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alysis. Even  sulfate analysis may  be improved if  
published methods are indicative. 

Analyses for  optical brighteners, corrosion inhibi- 
tors, and earboxymethyl  cellulose are needed and do 
not now exist in sa.tisfaetory form. 
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Sur factant  Survey I 

CARL PACIFICO and M. E. IONESCU, American Alcolac Corporation, 
Baltimore, Maryland 

s 
ATISFACTORY PAPERS have appeared from time to 
time on the total product ion of surface-act ive 
agents or on their most important  uses. Rela- 

tively little data  are available however on the types 
and quantities of surfactants used in specific appli- 
cations. The principal  reason for  this is the difficulty 
of obtaining even reasonably reliable estimates. For  
some uses, as in household cleaning products,  knowl- 
edge of the formulations used combined with confiden- 
tial but  available data  on the sales of the individual 
products permit  a fa i r ly  accurate analysis to be made. 
In  other applications the estimates, guesses, and 
conjectures of men experienced in the field can be 
analyzed to provide a fair  estimate. In  still other 
applications however, notably those concerned with 
industrial  cleaning, it seems likely that  no one any- 
where has the answer. For  such cases we have pro- 
vided only guesses. 

While this survey is as exhaustive as time would 
permit, the subject is so vast that  it cannot be con- 
sidered final. I t  is presented as a s tar t  on which 
others can build, and so our  method of calculation 
is given for those applications where we consider our 
estimates doubtful.  

There are other limitations to be noted. The first 
of these concerns confidential applications. Many 
companies have one or two applications tucked away 
that  are unknown to some or all of their  competitors. 
Even where such information is known to us, specific 
reference has been omitted f rom this paper  though 
it may be concealed in the totals. 

There is also the important  question as to which 
materials should be included as surface-active agents. 
In  general, we used the classification of the U. S. 
Tariff Commission (18) with two notable exceptions. 
We omitted both sulfonated oils and the salts of 
f a t ty  acids since we do not include soaps in this sur- 

vey. While both classes are undoubtedly surface- 
active agents and undoubtedly synthetic, it  was fel t  
that  they require a separate s tudy of their  own. 

We did include certain materials listed by the U. S. 
Tariff Commission under  " 0 r e - F l o t a t i o n  Agen t s"  as 
their function is surface-active. We recognize this 
to be somewhat inconsistent as there are many such 
products, notably fa t ty  amines and f a t ty  alcohols, 
which are also used for surface-active properties but  
not generally included in the common usage of the 
t e r m "  surface-active agents ."  We can only plead tha t  
time did not permit  this more thorough treatment.  

Another  point to be noted is that  the ar t  of appli- 
cation of surface-active agents is still in its adoles- 
cence. Changes are constantly being made both in 
the type of surface-active agents used for given ap- 
plications and the concentration used. Also it is be- 
lieved that, in some household products, the type and 
proport ion of surface-active agent in the formula 
may be varied, depending on the relative costs of the 
competitive raw materials. Nationally sold household 
products  also seem to vary  in composition in various 
areas of the country,  depending on local conditions, 
such as water  hardness, public demand for  certain 
properties, and raw material  supply in that  area. A 
survey such as this therefore must be considered, at  
best, representative of a fleeting instant  of time so 
that  greater  importance should be placed on the 
properties required for specific applications ra ther  
than the numerical  values representing consumption. 
All figures shown are on an active-agent basis, that  
is, 100% of organic surfactant.  

Principal Product Types 
Our method of presenting some of the data requires 

that  abbreviations be used to designate the surfac- 
tant  types. These abbreviations are shown below. 
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TABLE I 

Principal Surfactant Types 

Class name Typical brand name products Symbol 

Anionic 
Alkylaryl sulfonates 
Alkyl sarcosinate 
Condensed aas 
Dialkyl sulfosuccinates 
Fatty alcohol sulfates 
Lignin sulfonates 
Petroleum sulfonates 
Secondary alkyl sulfates 
Sulfated esters 
Sulfated ethers 
Sulfonated amides 
Sulfonated ethers 
Sulfonated glycerides 

Nonionic 
Alkylolamides 
Alkylphenol ethers 
Alkyl thioethers 
Fatty acid esters 
Fatty alcohol ethers 
Glycerol monostearate 
Polyoxyalkylene ethers 
Sorbitan esters and ethers 
Tall oil esters 

Cationic----Amine acetates 
Quaternary ammonium 

Amphoteric 

Ultrawet, Nacconal, Nekal 

Daxad, TamoI 
Aerosol, Deeersol 
Sipex, Dupanol 
Vinsol, Harasperse 
Petronate 
Tergitol 08 
Alcowet RS 
Triton X200 
Igepon T 
Alipal 

Ninol, Alrosol 
Triton X100, Igepal CO 
Nonic 218 
Energetic 
Brij 

Pluronic 
Span, Tween 
Renex, Sterox CD 

t tyamine 

Miranol C2H 

AAS 
AS 
CAS 
DSS 
FAS 
LS 
PS 
SAS  
SES 
SET 
SA 
SUE 
SG 

AA 
APE 
ATE 
FES 
FAE 
G ~  
PE 
SE 
TOE 

AM QA 

A 

Total Market 
A general analysis of the ma jo r  t rends  in the com- 

mercial  aspect of surface-active agents  was published 
recently (2). For  completeness and as a guide to the 
relative importance of the applications to be discussed 
Table I lists the product ion volume of major  types  of 
surface-active agents over the past  several years. 
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Fie. 1. Production rates for principal surfactants. 

Although figures of the Tariff  Commission are used 
as a guide, there is li t t le doubt that  the values given 
are not correct for  all categories on account of errors  
and omissions of the companies report ing,  perhaps  
because some of the mater ia l  is used captively. F o r  
example, for  petroleum sulfonates, where large quan- 
tities are used by  the manufac tu r ing  company itself, 
our figures are substant ia l ly  higher than  those re- 
ported by the Tariff  Commission. 

