "17.4. The high surface and interracial ten- 
sion values for sodium octadecyl sulfate are probably 
due to incomplete solution. Sodium dodeeyl sulfate 
is not as good a detergent at 60 °. Sodium oleyl sul- 
fate and sodium elaidyl sulfate are good detergents 
readily soluble at room temperature. 

The sulfation of oleyl alcohol is complicated by 
the ease with which the usual sulfating agents cause 
reactions to take place at the double bond as well 
as at the hydroxyl group. The purity of sodium oleyl 
sulfate and sodium elaidyl sulfate, estimated by the 
iodine number, is generally related to better values 
in the measurement of foaming, wetting, and deter- 
gent properties (56). Moderate su l fa t ing  agents, 
such as the following, are at least partially successful 
in minimizing reactions involving the double bond: 
pyridine 'sulfur  trioxide; sulfamic acid; dioxane.sul- 
fur  trioxide; complexes of sulfur trioxide or ehloro- 
sulfonic acid with inorganic salts; and complexes of 
urea with ehlorosulfonic acid or sulfuric acid. 

The sulfated fatty alcohols are detergents, foaming, 
wetting, dispersing, and emulsifying agents. They 
can be used in light and heavy duty laundering, dish- 
washing, shampoos, brushless shaving creams, tooth- 
pastes, and metal cleaning and are assistants in the 
textile and leather industries. Other uses are in the 
preparation of cosmetic creams, in emulsion polymer- 
ization, in disinfectants, fungicides, germicides, herbi- 
cides, and insecticides, in flotation compositions, and 
in the treatment of gastric and duodenal ulcers. 

Fat-Based Sulfates with Intermediate Linkages 

Fat-based sulfates with an in te rmedia te  linkage 
can be formed from fat ty  acids, alcohols, and amines. 
Products from fatty acids are the su l fa ted  mono- 
glycerides, I~C02CHfCHOHCHzOSQNa, and sulfated 
ethanolamides, RCONttCfH4OSQNa, from the reac- 
tion of a fat ty acid with ethanolamine and subsequent 
sulfation. Sulfated nonionics, 

RCHoOCftI4 (OC~H4) ~0 CfH4OSO~Na, 

are made from the fat ty alcohols. An example of a 
product from a fatty amine is the sesquisulfate of 
N-tetradeeyl-D-gluconamide 

[ Ca~It~,NHC 0 (CHOH) 4C tt2OH 

sulfated to an average of 1.5 sulfate groups in the 
molecule (24) ]. 

The sulfated monoglycerides of coconut oil can be 
made by sulfation of the crude monoglyceride or by 
simultaneous esterification of glycerol with fat ty acid 
and sulfuric acid in a continuous process (29). Sul- 
fated monoglyeerides are sufficiently stable to hydrol- 
ysis to be used in household cleaning and washing and 
in most commercial processes involving surfactants, 
but are hydrolyzed at the earboxylate linkage in hot 
alkaline solutions and at the sulfate linkage in hot 
acid solutions. They have been marketed as a light 
duty household detergent, a synthetic detergent bar 
(Vel Beauty Bar),  and as a textile assistant (Arctic 
Syntex M). 

The sulfated ethanolamide of coconut oil is made 
by heating equimolar quantities of the fat ty acid and 
ethauolamine at about 170-1S0 ° with the removal of 
water, and then sulfating with sulfuric acid at 30 ° 
(30). Oleic, palmitic, and stearic acids are used as 
well as the coconut oil fa t ty  acids. 

Nonionic compounds from the condensat ion of a 
long chain fatty alcohol with less than the number 
of ethylene oxide molecules required for solubility in 
water can be converted to water-soluble surfactants 
by sulfation of the terminal hydroxyl group. 

Fat-Based Sulfonates  

Surface-active agents containing a sulfonate group, 
--S03Na , have the advantage over those containing a 
sulfate group, --OSOaNa , in greater stability to hy- 
drolysis, particularly in acid solutions. This is not 
always an important advantage. Other considerations 
such as inexpensive methods of manufacture and more 
desirable foaming, wetting, emulsifying, and deter- 
gent properties may be more important. 

