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This invention relates to improved detergent vide mono- and di-esters of alkyl phenols and 
aids and wetting agents. More particularly, it 
relates to high Wetting power salts of phosphoric 
acid partially esterified by hydroxy aromatic 
compounds containing suitable hydrocarbon sub 
stituent groups. 
By wetting agent is meant substances which 

improve spreading of surface coatings, increase 
Spreading and penetrating power of liquids, such 
as aqueous Solutions and oils, and which may 
act as detergent aids, emulsifying agents, and 
dispersing agents, all of these actions depend 
ing somewhat upon changes of interfacial and 
surface tension. 
The Wetting power of these agents can be 

evaluated by simple and rapid methods which 
measure the relative time taken for an aqueous 
solution of an agent to thoroughly penetrate, 
under prescribed conditions, a fabric or skein of 
fibres having a prescribed composition, form, and 
size. Although these methods more particularly 
Compare the penetrating and detergent aiding 
action of the agents, they indicate, in general, 
the capacities of the agents to perform other 
Wetting functions. 
Although Wetting agents and detergent aids 

have been prepared by neutralizing acid esters 
formed by reacting gaseous olefins with phenol 
in the presence of sulfuric acid, it has been 
found that salts of phosphoric acid partially es 
terrifled by phenolic compounds are properly con 
stituted for high wetting power when the phe 
nolic compounds contain suitable hydrocarbon 
constituents prior to esterification with phos 
phoric acid or its condensible derivatives. While 
the salts of sulfuric acid partially esterified by 
alkylated phenols can be prepared by having the 
alkylation step occur during the esterification, 
there are applications in which such salts are 
less desirable due to corrosiveness tendencies of 
their hydrolysis products. 
An object of this invention is to produce from 

phenolic compounds and phosphoric acid or its 
condensible derivatives, wetting agents and de 
tergent aids which have high wetting and deter 
gent effectiveness with restricted hydrolysis. 
Another object of this invention is to prepare 

acid esters of phosphoric acid which on neutral 
ization produce stable salts having wetting pow 
ers comparable to the most effective ester salt 
derivatives of sulfuric acid, and in some appli 
cations, even greater wetting powers, yet with 
out corrosive endencies of the sulfuric acid ester 
salts. 

is A further object of this invention is to pro 

phosphoric acid and to provide such esters which 
can be reacted with alkali metal bases, to form 
naphtha-insoluble and ether-insoluble salts hav 
ing high Wetting numbers in aqueous solutions. 5 
Other Specific objects will appear from the de 
Scription which follows. 
These objects are achieved by partially esteri 

fying phosphoric acid, or a halogen derivative 
thereof, with selected phenolic compounds to ob- 0 
tain acid esters which are subsequently neutral 
ized to form the desired salts. Suitable alkyl 
phenols to be used as starting materials may be 
obtained by alkylation of lower phenols present 
in coal tar, fractions or tar acids. Petroleum S 
phenols, per se, are very suitable. But, the 
phenolic compounds are preferably selected 
when they have alkyl side chains, either simple 
straight chain or cyclic, containing sufficient sat 
urated carbon atoms to make a total of about 20 
5. to 20 carbon atoms per molecule of acid 
ester formed in the esterification. As a rule, the 
wetting power decreases, while the detergent 
power increases, with increase in the size of the 
hydrocarbon substituent. For optimum results, 25 
the phenolic compounds having hydrocarbon 
side groups containing about 3 to 10 Saturated 
carbon atoms per molecule, are preferred for 
producing di-ester salts. More exactly, the di 
ester salt should contain 5 to 20 alkyl or cyclo- 80 
alkyl carbon atoms per molecule, that is, it is 
formed from the reaction of alkyl phenols hav 
ing an average of 2.5 to 10 alkyl carbon atoms 
per molecule. In forming the mono-ester, it is 
best to esterify a phenol having at least 5 carbon 5 
atoms in the hydrocarbon side chain. 

