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tion that thermal degradation occurs in the chro- 
matograph column. If  Cope elimination is quantita- 
tive under chromatograph conditions the peak for 
the olefin formed should afford a measure of amine 
oxide content. 

Some difficulty in determining the amine oxide 
content of formulated detergents has been reported. 
The alkaline builders commonly included in detergent 
formulations interfere with the acidimetric procedure 
described above. However, the reductometrie method 
of Brooks and Sternglanz has been found to give 
reliable results if the sample is first neutralized with 
concentrated hydrochloric acid. 
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Economics 

The economies of fat ty amine oxides depend pri- 
marily on cost of the parent amines. Figure 3 
shows the raw materials cost per pound of dimethyl- 
dodecylamine oxide as a function of dimethyldodeeyla- 
mine cost. With hydrogen peroxide available at 45.7r 
lb (100% basis), peroxide cost is 7.5r per pound of 
amine oxide assuming use of the recommended 10% 
molar exeess. To realize a total raw materials cost 
of around 30r for the oxide, dimethyldodecylamine 
must be eharged in at 20-25r A raw materials 
cost of 30r for amine oxide should permit a selling 
price below 50r (100% basis). At this price 
level, fa t ty  amine oxides should find broad market 
acceptance, ttEFEItENCES 
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A1pha-Olefins in the Surfactant Industry 
T.  H .  L I D D I C O E T ,  California Research Corp., Richmond,  California 

R E L A T I V E L Y  S M A L L  SCALE commercial quantities of 
straight chain a-olefins have been available from 

animal fats and vegetable oils for many years. How- 
ever, large scale production from this source is hind- 
ered by the relatively high cost of the natural starting 
materials and the expense of the saponification, reduc- 
tion, and dehydration processes required. Therefore, 
up to the present a-olefins have not found extensive 
favor in the surfactant industry, except for low- 
volume, high-cost specialty products. 

Recently, however, large scale production from 
petroleum of high-quality, low-cost a-olefins was an- 
nounced. Thus, the surfactanb industry now has the 
incentive to investigate present and potential uses 
of these reactive compounds, a-01efins not only provide 
opportunities for commercial development of entirely 
new surfactants, but in addition, these new raw ma- 
terials may give improved properties in many types 
of products and processes now based on highly 
branched olefins. For instance, surfactants prepared 
from a-olefins undergo much more rapid biodegrada- 
tion than the analogous branched-chain products. 

Of particular interest for surfactants are the higher 
molecular weight a-olefins (C11-C2o carbons atoms) 
because these materials are easily convertible into 
surface-active products. However, the lower molecular 
weight olefins (C6-Cll) offer potential advantages in 
plastics, polymers, hydrotropes, and many types of 
specialty products related to the detergent industry. 

Some of these new large-volume a-olefins from 

petroleum are available in developmens quantities as 
single carbon number cuts at a permium price. How- 
ever, of much greater interest to the surfactant indus- 
t ry  are various blends of higher molecular weight 
olefins. In most detergent applications, these blends 
offer satisfactory properties and equivalent or superior 
performance as compared to single molecular weight 
material, as well as being more economical. Some of 
these blends are analogous to the fat-based olefins in 
that only even-numbered carbon chains are present. 

O n  the other hand, some large volume petroleum- 
based olefins contain both even- and odd-numbered 
carbon chains in approximately equal amounts. The 
optimum blend type and molecular weight split should 
be considered individually for each application, based 
on performance and availability. 

In view of the foregoing, it appears worthwhile to 
present the chemistry of some of the most interesting 
surface active agents which may be derived from a- 
olefins. Properties and performance characteristics 
of some of these surfactants are also discussed. 