Methods for the direct attachment of a sulfonie acid 
group to a hydrophobic chain include the following: 
sulfonation at the double bond; a-sulfonation of satu- 
rated fat ty acids; double decomposition of sulfates 
or halides with inorganic sulfites; and the oxidation 
of polysulfides or mercaptans. 

The first reaction has been discussed Under the sub- 
ject of the sulfonated oils. tIydroxysulfonic acids are 
produced by the reaction of oleic acid and its deriva- 
tives with energetic sulfonating agents such as chloro- 
sulfonic acid, oleum, or sulfur trioxide. 

Saturated fatty acids can be sulfonated exclusively 
in the a-position by the addition of liquid sulfur tri- 
oxide to a dispersion of the fat ty acid in carbon tet- 
rachloride or tetrachloroethylene. The a-sulfonated 
acids can be isolated and converted to salts, or to car- 

T A B L E  III 
S u r f a c e  Ac t ive  P r o p e r t i e s  of  Sal ts  of a -Sul~onated  

Acids a n d  E s t e r s  ( 5 2 )  

Na a - su l fo l au r i c  a c i d  ....... 
Na  a-sulfomyristSe acid. . .  
Na a - su l fopa lmi t i e  ac id  .... 
Na  a - su l fos t ea r i e  ac id  ...... 
:Na2 a-su l fo laura te :  . . . . . . . . . . .  
Na2 a - su l fomyr i s t a t e  ......... I 
N~2 a - su l fopa lmi t a t e  ........ 
Na.z a - s u l f o s t e a r a t e  ... . . . . . . .  
Ntt~ a - su l fopahn i t i c  acid. 
Trie thanolammo~nium 

a-sulfopalmitle acid ..... 
lga I sopropy l  

a-sulfostearate . . . . . . . . . . . . .  

Solubil-  
i ty  

40  °, 
g . / 1 0 0  

ml. 

o-5~7,- 
0 .17  
0 .096  
0 .05  
7.4 
1.5 
0 .45  
0 ,14  
0.5 

30 .00  

1 5 . 0 0  

S u r f a c e  
tensio.Ii, 
0 . 1 % ,  

25  ° , 

cln. 

32 .7  
30 .2  

69 .3  
62 .8  
4,4.3 

4 0 . 4  

4 2 . 4  

37 .6  

Sinkin~ ] 
t ime h 

0 . 1 % ,  0 
30  ° , 

seconds 

98 
176  

349 I 

37 

i: 

~'oam 
;ight, 
2 5 % ,  
60 ° 
[]lm. 

~ 1 0  
160  

< 1 0  

169 

185 

315 

160  

Dete r -  
ger~cy, 
o.25%, 

60 °, 
%]9 

23 .9  
56 .6  
55.6  
4 6 . 4  
19.2  
26 .1  
49 .5  
57.7  
56.1  

55 .4  
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boxylic esters by heating with an alcohol in the ab- 
sence of an esterification catalyst. Some properties of 
a-sulfonated compounds are summarized in Table I I I  
(52, 55, 57). 

Esters of a-sulfonated acids are readily soluble and 
unexpectedly resistant to hydrolysis in hot acid solu- 
tions, a-Sulfonated esters of secondary alcohols, such 
as sodium isopropyl a-su]fotesarate, are also stable in 
hot alkaline solutions. This behavior extends the range 
of possible application. 

The ease with which saturated acids can be mono- 
sulfonated exclusively in the a-position by an inex- 
pensive process suggests that a-sulfonated acids may 
be versatile intermediates in the utilization of fats. 

Sodium salts of a -su l fonated  fat ty acid amides, 
RCH (SQNa)  CONH2, RCH (SQNa)  CONHCH~ and 
RCH(SO~Na)CONHC6Hs, have been prepared from 
the a-bromo compound by reaction with neutral so- 
dium sulfite (26). 