Properties Required 

There are a large number  of surface-active agents;  
several hundred  different t rade  products  were listed 
in recent surveys. Al though m a n y  of these are dupli- 
cates offered by different manufac turers ,  there are 
still a large number  of different chemical types rep- 
resented. Each  type has its own set of physical  and 
surface-active properties.  The prospective user is 
faced with the enormous task of differentiating among 
these to select the one best suited for his application. 
Often he can do this only with the intelligent cooper- 
ation of the supplier.  

But  the supplier  too has his problems. There are 
an equally large number  of applications which re- 
quire sur fac tan ts ;  to which should he devote his 
efforts? To help answer this problem we have col- 
lected da ta  both on the total  volume of surfactants  
required in the more impor tan t  applications and the 
physical and  surface-active propert ies  tha t  the surf- 
actant  must  have in order to be considered for  each 
u s e .  

The physical  and  chemical propert ies  required in 
major  uses are shown in Table I I .  These are the 
propert ies provided by the products  present ly  used 
by the ma jo r  users for  each application. Often 
however there are specialty applications within each 
major  use where somewhat different propert ies  are 
required. I t  should also be noted tha t  while the 
absence of a desired p rope r ty  can sometimes be over- 
come by blending with an additive, the presence of 
an undesirable p roper ty  usual ly eliminates a chemical 
type f rom fu r the r  consideration. Thus foam stabili- 
zers can be added to products  of moderate  foaming 
propert ies  where high foam is required, but  prod- 
ucts developing high foam are seldom considered in 
those metal-cleaning applicat ions where low foam is 
required. 

Volume of Use 

Table I I I  shows our estimate of the volume of surf-  
actants used in ma jo r  applicat ions in 1955. The 
principal  types of products  used, in est imated order 
of importance by volume, are also shown. The chemi- 
cal types represented by  the symbols are shown in 
Table I. 

In  some applications there is a sharp difference in 
the volumes of each type of sur fac tan t  used. One or 
a few sur fac tan t  types have most of the marke t  while 
other types  have a much more limited use. This is 
shown in Table I I I  by capital  letters for  the former,  
lower case for  the latter.  

There are many  more applicat ions for  surfactants ,  
some requir ing only a few pounds a year,  others 
probably  requir ing millions of pounds. Some of the 
more impor tan t  of these are shown in Table IV. 
Most of these applications use between 100,000 and 
500,000 lbs. per  year, but  a few are larger.  These 
lat ter  are included as more detailed informat ion was 
not available to us. The volume represented by these 
applications in Table u was at least 10 million pounds 
in 1955. 

Since general  break-downs are sometimes of inter- 
est, a summary  of Table I I I  is given in Table V. 

Applications 

I t  is not possible to discuss each of these applica- 
tions in detail, but  a few clar i fying comments are 
offered: 
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Car Wash. As wi th  eve ry th ing  else concerning automobi les ,  
the volume is much l a r g e r  than  a casua l  e s t ima te  m i g h t  indi-  
cate. The Chil ton Company es t ima tes  t h a t  there  were abou t  
236 mi l l ion  washes of p r i va t e  au tomobi les  (19).  I n  add i t ion ,  
based on a McGraw-Hi l l  e s t ima te  of the f requency  of wash i ng  
t rucks  and  t rac tors ,  there  a re  a p p r o x i m a t e l y  200 mi l l ion  washes  
of th is  l a rge r  equipment .  This  would  i nd i ca t e  a t o t a l  volume 
of syn the t i cs  of abou t  10 mi l l ion  pounds.  Al though  th is  is  a 
price-conscious marke t ,  the  ra t io  of cost of labor  to cost of 
m a t e r i a l s  is so h igh  t h a t  pe r fo rmance  is  the more i m p o r t a n t  
cons idera t ion  in  se lec t ing  a su r f ac t an t .  

Chemical Inte~m~ediate. Some of the nonionic  produced  is 
even tua l ly  s u l f a t e d  to produce products  l ike A l ipa l  a nd  f a t t y  
e ther  su l fa tes .  There  is p robab ly  a d d i t i o n a l  nonionie  conver ted  
to o ther  forms  fo r  use in  pe t ro leum demuls i fy ing ,  b u t  th is  is  
not  inc luded in  the f igure given. 

Concrete. Surface-ac t ive  agen ts  are  i nco rpora t ed  in  concrete 
to en t r a in  air ,  c r ea t i ng  voids when the concrete sets. This  
provides  space  for  expans ion  of any  re s idua l  wa te r  on f reez ing ,  
thus  p r even t ing  c r ack ing  of the concrete.  The p ropor t ion  of 
s u r f a c t a n t  used is only 0.02-0.04%, bu t  the volume of  con- 
crete (300 mi l l ion  ba r r e l s  of cement  in  1955) (21) is so l a r g e  
t h a t  th is  would represen t  a m a r k e t  of 50-100 mi l l ion  pounds  
per  year.  The m a r k e t  wi l l  undoub t e d ly  increase  bo th  as the 
to ta l  volume of concrete increases  a nd  as  a h igher  p ropor t ion  
of concrete than  the presen t  60% uses  such a i r - e n t r a i n i n g  
agents .  P r i ce  is the de t e rmin ing  f ac to r  f o r  the bu lk  of the  
volume, b u t  special  requ i rements  p e r m i t  the sale of some 
m a t e r i a l s  a t  the i r  n o r m a l l y  h ighe r  prices.  (NO,TE: J u s t  be fore  
pub l i ca t i on  a communica t ion  was  rece ived which i n d i c a t e d  
t h a t  the volume of use m a y  be 20 mi l l ion  pounds  per  year . )  

Cosmetics. An ana lys i s  of s u r f a e t a n t s  used in  shampoo 
fo rmu la t i ons  a p p e a r e d  recen t ly  (11) .  This  has been a d j u s t e d  
to account  for  the inc rease  in  shampoo sa les  f rom ~117 mi l l ion  
in  1954 to $122 mi l l ion  in  1955. Whi le  no i m p o r t a n t  new 
t rends  have  appeared ,  amphote r i c  s u r f a c t a n t s  have a t t a i n e d  
some m a j o r  volume p r i m a r i l y  because  of the absence of eye 
and  skin  i r r i t a t i on .  