Reac t iv i ty  

Many types of reactants, both organic and inor- 
ganic, easily add across the terminal double bond of 
long-chain a-olefins. Addition reactions may be of 
either the ionic or free radical-type, depending on the 
particular reactants and conditions. For purposes of 
illustrating these types of addition (ionic and free 
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FzG. 1. Equilibrium reactions of secondary alkyl sulfates. 

radical) ,  hydrogen bromide addition will be used as 
an example. Depending on reaction conditions, hy- 
drogen bromide may add to give a secondary bromide 
(ionic, "no rma l  add i t ion")  or a p r imary  bromide 
(free radical, "abnormal addi t ion")  (38,47,65). The 
formation of the secondary bromide ( R C H B r - C H ~ )  
i s  favored by: high concentration of hydrogen bro- 
mide, presence of polar solvent, ferric bromide or 
aluminum bromide catalyst, anti0xidants, darkness, 
and elevated temperatures.  Conditions tending to give 
the pr imary  bromide (RCH2-CI I2Br )  are: presence 
of oxygen or peroxides; l ight;  inert  nonpolar solvent; 
and lower temperatures.  Yields and proportions of 
the isomers can vary  greatly, depending on the exact 
experimental  conditions and the part icular  reactants 
used. By choosing favorable conditions, almost ex- 
clusive formation of either isomer is possible. In the 
a-olefin molecular weight range most suitable for surf- 
actant use (Cll-C2o) hydrogen bromide addition is 
easily controlled to give more than 95% 1-isomer (12). 
At  0C and lower temperatures in the presence of 
peroxide, the high molecular weight a-olefins, diluted 
with pentane to prevent  freezing, form no measurable 
amounts of secondary bromo conipounds. Thus, under  
these conditions, less than 1% ionic-type hydrogen 
bromide addition accompanies the predominant  free 
radical-type addition. Even at 20C and using no 
pentane solvent, hexadecene-1 gives about 95% of the 
1-bromide and only about 5% secondary bromide. 

Addit ion of hydrogen chloride to a-olefins, although 
slightly more difficult than hydrogen bromide addi- 
tion, is easily accomplished. Only the ionic reaction 
occurs and the secondary chloride is the only product. 
For  example, reaction of hydrogen chloride with 
dodecene-1 in benzene solvent at 0C using a small 
amount  of stannie chloride catalyst gives about 98% 
yield of essentially pure 2-ehlorododecane. 

Aside from addition reactions, ~-olefins may also 
undergo substitution and oxidation. At  the present 
time substitution reactions, such as allylic bromina- 
tion with N-bromosuceinimide, do not appear to be 
of much potential  commercial significance in surf- 
actants. This is t rue also of oxidation, although the 
resulting carboxylic acids may be of interest in 
specialty soaps or as precursors for  ethylene oxide 
eondensates. Oxidation of ~-olefins with chromic acid 
gives a mixture of carboxylie acids composed predomi- 
nant ly  of an acid containing one less carbon than 
the start ing olefin (28,55). 

A n i o n i c  S u r f a c t a n t s  

Several different anionic surfaetants of present or 
potential use in the detergent industry may be 
produced f rom a-olefins. Some of these may be made 
directly f rom the olefin in one step while others re- 
quire a longer sequence of reactions to prepare the 
desired product.  In  general, these anionics include 
either a sulfate or a sulfonate group in the molecule; 
however, the reactants and conditions required for 
their product ion differ widely and the potent ial  use 
properties are also extremely varied. 

Preparation of Secondary Atkyl Sulfates. a-Olefins 
react with concentrated sulfuric acid by an ionic-type 
mechanism to give good yields of secondary alkyl 

sulfuric acids, l (6,10,12,41). Upon neu- 
O S 0 2 H  

tralization, the desired secondary alkyl sulfate surf- 
actants are produced. Such surfaetants are presently 
produced commercially on a large scale in Europe, 
but  they have never been used extensively in the 
United States. In  the past, these secondary sulfates 
were usually considered to be of poor quality and 
inherent ly poor chemical stability, probably because 
of the marginal quality of the olefin raw materials. 
However, the present availability of high-quality a- 
olefins should revive commercial interest in these 
surface-active materials. The stability of secondary 
alkyl sulfates produced from these a-olefins in the 
Cll-C2o carbon range is, in fact, comparable to that  
of p r imary  alcohol sulfates. In addition, these prod- 
ucts are excellent detergents and good foamers and 
wetting agents. 