Fat-Based Sulfonates with an Intermediate Linkage 

Surfactants with an intermediate ester or amide 
linkage between the hydrophobic chain and the sul- 
fonate group are prepared by the reaction of the 
acid chloride of oleic acid with sodium isethionate or 
the sodium salt of N-methyltaurine to give 

CH~ (CH2) 7CH~-CH (CH2) 7CO2C2H4S0~ Na 

(Igepon A) or 

CH~ ( CH2 )7 C H ~ C H  ( CH2 )7 CON (CH~) C2H~SQNa 

(Igepon T), respectively. 
Sodium isethionate, HOC2H~SQNa, is made by the 

reaction of ethylene oxide with aqueous sodium bisul- 
rite at 70-80 ° under sufficient pressure to retain the 
ethylene oxide. The acid chloride is made by means 
of phosphorus trichloride. A mixture of the acid chlo- 
ride of oleic acid, dry sodium isethion~ate, and so- 
dium carbonate is agitated and heated in the molar 
proportions of 1:1.2:0.1, respectively, to 115 °, with 
the evolution of hydrogen chloride. The reaction 
mixture is neutralized and ground to a finished prod- 
oct containing 70% active ingredient (4, 16, 37). 
Similar products can be made from the acid chlo- 
rides of palmitic, stearic, and coconut oil fat ty acids. 
The s~lfoethyl esters are textile assistants and deter- 
gents, sufficiently stable to hydrolysis in neutral, 
mildly basic, or warm dilute acid solutions but hy- 
dr01yzed in hot acid or alkaline solutions. 

The sodium salt of N-methyltaurine, 

CH~NHC2H4SQNa, 

is prepared as an aqueous, solution by the reaction of 
42% aqueous HOC2H4SQNa with excess CH~NH~ at 
280 ° under a pressure of 200 atmospheres. An aque- 
ous solution, 12,000 lbs., containing 930 lbs. of 

CH3NHC2H4SQNa, 

is made alkaline with 172 lbs. of 30% NaOH. Tech- 
.nical oleic acid chloride, 2,220 lbs., along with 295 
ibs. of 30% NaOH, are added during 4 to 6 hrs. The 
mixture is heated to 50 °, neutralized with HC1, 5,200 
lbs. of NaC1 are added, and water to bring the total 
weight to 26,000 lbs. The clear solution is spray-dried 
to give Igepon T Powder containing about 30% active 
ingredient (4, 7, 16, 19). 

The acyl taurates, first introduced about 1932, are 
more resistant to hydrolysis than the sulfoethyl esters, 
particularly in alkaline solutions. They are well es- 

tablished surfactants, principally developed as tex- 
tile assistants, but useful as detergents, lime soap dis- 
persants, in shampoos, the fat-liquoring of leather, 
metal plating, and in a number of miscellaneous ap- 
plications. Variations in the acyl and the alkyl group 
attached to nitrogen are possible as well as variations 
in the structure --CH2CH2SQNa. An acyl taurate 
from the acid chlorides of tallow acids is a recent 
development. 

Sulfoacetates of the general formula 

RCH2QCCH~S08Na 

are made by the esterification of oleyl, cety], stearyl, 
or coconut oil alcohols with ehloroacetic acid, and re- 
placement of the chlorine atom by reaction with an 
alkali metal sulfite. Nacconol LAL is the sulfoacetate 
of coconut oil fatty alcohols. Sulfoacetates are useful 
in toothpastes, shampoos, and cosmetics. 

Fat-Based Aromatic Sulfonates 

Fat-based surfactants which are both aliphatic and 
aromatic in nature, and are sulfonated in the benzene 
ring, can be prepared from fat ty  acids or fa t ty  acid 
chlorides. The following are examples: sulfonated 
benzimidazoles; sulfoarylstearic acids from oleic acid 
(51) ; sulfonated alkyl aryl ketones (33) ; and N-acyl- 
aminophenylsulfonic acids. 

Sulfonated benzimidazoles used in textile process- 
ing are made by condensing o-pheny]enediamine with 
a fat ty acid to form a benz.imidazole, which is then 
sulfonated in the benzene ring to give 

R C,t: '~SO3N a (50). 

Compounds of the general formula, 

RCONHQozN a 
where the benzene ring and the amido nitrogen may 
be variously substituted, are formally related to Ige- 
pon T, with an aromatic ring in place of --C2H4--. 
Several such compounds have been prepared and 
evaluated (47, 54). 

