
DETERGENT BUILDERS 

TABLE I 

Mid-1980 Prices o f  Detergent Builders 

Price ($/lb) 
Builder (100% solids basis) 

Citric acid (50% LIQ-W) 0.56 
Sodium citrate (white powder) 0.685 
NTA 0.385 
STPP 0.30 
TSPP 0.31 
Zeolite NaA 0.22 
Sodium silicate 2.0 ratio (44% solids) O. 123 
Sodium silicate 2.4 ratio (47% solids) 0.126 
Sodium carbonate 0.040-0.043 

Nitrilotriacetic Acid (NTA)  

NTA, sodium salt, is an excel lent  Ca and Mg ion chelat ing 
agent, in fact, bet ter  than STPP. In the late 1960s, NTA 
was beginning to appear in some U.S. detergents,  but  a 
voluntary  cessation o f  large-scale use in detergents  in the 
U.S. occurred  in late-1970 at the urging o f  the U.S. Surgeon 
General, when concerns  arose over the  mater ial ' s  safety, 
based on some animal testing. In May 1980, in a le t ter  f rom 
EPA Assistant Adminis t ra tor  Steven Jel l inek to the Procter  
and Gamble  Company ,  EPA announced that  it saw no 
reason, based on present  informat ion ,  to regulate the  use of  
NTA in detergents.  This was not  an endorsement ,  Je l l ineck 
said, and did not  preclude future  act ion in the event  of  new 
findings (23). 

NTA is made commerc ia l ly  f rom the react ion of  hydro-  
gen cyanide,  ammonia,  and formaldehyde ,  and is used in 
detergents  in the  form of  the  sodium salt. 

1980 V O L U M E S  A N D  PRICES 

The detergent  builder business is expec ted  to take ca. 2.5 
billion lb /year  of  products  for  1980 in the U.S. Industry 

est imates (23) tha t  phosphates  (primari ly STPP) have ca. 
60% of the market ,  or  ca. 1.5 bil l ion lb /year ;  silicates 
(primarily 2.0-to-2.4 ratio products)  are a distant second in 
vo lume  with ca. 400  mil l ion lb /year ;  zeoli te A and carbo- 
nates roughly are at 300 mil l ion ib /year  each ; and relatively 
l i t t le ci trate and NTA are presently used. Major growth is 
expected  in the use of  zeol i te  A, in the  USA and on a 
worldwide basis (3,4,7,24).  

Industry sources in mid-1980 gave approx imate  prices 
for these builders as shown in Table  I. These are bulk 
prices, F.O.B., po in t  of  manufactur ing.  
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&Update on Surfactants: 

What Do We Have to Work with? 

B.R. BLUESTEIN and R.D. COWELL, Technical Center, Witco Chemical Corporation, 
Oakland, NJ 07436, and M.L. MAUSNER, Ultra Division, Witco 
Chemical Corporation, Paterson, NJ 07524 

A B S T R A C T  

The number of commercially available surfactants continues to 
grow, but at a slower pace than in the past decade. Low-cost raw 
material continues to guide the market. Several surfactants, such as 
AOS, have yet to reach their potential volumes. The class, structure 
and chemistry of the major and developing surfactants are reviewed 
and some unique application examples are described. 

INTRODUCTION 

To answer the  rhetorical  ques t ion posed by the ti t le of  this 
paper, at the  present  t ime,  the  surfactant  chemist  or formu-  
lator  can " w o r k  wi th"  over  600 surface-active agents 
manufac tu red  by about  160 producers  in the  U.S. These 
600-plus surfactants represent  a p roduc t ion  vo lume  of  ca. 

5 billion lb of  products  (1). The major  por t ion  is consumed 
as packaged soaps and detergents  (i.e., cleaning products)  
for household  and industrial  use. The balance is used in 
such diverse appl icat ions as agricultural  sprays, cosmetics,  
ore f lotat ion,  foods,  lubricants,  pharmaceuticals ,  text i le  
processing, oil well drilling, leather  manufacture ,  inks, 
synthet ic  e las tomer  product ion ,  and oil recovery opera- 
tions. 

