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Abstract 
The Continental Oil Co. has developed a process 

for  producing straight chain, pr imary  alcohols 
f rom petrochemical sources. These alcohols may 
be converted into a var ie ty  of derivatives possess- 
ing a wide range of use properties. 

Introduction 

S TRAm~T C~AIN pr imary  alcohols have been pro- 
duced from animal fats and vegetable oils for 

many years. These products  have found wide use 
in the detergent,  plasticizer, and other industries. 
Continental Oil Co. has recently placed on stream, 
a large plant designed to produce a series of straight 
chain alcohols ranging f rom ethanol to eicosanol 
(C2oH~OIt) .  These products  bear the t radenamc 
"ALFOL" alcohols. The "ALFOL"  plant, at Lake 
Charles, La., utilizes almninum, ethylene, hydrogen, 
and air as raw materials and has a total capacity 
of i00 millio,n Ib per year. 

The " A L F O L "  process has been thoroughly dis- 
cussed elsewhere (1).  In  brief, the process involves 
the reaction of metallic aluminum with hydrogen and 
two moles of aluminum tr iethyl  to give three moles 
of diethylalmninum hydride. Reaction of the diethyl- 
aluminum hydr ide  with ethylene gives three moles of 
aluminmn triethyl,  two of which are recycled to the 
first step. Aluminum tr iethyl  is then reacted with 
ethylene to give a mixture  of high tool wt  aluminum 
alkyls containing randomly distributed Mkyl groups. 
This "growth" product  is then oxidized with air and 
hydrolyzed with water to give the " A L F O L "  alco- 
hols and almninum hydroxide.  The lat ter  product  is 
of potential ly great  value because of its high puri ty.  

The distribution of s traight  chain alcohols f rom the 
" A L F O L "  process is governed by the Poisson mathe- 
matical relationship. In  Table I, a typical  " A L F O L "  
alcohol distribution compared with similar distribu- 
tions based on cocmmt oil and tallow is shown. The 
" A L F O L "  alcohol distribution can be easily shifted 
to a higher or lower "poe&" by adjusting reaction 
conditions. This " A L F O L "  alcohol distribution is 
thus quite flexible and is especially advantageous in 
that  " A L F O L "  14, myris tyl  alcohol, is now more 
readily available. Blends of straight chain alcohols, 
not previously available, can now be obtained. 

The lower alcohols, " A L F O L "  6 to " A L F O L "  
10, are current ly  being used in the manufacture  of 
phthalate and adipate esters for use as plasticizers. 
When straight chain alcohols are used instead of 
branch chain alcohols in this application, the prod- 
ucts have bet ter  placticizing efficiency, less volatility, 
more resistance to oxidative degradation, bet ter  low 
temp flexibility, and lower plastisol viscosity (2). 

The higher alcohols, " A L F O L "  12 to " A L F O L "  
20, current ly  find their  greatest use in the manu- 
facture  of synthetic, biodegradable detergents. Three 
general types are in use: a) alcohol sulfates, b) alco- 
hol ethoxylates, c) alcohol ether sulfates. These prod- 
ucts have been described in previous publications (3, 
4) and account for  a major  portion of the total 
"ALFOL"  plant  production. 

z Regis tered t r a d e m a r k  of Continental Oil Company.  

The "ALFOL" alcohols offer commercial promise 
for the production of a number  of other useful de- 
rivatives due to their  price stabil i ty and high puri ty.  

ALYKL CHLORIDES 
The " A L F O L "  alcohols may be reacted with hy- 

~drogen chloride gas in the presence of 1% zinc chlo- 
ride to gi~e a 90% yield of the p r imary  Mkyl halide. 

ZnCh 
[1] C~H~OIt -{- HC1 160C ~ C~K~sC1 § H20 

.The reaction is complete when water  evolution ceases. 
Dialkyl  ether is formed as the major  by-product 
(6-8% yield),  but  it can be reacted with hydrogen 
chloride, under  the same conditions used for the alco- 
hol, to give two moles of alkyl chloride. 

These higher alkyl chlorides may be reacted with so-  
dium hydrosulfide in methanol solution to give straight 
chain mercaptans in yields of 85% or better  (5,6). 

[2] C~H~O1 + NaSH ) C~H~SH + NaCI 

The alcohol sulfate salts may be similarly converted 
to mercaptans (7).  

[3] C~H~OSO~I + NaSII ) C~H~SH + Na~SO~ 

n-Dodeeyl mercaptan is used as a polymerization 
modifier in the synthetic rubber industry. 