Cationic Fat-Based Surfactants 

Cationic surface-active agents have been called " in-  
vert soaps." They are just the opposite of ordinary 
soaps. The hydrophobic part  is the cation. Most of 
the cationic surfactants are fat-based. Fats are a 
natural and convenient source for the hydrophobic 
chain. The cationic su r fac tan t s  are almost exclu- 
sively substituted ammonium salts based on amines 
or amides derived from long chain fat ty acids, or on 
long chain alkyl halides derived from fat ty alcohols. 
The long chain amines, RNH2, are almost insoluble in 
water but soluble in the form of salts or quaternary 
ammonium compounds. Mixtures of fat-based anionic 
and cationic surfactants form a neutral insoluble com- 
pound and so are incompatible. 

The development of the cationic surfactants has 
been conditioned by the discovery of uses which are 
not directly related to surface-active properties such 
as wetting, foaming, or detergent properties; or the 
ability to lower surface tension. The important uses 
are as germicides, fungicides, and disinfectanis, water- 
repellents, softening agents, and the fixation of sul- 
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fonic acid dyestuffs by union with a long chain cation. 
The bactericidal activity of cationic surfactants  (8) 

has been related to their affinity for  wool (12) and 
to the critical mieelle concentration of these colloidal 
electrolytes (6).  Fat-based cationic s u r f a c t a n t s  in- 
clude structures such as 

-, 

and 

[RN (CH~) z CHzCs H~+Cl - 

Trimethylalkylammonium chlorides and related com- 
pounds can be based on tallow acids, converted to 
nitriles, hydrogenated and methy]ated (15, 35). Alkyl- 
pyr idinium halides and related compounds can be 
based on fa t ty  acids, converted to alcohols, and then 
to alkyl halides. Maximum bactericidal activity oc- 
curs at a long chain alkyl group of 16 carbon atoms 
(46). " 

Cationic surfaetants  are used for many disinfecting 
purposes: sanitization of fabrics in laundries;  sterili- 
zation of dishes and glassware in res taurants ;  and 
sterilization of instruments and skin in surgery. 

Cationic water-repellents are applied to the fabric 
and caused to decompose with the deposition of a last- 
ing wash-resistant, water-repellent finish. The water- 
repellent 

[C,, H~CON H C Hz N%/~==~]+ C l- 

Zelan, f rom reaction with pyridine, formaldehyde, and 
tIC1 (58), represents one of the largest uses for  ste- 
aric acid amide. I t  is applied by  padding on the 
fabric, and drying and heating to about  120 ° , with 
evolution of pyridine and formation of a thin, firmly 
adherent  coating of (C~TH~CONH) ~CH~. 

The action of cationic surfaetants  as water-repel- 
lents depends on their  instability. An essential struc- 
tural  feature  seems to be a methylene group between 
the quaternary  nitrogen atom and an amide, ether, 
or ester linkage. Two other examples are 

(Velan),  and 

FCjs H3-tO C H 2 N ~ ] + C  I- 

[Ci7 HssCOz CH~, N % / ~ ] + C l  - 

(Norane),  made from C18H~70CH:C1 and CsH~N; and 
from C~7H3~ COC1, CH20 and C~HsN , respectively. 

Cationic softening agents are more effective than 
anionic s o f t e n i n g  agents ,  such as sulfated tallow. 
They are strongly adsorbed on cotton or rayon at low 
concentrations and. impar t  a soft, rich hand to the 
fabric, an effect which resists washing and is semi- 
permanent.  The softening effect is essentially a lubri- 
cating action between the individual fibers. 

Cationic Surfactants with Nitrogen Joined Directly 
to the Hydrophobic Chain 

The largest  and most important  group of cationic 
surfactants  centers on the use of fat-based amines of 
8 to 18 carbon atoms. 

