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1. 
Claim. (C. 252-32) 

This invention relates to a method of condi 
tioning Water for the prevention or reduction of 
foaming. 
An object of the invention is to provide a 

method for the prevention or reduction of mois 
ture entrainment in steam generating Systems. 
A further object of the present invention is 

to increase the coefficient of heat transfer in 
boilers, cooling equipment, heat exchange Sys 
tems, and the like, without producing a foaming 
condition. 
Foaming of boiler water is not, as is common 

ly thought, equivalent to an accumulation of 
foam on top of the surface of the boiler Water. 
When steam is rapidly withdrawn from a boiler 
with resultant foaming, there is no Water Sur 
face within the boiler correlated with the Water 
level indicated in the conventional water glass 
attached to the boiler. In other Words, there is 
no sharp line of demarcation between solid water 
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and of combinations thereof. Preferably R, and 
R3 contain at least 11 or, better still, at least 15 
carbon atoms. R, R2 and R3 may all be the same, 
but R2 may also be a short chain hydrocarbon. 
The compounds of the present invention con 

tain at least one sulfonamide group, and prefer 
ably three to seven sulfonamide groups. If de 
sired, a Suitable foam-inhibiting compound may 
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and foam in the boiler during rapid steam with 
drawal. 
The foaming of boiler water is the result of 

steam being generated from numerous nuclei on 
the heating surface to produce myriads of per 
manent Small bubbles which resist coalescence. 
Consequently, the entire volume of the Water in 
the generating area, is expanded by a mass of 
bubbles until the thus formed “light Water' fills 
the steam space and becomes entrained with the 
steam leaving the boiler, thus producing a foam 
ing Condition. m 

I have now found that the foaming of boiler 
water can be substantially or completely inhib 
ited by adding to a water having a tendency to 
foam on boiling, a compound having the general 
formula: 
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be prepared by first acylating a polyalkylene 
polyamine With a higher fatty acid to cause the 
formation of two or more amide groups on the 
nitrogen atoms of the polyalkylene polyamine, 
and thereafter reacting the polyamide thus pro 
duced with a high molecular weight sulfonyl 
chloride thus forming one or more sulfonamide 
groups on the nitrogen atoms which have not 
been acylated by the fatty acid. 

Excellent foam inhibitors may also be pre 
pared by first reacting a polyalkylene polyamine 
With a long chain sulfonyl chloride and reacting 
the product thus produced with a short chain 
Sulfonyl chloride. It has been found that the 
primary amino groups of the polyalkylene poly 
amine are preferentially acylated in the initial 
reaction. So that the short chain sulfonamide 
groups will be attached to the secondary amine 
groupS in the molecule. 
Examples of the previously mentioned types of 

COImpounds are listed below: 
Compounds of the above general formula, 

Where Y is CH2CH2. 
(1) Trilauryl Sulfonamide of diethylene tri 
aie 

HN-c HCF-N-CC-NI 
SO s O s O 
cuts 12H25 d H25 

(2) Trinnyristyl sulfonamide of diethylene tri 
R-X--R-N-Y-N-X-R, amine 

k H-CHCH-N-CHCH-NH 
SO SO SO 

R &H where R and R3 are hydrocarbon radicals selected villa CHs C1G 
from the group consisting of alkyl, alkenyl, cy- (3) Tri (palmitated ricinoleyl) sulfonamide of 
cloalkyl and aralkyl radicals and substituted diethylene triamine 
alkyl, alkenyl, cycloalkyl and aralkyl radicals con- EN-CEC N-CHCH NH 
taining at least 11 carbon atoms; X is a radical s O2 s O so, 
selected from the group consisting of carbonyl 
and sulfonyl radicals, at least one of the radicals 
represented by X being a sulfonyl radical; R1 
is an alkylene group; R2 is a hydrocarbon radical, 
and Y is a grouping selected from the group 
consisting of R1, 

50 
Cis-33 (OOCC is31) Cists3(OOC Cissi) data (O OCCsa) 
Compounds of the above general formula, where 

Y is CH2CH2CH2. 
(4) Triauryl Sulfonanide of dipropylene tri 

annine 
- - - - - 55 N--CCCE-N-CCC-NI 
R-N-R 

SO SO SO and 
v R-N-R, data dutis dulla 

i. Compounds of the above general formula, where 
60 
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(5) Trichlorolauryl sulfonamide of dibutylene 
triannine 

HN-CHCHCHCH-N-c HCCHCH-NE 
O so, $0. CiCl dail.C. & H.Cl 

Compounds of the above general formula, where - 
Y is 

CHCH-N-CHCH 10 

(6) ricetyl Sulfonamide of triethylene tet- . 
ramine 

HN-CHCH-N-CCH-NH-CHCH-NH 
s O s O O 
&H &Ha & Ha 

(7) Trinaphthenyl sulfonamide of triethylene 
tetrainine 

HN-CH2CH-N-CECH-NH-CHCH-NH 
so, so, O 
l, k, l, 

20 

where R1, R2 and R3 are each the residue of a - 
naphthenic acid. 
Compounds of the above general formula, where 

Y is 
CHCH-N-CCH 

l, 
(8) Tetrastearyl sulfonamide of triethylene 

tetramine 
HN-CHCE-N-CECH-N-CHCH-NH 
so, do, do, so, 
&E, &E, Cali, dub, 

Compounds of the above general formula, where 
Y is 

B 

CHCH-N-CHCH-N-CHCH, 
i. 