Synthetic alkyl phenols may be prepared by 
any of the known methods of alkylation. Suit 
able methods for their preparation are disclosed 
in U. S. Patent 1948,287 of February 20, 1934, 40 
to Hyym E. Buc and Ruben Schuler, and U. S. 
Patent 1954,985 of Aprfl 17, 1934, to Hyym E. 
Buc. These patents describe methods for alkyl 
ating phenolic compounds such as phenol, cre 
sols, etc., with olefinic hydrocarbons having is 
more than 2 carbon atoms per molecule and sim 
ilar reactants. They indicate reactions of alkyl 
ating compounds with the phenolic compounds 
in the presence of strong sulfuric acid at con 
trolled temperatures. The alkyl substituents 50 
formed may be normal, iso, secondary, or tert 
alry. 
The phenolic compounds may contain more 

than one alkyl substituent and other aliphatic 
or cycloaliphatic hydrocarbon substituents which iss 
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2 
supply the proper number of Saturated carbon 
atoms which may be designated as parafiinic 
carbon atoms. Petroleum phenols which to Some 
extent simulate phenolic compounds containing 
a polymethylene or cycloalkyl side group, accord 
ing to their hydrogen and carbon analyses, have 
been found to be as satisfactory as alkyl phenols 
Of corresponding Or even higher molecular 
Weights. Polyalkyl phenols may be obtained by 
alkylating lower phenols with suitable alkylating 
agents such as alcohols, olefins, alkyl sulfates, 
and alkyl halides, and these alkylating agents 
may be obtained from cracked petroleum hydro 
carbon products. 
Compounds which are to be preferably pro 

duced according to the present invention may be 
represented as including types having the foll 
lowing generalized compositions and structures: 

O 
2 (R-Ar-o)f 
OM 

e 
(R-Ar-Orom 

OM 

where R represents 1 or several alkyl substitu 
ents containing an average total of 5 to 20 sat 
urated carbon atoms, Ar represents an aromatic 
nucleus, and M stands for a basic metal atom. 
It is to be noted that the salts may be formed 
from a mono- or di-ester of phosphoric acid, 
Orthophosphoric acid being the esterifying acid 
in obtaining either the di- or mono-basic salt, 
meta- and pyrophosphoric acids being adapted 
for forming the di-basic salt, and halogen de 
rivatives of the acid, e. g., POCl3 or PCs being 
used in Some reactions to advantage in place of 
Orthophosphoric acid. The desired partial esters 
containing the tervalent radical, EP-O, are 
thus obtained by using pentavalent phosphorus 
Compounds which on hydrolysis yield phosphoric 
acid. The following equations, wherein R rep 
resents a hydrocarbon side group, are typical of 
the reactions carried out: 

O O 
2 2 éon-Hog Dr - Sox >R+H:0 OBI o B B 

RK DoC --2NaOH - 
OB 

B 

O 
2 3 og XR+2to 
ONa 

Na 

PoCl42RC)on -9 (KXo) POCl-2HOl 
(RK Do) POC1--2NaO - e 

(RK Xo) POONa--NaCl 
The preferred methods of this invention for 

preparing high quality detergent aids will be un 
derstood from the following specific examples: 

Eacample 1 
To prepare a sodium salt of di(tertiary amyl 

phenyl) phosphate, a one liter three-way flask 

2,219,050 
fitted with a mechanical stirrer having a mer 
cury seal, a reflux condenser, and a thermometer 
was charged with the following materials: 
Tertiary amyl phenol---------------gms. 164 
OPCl3---------------------------- gms-- 85 
Toluene------------------------------ cc.-- 250 
The above materials were stirred and heated to 
118° C. for 20 hours, Hydrogen chloride gas was 
liberated copiously in the early part of the re 
action and at the end of this time the evolution 
of hydrogen chloride gas was slight. The toll 
ene and excess POCl3 was distilled off and the 
residue was added slowly to stirred cracked ice. 
The aqueous Solution Was extracted With ether 
and the ether extract was neutralized by pour 
ing gradually into a sodium carbonate solution. 
The entire neutralized solution was then trans 
ferred into a separatory funnel, and upon stand 
ing, two layers separated, the top layer contain 
ing ether and salt; the lower iayer, water and 
Salt. The layers Were separated and each was 
evaporated to dryness. 33 grams of a white pow 
der were obtained from the evaporated Water 
layer. The evaporated ether layer was leached 
twice with 54 A. P. I. Inaphtha, leaving 95 grams 
of White powder which was naphtha-insoluble. 
The characteristics of the thus separated prod 
lucts as Wetting agents and detergent aids Were 
determined by the method of Draves and Clark 
Son as published in the 'Proc. Am. ASSOC. Tex 
tile Chem. Colorists' 1931, 109. The naphtha 
insoluble ether extract product had the follow 
ing wetting out characteristics: 