The three pr imary sources of  raw materials for surfac- 
tants are natural  fats and oils (2-4), silvichemicals, such as 
lignin and tall oil, and coal tar and pet rochemical  stocks. 
The  first two  sources are renewable  whereas the pe t ro leum 
and coal chemical  stocks are in a relatively l imited supply. 
The issue of  renewabil i ty ,  though obviously impor tant ,  is 
not  discussed in this paper. Surfactants  generally are 
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Anionic 

Nonionic 

: CLIH23 --~-- SO 3 Na + 

: C12H250 (CH2CH20) 4 H 

CH3(CH2)I2CH----CH--CH2--SO3Na 

Sodium 2,3-alkenylsulfonate 

Cationic 

Amphoteric : 

CI2H25--N+(CH3)3 CI- 

CI2H25N+(CH3)2CH2C02 

CH3(CH2)I2?H--CH2--CH2--SO3Na 

OH 

Sodium 3-hydroxyalkanesulfonate 

FIG. 1. Typical examples of surfactants. FIG. 2. Commercial c~-olefin sulfonate (AOS). 

classified as to their chemical type (ionic class), which is 
how these materials will be covered in this discussion. 
Typical examples of the four general types of  surfactants 
are shown in Figure 1. 

Marketing 

In the U.S., anionic surfactants continue to dominate the 
market with greater than 65% of production (1). Nonionic 
surfactants, the next largest volume, account for another 
30% of production. Cationics represent most of  the remain- 
ing production with a relatively small volume for ampho- 
terics. 

The impact of government regulations probably will 
reduce the number of "new" commercial surfactants 
introduced into the marketplace. Possibly, this could lead 
to major changes in basic materials as happened in the past 
when the rapid conversion occurred from branched chain 
alkylbenzene sulfonate (ABS) to straight chain linear (LAS) 
in the 1964-66 period (5). 

In developing detergent-based products or an industrial 
surfactant end-use, three prime considerations must be 
balanced: availability, cost and properties. A surfactant can 
have the best properties for a formulated product,  but  may 
not be commercially available in the quantities required at 
the desired price to produce an economically viable prod- 
uct. One must recognize, in evaluating available surfactants, 
that  low-priced materials with reasonable surface active 

performance tend to dominate the market. In selecting 
surfactants, the chemical and physical properties such as 
physical form and activity, pH, specific gravity, flash point, 
cloud point, surface tension, color, viscosity, odor, stabil- 
ity, solubility and HLB value are important  for the formu- 
lation and performance. 

Viscosity is a good example to consider. From a manu- 
facturing/commercial view, the handling of a raw material 
has both technical and economic overtones. For  every 3 lb 
of  sodium lauryl sulfate that is shipped, handled and stored 
in liquid form, 7 Ib of  water and inert materials accompany 
the 3. For every 4 lb of C14-16 ~-olefin sulfonate (AOS), 
there are only 6 lb of water and inert material. (These 
proportions are inherent in the solubili ty and viscosity of 
the particular surfactant). Thus, AOS is less costly to ship 
than the lauryl sulfate based on 100% actives. 

From a consumer product  view, responsiveness and 
compatibi l i ty with various viscosity builders are critical 
to formulation of  shampoos, liquid hand soaps, liquid 
dishwash and other  products. Polymeric thickeners, alka- 
nolamides, and various salts and cations have their specific 

0 ! 0 
H II 

RC-- NH- CH2CH2OCH2CH 2 -- 0 -- --CH -- CH 2- C- ONa 
i 
S03Na 

TABLE I 

Surfactant Applications Where Foam Is Important 

Industrial Consumer products 

Gas well cleaning 
Fire fighting 
Concrete 
Gypsum wall board 
Ore flotation 

Hand dishwashing 
Car wash 
Hand soap 
Laundry detergent 
Hair shampoo 
Rug shampoo 
Bubble bath 
Tooth paste 