Fa t ty  acids and ammonia form the ammonium salt 
and are dehydrated to amides or nitriles depending 
on the reaction conditions. The equilibria 

-H20 -HzO 
RCOzH ÷ NH~--RCOzNH4~ RCONHz~RCN 

.I-1"12U +1"12U 

probably do not represent t rue reaction mechanisn~s. 
Nitriles are hydrogenated to amines in the presence 
of Raney Ni at 150 ° under  200 lbs. /sq. in. pressure 
(15, 20, 45). The amines and their salts are widely 
used for  their  surface activity, part icular ly as flota- 
tion agents, b u t  principally they are intermediates 
for the preparat ion of cationic surfactants. Secon- 
dary and te r t ia ry  amines such as ClsH37NHCH 3 and 
C18H37N(CH3) 2 are formed by  hydrogenation of the 
nitrile in the presence of CH~NH~; by  the alkyla- 
tion of C~sH~TNH~; or the reaction of C~8tt37C1 with 
CH3NH ~ or (CH a) ~NH. 

Alkyldimethylb enzylammonium chlorides, 

[I~N(CHs) ~CH2C6Hs] +el-, 

are made by  m e t h y l a t i o n  of I~NH 2 to RN(CH~)2 , 
which is then quaternized with C6HsCH2C1. The prod- 
uct is associated with trade names such as Roceal and 
Triton K-60. 

More complex groups may be jointed to the nitrogen 
attached to the hydrophobic chain. The Ethomeens, 

R" / ( C z H 4 0 ) x  H 
N~(.C2 H40)y H 

from the reaction of ethylene oxide with RNH2, are 
more soluble and less basic the larger the values of 
x a n d y .  W h e n x ~ y ~ l ,  

R"/C H z C H z',,. 
~"C Hz CH=/0 

can be formed by dehydrat ion (34). a-Pyridinium 
derivatives of f a t ty  acid amides, for  application in 
dyeing operations, have been prepared f rom pyridine 
and alpha-bromofat ty acid amides (25). 

Cationic Surfactants with an Intermediate Linkage 
Cationic surfactants  with intermediate amide, ester, 

and ether linkages have been prepared. 
The Sapamines, useful for color fixation and as sof- 

tening agents (13), can be prepared  from a fa t ty  
acid, acid chloride, or ester, and an unsymmetrical  
dialkyl ethylenediamine. The condensation products, 
such as RCONHC2H4N(C2II~)2, can be used in the 
form of a salt, or quaternized with (CH3)2S04. 

Cationic surfactants  with amide and ester inter- 
mediate linkages, can be made from C1CH2CO2C~H~, 
NH2C2H4OH, a fa t ty  acid chloride, and (CH~)3N. 

el CH2CO2C2H5 + N H2C2 H40H --bCl CHtCON H Cz H40H 

~c°ct> CI C HzCONHCz R4OzCR 

(CH,),~N ~COzC, H4NHCOCH,N(CH~)z] +cl-  

Corresponding pyridinium compounds are bactericides 
and detergents, bu t  no correlation has been found in 
the two propert ies  (10). 

Fa t ty  acids or acid chlorides normally react at the 
amino acid group of NH2C2H~OH unless the amino 
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group is blocked, as it  i s  when HOCfH4NH2.HC1 is 
used. Products  such as I~CO2CfH4NH2.HC1 and 

RCOfC~H~NHCfH~OH" HC1 

are effective cationic surfactants,  hydrolyzed in alka- 
line solutions, and normally used as the salt in acid 
solutions. 

The simple betaine esters, 

EROz C C H, N(CHa)~+Cl - 

are made from a fa t ty  alcohol, C1CHfCOfH , and 
(CH3)3N. 

Cationic surfactants such as 

[~'0 C H,N(Cz H s)~+ Cl" 

similar to bu t  more stable than Velan, are made 
f rom the chloromethyl ether of a f a t ty  alcohol and 
(C~Hs)sN. 

Nomtianic Fat-Based Surfac tants  

The most strongly hydrophobic groups are ionogens 
and most surface-active agents (the anionic and cati- 
onic) are ionogens. The nonionic surfactants are not 
colloidal electrolytes and are incapable of ionizing in 
aqueous solution. 