More details of the reaction equilibria involved in 
the sulfation reaction are shown in Figure 1. In 
order to optimize yields of monoalkyl sulfuric acid 
it is necessary to reduce formation of all three by- 
products:  ethers, polymers, and dialkyl sulfates. 
Kooijman (41) reported maximmn yields of hexadeeyl 
sulfate with 90% H2SO4 at 20C. However, recent 
work of Clippinger (12) indicates that  for maximum 
product  yields the reaction temperature  should be 
maintained at 5C or lower. Higher temperatures form 
polymers and colored byproducts.  The best yields 
are realized at temperatures as low as -15C,  which 
requires the use of a solvent as a freezing point de- 
pressant. In actual practice, it is found that one 
volume of n-pentane per volume of olefin is satis- 
factory. 

The equilibrium mixture  always contains significant 
quantities of dia]kyl sulfate, but its formation is 
suppressed by using a 1.5/1.0 or greater  mole ratio of 
sulfuric acid to olefin (12). Even under  these con- 
ditions 15-20% of the alkyl groups are always com- 
bined as dia]kyl sulfate, but  on neutralization each 
mole hydrolyzes to form one mole of monoalkyl sul- 
fate and one mole of alcohol. 

Under favorable laboratory conditions (2.0/1.0 mole 
ratio of sulfuric acid to olefin, -15C,  and one volume 
n-pentane),  a total monoalkyl sulfate yield of 90% 
may be obtained. This sulfate contains about 90% 
of the 2-isomer with little migration of the functional 
group along the chain. However, actual commercial 
operations might be more easily carried out at nearer 
room temperature.  Such an increase in temperature  
will give slightly lower yields and greater amounts 
of the other secondary isomers. In no case is the 1- 
isomer formed. 

Performancewise, secondary alkyl sulfates in the 
C~-C2o carbon number range are versatile surfac- 
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tants with good all-around properties (11). In typical 
heavy-duty formulations, a C~I-C2o sulfate blend (con- 
taining both even and odd carbon numbers) shows 
both washing machine foam and cotton detergency 
superior to commercial branched-chain dodeeylben- 
zene sulfonates. Dishwashing foam performance is 
only moderate, but the high washing machine foams 
suggest that dishwashing foams could be optimized 
by formulation changes. This excellent performance 
together with unique solubility properties indicates 
that these sulfates should be of interest in liquid 
detergent products. A Cll-C2o sodium secondary alkyl 
sulfate is more soluble than a commerical sodium 
dodeeylbenzene sulfonate and shows little effect of 
concentration on clear point (approximately 13C) 
from 3% concentration up to nearly 40%. In ad- 
dition, blends of secondary alkyl sulfate with primary 
alkyl sulfonates (discussed below) show promise in 
the synthetic toilet bar field. 

Preparation of Primary Alkyl Sulfonates. Primary 
alkyl sulfonates prepared by the free radical catalyzed 
addition of bisulfite (12,19,25) to a-olefins [Equation 
1] are surfactants of great interest in the detergent 
industry. 

peroxide 
RCt{=CH2 + HSO~- ) RCH~CH~SOa- [1] 

or oxygen 

Primary alkyl sulfonates may also be obtained by 
treating a 1-bromide with sodium sulfite (16) or 
by oxidizing a mercaptan (3,20). Although the reac- 
tion of the 1-bromide and sodium sulfite gives satis- 
factory yields with lower molecular weight alkyl- 
bromides, it does not proceed readily with higher 
molecular weight compounds. Therefore, it is not 
considered to be a satisfactory method for preparation 
of detergent-range (C~1-C2o) alkyl sulfonates. The 
direct addition of bisulfite [Equation 1] is considered 
to be the most practical route from a commercial 
standpoint. This addition may be accompanied by at 
least two side reactions: oxidation of sulfite to sulfate ; 
and formation of a surface-active product containing 
a sulfinate group as well as the sulfonate group. 