Fo r  those of us b r o u g h t  up in  the i n d u s t r i a l  field, the volume 
of sales in  the  eosnlct ic  i n d u s t r y  a t  f i rs t  seem surpr i s ing .  F o r  
example,  in  1955 the  sales of var ious  creams and lo t ions  to 
enhance or subs t i t u t e  for  m i l a d y ' s  b e a u t y  am6unted  to abou t  
$250 mi l l ion  (10) .  This  is about  80 mi l l ion  pounds of p roduc t s  
con ta in ing  6 mi l l ion  pounds  of sur face-ac t ive  agents .  To a l l  
th is  mus t  be added  abou t  2 mi l l ion  pounds  of s u r f a c t a n t s  con- 
t a ined  in  products  l ike  salve and  o in tments ,  some of which 
would no rma l ly  be c lassed as pha rm a c e u t i c a l  products .  

A f t e r  m a n y  years  of  h a v i n g  a r e l a t i ve ly  unchanged  product ,  
the too thpas t e  i n d u s t r y  in  the l a s t  f ew years  has undergone  a 
series of changes  of f o r m u l a t i o n  which are  not  ye t  over. Nev- 
er theless  there  has  been l i t t l e  recent  change  in  e i ther  the types  
or quan t i t i e s  of s u r f a e t a n t s  used by  the  indus t ry .  The mos t  
i m p o r t a n t  cons idera t ion  is the absence of t a s t e  a nd  toxic i ty .  

Dispersing D~es, Carbon, and :Pigments. S u r f a c t a n t s  a re  
commonly added  to dyes by the m a n u f a c t u r e r s  of these ma- 
t e r i a l s  to a id  in  the i r  dispersal .  D i spe r s ing  agen t s  a re  also 
added  to carbon b lack  and  var ious  p igments .  The figure pre- 
sented is  an  educa ted  guess. 

Dry Cleaning. This  is one i n d u s t r y  where the development  
of a new method,  the charge  system, has  somewhat  reduced 
the t o t a l  volume of s u r f a c t a n t s  required.  The charge  sys tem 
pe rmi t s  f i l te r ing  of the used, d ry-c lean ing  solut ion for  re-use 
and  so has  he lped  the acceptance  of syn the t i cs  in  th i s  field 
(23) .  Based  on the quan t i t i e s  of solvent  used, r epor ted  to be 
abou t  110 mi l l ion  ga l lons  of  S todda rd  solvent  and  100-127 
mi l l ion  pounds  of perchlore thylene  in  1953, an e s t ima te  of 
12 mi l l ion  pouuds  of s u r f a c t a n t s  for  1955 is ob ta ined  (12) .  
This checks r easonab ly  well wi th  independen t  e s t ima tes  of 
men exper ienced in  th i s  field. The use of nonionics is  increas-  
ing  s t ead i ly  and  may  now approach  30% of the total .  This  
is p r i m a r i l y  because of the i r  a b i l i t y  to solubi l ize  the correct  
amoun t  of wa te r  in  the solvents,  m a k i n g  an i m p o r t a n t  contr i -  
bu t ion  to the removal  of wa te r -based  soil (34) .  

Sur face-ac t ive  agen t s  are  also used fo r  '~wet  c l e a n i n g "  in  
d ry-c lean ing  p l a n t s  (34) .  

Fertilizer. There is s t i l l  some cont roversy  on the  usefu lness  
of a d d i n g  s u r f a c t a n t s  to fe r t i l izer .  Since some companies  do 
find the products  useful ,  i t  seems l ike ly  t h a t  acceptance  depends  
on condi t ions  ex i s t ing  in  each p lan t .  The figure g iven  is  an  
e s t ima te  t h a t  m a y  be somewhat  low. 

Fire-fighting. Sales  fo r  th is  use have  been slow because  of  
the difficulty of o b t a i n i n g  acceptance  by  each mun ic ipa l i t y .  
The m a r k e t  wil l  und oub t e d ly  grow f r o m  the p resen t  size, 
guessed a t  0.5 mi l l ion  pounds.  

TABLE III 

Estimated Use of Surfactants in 1955 
(100% active basis) 

Approx. 
Principal products volume 

Application used (millions 
of pounds) 

Carwash ........... , ...................... 
Chemical intermediate ............ 
Concrete ....... - ........................... 
Cosmetics, pharmaceuticals ..... 

Creams ................................ 
Germicides .......................... 
Shampoos ............................ 
Toothpaste .......................... 

Dry cleaning ........................... 
Dispersing dyes, pig- 

ments, carbon ..................... 
Fertilizers ............................... 
Fire-fighting ............................ 
Food ........................................ 
Formulated cleaners 

Dairy cleaners ..................... 
Detergent-sanitizers ............ 
Dishwashing, hand .............. 
Dishwashing, machine ........ 
Floor cleaners ...................... 
Laundry, commercial .......... 
Rug cleaners ....................... 
]~aintenance and misc ........ 

Household products 
Bars, sbmthetic .................... 
Bleaches, powder ................ 
Dishwashing,powder ........... 
Dishwashing,liquid ............. 
Laundry, high foam ............ 
Laundry, low foam .............. 
Scouring powder ................. 
Softening agents ................. I 
Woodwork and wall ............ 
Wool washing ..................... 

Leather and fur ...................... 
~Ietal cleaning ......................... 
Metal cutting .......................... 
Ore flotation ........................... 
P a i n t  ....................................... 
Paper ...................................... 
Pesticides 

Emulsifiers .......................... 
Wettable powder ................. 