In  general, the raw materials for  manufactur ing 
nonionics are ethylene oxide, ethylene oxide deriva- 
tives such as polyethylene glycol and diethanotamine, 
glycerol, and sorbitol, for  the hydrophil ic part.  The 
principal hydrophobe sources are alkylphenols, tall 
oil, branched chain alcohols, amines and mercaptans, 
and the fat-based long chain alcohols, acids, amines, 
and amides. Nonionics represented about 9% of the 
total surfactant  production in 1952. Nonionics arc 
the newest class and the most versatile in application. 
I t  is conceivable that  the production of nonionics will 
continue to grow at a rate greater than all surface- 
active agents (32). 

Nonionic surfactants,  with the possible exception 
of those containing an ester linkage, may be expected 
to have inherent advantage of stabili ty under  ahnost 
any condition of use: stability to hydrolysis by  acid 
or alkali; stability to hard  or sea water or metal ions; 
and compatibility with anionic or cationic surfactants. 
They are also versatile in application through control 
of the balance between hydrophobic and hydrophil ic 
cha rac t e r i s t i c s .  Frequent ly  they can be made and 
shipped conveniently in anhydrous salt-free form. 

Disadvantages of the nonionic surfactants are that  
most of them are liquids (this may be overcome by 
formulation with urea, sulfates, phosphates, or bo- 
ra tes ) ;  they have poor foaming qualities; and they 
may be more expensive than an equally suitable an- 
iomc surfactant.  

Fat-based nonionic surface-active agents are deter- 
gents, emulsifying agents, foam Stabilizers and thick- 
ening agents, dispersing agents and solubilizers ; and 
they are useful in d ry  cleaning. 

The reaction of a long chain fa t ty  alcohol with 
ethylene oxide gives nonionic surfactants  of the gen- 
eral formula R(OCfH~)nOH. Star t ing with oleyl alco- 
hol and adding increasing amounts of ethylene oxide, 
a useful degree of water solubility is obtained when 
n is about 6 to 8. These products are suitable for  
wool p rocess ing  and for  emulsifying neutral  oils. 

When n is about 10 to 15, the products  are good 
detergents for  wool, cotton, and rayon. When n is 
about  20 to 30, exce l l en t  emu l s i fy ing  agen ts  are 
obtained. 

The manufacture  of Leonil OX is described as fol- 
lows (16) : Powdered sodium hydroxide,  80g., is added 
to 800 kg. of oleyl alcohol in a glass-lined kettle, the 
mixture  is heated to 160-180 ° , and the kettle is evacu- 
ated to 10 mm. pressure. Ethylene oxide from a stor- 
age tank holding 2,000 kg. is allowed tof low in under  
a nitrogen pressure of about 3 atmospheres. The flow 
is regulated by  this pressure. The reaction is highly 
exothermic and requires about 12 to 14 hrs. fo r  com- 
pletion. The product,  a soft waxy paste, contains 
about  15 moles of ethylene oxide per mole of oleyl 
alcohol. I t  gives a clear solution in cold water which 
becomes turbid  on heating to abont 40 °, and has been 
marketed as a 20% or 30% aqueous solution (Peregal  
0 and Leonil O, respectively).  A product  containing 
about  25 moles of ethylene oxide (Diazopon A),  is 
not as good a detergent bu t  has been used for a 
dyeing assistant, par t icular ly  effective in minimizing 
crocking. 

The longer the hydrophobic chain, the more mole- 
cules of ethylene oxide are required for  adequate 
solubility. In  this respect the a lky lpheno ls  f r o m  
petroleum or coal tar,  the coconut oil alcohols, and 
oleyl alcohol, might be prefer red  to cetyl or stearyl 
alcohol. I t  has been suggested in the case of the sat- 
urated alcohols that  the number  of ethylene oxide 
molecules required is 3 less than the number  of car- 
bon atoms in the fa t ty  alcohol (43). Reaction prod- 
ucts with less than the necessary o)/yethylene groups 
can be converted to water-soluble anionic surfactants  
by  sulfation. 

The phenomena of inverse solubility (greater solu- 
bil i ty in water  at lower than at higher temperatures)  
is characteristic of the nonionics. Decreasing solubil- 
i ty with rise in temperature  is due to decreased asso- 
ciation of water  and solute molecules. The " c loud  
po in t , "  or the temperature  at which tu rb id i ty  first 
appears, can be correlated with the number  of mole- 
cules of ethylene oxide, n, condensed with one mole- 
cule of the fa t ty  alcohol. The value of n is an average 
value, and the actual product  is never a chemical in- 
dividual. Some fractionation into species with a lim- 
ited range in molecular weight may be possible by  
methods such as vacuum-distillation or differential 
solubility. 