Wetting numbers 
Weight conc. percent 

8. In 0.3%H,so Neutral D. P. a. 

Less than 300 4 Ppt'd.----- 

Accordingly, the naphtha-insoluble Salt formed 
a clear neutral Solution with water and showed 
a high Wetting power. In hard water solution 
containing 300 parts per million of calcium, the 
Salt tended to precipitate. In acidifled solution, 
the salt caused some turbidity. 
In Some cases, it was found advantageous to 

carry Out the condensation of the phosphorus 
oxy chloride with the alkylated phenol in the 
presence of pyridine or an equivalent base. In 
most cases, however, the use of the base was 
found in necessary. 
In a second experiment using the same type 

of procedure as explained in the foregoing ex 
periment, phenolic compounds from a petroleum 
oil fraction were reacted with POCs to form the 
dil-ester chlorophosphate, and the resulting 
chlorophosphate was neutralized with potassium 
hydroxide to obtain an ether-extracted naphtha. 
insoluble salt having the following wetting prop 
erties in a neutral aqueous solution: 
Concentration of salt by weight 

in aqueous solution-percent.-- 0.2 0.1 O,07 
Wetting numbers in soft 
Water---------------- sec. 4.5 30 187 
From these data, it can be observed that the 

lower petroleum phenolic compounds, which 
comprise phenols containing paraffinic hydro 
carbon side groups having a lower hydrogen to 
carbon ratio than is present in simple alkyl 
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2,219,050 3 
groups, form simple aryl ester salts of phosphoric 
acid which are as effective in Wetting power as 
the salts formed from the lower phenols. In 
the foregoing experiment, the petroleum phenol 

is cut used had an average empirical formula of 
about C3.3H7.5' C6H4OH. This deficiency of hy 
drogen in the saturated hydrocarbon substituent 
group is attributed to the presence of cycloalkyl 
groups, which makes the hydroxyaromatic com 

0 pound partly simulate a naphthenic compound. 
The high petroleum phenols having more than 
10 carbon atoms per molecule show an even 
greater deficiency of hydrogen in this respect 
and also show the presence of non-phenolic oxy 

15 gen. Though these higher petroleum phenols 
tend to darken readily in color, which may pre 
clude their use in forming wetting agents for 
some purposes, they have marked resistance to 
alkalies and high organic solvent solubility 

20 which is a valuable property in many respects. 
In a third experiment, a mol of phosphoric 

acid was esterified with One mol of tertiary amyl 
phenol to obtain a mono-ester, which, in turn, 
was neutralized with two mols of sodium hydrox 

25 ide to produce the corresponding di-sodium salt 
of the mono-ester, which was extracted by iso 
propyl alcohol. The ether-insoluble portion of 
the isopropyl alcohol extract made a clear .2% 
concentration solution with distilled Water and 

30 showed a wetting number of 37 seconds, and in a 
.2% concentration in hard water containing 300 
parts per million of calcium ion gave a perfectly 
clear solution having a wetting number of 25 
seconds. 

35 hols may be substituted for the isopropyl alco 
hol in the extraction. 
Such experiments demonstrate that the naph 

tha-insoluble di-ester salts of the phosphoric 
acid esters were particularly effective wetting 

40 agents and detergent aids in neutral aqueous so 
lutions, while the ether-insoluble salts of the 
mono-esters were more effective in hard Water 
solutions. While certain classes of alkyl and 
cycloalkyl phenols have been emphasized as be 

4 ing of major importance for selection informing 
the improved wetting agents by esterification 
with phosphoric acid or its halogen derivatives, 
various modifications to improve performance 
under some conditions may be made. For ex 

50 ample, aliphatic alcohols, naphthenic alcohols, 
or aralkyl alcohols may be used auxiliary to the 
phenols in forming the phosphoric acid esters. 
Phosphate ester salts of naphthenic and aro 
matic alcohols may be used as supplementary 

55 wetting agents. Also, other wetting-out sub 
stances containing hydrocarbon groups attached 
to negative inorganic functions, such as hydroxyl, 
amino, sulfonate, sulfate, and halogen groups, 
may be used in combination with the phosphate 

60 ester salts. - 
The wetting agents prepared according to this 

invention may be used for a large variety of 
purposes, including among others, for Scouring 
and detergent actions in conjunction. With SOaps 