Petroleum 
Acidizing ............................. 
Demulsifying ....................... 

AAS, ape, fas, sas 
APE 
Resins, ls, cas 

GM, se, ape 
QA 
FAS, sg, aa, a 
AS, FAS 
PS, ass, ape, se, a~, sa, fas 

OAS, LS, APE 
AAS 
DSS 
GM, se 

AAS, APE 
QA, APE 
AAS 
APE. pe 
APE, AA, AAS 
FAS, aas, ape 
FAS, AAS 
AAS, ape 

SG, fas, sa 
AAS 
AAS, fas 
AAS, FAS, AA, SUE, ape 
AAS, fas, aa 
TOE, ass, ape, pe 
AAS 
QA 
AAS 
AAS, FAS 
APE, FAS, SA, TOE 
APE, ass, pe, fes, ps, fas, Is 
PS, aa, sa 
A1V[, ps, aas, Is, fas  
AAS, eas, ape, toe, aas, sas 
CAS, ape, aas, pe, qa 

SE, AAS, ape, fes, toe 
LS, sa 

APE 
Special Nonionics, ps, ass 

Gasoline additive ............................. 
Lube-oil additive ................. PS, ass 
Secondary oil recovery ........ QA 
Transmission oil additive .... PS 

Plastics and resins .................. FAS, aas, set, fes 
]%ubber .................................... CAS 
Textiles .................................... APE, AAS, SES, sa, fae, 

Wallboard ............................... 0 o  A ~  fas, 
qa 

Waxes and polishes ................. SE 
Miscellaneous (Table IV) .................. 

10 
20 
75 

8 
1 
8 
1 

]2 

2 
0.5 
0.5 

25 

6 
6 

13 
1 
5 
4 
2 
9 

3 
0.5 

50 
65 

350 
55 
20 

1.5 
2 
1 
4 
4 

21 
12 

9 
6 

12 
4 

0.5 
3o 

2 
145 

2 
2.5 
4 
2 

30 
1 
5 

10 

1,063 

Food. This  marke t  requi res  a separate ,  de ta i l ed  study.  P r i -  
mary  requ i rement  is acceptance  by  the Food and  Drug  Admin-  
i s t ra t ion .  The figure g iven  is an e s t ima te  by  men experienced in  
the field. F a t t y  g lycer ides  and  f a t t y  es ters  of var ious  glycols  
are  the p r i n c i p a l  p roduc t s  used. Their  add i t i on  to b read  and  
cakes increases  the homogene i ty  and  smoothness  of the products  
and  pe rmi t s  incorpora t ion  of l a r g e r  amounts  of suga r  and  short-  
ening. They  are  also incorpora ted  in  ice cream, chocolates, 
and  var ious  c ~ c a n d i e s "  as emulsifiers.  

Formulated Detergents. There are a wide v a r i e t y  of clean- 
i ng  compounds  made  by  companies  of a l l  sizes f rom g i a n t s  to 
ind iv idua l s  o p e r a t i n g  in  ga rages .  D a t a  on mos t  such com- 
pounds are  not  publ ished,  bu t  reasonable  e s t ima tes  can be 
compiled based  on sales of the raw mate r i a l s .  

Dairy Cleaners. D a i r y  c leaners  include both  products  used 
p r i m a r i l y  fo r  c lean ing  and  those which are  expected to sani- 
t ize as well as  clean. A recen t  pub l i ca t ion  (3) e s t ima ted  t h a t  
about  3 mi l l ion  pounds  of ca t ion ic  are used for  th is  purpose,  
i n d i c a t i n g  t h a t  a p p r o x i m a t e l y  an  equal  q u a n t i t y  of nonionie  
would be used. Since other  e s t ima tes  (6) ind ica te  a t o t a l  
volume of a p p r o x i m a t e l y  12 mi l l ion  pounds  of s u r f a c t a n t  in  
da i ry  c leaning,  th is  would  ind ica te  an  a d d i t i o n a l  6 mi l l ion  
pounds  not  expected to  sani t ize .  I n  addi t ion ,  s u r f a c t a n t s  a re  
f inding a new and  g r o w i n g  m a r k e t  as solubi l izers  for  iodine.  

Dishwashing, Commercial. L a r g e  quan t i t i e s  of a l k y l a r y l  sul- 
fona tes  are  used  in  commerc ia l  hand  d i shwash ing  compounds.  
A p r inc ipa l  cons ide ra t ion  is the  low cost a t  which good per- 
fo rmance  can  be obta ined.  Very  l a rge  q u a n t i t i e s  of p roducts  
are  used in  commercia l  d i shwash ing  machines ,  b u t  only smal l  
quan t i t i e s  of s u r f a c t a n t s  a re  incorpora ted  as w e t t i n g  and  r ins-  
ing  aids.  Low foam is a m a j o r  considerat ion.  
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TABLE IV 
Miscellaneous Applications 

Wetting agent in radiator cleaners, windshield cleaners, shave creanl, 
coal mines, foundries, waterless hand cleaners, window cleaners, 
adhesives, bottle washing, rubber bonding, de-inking paper 

Detergents in ~ire cleaners, pet shampoos, railroad car cleaners, wash- 
ing fruits and vegetables, and in mechanics hand soap 

Dispersant in boiler water, inks, drilling muds, and polishing and 
buffing compounds 

Foaming agent in bubble bath and electroplating baths 
Lubricant in wire drawing 
Conditioner in hair rinses 
Soiubilizing agent for perfumes and pharmaceuticals 
Clouding agent for ammonia 

Floor Cleaners. I t  is reported tha t  approximately 5.5 million 
gallons of these products  were made in 1954, with approxi- 
mately 4% growth for  1955. Assuming 10% active-agent, this 
would indicate about  5 million pounds of sur faa tant .  