At least two ethoxylates of mercaptans are pro- 
duced commercially for use in grease cutting, indus- 
trial cleaning, and metal processing. 

The alkyl chlorides can be converted to nitriles by 
reaction with sodium cyanide in dimethyl sulfoxide. 
F ro m  n-decyl chloride, 1-cyanodecane was obtained 
in 94% yield (8).  

DMSO 
[4] C~0tt~C1 + NaCN > CloH21CN + NaCI 

These products may  be used as plastieizers and soften- 
ing agents for  synthetic rubber.  

AL!PHATIC AMINES 
AlJphatic amines may be produced f rom straight  

chain alcohols by two general procedures. The alcohol 
may be directly reacted with ammonia or amines at 
high temp and pressure, or the alcohol may be first 
converted to the chloride and then reacted with am- 
monia or amines under  more moderate conditions. 

Cetyl alcohol was reacted with excess ammonia at 
2000 psi and 400C to give the pr imary  amine in 94% 
yield (9). Under  similar conditions n-dodecyl alcohol 
was reacted with dimethyl amine to give dimethyl 
dodecyl amine in 90% yield (10). 

T A B L E  I 

Straight Chain Alcohol Distributions (wt  %)  

Carbon No. " A L F O L "  Coconut  0 i l  Tal low 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 

0.4 
3 
9 

16 
20 
19 
15 

9 
5 
3 

8 
S 

47 
19 

8 
9 

24 
74 

64 
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AI~O~ 
[5] C~H~0H § NH~ ) C~H~NH~ § H~0 

AI~0~ 
[6,] C~tt~OH + HN(CH~)~ ~ C~H~N(CH~)~ + H~O 

A more convenient route to these compounds in- 
volves the use of the alkyl chlorides. The following 
reactions may be carried out at around 150C and 
pressures below 100 psi (11): 

[7] C,~H~sC1 + NH. 

[8] C~HssCI + CH~NH~ 

[lO,] c~H:,cl + (C~H,),NH 

> (C~H~)~H (85%) 

) (C,oH~)~NOH~ (68%) + 
C~,H~NHOH~ (15%) 

, C:sH~zN(CH3)~ (83%) 

C~:H2~N (C2It~) ~ (86%) 
~ L .  . . . . . . .  -" . . . . .  l , l ~  ~ ,~ , ,~  may be used as such or may be con- 

verted to qua te rnary  ammonium salts, amine oxides, 
and ethylene oxide adducts. 

QUATERNARY AMMONIUM SALTS 
Quaternary  ammonium salts may be prepared di- 

rect ly f rom the alkyl chlorides using a limited number 
of te r t ia ry  amines (11). Cetyl chloride will react 
with t r imethyl  amine to give the, quaternary  com- 
pound in essentially quanti tat ive yield. 

[11] C~6H,zC1 + N(CIIa)3 ) C~sHs~N(CH3)3+C1 - 

Dimethyl  benzyl amine reacts similarly to give a di- 
methyl benzyl qua ternary  compound. In these qua- 
t e rna ry  forming reactions, the rate  is somewhat ]ow 
due to necessity of keeping the reaction temp below 
l l0C.  

Alkyl chlorides may be reacted directly with pyri- 
dine to give the corresponding pyr idinium salts (28). 
The use of a solvent, such as methanol, should aid 
this reaction. 

Quaternary  compounds may also be prepared b y  
reacting methyl chloride or benzyl chloride with the 
products f rom reactions [7-10] above. 

These compounds are current ly  being used as cor- 
rosion inhibitors, bactericides, emulsifiers, anti-static 
agents, dyeing aids, and textile softeners. 

This last application, textile softeners, is consuming 
a large volume of qua te rnary  salts and is rapidly  
growing as consumer acceptance becomes more gen- 
eral (12). The qua te rnary  salt most used in this 
application is characterized by the general formula,  
R2N(CH3)2+X -, where R is tallow derived and X- is 
chloride or sulfate. This product  can be prepared 
cheaply and in high pur i ty  by utilizing a mixture  
of straight chain alcohols containing 16 and 18 car- 
bon atoms in reaction [1] above to produce the mixed 
chlorides followed b y  reactions [7] or [8] above to 
produce the proper  amine structure.  A final qua- 
ternization step with methyl chloride will then give 
the desired product.  By  adjust ing the ratio of the 
two straight chain alcohols used in the manufac tur ing  
process it may be possible to overcome the rewett ing 
problem which is of some concern to textile softener 
manufacturers .  