65 or other detergents, and for dispersing pigments 
or other suspensoids in liquid vehicles, e. g., 
paints, water, inks, dye baths, metal plating 
baths, spraying compositions, ore flotation mix 
tures, and lead treating baths. They may be 

70 used to improve cosmetics, the wetting of glue, 
the mixing of cement, the finishing of pastes, the 
removal of grease from steel, the spreading and 
penetrating power of oils, the breaking of petro 
leum and water emulsions of the type found in 

soil fields, the emulsification in lacquer forma 

Other normally liquid aliphatic alco 

tion, the absorption qualities of paper in paper . 
manufacturing, etc. 
This invention is not to be limited by the spe 

cific examples given nor by any theory advanced 
On the mechanism of operation, but only by the 5 
appended claims in which it is intended to claim 
all novelty inherent in the invention as broadly 
as the prior art permits. 

I claim: 
1. A base metal salt of a phosphoric acid ester O 

containing at least one alkylaryl group and a 
total of 5 to 20 saturated carbon atoms in the 
alkyl radicals of Said alkyl-aryl groups. 

2. A mono-basic alkali metal salt of a phos 
phoric acid ester in which the ester groups con- 5 
sist in alkyl phenyl radicals containing an aver 
age total of 5 to about 20 alkyl carbon atoms 
per molecule of the salt. 

3. A naphtha insoluble di-basic alkali metal 
Salt of phosphoric acid partially esterified by 20 
alkyl phenol molecules containing an average to 
tal of 5 to 10 alkyl carbon atoms per molecule. 

4. A di-basic alkali metal salt of a phosphoric 
acid ester in which the ester group consists in 
an alkyl phenyl radical containing a total of 525 
to about 20 alkyl carbon atoms per molecule of 
the salt. 

5. An ether-insoluble alkali metal salt of 
phosphoric acid partially esterified with an alkyl 
phenol containing 5 to 10 alkyl carbon atoms per 30 
molecule. y 

6. The preparation of improved wetting agents 
by a process which comprises condensing with 
a pentaValent phosphorus compound which hy 
drolyzes to phosphoric acid a limited quantity 35 
of phenolic molecules containing hydrocarbon 
Substituents which have an average total of 5 
to 20 Saturated carbon atoms per molecule of 
the phosphorus compound condensed, the quan 
tity of phenolic molecules also being limited to 
produce phosphoric acid esters in the condensa 
tion, and neutralizing resulting acid esters with 
a metal base to produce their ester Salts. 

7. A process as described in claim 6, in which 
the improved Wetting agents are extracted from 
said ester salts by ether and leached with naph 
tha. 

8. A process as described in claim 6, in which 
the improved wetting agents are extracted from 
Said ester salts by a nornally liquid alcohol and 
leached with ether. - 

9. The preparation of improved wetting agents 
and detergent aids by a process which comprises 
condensing phosphoric acid with alkyl phenols 
having an average of 2.5 to 10 alkyl carbon atoms is 
per molecule and reacted in a quantity to pro 
duce phosphoric acid di-esters, then neutralizing 
resulting acid esters with an alkali metal base 
to obtain their ester salts. 

10. The preparation of improved wetting 60 
agents by a process which comprises condensing 
phosphorus oxychloride with a limited quantity 
of phenolic compounds containing paraffinic hy. 
drocarbon substituents having an average of 2.5 
to 10 carbon atoms per molecule to obtain phos 
phoric acid di-esters, and neutralizing said acid 
di-esters with an alkali metal base to obtain 
their ester salts. 

11. The preparation of improved wetting 
agents by a process which comprises condens 
ing phosphoric acid with an alkyl phenol con 
taining 5 to about 20 alkyl carbon atoms per 
molecule and reacted in a quantity to produce 
a phosphoric acid mono-ester, and neutralizing 75 
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the resulting acid ester with an alkali metal base stituent containing an average total of 5 to 20 
to produce an ester Salt. carbon atoms, Ar represents an aromatic nu 

12. A compound of the general formula cleus, M represents a basic metal atom and ac and 
gy are whole numbers from 1 to 2, the sum of 

5 (R-Ar-o).PO (OM) y which is 3. 
in which R represents at least one alkyl sub- LOUIS A, MIKESKA. 
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