Laundries ,  Commercial .  Data  in this field are par t icular ly  
hard to obtain both  because the practice varies considerably 
in insti tutional,  home, and linen supply laundries,  and because 
there is considerable variation, even f rom laundry  to laundry 
of the same type. I t  is certain that  all laundries have long 
resisted the use of synthetic materials.  Though progress  has 
been slow, the gain  of these products  has  been definite. I t  is 
essential tha t  the product  selected be Iow in cost and per form 
successfully at the higher temperatures  normally used in com- 
mercial laundries.  I n  addition however, i t  requires patient ,  
laundry-by-laundry sale by men skilled in this field. A very 
large market  remains untapped.  A product  formulated around 
tallow sulfate now has  most of the present  market .  

Rug  Cleaning. The Nat ional  Ins t i tu te  of Rug Cleaning Inc. 
reports  that  rug-cleaning value is about  80-90 million dollars 
per year. I t  is estimated tha t  11.5-13 million standard-size 
rugs  are cleaned annually (36).  This would indicate that  about  
two million pounds of active agents  are required. 

Maintenance  and Miscel laneous Cleaners. There is a rela- 
tively large volume of products  known as " j a n i t o r ' s  supp l i e s . "  
As they are made by a variety of  companies of all sizes and 
locations, an accurate estimate is not  available. An a rb i t r a ry  
guess is that  approximately 7 million pounds of active agent  
are used for  this purpose.  

Household  Products .  Relatively new, only 4 million pounds 
of synthetic and soap-synthetic bars  were produced in 1954 
(15).  I t  seems positive however tha t  synthetic bars  will 
capture an increasing share of the market .  Their  principal  
competitor for  at tent ion will probably  be soapsyn the t i c  com- 
binations.  As soap has practically all desired propert ies  for  
a bar  with the exception of resistance to ha rd  water,  a 
concentrated a t tempt  to overcome this deficiency will no 
doubt  be made. 

As the market  for  powdered chlorine bleaches increases, 
a modest  marke t  for  sur fac tan t s  increases also. The surf- 
ae tant  used to improve wet t ing and provide foam is in 
addition to sodium toluene sulfonate  used pr imari ly  as a 
sohbi l iz ing  agent.  Resistance to oxidation is an obvious major  
requirement.  

The market  for  ~ q i g h t - d u t y "  powdered compounds, which 
were used pr imar i ly  for  dishwashing, is held almost  exclusively 
by  alkylaryl sulfonates.  The survey for  1955 included some 
lauryl  sulfate  which has now been displaced. 

Liquid detergents  are making  rapid  strides in this field, 
creating a marke t  for  different types of surfac tants ,  notably 
lauryl  sulfates,  sulfa ted nonionlcs, and alkylolamides. Price 
is n most impor tan t  consideration to success. 

As to laundry,  home, and high foam, this marke t  is so 
large tha t  considerations other than  performance enter  into 
the selection of these products.  For  example, there mus t  be 
assurance of an  adequate supply. Relatively few products  
share an enormous market .  The philosophy appears  to be tha t  
of concentrat ing on alkylaryl sulfonate or tallow sulfate  and 
using minor quanti t ies  of modifiers to offset any deficiency in 
properties.  

The figures given arc accurate for  U. S. requirements  but  
assume exports  of 100 million pounds of finished product  in 
1955. This figure for  exports  is an educated guess. 

Fo r  laundry,  home, and low foam, there is still a consider- 
able juggl ing of formulat ions  in this field. Everything is 
being tried f rom combinations of sur fac tan t s  with soap, to the 
use of higher  foaming mater ials  combined with defoamers, 
to formula t ions  based on very low-foaming nonionics. 

The volume of these products  will probably  continue to 
increase, bu t  a t tent ion has been taken f rom them by the in- 
troduction of liquid, heavy-duty detergents.  These products  
have not been included in this survey as they were not  a 

fac tor  i n  1955. I t  might  be noted however tha t  they are based 
on surface-active agents  similar to mater ia ls  current ly  used 
so tha t  it is not  likely tha t  there will be any cataclysmic 
demise of present  products  or the creation of major  new 
products  unless we extend the terms surface-active agents  to 
hydrotropic  agents,  such as sodium toluene sulfonate,  the use 
of  which will jump to millions of pounds.  This product  is 
presently also being used in some powdered formulat ions  as 
a dispersant  and anti-caking agent. 

A fai r ly  reliable est imate of scouring powders is obtained 
since the total  volume sold is known, and the concentrat ion of 
4% can be assumed for  the active agent.  

Cationic softeners  are now being sold for  addit ion to the 
washer  to fluff up clothes and give them a sof ter  feel. 

Actually the household market  has not  been a giant  market  
for  suppliers  of finished sur fac tan t s  for  some years. Prac- 
tically all of the anionic used (abou t  510 million pounds)  
are made by the companies tha t  use them, so at  most  only 50 
million, or about  10% of the market,  are available to suppliers 
of finished surfac tants .  

Lea ther  and Fur .  Data  were par t icular ly  difficult for  us to 
get  so the figures given are largely guess. I n  addition to the 
sur fac tan t  uses given, the condensed alkylarylsulfonates find 
use as synthetic t ann ing  agents.  

There is a moderate volume of su r fac t an t  used in the clean- 
ing of furs  before they are made into clothing. As this use 
is relatively unknown, the volume and su r fac tan t  types are 
combined in the figures given for  leather. 

Meta l  Cleaning. The field is so complex tha t  i t  undoubtedly 
requires a separate report  of its own. Because of the many 
different types of cleaners for  many different types of metals  
in many  different operations, data are par t icular ly  difficult 
to obtain. The data can only be considered an educated guess. 