AMINE OXIDES 
Amine oxides have recently become prominent  as 

surface active agents pr imari ly  for  use as foam boost- 
ers. These products  may be produced simply in high 
yield by reacting dimethylalkyl amine (from reac- 
tion [9] above) with 35% hydrogen peroxide (29). 

C!~3 
[ 

[12] CI~H..~N(CH~)~+H~O2 > C~It25N ~ O+H~O 
I 

CH, 
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The products are white, hygroscopic solids which are 
generally handled in aqueous solution. 

There are at least two issued U. S. patents (13,14) 
on the use of amine oxides. The first patent  refers to 
the use of amine oxides in a "personal use detergent 
lo t ion."  A typical  formulat ion includes a coconut 
glyceryl  ether sulfonate, a tallow glyceryl ether sul- 
fonate, lauryl  dimethyl  amine oxide, potassium pyro- 
phosphate, sodium toluene sulfonate and other minor 
ingredients. The second patent  refers to a formula- 
tion of lauryl  dimethyl amine oxide with an alkali 
metal ethylene diamine tetraacetate. I t  is indicated 
that  amine oxides, when incorporated in detergent  
formulations, lessen skin i rr i ta t ion (16). Foreign 
patents have also been issued concerning detergent 
formulations containing amine oxides (15,16). 

The amine oxides of the type  shown above are com- 
pletely biodegradable. 

Patents  have been issued on the use of amine oxides 
in latex frothing for  the production of foamed rub- 
ber (17), as polymerization inhibitors (18,19), poly- 
mer light stabilizer (20), and as a pour  point de- 
pressor in distillate stocks (21). 

ALKYL GLYCERYL ETHER SULFONATES 

The alkyl glyceryl ether sulfonates are useful deter- 
gent materials and may be prepared by  the following 
reactions using straight chain alcohols (22): 

O 
/ \ H+ 

[13] R.OH + CHr-CHCH2C1 > ROCH..CH(OH)CH~C1 

[14] ROCH2CH (OH) CHIC1 + Na2SO3 > 
ROCH~CH (OH) CH~SO3Na + NaC1 

An improved process was recently patented (23). 

These surface active agents are useful in detergent  
formulations as lathering and cleansing agents (13). 
They possess good solubility in cold water  and are 
stable in the presence of acids, lime, and magnes ium 
sMts. 

CARBOXYLIC ACIDS 

Straight  chain alcohols may be reacted with molar 
amounts of caustic to give the corresponding carbox- 
ylic acids in high yields (24). 

270G 
[15] Cl~H25OH + NaOH , > CnH~CO2H 

Caustic oxidation appears to be attractive for the pro- 
duction of higher acids f rom " A I J F O L "  20 and 
" A L F O L "  20+. " A L F O L "  20, " A L F O L "  22, and 
" A L F O L "  24 have been converted to the correspond- 
ing acids in 95-98% yields (27). 

These higher acids may  have ut i l i ty  in cosmetics, 
emulsifiers, specialty coatings, plasticizers, synthetic 
waxes, and water repellent formulations for textiles. 

DIMER ALCOHOLS 

Straight  chain alcohols may be Subjected t o  the 
well known Guerbet reaction to give a branched alco- 
hol containing twice the original number  of carbon 
atoms (25,26). 

base 
[16] 2-Cn4H29Ott ) CH~ (CH2) I~CHCH_,Ott 

I 

This reaction offers a s t ra ightforward ro u t e  to higher 
alcohols, e.g., Co4 to. C4o. No known uses exist for  
these compounds since t h e y  have generally not been 
available. 
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Foaming Properties of Nonionic Detergents * 
M. J. SCHICK and F~ A. BEYER, Lever Brothers Co., Research Center, Edgewater, New Jersey 

Abstract 
The foam formation and foam stability of 

aqueous solutions of polyoxyethylene tridecanols, 
t-octylphenols, nonylphenols, n-dodecanols, and 
n-octadeeano]s have been determined as a func- 
tion of ethylene, oxide chain length. In general 
nonionic detergents form unstable foams; the 
most stable foams formed by nonionie detergents 
are comparable to that  of sodium dodecylbenzene 
sulfonate in the absence of foam promoters. In  
each homologous series of a nonionic detergent the 
foam formation and foam stability pass through 
a max at  a critical hydrophilic-hydrophobic bal- 
ance ( C H H B ) .  I t  is shown that  the C H H B  cor- 
responds to conditions of minimum foam drain- 
age and max resistance to film rupture .  