Fa t t y  alcohol-ethylene oxide condensates are effec- 
tive in washing wool and cotton bu t  are poor foamers 
in comparison with ionic detergents. They have the 
advantage of being non-substantive; the aqueous so- 
lutions are not depleted or exhausted by  adsorption. 
Sulfation converts them to anionic detergents but  
preserves their excellent wool washing characteristics, 
improves cotton detergency and foaming, and econo- 
mizes on the number  of ethylene oxide molecules re- 
quired. A sulfated product  f rom oleyl alcohol and 
about  5 moles of ethylene oxide is similar in perform- 
ance to an unsulfated product  f rom oleyl alcohol and 
15 moles of ethylene oxide. 

F a t t y  acid-ethylene oxide condensation products, 
RCOf(C~H40)xC2H4OH, have the same general char- 
acteristics as those from fa t ty  alcohols except that  
they a r e  hydrolyzed in hot alkaline solutions. The 
f a t ty  acids may be esterified with polyethylene gly- 
cols (3) or condensed with ethylene oxide. 
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Fatty  acids such as laurie, palmitic, stearic, and 
oleic acid can be esterified with anhydrosorbitols to 
give emulsifying agents, marketed under the trade 
name Span. Further reaction of available hydroxyl  
groups in the esters, with ethylene oxide, increases 
water solubility and extends the range of application. 
The polyethenoxy]ated esters are marketed under the 
trade name Tween. The anhydrosorbitols have the 
formulas : 

CH2 CHCH20H CHOH--CHOH 

I I I I 
CHOH CHOH CH 2 CHCHOHCH20H 
~C~H "<'0 ~ 

/ 0 \  
CHOH --CH CH2 
I l l 
C~.o/CH-- CHOH 

The Tweens are made so tha t  one f a t t y  acid residue 
is present  per  mole of anhydrosorbitol .  

The Ethomids,  

/(C2H40)x H 
R CON~(czH40)y H 

are made by  the reaction of a f a t ty  acid amide with 
ethylene oxide. Control of the nature  of I t  and of 
the values for  x and y gives a range of products  
versatile in applicat ion (27, 42). 

An impor tan t  surface-active agent, generally con- 
sidered in the nonionic class, is the reaction product  
f rom one mole of a f a t t y  acid and two moles of 
NH(C~H,OH)~ .  F r o m  the method of format ion the 
product  would be presmned to be RCON(C:H~OH)2.  
The process is extremely simple (21). A mixture  of 
one mole of coconut oil f a t ty  acid and two moles of 
N H  (C~H4OH)2 is heated at 150-170 ° unt i l  near ly  one 
mole of water  has been recovered and the free f a t ty  
acid value has fal len to about  5%. The result ing 
viscous amber  liquid, readily soluble in water  with a 
p H  of about 9, has been considered to be a mixed 
mieelle of alkanolamide, amine, and f a t ty  acid (22, 
59). The alkanolamides arc widely used for their  
synergism with other surface-active agents. They are 
foam stabilizers and thickeners for  detergents (40), 
clarifying and emulsifying agents, and they improve 
the detergency of soap in hard  water  (59). 

S um m ary  

A review of the fa t -based anionic, cationic, and 
nonionic surface-active agents, p r imar i ly  those useful  
in aqueous solution, has shown that  the na tura l  fa ts  
and f a t t y  acids are par t icular ly  suitable raw mate- 
rials. Because of the presence of the hydrophobie  
chain and of a carboxyl  group by  means of which 
hydrophil ic  character  can be imparted,  a greater  va- 
r ie ty  of surface active agents have been made f rom 
the f a t t y  acids than  f rom any other single source. 

The references cited include a text (44) and a 
symposium (28) on the chemistry and technology of 
s u r f a c e - a c t i v e  agents, and indices of t rade names 
with a br ief  description of the commercial product  
(23, 48).  
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