Meta l  Cut t ing.  Sur fac tan t s  have been used for  some time 
as emulsifiers for' the oils used for  cut t ing metals. A newer 
and growing application is their use in soluble, cut t ing fluids. 
Their purpose is tha t  of increasing contact  between the fluids 
and the metal in order to conduct away heat  more quickly. 
An impor tan t  consideration is the absence of corrosion of the 
newly cut surface.  At  present,  per formance  is a more im- 
po r t an t  consideration than price. There are about  200 million 
pounds of cut t ing fluids, using about  15% of su r fac tan t  (65% 
active) (13).  

Ore Flotat ion.  This is a relatively new and growing market  
of great  size. The st l rfactant  is used to change the nature  of 
the surface of one or more components of the mixture.  This 
difference is the basis for  separa t ing  the components of the 
mixture.  I t  seems obvious tha t  long and complex applications 
research remains  to be done to win the nmrket.  The volumes 
involved are so large however that  this could certainly become 
one of the larger  users  of  surface-active agents.  The figure 
given in this repor t  is pr imari ly  a guess. Products  other than  
those listed are being used in special cases, but  most  of this 
in format ion  is still confidential. The 1954 Tariff Commission 
lists 4.35 million pounds of cyclic and 20.335 million pounds 
of acyclic flotation reagents  for  a total  of 24.7 million pounds.  
While all ore-flotatlon reagents  can be termed ~su r f ace -  
act ive/~ mater ials  such as f a t ty  acids, xanthates  and other 
organics are used, which are probably  not included in Tariff 
Commission figures on surface-active agents.  I t  is estimated 
tha t  about  8 million pounds of the 24.7 million pounds listed 
as flotation agents  should be listed as surface-active agents,  
in addit ion to a t  least 2 million pounds of s tandard  types. 

Pain ts .  Approximate ly  45 million gallons of latex pa in t  
were used in 1955 (14).  Such pa in ts  require surface-active 
agents  as emulsifiers in the manufac tu re  of the latex, as 

TABLE V 
Distribution by Application--1955 

Application 

Household cleaning ................................. 
Petroleum ................................................ 
Concrete .................................................. 
Formulated cleaners ................................ 
Textiles .................................................... 
Food ........................................................ 
Other aqueous cleaning ........................... 
Metal cutting ........................................... 
Chemical intermediate ............................ 
Cosmetics ................................................ 
Agriculture ............................................. 
Dry cleaning ........................................... 
Other ....................................................... 

75 
46 
30 
25 
25 
21 
20 
18 
16.5 
10 
42.5 

�9 1,059 

Millions 
of % 

pounds 

548 51.5 
182 17 

7 
4.5 
3 
2.5 
2.5 
2 
2 
2 
1 
1 
4 

100 
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dispersants for  the pigment, and as stabilizers for  the paint .  
The estimate given is based on calculations assuming the 2% 
emulsifiers required for the latex, which is approximately 60% 
of the paint .  The pigment dispersants are calculated at  0.5% 
of the total  paint  with stabilizers all addit ional 0.3%. I t  is 
expected t h a t  the amonnt  of emulsifier used will decrease as 
polyvinyl acetate paints replace the butadiene-styrene types. 

l~aper Industry. The data  we have been able to obtain in 
this field are probably low as i t  seems incredible tha t  so lit t le 
surfaetant  can be used for so huge a volume of material.  A 
promising application appears to be the dispersing of pitch 
from certain types of wood. A large market would also exist 
for a surfac tant  which could retain its rewetting properties 
over long periods of time for  incorporation into absorbent 
papers and towels. Small quantit ies are used as additives to 
the pulp tha t  will be used in the manufacture  of rayon. 

l~esticides. The use of emulsifiers for insecticides, herbicides, 
and fungicides is growing steadily (7, 16). This field requires 
a variety of surfactant  compositions, often a combination of 
anionic and nonionic types. Price is usually secondary to 
performance as special properties are nornlally needed. 

Additional quantit ies of surfactants  are used as dispersing 
agents in wettable powders. SmM1 amounts are also used for 
reducing the dusting of some of the more toxic materials. 

Petroleum. The petroleum industry uses large quantities 
of surfactants  both in processing and in its finished product. 
The largest  use is tha t  of detergent additives to lubricating 
oils. Petroleum sulfonates have a large par t  of this volume, 
much of it captive production, but  the variat ion in their com- 
position has opened some market for the bottoms from alkyl- 
aryl sulfonate production. For  some reason published figures 
vary widely (17, 1). 

An interest ing and growing application is demulsifying, 
which is the use of specialty nonionics to  remove water in 
the crude oil brought  up from the ground. Our figure for this 
application is a guess. 

A new application of great  promise is tim introduction of 
suitable surfactants  into producing wells in order to increase 
the rate of production. Also surfaetants  are being used in the 
water flooding, or secondary oil recovery, operation in an 
a t tempt  to recover some of the two-thirds of the total  volume 
of oils which remain in the field. The volumes of water used 
are so huge tha t  even though the surfactant  is used at the 
concentration of about 10 par ts  per million, the total  require- 
ments will be many millions of pounds i f  wide acceptance is 
obtained. At  present cationies are used to break up forma- 
tions caused by bacteria. 

Plastics, l~esins, and Rubber. This field was not studied 
adequately for accurate data. Surfactants  are used as emu]si- 
tiers of polyvinyl chloride, but  only a small proportion of 
polyvinyl chloride is produced by this process. Smaller quanti- 
ties of synthetics are used for po]yvinyl acetate. Most of the 
large volume plastics do not require surfactants  in their pro- 
duction. There is a small volume of surfactants  used as spe- 
cialty plasticizers. 

The rubber  industry uses about 90 million pounds of emul- 
sifiers, bu t  this is ahnost  entirely soap. This is not only for 
the lower price but  for the ease of breaking the emulsion 
when it  is desired to coagulate the emulsion solids. 