The reaction of bisulfite with ~-olefin is advanta- 
geously carried out in aqueous propanol as a solvent 
(12). Aqueous ethanol may also be used, but a 20% 
lower reaction rate is observed. Optimum yields of 
primary alkyl sulfonate are obtained by continuous 
addition of aqueous bisulfite so that the concentration 
of inorganic bisulfite remains at about 0.1 molar and 
is never enough to salt out a separate aqueous phase. 
Either air or an appropriate organic peroxide may 
be used as a free radical initiator. Using the above 
conditions and maintaining a pH of 7-8 during the 
reaction results in 90-100% conversion of olefin to 
sulfonate. Running the reaction under acid condi- 
tions gives greatly increased proportions of sulfinate- 
sulfonate material. This product is surface active, 
but its surfactant properties and performance have 
not been thoroughly investigated. 

Primary alkyl sulfonates are of great interest be- 
cause of their outstanding physical and performance 
characteristics in toilet bars and household detergents 
(11). A wide molecular weight blend of mixed sodium 
and ammonium primary alkyl sulfonates has good 
bar-forming properties. Primary alkyl sulfonates 
are also compatible with soap and other detergent 
actives, such as alkylbenzene sulfonates, alkyl sul- 
fates, and various nonionies. In toilet bar use, foam 
is produced copiously and rapidly in both soft and 
hard water whether warm or cold. Furthermore, it 
produces a t ruly stabilized lather. I t  also leaves the 
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skin with a pleasant afterfeel, and no stickiness or 
irritation are observed. Primary sulfonates are also 
good detergents for washing soiled fabric. The foam 
produced in formulations containing fat ty  alcohol 
additives is as dense and stable as that given by similar 
tallow sulfate formulations. The unusual stability 
of primary alkyl sulfonates (including resistance to 
boiling concentrated phosphoric acid) could be of 
importance in spray drying operations and in shelf life 
of formulated products. 

Reactio~ with Sulfur Trioxide. Either 1 or 2 moles 
of sulfur trioxide may add across the terminal double 
bond of a-olefins (2,6,7,17,60). In order to moderate 
the extreme reactivity of sulfur trioxide, the reaction 
is normally carried out in a solvent (liquid sulfur 
dioxide or ethylene dichloride), and the sulfur tri- 
oxide is often used in the form of a complex with 
either dioxane or pyridine. Hydrolysis and workup 
of either of the above initial addition products gives 
largely a mixture of hydroxysulfonic acid and unsatu- 
rated sulfonic acids [Equation 2]. Neutralization of 

RC'H2CH--Ctt~ RCH~CI-I--CH~ 
I I + I I hya~oly~i~ 

O - - S 0 2  O SO~ ) 

O ~ S - - O  
:RCtI=CHCH:--S03It 

+ 
RCH~CIt=CII--SO3K 

+ [2] 
RCH~CIt--CtGSO~I-I 

I 
OH 

these sulfonic acids gives sulfonates which possess 
excellent foaming and detergency properties and are 
quite stable under a wide range of conditions. 

Reaction with Chlorosulfonic Acid. Chlorosulfonic 
acid may also be used as an agent for sulfonating a- 
olefins (17). The reaction is carried out at about 0C 
in an inert solvent, such as carbon tetraehloride. A 
small quantity of halogenation catalyst, such as iodine 
or ferric chloride, may be added in order to improve 
yield and product quality. Yields of about 85% 
surface-active product may be obtained in this reac- 
tion: The reaction product after nuetralization is 
believed to be a mixture of hydroxysulfonate, unsatu- 
rated sulfonates, and chlorosulfonate. The sulfonate 
mixture is highly surface active and gives solutions 
of excellent detergent and wetting power. 

Reaction with Nitrosyl Chloride. In the presence of 
4-8% nitrogen trioxide or dinitrogen tetroxide, nitro- 
syl chloride adds across the terminal unsaturation of 
~-olefins (4,5,8) as in Equation 3. 