Introduction 
1,7 SPITE OF the expanding application of nonionic 
detergents, relatively few papers on their foaming 

properties have appeared in the l i terature compared 
to those of ionic detergents, because monodisperse 
materials are difficult to prepare (1,2;3). Their  syn- 
thesis has been reported so far  for  a chain length 
of one to six ethylene oxide units only (4). Nonionic 
detergents, which have been prepared by the con- 
dellsatlon of ethylene oxide with alkylphenols or 
aliphatic alcohols, yield products in which the hy- 
drophilie portion has a Poisson distribution of chain 
length (5).  In  order to cover a wide range of molec- 
ular structures, molecularly distilled ethylene oxide 
eondensates of alkylphenols or aliphatic alcohols have 
been used in this investigation of the foaming prop- 
erties of nonionic detergents in aqueous solutions (6). 
Since in practical applications detergent solutions arc 
mainly used at elevated temps, this investigation was 
carried out at 55.0C. 

The principal  factors determining the stability of 
foams have recently been reviewed by DeVries, Kitch- 
ener and Cooper, and Myscls et al. (7,8,9). The col- 
lapse of foam involves two main factors: (1) Fi lm 
drainage and (2) film rupture .  The foam lamella 
must first drain unti l  its thickness is reduced to 50- 
100A, af te r  which it will eventually rupture.  The 
rate of drainage is pr imari ly  dependent on the vis- 
cosity of the absorbed film. Hence, a high surface 
viscosity leads to a slow-draining and stable film, or 
vice versa. Measurements of surface viscosity or of 

1 Pal}or presented in p a r t  a t  the 34th National  Colloid Symposium, 
Lehigh University, Betlllehem, Pa. ,  1960. 

the rate of movement of interference fringes, which 
has been so successful in the study of slow-draining 
foams of ionic detergents, were unsuccessful when 
applied to fast-draining foams of nonionic detergents 
(9,10,11), On the other hand the foam fractionation 
technique of Walling et al. appeared to be applicable 
to this s tudy (3). The film rupture  is dependent on 
the cohesive forces (Gibbs'  elasticity) existing in the 
adsorbed film, whose magnitude has been deduced 
from the molecular configurations of nonionic deter- 
gents in adsorbed films. A detailed s tudy of these con- 
figurations has already been reported elsewhere (6). 

Experimental Procedures and Data 
Materials. The ethylene oxide (EO) eondensates of 

branched tridecanol, t-octylphenol, branched nony]- 
phenol, n-dodecanol, and n-octadecanol have been ob- 
tained f rom General Aniline and Fi lm Corp., Mon- 
santo Chemical Co., and Rohm and Haas Co. All 
samples were molecularly distilled in order  to remove 
unreaeted components and reduce the width of the 
reel wt distribution. The average chain length of the 
ethylene oxide adducts was determined from their 
hydroxyl  values, and their homogeneity was assessed 
from the sharp breaks in the surface tension vs. loga- 
r i thm of concentration plots, which correspond to the 
critical mice!le concentration (e.m.c.) (6). All non- 
ionic detergents used exhibited sharp breaks. The 
sodium dodecylbenzene sulfonate (NaDDBS) was of 
99.9% pur i ty .  Distilled water  of 2 x 10 -~ mho/cm spe- 
cific conductance was used. 

Procedures. The foaming properties were deter- 
mined with a piston plunger agitator equipped with 
perfora ted disks. The stroke length was 5 in. and 
the stroke speed 56 cycles/rain. The detergent solu- 
tions, 200 ml, were contained in covered graduated 
cylinders, which were thermostated at 55.0C. The 
foam formation is expressed as ml of foam volume 
generated after  15 rain agitation and the foam stabil- 
i ty as the time required for  the foam volume to decay 
to one hal f  of the initial height in the closed system 
af ter  agitation has been halted. The foam drainage 
properties of 0.1% w. detergent  solutions were deter- 
mined by the method of Wall ing et al. at 55.0C (3). 
This procedure gives useful results pr imari ly  with 
rapidly draining films in which the loss of liquid from 
the foam occurs mainly by loss of water from the 
films of the intact foam lamellae. The apparatus  
consists Gf a 5 l i ter spherical vessel with a heating 
mantle, interchangeable columns of 9.4 cm i.d. and a 