(9) Tetraoleyl sulfonamide of tetraethylene 
pentamine 
HN-CHCH-CH, CH-N-C-C-NH-CHC H-NH 
SO O s O SO 
Citi, cult, th. Cahi, 

It is also possible to produce Symmetrical con 
pounds (symmetrical about the middle nitrogen 
atom) by the syntheses disclosed in this specifi 
cation. 

(10) Dicethyl dibutyl Sulfonamide of tetra 
ethylene pentamine 

H 

NH-CHCH-N-CHCH-N-CEC H.--C HCH-NH 
s O do, s O s O 
cutta &E, &E, & Ha 
Compounds of the above general formula, where 

Y is 
R1-N-R 

do, 
k, 

and R2 are short chain alkyl groups. 
(11) Dinnyristyl dimethyl Sulfonamide of tri 

ethylene tetramine 

HN-CHCH-N-CHCH-)-CHCH-H do, SO O O 
Eas ch, &E, &H 
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4. 
(12) Disteary dihexyl sulfonamide of tripro 

pylene tetramine 

HN-c H2CH2C H.--C H2CH2C Hi-N-c HCHCH-NH 
SO SO SO SO 

duti, 6.13 sh3 cult, 
Examples of mixed amide-sulfonamide com 

pounds are as follows: 
(13) Distearamide monolauryl Sulfonamide of 

diethylene trianine 
HN-CHC Hi-N-c HCE-NE 
c O SO O 
C135 & His & His 

(14) Dilauramide didecylsulfonamide of tri 
ethylene tetramine 

NH-CH2CH-N-CHCH-N-CHCH-NH 
so so, do, ho 
data &H, & H., Cutta 

(15) Distearylsulfonamide capro-acetamide of 
triethylene tetramine 

N-CH2CH-N-CHCH-N-CH2C-NI 
so, do bo do, 

17H35 H &H, t 1735 
(16) Palmityl sulfonamide palmitoyl myristyl 

- amide of triethylene tetramine 
HN-CIC Hi-N-c HCH-N-CECH-NH 

O SO O 

CH, ?ih, data 
While the above exemplary formulae generally 

indicate that the hydrocarbon Substituents of the 
terminal amide or sulfonamide groups are iden 
tical, it will be appreciated that the material used 
in preparing these compounds will normally be 
commercial reagents, such as coconut oil fatty 
acids, Soybean oil and the like, which contain 
mixtures of acids of varying chain length and hy 
drogen content. Thus R and R3 given in the gen 
eral formula could easily be different hydrocar 
bon radicals. 
The preparation of the compounds listed above 

can be accomplished through a variety of means. 
In general, the Sulfonamides may be prepared 
by reacting one molecular proportion of a poly 
alkylene polyamine with three or more molecular 
proportions of an alkyl sulfonyl chloride. The 
reaction conditions will vary with the compounds 
used, but in general the condensation may be 
effected by simply mixing the ingredients to 
gether in the appropriate proportions, and heat 
ing to a temperature in the range from about 100 
to 250 C., normally between 180 and 220° C. 
The individual reaction products need not be sep 
arated from the reaction mixture, but the mix 
ture as a whole may be used as a foam inhibitor. 

Suitable polyalkylene polyamines are of the 
type of diethylene triamine, triethylene tetra 
mine, tetraethylene pentamine, dipropylene tri 
amine, tripropylene tetramine, dibutylene tria 
mine, tributylene tetramine, and the like. 
The long chain sulfonamide groups may be at 

tached by reacting a polyalkylene polyamine of 
the type mentioned above with a long chain alkyl, 
naphthenyl, aryl or aralkylsulfonyl chloride such 
as, for example, lauryl Sulfonyl chloride, cetyl 
Sulfonyl chloride, myristylsulfonyl chloride, oleyl 
Sulfonyl chloride, Stearyl Sulfonyl chloride, 
naphthenyl sulfonyl chloride, dodecyl benzene 
Sulfonyl chloride, and the like. The sulfonated 
derivatives of the naphthenic acids obtained from 
petroleum are available commercially as the 
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"green acids' and the 'mahogany acids' and 
may be used in the preparation of the naphthen 
y Sulfonyl chlorides. The aralkyl Sulfonates pre 
pared by alkylating benzene or toluene with a 
propylene tetramer are also readily available. 
These sulfonated products may be easily con 
verted into the Sulfonyl chlorides by reaction 
With agents such as phosphorus pentachloride. 
Another method for preparing the sulfonyl chlo 
ride involves condensing the appropriate alkyl 
halide With a bisulfite Such as sodium bisulfite. 
When it is desired to introduce a shorter chain 