TABLE II 

Anionic Surfactants 

225 Anionics % 

Alkylbenzene sulfonates 20.6 
Lignin sulfonates 26.8 
Other sulfonic acid derivatives 5.8 
Alcohol sulfates 7.2 
Ethoxylated alcohol sulfates 9.2 
Other sulfates 1.4 
Carboxylic acid salts 26.4 
Phosphoric acid esters and salts 1.2 
Other anionics 1.4 

CH~ 0 
j li 

RC-- 
! 
SO3Na 

o o 
It II 

CI2H250(CH2CH20) 3- C -- ~HCH 2- C --ONa 

S03Na 

0 

FIG. 3. The commercial sulfosuccinate half~sters. 

C8FI7SO3H C8FI7CO2Na 

(F3C)2CH--O--(CH2) 6- OSO3Na 

F3C--CF 2- (CH2)4--O--(CH2--~H--O)2SO3Na 
CH 3 

C8FI7CO2Li 

FIG. 4. Examples of perfluoro surfactants. 
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TABLE 111 

Some New Anionic Surfactants 

UPDATE ON SURFACTANTS 

Reference Surfactant Utility 

27 RCH-- CO 2 - ICH2CH - CHaOI n H Good surfactant 

SO 3 Na O H 
Polyglyceride of c~-sulfocarboxylic acid 

28 Sulfosuccinate half-esters of oxyethylated resin derivatives Wetting agents for dyes and pigments 
29 Telomers from acrylic acid or acrylamide and Ct2H2sSH Good Ca +2 sequesterant 

TABLE IV 

Nonionic Surfactants 

200 Nonionics % 

Alkoxylated linear alcohols 42.9 
Alkoxylated phenols 24.6 
Carboxylic acid esters 18.2 
Carboxylic acid amides 5.2 
Other alkoxylated 6.5* 
Other nonionics 2.6 

TABLE V 

Cationic Surfactants 

150 Cationics % 

Quaternary ammonium salts 
Amines without oxygen (and salts) 
Amine oxides (non-amide links) 
Amines and amine oxides (with amide links) 
Other cationics 

36.9 
26.4 
25.5 

9.7 
1.5 

and varying effects on different surfactants (6). 
In order to gain proper performance from a surfactant, 

often the ionic class predominates in its selection. However, 
for many applications the ionic class is less important. 
Properties which are often important for performance 
include foaming, wetting and emulsifiability. Table I lists 
a number of examples of industrial and consumer products 
in which foam plays important and diverse roles. The 
requirements for quality, quantity, stability (7) and manner 
of generation will differ significantly for many of these 
uses. 

Anionic Surfactants 

Surfactants in commercial use in the U.S. will be described 
in order of their commercial production volume. Of the 
more than 200 anionic surfactants listed by the U.S. Tariff 
Commission (1), sulfonic acids and their salts represent, by 
far, the largest volume (Table II). This includes alkylben- 

zene sulfonates, such as LAS (8), and lignin sulfonates. 
Alcohol sulfates and ethoxylated alcohol sulfates (8) make 
up the next largest volume of anionic surfactants. The 
large volume of carboxylic acid salts is .mostly a result of 
their use in household bar soaps. Some of the newer anionic 
surfactants that have been developing markets are AOS, 
sulfosuccinates, acylglutamates, perfluoroalkyl acids and 
derivatives, and a-sulfo fatty acids. 

Because the purpose of this paper is to update surfac- 
tants as well as to indicate what materials are available, it 
is of interest to cover some of these newer anionics. These 
materials are commercially available, and a number of 
manufacturers have developed profitable markets for selling 
some of them, even though they are used in smaller vol- 
umes than the surfactants shown in Table II. 

AOS has been commercially available for 10-15 years, 
but has not yet reached the total volume that could be 
manufactured and used (9,10). The two major components 
in commercial products are shown in Figure 2. Light- 
colored AOS can be produced with good detergent per- 
formance properties, i.e., foaming, detergency, emulsion 
stability and good biodegradability. AOS exhibits low eye 
and skin irritation, thus making it useful in shampoos, 
liquid hand soaps and liquid dishwash (11). 