RCtI=C}G + NOC1 --> R O H - - C H ~  [3] 
I I 

NO C1 

The actual product is believed to be of a considerably 
more complex nature. Treatment of this addition 
compound with sodium sulfite and sodium bisulfite 
in aqueous isopropanol at 85C gives a complex surf- 
aetant mixture corresponding to an olefin conversion 
of about 70%. This type of surfactant has been sold 
commercially in the past, and laboratory tests indi- 
cate that it has excellent wool detergency and good 
foam and emulsifying qualities. The product is con- 
sidered to be a mixture of sulfonated amines, sulfon- 
ated ketones, unsaturated and saturated sulfamate- 
sulfonates, and adducts of the unsaturated compounds 
with sodium bisulfite. 

Reaction with Dinitrogen Tetroxide. Dinitrogen 
tetroxide in the presence of oxygen adds to a-olefins 
to give a mixture of nitro derivatives (56,57). Elimi- 
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nation of nitrous and nitric acids from the crude ad- 
duct with triethylamine results in 1-nitroolefins in 
good yields. Addition of alcohols or sodium bisulfite 
to these nitroolefins followed by reduction of the 
intermediate products to aminoethers (42) or amino- 
sulfonates (27) may lead to specialty surfactants of 
interest. 

Preparation of Secondary Phenylalkanes. Alkyla- 
tion of benzene with a-olefins in an ionic type reaction 
catalyzed by aluminum chloride, sulfuric acid, or 
hydrofluoric acid yields a mixture of isomeric straight- 
chain secondary phenylalkanes [Equation 4] (44,49). 

ca ta lys t  R'--CtI--I%" [4] 
RCH=CH2 -f- C,,Ha ) ] 

C6H~ 

By choice of catalyst and other reaction conditions, 
the isomeric distribution can be varied somewhat; 
however, contrary to the results found with secondary 
alkyl sulfates, nearly exclusive production of the 2- 
isomer is not possible in this alkylation. Only highly 
isomerized mixtures of secondary alkylbenzenes are 
formed, and no primary phenylalkane is produced. 
Sulfonation of the phenylalkane gives a surfactant 
with excellent quality and good detergency and foam- 
ing properties. In potential usefulness and perform- 
ance versatility, such straight-chain alkylbenzene sul- 
fonates approach present day commercial branched- 
chain alkylbenzene snlfonates. 

Preparation of Primary Phenylalkane. Primary 
alkyl bromides prepared from a-olefins react with 
benzene in the presence of an almninum bromide 
catalyst to give a phenylalkane with up to 50% pri- 
mary attachment of the alkyl group to the benzene 
(58). The derived sulfonate shows promise as a foam 
stabilizer in detergent formulations containing either 
straight-chain or branched-chain alkylbenzene sulfon- 
ate together with long-chain primary alcohols or 1,2- 
glycols as foam additives (45). 

Cationic  Surfac,tants 

Surface-active quaternary ammonium-type cationics 
may be produced from ~-olefins in the C~-C2o molecu- 
lar weight range. However, before discussing prepara- 
tion of these cationics it is well to consider the prepa- 
ration of the precursor amines. The amines, of course, 
can then be easily converted to quaternaries. 

Preparation of Amines. Long-chain amines are of 
interest in themselves as corrosion inhibitors and ore 
flotation agents. However, they are probably more 
important to the surfactant industry as intermediates 
in the production of quaternaries and amine oxides. 
Amines may be conveniently prepared by reaction 
of 1-bromides with ammonia or other amines [Equa- 
tions 5,6,7]. 

R--Br  + NH8 > R~NH + I~NH2 [5] 

R- -Br  + R ' N H 2 - >  R2NI%' § R N H R  r [6] 

R- -Br  + R~'NIt  --> RNP~'  [7] 

These ionic reactions may be carried out in aqueous 
solution at slightly above room temperatures or with- 
out solvent at about 150C and under moderate pres- 
sures (23,29,68). Alkyl bromides will also react with 
sodium amide in liquid ammonia at -50C to give 
primary amines (59). 

Pr imary amines in which the nitrogen is attached 
to the number two carbon atom of a long straight 
chain may be prepared directly from a-olefins by ad- 
dition of hydrogen cyanide or low molecular weight 
organic nitrile followed by basic hydrolysis [Equation 
8] (52,57). 