Textiles. This is another large and complex field requiring 
a special study. The present figures were obtained by taking 
a study published previously (15) and modifying the volumes 
of surfac tants  by the ratio of each type of material  processed 
in 1952, the basis for the previous study, and 1954, the latest  
figures available (9).  This was then modified by an estimate 
of the change caused by the principal trend, tha t  of replace- 
ment of f a t t y  alcohol sulfates by nonionics. 

Wallboard. Foaming agents are incorporated to make the 
wallboard more porous. Price is an impor tant  consideration so 
tha t  lower-cost soaps will retain somewhat more than half  of 
the market.  The estimate is based on user ' s  requirements. 

A relatively small quanti ty of surface agent also goes into 
the manufacture  of light-weight foamed plaster  and concrete 
slabs. 

Waxes and Polishes. The volume of industrial  and house- 
hold waxes and polishes is now approximately 500 million 
pounds per year. This requires large volumes of emulsifiers, 
but  most of this is amine soap or soap formed in situ. As the 
preparat ion of these emulsions is an art ,  most present prod- 
ucts are still based on historical formulations. This is a fertile 
field for research for formulations based on synthetics. 

Analysis by Product Classification 
T h e  U.  S. T a r i f f  C o m m i s s i o n ' s  a n n u a l l y  p u b l i s h e d  

d a t a  o n  t h e  p r o d u c t i o n  a n d  s a l e s  of  s u r f a c e - a c t i v e  
a g e n t s  is  g r o u p e d  to a v o i d  d i s c l o s u r e  o f  t h e  p r o d u c -  
t i o n  of  a n y  o n e  c o m p a n y  so t h e  d a t a  a r e  s o m e t i m e s  
d i f f i cu l t  t o  i n t e r p r e t .  I n  T a b l e  V I  w e  h a v e  l i s t e d  o u r  
a n a l y s i s  of  t h e  1955  r e p o r t  o n  s u r f a e t a n t s ,  c o v e r i n g  
o n l y  t h o s e  c l a s s e s  c o n s i d e r e d  i n  o u r  s t u d y .  F o r  com- 
p a r i s o n  we  h a v e  l i s t e d  t h e  t o t a l s  o b t a i n e d  f r o m  t h e  
f i g u r e s  we  u s e d  i l l  T a b l e  I V .  

T A B L E  V I  

Ana lys i s  by Tariff  Commiss ion Classifications 
(Mill ions of pounds )  

C l a s s  Tariff  
_ _  _ / t~  

Cyclic I 
Esters  and ethers, non-sulf  .............. 71.8 

N-contMning, non-sulf  ......................... [ 10.1 

Sulfa ted and su l fona ted  
Alkylaryl  su]fonates .......................... [ 455.7  
L i g n i n  de r iva t ives  ............................. I 79.6 
Pe t ro leum de r iva t ives  ....................... [ 124.5 
Other ......... ........................................ [ 22.0 

/ 
Acyclic 

Es te rs  and ethers, non-sulf  ........... [ 101.2 
N-containing,  non-sulf  ..................... I 65.4 
Alcohols and esters, sulf  .................. [ 137.0 
N-containing,  su l fa te4  ...................... } .... 
Other or u n k n o w n  ............................ 4.2 

Ident i -  
fied 

58,1 

9.7 

440.6 
78.7 

176.5 
13,0 

97.6 
42.4 

113.4 
4.0 

29.0 

N o t  
accounted 

for  

13.7 

0.4 

15.1 
0.9 

9.0 

3.6 
23.0 
23.6 

8 9 . 5  

I t  m u s t  b e  n o t e d  t h a t  t h e  a m o u n t  i d e n t i f i e d  in -  
e l u d e s  s u r f a c t a n t s  n o t  i n c l u d e d  i n  t h e  T a r i f f  C o m -  
m i s s i o n  t o t a l s .  O u r  w o r k  i n d i c a t e s  a p r o d u c t i o n  of  a t  
l e a s t  1 ,152  m i l l i o n  p o u n d s .  

A s  s h o w n ,  w e  h a v e  a c c o u n t e d  f o r  o v e r  9 1 %  of  t h e  
t o t a l  p r o d u c t i o n .  W h i l e  t h i s  is  a h i g h  p e r c e n t a g e ,  
i t  s t i l l  l e a v e s  a s u b s t a n t i a l  89.5 m i l l i o n  p o u n d s  u n i -  
d e n t i f i e d .  S o m e  o f  t h i s  is m a t e r i a l  so ld  to  t h e  U.  S. 
a n d  loca l  g o v e r n m e n t  u n i t s .  S a l e s  of  f i n i s h e d  p r o d -  
u c t s  r e p o r t e d  i n  t h e  c e n s u s  of  m a n u f a c t u r e r s  to  s u c h  
u n i t s  a r e  i n c l u d e d  i n  o u r  s u r v e y ,  b u t  r a w  m a t e r i a l s  
f o r  d i r e c t  u s e  o r  f o r  f o r m u l a t i o n  a r e  n o t  i n c l u d e d .  

S i m i l a r l y  a l l  e x p o r t s  a r e  n o t  i n c l u d e d .  W e  h a v e  
n o t  a c c o u n t e d  f o r  t h e  e x p o r t  o f  a n y  s u r f a e t a n t s  as  
p r o d u c e d .  I n  a d d i t i o n ,  we h a v e  i n c l u d e d  a g u e s s  
f o r  t h e  e x p o r t s  of  t h e  l a r g e s t  p r o d u c e r  of  l a u n d r y  
d e t e r g e n t s  b u t  n o  e s t i m a t e s  f o r  o t h e r  p r o d u c e r s  o r  
o t h e r  h o u s e h o l d  p r o d u c t s .  S i n c e  c a l c u l a t i o n s  f o r  
h o u s e h o l d  p r o d u c t s  a r e  b a s e d  o n  c o n s u m p t i o n  f i g u r e s  
r a t h e r  t h a n  p r o d u c t i o n ,  a s i g n i f i c a n t  p o r t i o n  of  t h e  
93.5 m i l l i o n  p o u n d s  u n a c c o u n t e d  f o r  m a y  b e  f o u n d  
h e r e .  