into the compounds to aid in dispersing the same 
in Water, the polyalkylene polyamine is first re 
acted with two or more moles of the long chain 
Sulfonyl chloride, and Subsequently with a rela 
tively short chain alkyl Sulfonyl chloride. Typi 
cal of the latter compounds are methyl sulfonyl 
chloride, butyl sulfonyl chloride, hexyl sulfonyl 
chloride, and decyl sulfonyl chloride. In general, 
the short chain compounds should contain be 
tween one and ten carbon atoms. 
Where a mixed amine sulfonamide type foam 

inhibitor is to be prepared, the polyalkylene poly 
amine is first acylated with a fatty acid con 
taining eleven or more carbon atoms in its hydro 
carbon chain. This step may be carried out by 
heating the fatty acid. With the polyalkylene poly 
amine in molecular ratios of 2 parts or more of 
acid to One part of polyamine at a temperature 
in the range of about 150° to about 200° C. The 
acylated product is then reacted with a sulfonyl 
chloride as previously described. The procedure 
may also be reversed, in that the polyalkylene 
polyamine may be reacted with the sulfonyl com 
pound in the first instance to form the sulfonyl 
groups on the terminal nitrogen atoms, and this 
product may be Subsequently acylated with a 
long or short chain fatty acid. 
The various hydrocarbon chains in the mole 

cules may contain other constituents, such as hy 
droxy, ester, ether, halide, or thio groups. For 
example, a substituted ricinoleyl sulfonyl chloride 
makes an excellent starting material for the 
preparation of the Sulfonamides of the present 
invention. 
The preferred compounds of the present inven 

tion are those resulting from the condensation of 
one molecular proportion of a polyalkylene poly 
amine with three or more molecular proportions 
of a high molecular Weight Sulfonyl chloride 
preferably containing at least eleven and prefer 
ably fifteen carbon atoms in the hydrocarbon 
chain attached to the Sulfonyl group. A typical 
compound of this type is the trilauryl sulfon 
amide of diethylene triamine. This may be pre 
pared from lauryl alcohol and diethylene tria 
mine as follows: Lauryl alcohol is first Sulfonated 
with Sulfuric acid, oleum or other sulfonating 
agent to produce a lauryl Sulfonic acid. The sul 
fonic acid is next reacted with a chlorinating 
agent such as phosphorus pentachloride, or 
thionyl chloride, or the like to produce the lauryl 
sulfonyl chloride. Three or more molecular pro 
portions of the sulfonyl chloride are then re 
acted with one molecular proportion of diethyl 
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6 
ene triamine by heating the two reactants to 
gether at a temperature in the range from about 
180 to 220° C. The reaction products may be 
used without separation of the individual Con 
stituents and the product functions as a very 
efficient foam inhibitor. 
The foam inhibiting compositions of the present 

invention may be introduced into the steam. 
boiler water in the form of colloidal dispersions 
that may be stabilized with tannin, gum arabic, 
pectin, or the like. The foam inhibiting COm 
pounds may be incorporated into a powdered for 
mula, containing tannin, Soda, ash, and metallic 
activators such as lanthanum chloride. If de 
sired, the foam inhibiting compositions may be 
introduced into the boiler in the form of a Solu 
tion in an appropriate solvent, such as isopropyl 
alcohol or the like. When a powdered formula, is 
used, this formula may be added manually direct 
ly to the locomotive tender, or the powder may 
be dissolved in water in mixing vats and Sub 
sequently pumped into the feed Water Storage 
tanks in Specific proportions. With the feed water 
to obtain uniform treatment of the Water. Addi 
tion of foam inhibiting compounds may be re 
peated as required to prevent foaming. 
The dosages required are generally quite small, 

on the order of a few parts per million of boiler 
water. In addition, from about 0.1 to about 50 
parts per million of the active foam inhibiting 
compounds may be added to the boiler water, 
preferably in combination. With tannin. 
While compositions of the type disclosed herein 

are primarily for use in inhibiting foam forma 
tion in waters or aqueous media, boiled at super 
atmospheric pressures, they may also be used in 
Steam boilers and the like operated at atmos 
pheric and sub-atmospheric pressures. 
Warious details of the invention herein dis 

closed may be varied through a wide range with 
out departing from the principles of this inven 
tion, and it is not my purpose to limit the patent 
granted on this invention otherwise than neces 
sitated by the scope of the appended claim. 

I claim as my invention: 
The method of inhibiting foam formation in 

water having a tendency to foam on boiling which 
comprises dispersing into said water in an amount 
Sufficient substantially to inhibit said tendency, a 
compound having the formula, 

HN-c HC H.--C ICE-N-CBC H-H 
s O2 CO O SO 
C17H35 &H, &H, & His 

and boiling the resulting dispersion to generate 
Stean therefron. 

LEWIS O. GUNDERSON. 
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