CH~ 
IGSO~ 1 NaOH 

R C t t = C H 2  + R 'CN ) R- -CH--NHCOR' - - I  + 
[ H~O 

Clio $ [s] 
l 

R--CH--NH2 

Amines may also be obtained from a-olefins by 
reduction (35) of the nitroolefins. 

Preparation of Quaternary Ammonium Compounds 
Quaternary ammonium compounds may be pro- 

duced directly from alkyl bromides using certain 
tertiary amines (67). Reaction of methyl chloride or 
benzyl chloride with a primary or secondary amine 
also may give quaternary salts (29). 

Alkylaromatie quaternaries may be obtained by 
chloromethylation [Equation 9] of secondary phenyl- 
alkanes followed by reaction with a tertiary amine 
(15). 

1V--CH--R" 
R'- -CH-R" + CH._,O + HCI ) / ] ZnCl~ 

C~H5 

CH,.,CI [9] 

Quaternary ammonium compounds are useful as 
corrosion inhibitors, bactericides, algaecides, anti- 
static agents, emulsifiers, and textile softening agents. 

Nonionic  Surfactants  
The two major types of nonionic surfactants which 

may be produced from a-olefins are ethylene oxide 
condensates and amine oxides. 

Preparation of Ethylene Oxide Condensates. Ethyl- 
ene oxide condensates are presently the most impor- 
tant type of nonionic in the surfaetant industry. 
Alcohols, alkylphenols, carboxylic acids, and mercap- 
tans are the active hydrogen compounds most com- 
monly condensed with ethylene oxide to prepare 
surface-active agents. All of these precursors may 
be obtained from a-o]eflns. 

Long-chain primary alcohols may be produced from 
alkyl bromides by ionic hydrolysis in solvents such 
as water, alcohol, or acetone using insoluble basic 
buffers such as calcium oxide (30,48). 01efin forma- 
tion often occurs as a side reaction, but may be 
decreased significantly by first forming the acetate 
using potassium acetate and then saponifying the 
ester with caustic. 

Primary alcohols may also be formed directly from 
~-oleflns by the Oxo reaction [Equation 10] (26,33, 
53). 

Co ca ta lys t  RCtI2CH~CH2OH 
) + [10] 

RCH=CH~ + C'O + H~ heat ,  p ressure  RCH (CH3) CH~OH 

This reaction gives a mixture (approximately 1:1 
ratio) of primary alcohols with a --CHzOH group 
attached to either the 1- or 2-position of the carbon 
chain. 

Secondary alcohols may be obtained by hydrolysis 
[Equation 11] (31,62) of secondary alkyl sulfuric 
acids. 

RCHCH~ + H20 --> RCtICH3 [11] 
I ] 

OSO3H OH 

The monoalkyl sulfuric acid-olefin equilibrium is 
displaced to the right in Equation 11 by the use 
of a large excess of water (dilute acid). Just as in 
the formation of the monoalkyl sulfuric acids, pos- 
sible side reactions during hydrolysis are ether forma- 
tion and polymerization. 
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Alkylphenols may be prepared direct ly f rom a- 
olefins by alkylation of phenol (24) in the presence of 
an acidic catalyst [Equation 12]. This ionic reac- 
tion is similar to that of Equat ion 4, but the activating 
influence of the - O H  group allows the alkylation 
to occur with a much milder catalyst and conditions. 
The product  is a blend of all possible secondary 

R ' C H R "  

I~CH=CH2 + C~HhOH --> 

! 
OH [12] 

alkylphenols, but  there is no addition of phenol to 
the end carbon of the olefin to form pr imary  alkyl- 
phenol. 

Carboxylic acids are obtained from ~-olefins by 
t reatment  with carbon monoxide and water [Equation 
13] (1,39,40). 

catalyst 
RCH=CH2 § CO + H~O ) RCHCOOH [13] 

1 
CH8 

Catalysts which may be used include nickel carbonyl, 
boron trifluoride, and sulfuric acid. The carboxylic 
acid function is attached to a secondary carbon atom 
of the a:olefin chain. Carboxylie acids may also be 
prepared by direct oxidation with chromic acid. 