A t h i r d  v o l u m e  of  u se  n o t  i n c l u d e d  a r e  t h e  m a n y  
a p p l i c a t i o n s  r e q u i r i n g  less  t h a n  100 ,000  p o u n d s  p e r  
y e a r .  A l t h o u g h  e a c h  of  t h e s e  is r e l a t i v e l y  s m a l l ,  t h e r e  
a r e  so m a n y  s u c h  a p p l i c a t i o n s  t h a t  t h e  t o t a l  v o l u m e  
is u n d o u b t e d l y  s e v e r a l  m i l l i o n  p o u n d s  p e r  y e a r .  

T h e s e  t h r e e  a d d i t i o n a l  m a r k e t s  f o r  s u r f a c t a n t s  
p r o b a b l y  a c c o u n t  f o r  p r a c t i c a l l y  a l l  of  t h e  d i f f e r e n c e  
i n  m o s t  c l a s s i f i c a t i o n s  e x c e p t  t h a t  of  a eye l i e ,  N - c o n -  
t a i n i n g ,  a n d  n o n s u l f a t e d .  T h i s  d i f f e r e n c e  is b e l i e v e d  to  
be  p r i n c i p a l l y  t h a t  of  m a t e r i a l s  u s e d  a s  c o r r o s i o n  
i n h i b i t i o n .  

End-Use Distribution 
I t  m a y  be  of  i n t e r e s t  to  n o t e  t h e  v e r y  d i f f e r e n t  e n d -  

u s e  p a t t e r n s  of  s o m e  m a ~ o r  t y p e s  of  s u r f a e t a n t s .  T h e  
f i g u r e s  u s e d  a r e  t a k e n  f r o m  T a b l e  I I I  a n d  so do  n o t  
i n c l u d e  t h e  m o d i f i c a t i o n s  j u s t  d i s c u s s e d .  O n l y  m a -  
j o r  u s e s  a r e  s h o w n .  
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TABLE u  

End-Use Pat terns  of Selected Surfactants 

Commercial laundry .......... 
Cosmetics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Formulated detergents ........ 
Household ........................... 

Lauudry  .......................... 
Dishwashing ................... 
Scouring powder ............ 

Intermediate ...................... 
Metal cutting ...................... 
Petroleum .......................... 
Textile ................................ 
M i s c e l l a n e o u s  . . . . . . . . . . . . . . . . . . . .  

�9 'g / .... I ~ i 
(85) / (80) [ (14) I 

64 j 65 I 14 I 
16 I 20 / .... ~ I 

5 .... a 5  i~" 

7 / 5 / 19 L "7 

a Combined as the uses are alternate. 

C o n c l u s i o n s  

This s tudy emphasizes the differences in properties 
required of surfaetants  for various application, the 
large and growing number of uses requir ing more 
than 500,000 pounds per year, and the constantly 
changing pat tern  of use, making most of the recent 
estimates of volume distribution obsolete. 

F o r  some time it has been customary to estimate 
the household market  as 75-80% of the total. This 
s tudy shows that  this estimate is certainly high as 
household use is now probably only 50-55% of the 
total. This fact  may be important  in releasing our 
energies for the creative development of markets in 
the industr ial  fields. There is a rich potential  market  
in such applications as ore flotation, agriculture, road 
building, and petroleum processing. 
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Evaluation of Surfactants for Oil Field Flooding 
C. E. JOHNSON JR., California Research Corporation, La Habra, California 

C 
RUDE OIL IN PETROLEUM RESERVOIRS Occurs as a liq- 

uid dis tr ibuted in the pore spaces of fine-grained 
sedimentary  rock�9 Wate r  is always present  in the 

pores as a second liquid phase. On the average the 
po res  are f rom 10 to 20 micrGns in diameter. 0 i l  
contained in an undeveloped field is usual ly sa tura ted  
wi th  hydrocarbon gas and is under  considerable pres- 
sure. The first product ion obtained f rom wells in a 
new field is therefore  the result  of the release and 
expansion of dissolved gas. When  this na tu ra l  source 
of energy is depleted, flow of oil into the producing 
wells declines to a low rate  or ceases altogether unt i l  
finally continued operation becomes uneconomical. 
At  this point  in m a n y  fields it is not  uncommon to 
find more than  two-thirds of the original oil content 
still remaining within  the pores of the reservoir  rock. 
Unless some external  source of energy is applied, 
this oil will remain  uncovered. 

One of the most common and most efficient external  
sources of energy used to supplement  the na tura l  
reservoir  energy and  prolong oil product ion is water  
under  pressure. Wate r  may  be injected into par t  of 
the existing wells, and the oil driven ahead of it may  
be collected in those remaining. The process of ap- 

plying energy from external sources to increase oil 
production is known as secondary recovery. When 
water under  pressure is the external source, the proc- 
ess is called water-flooding. Under  ideal conditions, 
water flooding can about double the volume of oil 
produced. Nevertheless about one-third of the origi- 
nal oil in place still remains within the reservoir, 
unrecoverable by presently practical  methods. I t  is 
estimated (1) that  there are 194 billion barrels of 
oil in U. S. reservoirs which is not now economically 
recoverable. This is about five times the known re- 
coverable reserves. 

S u r f a c t a n t  F l o o d i n g  

Aside f rom occasional gross iuhomogeneities in oil 
reservoir rocks, the fai lure of water flooding to dis- 
place a larger fract ion of the oil present can be 
blamed on capillary forces operating within the rock 
pores. These capil lary forces are generally described 
in t~rms of the energies of the phase boundaries 
present, e.g., the oil-water, rock-water, and rock-oil 
interfaces. The relationship between these energies 
controls such important  factors as the degree to which 
water tends to displace oil from the rock surface and 