Sulfosuccinates have been carving out a fair-sized market 
segment in the surfactant industry. Sulfosuccinates refer 
both to diesters of sulfosuccinic acid and to monoesters 
(half esters) of sulfosuccinic acid. The diesters have been 
in use for some time (12). The half esters are being used 
because of their low irritancy and generally low toxicity 
profile. The half ester sulfosuccinates (Fig. 3) are used in 
shampoos and in bubble baths, and foam exceptionally 
well. Also, sulfosuccinates have the ability to disperse hard 
water soaps. 

The fatty acid acyl derivatives of amino acids, e.g., 
lauroyl glutamate, C11H23CONHCH(CH2CHzCO2H)CO~- 
Na +, have been gaining more interest and commercial use. 
These materials arso have good detergency and lime soap 
dispersant properties. Because they are nonirritating to skin 
and have a mild feel, they also are useful for cosmetics and 
toiletries (13). The Na salts of the long chain acyl deriva- 
tives of glutamio acid have received acceptance, and a great 
deal of development work is underway in this area (14,15). 

TABLE VI 

Three Examples of  Some of the Newer Cationic Surfactants 

Reference Surfactant Utility 

j NHCOCH2CH 3 
37 CH3(CH2)t0CONH - CH:CH Antibacterial activity, nonirritating 

\ CONH(CH2)s -- N(CH3) 2 
39 [ClsH31CONH(CH2)2NHCH2CHOHCH2N(C2Hs)31 + OH- Corrosion inhibitor 
40 RCONHCH2CH:CH2N+(CH3)3 X- Hair conditioner 
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Imidazolines CH --CH 2 

I 2 ] ~CH_CH_OH 
N.. _N+/  z z 
" % /  ~'cH2co2~. 

I 
R 

OH- 

Betaines R--N+(CH3)2CH2CO ~ R--N+(CH3)2CH2CH2SO; 

Amino Acids R--N(CH2CH2CO2Na)2 

Lecithin RCO 2 -- CH 2- CH-- CH2OPO3CH2CH2N+ (CH 3 ) 30H - 
I , 
0COR 

FIG. 5. Major types of commercial amphoteric surfactants. 

Hydrolysates of various natural (and relatively cheap) 
proteins have been used, such as collagen protein (chrome 
leather shavings) leather scraps (16), fish scales (17), chick- 
en feathers (18), vegetable soy protein (18) and casein 
( 1 5 ) .  

Polyfluorochemical surfactants (Fig. 4) are relatively 
more expensive than other surfactants, but should be 
considered useful materials because of their unique proper- 
ties conferred by the fluoro atoms. Because fluorine is the 
most electronegative atom, the perfluoroalkyl groups cause 
these surfactants to give the lowest surface tension in 
aqueous solution and to have other useful functions such as 
antistatic properties, antisoiling ability and unusually good 
wetting ability ( 19-23). 

~-Sulfo fatty acids have been known to exist for a long 
time. Because improved processes for their manufacture 
have been developed, further utilization probably will occur 
(24,25). These surfactants are reported to have good 
washing and foaming properties, good biodegradability and 
low toxicity (26). 

There is much literature, primarily foreign patents, 
covering many other new anionic surfactants. Although 
most of these materials are not gaining a commercial 
market, and probably will not, some are shown here (Table 
III) for academic interest (27-29). 

Nonionic Surfactants 

Of the nearly 200 nonionics commercially produced 
(1), alkoxylated linear alcohols make up the largest portion 
of this type (Table IV) (30). A large proportion of these 
alkoxylated alcohols is sulfated to produce anionic surfac- 
tants. Alkoxylated phenol is the next largest group in this 
type of  surfactant (30). 

Because of the ease in alkoxylating, e.g., alcohols and 
carboxylic acids, as well as the low price and availability 
of  large amounts of ethylene oxide and propylene oxide, 

many new nonionic surfactants have been prepared, des- 
cribed and patented (31-35). 