Mercaptans may be produced by the ionic reaction 
of alkyl bromides with alkali hydrosulfides (3,21). 
~-Olefins themselves will react with hydrogen sulfide 
in the presence of peroxides (free radical- type reac- 
tion) to give p r ima ry  mercaptans as the main prod- 
uct (37,63,66). In the absence of peroxides the "no r -  
rea l"  2-mercaptan product  may be obtained (22,37). 
Mercaptans may also be obtained by t rea tment  of a- 
olefins wi th  thioacetie acid followed by hydrolysis 
[Equat ion 14] (9,14). 

peroxide 
ROH=CI-I~ + CH3COSH ) 

hydrolysis 
RGH2CH2SOCCH~ ) 
ROH~OH~--SH [ 14] 

Condensation of ethylene oxide with the above ac- 
t i re  hydrogen compounds (36,46) is normally carried 
ou t  at temperatures  of 120-200C and pressures of 
30-60 psig. Usually, a basic catalyst (sodium hy- 
droxide) is used. The ethylene oxide condensation 
reaction is i l lustrated in Equation 15 using an alco- 
hol as an example. 

c a t a l y s t  
ROIt + x CH:CH2 ) RO(CH2CH20)~K [15] 

\ /  
O 

Due to the various active hydrogen compounds which 
may be used and t h e  widely differing degree of 
ethylene-oxide condensation which may be achieved, 
a vast number of nonionics of this type are possible. 
In general, condensates with only a few ethylene 
oxide units tend to be water insoluble and oil soluble. 
As the number of ethylene oxide units is increased, 
water solubility increases and oil solubility decreases. 
In the surfactant  industry,  the higher ethylene oxide 
mole ratio products are used extensively as low 
foamers in detergent formulations. The lower mole 
ratio condensates are widely used as intermediates 
for the production of high foaming anionic surfac- 
tants by sulfation of the hydroxyl  group. 

Preparatio~ of Amine Oxides. Amine oxides may 
be produced in high yield by the oxidation of long- 
chain dimethylamines [Equation 16] (13,34,54). 
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RN(CHs)~ § H~O~--> RN(CH3)2 [16] 

Amine oxides are relatively new materials presently 
of great commercial interest. They are high quali ty 
surfaetants used pr imari ly  as foam boosters and emol- 
lients in liquid detergent formulations (18,50,51). 

Other Derivatives 

Other long-chain derivatives of interest to the surf- 
aetant indust ry  may be produced f rom a-olefins. For  
instance, long-chain alcohols used in certain heavy- 
du ty  formulations arc valuable as foam additives. 
Such alcohols are also important  as s tart ing materials 
for  p r imary  alkyl sulfates used in both solid and 
liquid detergents. P~eparations of alcohols f rom a- 
olefins have been previously discussed in connection 
with Equations 10 and 11 above. 

Also of commercial interest as intermediate raw 
materials are long-chain 1,2-glycols. Lower molecu- 
lar weight 1,2-glycols may be obtained in good yield 
by the direct reaction of hydrogen peroxide with a- 
oleflns ; however, the higher molecular weight products  
(C12 and above), are prepared much more conveniently 
by the reaction of peraeetic acid with ~-olcfins (61,64). 
In reality, an intermediate monoaeyl glycol is formed 
which is then saponified with sodium hydroxide to 
give the free glycol. 

Long-chain !,2-glycols may also be prepared by 
halogen addition (32) to a-olefins followed by hy- 
drolysis (43). Chlorination is carried out in aqueous 
acetic acid at 10 30'C and gives the 1,2-dichloride. The 
glycol is obtained by hydrolysis at 200-250C with 
sodium acetate. 
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Use Evaluation of Alcohol Derivatives 
m Detergent Formulations 
T. P. MATSO N,  Research and Development Department, Continental Oil Co., Ponca City, Oklahoma 

L ONG CHAIN ALCOI!fOLS as raw materials for the de- 
tergent industry have been of significant commer- 

cial importance for many years. Due to the emphasis 
on biodegradability properties in today's market, the 
discussion here will be confined to the straight-chain 
primary alcohols. 

