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Within the last few years the undesirable foaming of liquids in many instances
has been controlled by the employment of a variety of organic anti-foaming
agents of diverse types. Ross (1) in a review has listed higher alcohols, fatty acids
and their esters, fatty acid amides, ethers, organic phosphates, metallic soaps,
and silicone resins. The choice and utility of these materials usually must be
determined experimentally because seemingly minor variations in their composi-
tions greatly modify their properties. So far as foam inhibition in steam genera-
tors is concerned, it has been shown (2, 3) that alkylene polyamides possessing
both hydrophilic and hydrophobic groups are the most stable and useful mate-
rials.

This research concerns the preparation of a number of related nitrogenous
organic compounds for testing as anti-foaming agents in steam generating equip-
ment. Observation of the results of the tests recorded in Table I suggests that
effectiveness is a rare characteristic and is possibly dependent on polar and non-
polar groups being in proper balance as proposed by Gunderson and Denman
(2). Anti-foaming tests were run on synthetic boiler water (2) and were made in
the laboratories of the Dearborn Chemical Company. In the table is shown the
time in minutes during which each material prevented the development of a
standard foam.

The first series of compounds contains symmetrical diamides of hexamethyl-
enediamine prepared by the reaction of hexamethylene diisocyanate with two
molecules of the respective acids as expressed by the following equation.

OCN(CH;)NCO + 2 RCOOH — 2 CO, + RCONH(CH,);NHCOR

All are totally or relatively ineffective except the amides of palmitic and stearic
acids and, to a lesser extent, behenic acid.

A series of diurethans and of dicarbamido derivatives were prepared from
hexamethylene diisocyanate with alcohols and amines, respectively.

OCN(CH;)iNCO 4+ 2 ROH -- ROCONH(CH;)NHCOOR
OCN(CH:)NCO + 2 RNH. — RNHCONH(CH,;){NHCONHR

Moderate effectiveness as anti-foaming agents was observed for the diurethans
of the longer alcohols. The urea derivatives were ineffective, possibly due in part
to their very low solubility in water.

Evaluation of a brief series of diamides formed by the reaction of octadecyl
isocyanate with selected dibasic acids shows that it is preferable to have the two
amide groups separated by about six carbon atoms. The most satisfactory ma-
terial in this series, N, N’-dioctadecyladipamide, is very similar to the best prod-
uet in the first diamide series, N,N’-distearoylhexamethylenediamine. The
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bifunctional products obtained by the addition of octadecyl isocyanate to hexa-
methylenediamine and to decamethylene glycol, respectively, were ineffective.

Gunderson and Denman (2) emphasized that di- or poly-functional com-
pounds, especially selected diamides, gave the best results. This conclusion is
supported by evaluation of the series of amides, ureas, and urethans formed by
the reaction of octadecyl isocyanate with monofunctional acids, amines, and
alcohols, respectively. All these products with only one functional group were
ineffective as anti-foaming agents.

Gunderson and Denman also called attention to the diamide, possibly
N-stearoyl-N’-acetylethylenediamine, formed by the condensation of one mole
of ethylenediamine with one mole each of stearic and acetic acids, which diamide
proved unsatisfactory as an anti-foaming agent. This material possibly was a
complex mixture of N,N’-distearoylethylenediamine, N,N’-diacetylethylene-
diamine, and N-stearoyl-N’-acetylethylenediamine. To determine more ac-
curately the possible utility of diamides of hexamethylenediamine with two
different acyl groups, stearoylhexamethylenediamine and lauroylhexamethylene-
diamine were converted, respectively, into pure diamides of mixed types. These
products are listed last in the table. It will be observed that their effectiveness
as anti-foaming agents is very low except in the instance of N-lauroyl-N’-
stearoylhexamethylene, which was moderately satisfactory, although to a lesser
extent than the best diamide, N ,N’-distearoylhexamethylenediamine.

EXPERIMENTAL

Amides from isocyanates. The following preparation serves to illustrate the general
procedure for preparing amides from acids and either octadecyl isocyanate or hexa-
methylene diisocyanate.

Into a dry test tube is placed hexamethylene diisocyanate (1.0 g., 0.0059 mole) and then
myristic acid (2.90 g., 0.0127 mole) is added portionwise. The mixture, which initially
becomes quite warm, is heated in an oil bath to 150° and then is maintained for 90 min.
at this temperature, when carbon dioxide no longer is evolved. The wax-like solid which
results on cooling is recrystallized twice from acetic acid to give 2.1 g. of N,N’-dimyristyl-
hexamethylenediamine, m.p. 146-148°.

Ureas and carbamates from isocyanates. In the customary manner, the mixture of amine
or alcohol with the isocyanate, with or without inert solvent, reacted spontaneously to
give the product which then was recrystallized from a selected solvent.

N-Lauroyl-N'-stearoylhezamethylenediamine. The mixed diamides of known structures
were made as illustrated from the pure mono-amides of hexamethylenediamine. N-Stearoyl-
hexamethylenediamine (0.65 g.) is dissolved in dry pyridine (10 cc.) and then warmed
briefly with lauroyl ehloride (1.0 g.). The product is poured into water, washed thoroughly,
and recrystallized from n-butyl alcohol; m.p. 137-138°.

N -Stearoyl-N'-octadecylcarbamylhexamethylenediamine.  N-stearoylhexamethylenedia-
mine (1.37 g.) in 40 cc. of warm benzene is heated with octadecyl isocyanate (1.27 g.). The
mixture is gently boiled to remove about half the solvent. Upon cooling, 1.5 g. of product
separates, m.p. 148-151°. Recrystallization from n-butyl alcohol-acetic acid gave m.p.
150-151°.

Acknowledgment. Appreciation is expressed to the Dearborn Chemical Com-
pany for their generous support of a Dearborn Chemical Company Fellowship
under which this research was performed.
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SUMMARY

1. Several series of diamides, ureas, and urethans were prepared.

2. Only a very few of the compounds, mainly selected long-chain diamides,
proved to be effective anti-foaming agents.

NorTHFIELD, MINNESOTA
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