Cationic Surfactants 

Quaternary ammonium salts (36) make up the largest part 
of  the approximate 150 cationic surfactants available. 
Amines not containing oxygen and amine oxides each make 
up a quarter of the total volume (Table V). Because of the 
potential specialty applications of cationic surfactants, 
several newer materials (37-40) are being developed (Table 
vI). 
Amphoterics 

About 20 amphoteric surfactants in commercial production 
make up only ca. 1/2% of the total surfactants manufac- 
tured. Even though the volume is small, this class of surfac- 
tants is quite useful because of  their unique properties 
which warrant their relatively higher cost. The major 
products in commercial use are the 2-alkyl-2-imidazolines, 
betaines (both sulfobetaines and carboxybetaines), amino 
acid derivatives and lecithins (Fig. 5). These various ampho- 
teric surfactants perform well in shampoos and cosmetics 
(41-44), generally have good antistatic properties, are good 
in textile processing, perform well as lime soap dispersants 
and are good emulsifying agents (4,45-48). 

An unusually large amount of development work is 
being done to prepare new types of amphoterics (49-52). 
Most of these mterials have to be considered academic, 
because their commercial cost probably would not be 
economical enough for the particular properties conferred 
by them. It is, however, interesting to see the variety of  
potential uses in Table VII. 

New Applications 

The versatility and uniqueness of  surfactants lead to many 
new applications. In some cases the best, and most econom- 
ical, solutions have not yet been reached. 

Dewatering of coal (53-59). The use of surfactants reduces 
the surface tension and the water content of coal fines and 
controls coal dust. All types of  detergent materials operate 
successfully, although the anionic type is best, according 
to the literature. Materials used included dodecylammo- 
nium bromide, sodium dodecylsulfate and high-molecular- 
weight poly(oxyethylene). 

Fire-fighting. A fire-fighting foam has been reported based 
on a nonionic perfluoroalkyl derivative (60). A perfluoro- 
alkyl sulfonate also was used in water-based fire extinguish- 
ers (61). 

Foamed gypsum wallboard. Surfactants are used to create 
the bubbles needed to form foamed lightweight gypsum 
wallboard (62). 

Enhanced oil recovery. Petroleum sulfonates differ from 
most of the previously discussed surfactants because of 

T A B L E  VII 

Some New Amphoter ics  

Reference Material Potential use 

49 

50 

51 

52 

HOCH2CH2N(Ct2H2s)CH2CHzSO3H (taurine type) 

~ CH2CO; 
CgFtgCON N + 

.. CH2CH2OH 

RCONH(CH2) 2 N+(CH3)2CH2CO~ 

Amphoteric polymers of amino hydroxy aromatic acids 

Antimicrobial surfactant 

Very low surface tension, low CMC 

Nontoxic to aquatic life 
Blood preservatives, concrete plasticizers 
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the i r  re lat ively low wa te r  solubi l i ty  (63).  T h e y  are of  great  
cu r r en t  in te res t  in m i c e l l a r / p o l y m e r  oil recovery  systems,  
and  rep resen t  a po ten t i a l ly  large, new m a r k e t  (64 ,65) .  
Large-scale use of  to ta l ly  new su r f ac t an t  molecules  has  been  
i nh ib i t ed  b y  g o v e r n m e n t  regulat ions.  Large vo lume  po ten-  
tial can s u p p o r t  the  necessary  h u m a n  and  e n v i r o n m e n t a l  
safe ty  t es t ing  to  m a k e  m a r k e t i n g  possible.  To the  ex t en t ,  
however ,  t h a t  s ignif icant  new use rules u n d e r  the  Toxic  
Subs tances  Con t ro l  Ac t  re la te  to  vo lume,  r a the r  t han  expo-  
sure, t es t ing  r e q u i r e m e n t s  m a y  be  more  s t r ingen t  as vo lume  
p o t e n t i a l  increases. As a result,  t he  t e n d e n c y  will l ikely be  
to f ind ways to use k n o w n  en t i t i es  or  var ia t ions  o f  t h e m  
before  deve lop ing  to ta l ly  new molecules .  
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