These alcohols have traditionally been prepared by 
saponification of natural waxes, such as sperm oil, 
or by reduction of fatty  acids obtained from oils and 
fats, such as coconut oil, palm kernel oil, and tallow 
(1) .  However, within the last year and one-half, 
straight chain primary alcohols have become availa- 
ble from petrochemical sources. The process for the 
production of these petroleum-derived alcohols (2) 
is briefly as follows: metallic aluminum reacts with 
hydrogen gas and aluminmn triethyl to yield diethyl- 
aluminum hydride;  the hydride is reacted with ethyl- 
ene to give aluminum triethyl;  the aluminum triethyl 
reacts with more ethylene to give a mixture of alumi- 
num alkyls ("growth" product) containing randomly 
distributed alkyl groups; and this "growth" product 
is oxidized with air and then hydrolyzed to form even- 
numbered straight chain primary alcohols. 

R~ R~ t~0 OR~ 
\ / \ / [ ~ o H  

A1 § 02 -> A1 A- I t 2 0  -> J R~OH 
I I t ~ o g  

R3 ORa 

The petroleum-based alcohols and the fat and oil 
derived alcohols have identical physical and chemical 
properties when comparing the same carbon chain 
distributions. However, since the distribution of the 

petroleum-derived straight chain alcohols is governed 
by a Poisson distribution, proper adjustment of reac- 
tion conditions easily shifts the carbon chain length 
to peak at a higher or lower molecular weight. This 
process, therefore, can produce blends of commercial 
straight-chain alcohols not economically attractive in 
the past. Therefore, it is important to re-evaluate the 
effect of the carbon chain length of the alcohols upon 
the use properties of the major alcohol derivatives 
used in detergent formulations. The derivatives dis- 
cussed here will be alcohol sulfates, alcohol ethoxylates 
and alcohol ether sulfates. 

Alcohol Sulfates 
The alcohol sulfates are prepared for the alcohols 

by typical sulfation techniques using typical sulfating 
agents: S03, cholorsulfonic acid, sulfamic acid, etc. 
(3) .  The greatest potential for alcohol sulfates in 
household detergent formulations appears to be in 
heavy duty powders. Detergency and foam stability 
of individual alcohol sulfates were evaluated in the 
following heavy duty formulation: 

20% active 15% sodium sulfate 
50% sodium tripolyphophate 0.8% CMC 

5% sodium silicate (recta) 9.2% water 

Foam stability tests were run in a typical plate 
washing test at 115F, 0.22% solids concentration, at 
50 ppm hardness. In this test uuiformly soiled plates 
are washed to obtain an end point of a permanent 
break in the foam covering the dishpans. One plate 
difference is significant below 10 plates washed. When 

TABLE I 
Effect of Free Alcohol on Foam StabiIity of Individual Alcohol Sulfates 

Alcohol sulfate 

012 ............... 

01e 

Plates washed at l15F,  50 ppm hardness, 0.22 % solids concentration 

(a) 
As is 

(n~ free 
alcohol) 

3 
13 
16 

8-9 

(b) 
C~ Alcohol 

per cent/act ive 

5 1O 15 

9 14 
> 3 0  > 3 0 *  

30 >3iJ >30 
16 19 20 

(c) 
C~4 Alcohol 

per cent/active 

5 10 15 

3 3 3 
> 3 o  > 3 0  > 3 o  

30 30 
11 . . . .  

(d) 
C~o Alcohol 

per cent/active 

5 10 15 

2 1 
2~ 

.. 11 .. 

(e) 
CJs Alcohol 

per cent/active 

5 10 15 

2 1 1 
16 .. 

1~' "" ; 
N o t e :  Greater than ( > )  thirty plates is indicated above the 30 plate range. Due to the copious nature of the alcohol sulfate foam, it is difficult 

to detect an end point of this magnitude. The condition marked with an asterisk subjectively was noted to have considerable amounts of foam above 
the level of any others marked > 3 0 .  


