
POLTAMIDE ASTIFOAMS 689 

REFERESCES 

(1) ASTBURY, W. T., ASD BELL, F. 0.:  S a t u r e  141,747 (1938); Cold Spring Harbor Sympo- 

(2) BOLTZMAKK, L.: Akad. Wiss. Munchen Sitzungsber. math. phys. Klasse 24,211 (1894); 

(3) BURGERS, J. M.:  Proc. Sederl. Akad. Wetensch. 44, 1045, 1177 (1941); 45,9, 126 (1942). 
(4) CARTER, R .  0.:  J. Am. Chem. SOC. 63, 1960 (1911). 
(5) G a m ,  R . :  Ann. Physik 86, 628 (1928). 
(6) GRALEs, x. : Dissertation, cppsala ,  h e d e n ,  1944. 
(7) GREESSTEIN, J. P., .~SD JENRETTE, W. V.: J. Natl. Cancer Inst. 1 ,77  (1940). 
(8) HAMMARSTEX, E . :  Biochem. z. 144, 383 (1924). 
(9) JULLANDER, I.: Arkiv Kemi, Mineral. Geol. A21, S o .  8. p .  1 (1945). 

sia Quant. Biol. 6, 109 (1938). 

Ann. Phys. Chem. 53,959 (1894). 

(10) L.m>r, 0.: S o v a  Acta Regiae SOC. Sci. Upsaliensis [4] 10, No. 6 (1937). 
(11) LOSGSKORTH, L. G.:  Ann S. I-. .kcad. Sci. 41, 26i (1911). 
(12) SEURATH, H.:  Science 93, 431 (1911). 
(13) POLSOS, -4.: S a t u r e  157,406 (1947). 
(14) SCHMIDT, G., PICKELS, E .  G. ,  ASD LEVESE, P. -4.: J. Biol. Chem. 127,251 (1939). 

(16) SIGURGEIRSSOS, T., ASD STASLEP, K. AI . :  Phytopathology 37, 26 (191i). 
( 1 T )  TENSEST, H .  G . ,  ASD 1-ILBRANDT, C.  F.: J. Ani. Chem. SOC. 66, 424 (1913). 
(18) THOTERT, J.: Ann. P h p .  [9] 2, 369 (1914). 

(19) TISELIUS, A, ,  ASD GROSS, D . :  Iiolloid-Z. 66, 11 (1931). 
(20) WISSLER, -4. : Dissertation, Bern, 1940. 

(15) SIGSER, R . ,  CASPERSSOS, T., A Y D  H.iMM.%RSTES, E. :  S a t u r e  141, 122 (1938). 

SVESSSOK, H .  : Kolloid-Z. 87, 181 (1939). 

POLTAUIIDE AISTIFOAM8. I 
RELATIOS BETWEES CHEJIICAL C'OSSTITI-TIOS ASD EFFECTIVESESS 

-4RTHUR L.  JACOBT 

Sat ional  Aluminate Corporation, Chicago, Zllinois 

Received Jul!g 24, lQ4Y 

Recent research in the problem of foaming in steam boiler> has resulted in 
the development of several types of nen- chemical compounds possessing unusual 
merit as antifoams. -4 large group of such compounds (2, 3, 1, 5 )  are broadly 
classed as polyamides. I n  testing a large number of polyamides as possible 
boiler antifoams, several interesting relationships were found to exist between 
chemical constitution and antifoam activity. These relationships are significant 
when examined in the light of a recently proposed theory of antifoam action 
(B), and tend further t o  support this theory. 

I-SE O F  .ISTIFOAMS 

While proper n-ater treatment for softening, clarification, coagulation, and 
scale-prevention will do much to improve foaming conditions in boiler waters, 
the benefits of buch treatment can frequently be greatly extended by the addi- 
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tional uw oi an antifoam agent. In the past many substances have been claimed 
to  exert an nntifoaming effect in steain boilers and a fen,  notably castor oil, 
have been rather widely used. These earlier materials have suffered, however, 
from -cvcrai tlizadvxntages, the greateqt being their in-tabihty under the condi- 
tions ot alkalinity and temperature encountered in the boiler and their relatively 
Ion order oi eifectiveneis. The iibe of certain polyamide> as antifoams has re- 
sulted in thc qolution of many difficult foaming problems and ha? permitted 
the concei:trdtion of pernii~+il)le d i ~ ~ o l v e d  solids in the boiler water to be in- 
creased ti\ o- to hve-iold, and e w n  more. Such reiiilts n ere unknon-n with castor 
oil. l\Ioreo\ er. these polyamide antifoams ale effective in extremely lox  dosage., 
wnieiime- of only a ie\l part. per million, or lers, in the feed water. 

I,.LI3OR.~TOItT 1ESTIXG 

'The bttidies iqxjrtecl h rw \\-ei'c undertaken as n part of a program of investi- 
gating the iimdamental rhc>mical and physical factors affecting the efficiency 
of boiler antifoams. Thc mrthod employed for evaluating the compounds as 
antifoams has been described elsewhere ( G ) .  For the tests reported herein, a 
feed I\-ater was used having the following composition: 

Calcium iiardnees (as CaC03). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 .O grains/gallon 
Magncsiuni hartliicss (as CaC03). . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 .O grains/gallon 
Alll<alinity (methyl orange) (as CaC03). . . . . . . . . . . . . . . . . . . . . .  42.5  grains/gallon 
Sodium chloride (as SaC1) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.0 grains/gallon 
Sodium sulfate (as Sa2SO4 . . . . . . . . . . . . . . . . . . . . . . . . . .  12.0 grains/gallon 
Tannin csytract ,  d r y . ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 grains/gallon 

The ni:ttt~i:rl t o  lx, tested a s  :in antifoam IT-W xdded as n solution in diosane 
of 1.0 me. of the in:itel+d pei' 1.0 ml. of solution. To each 5 gallons of the 
feed n-:tt!~r W:L+ xtltlctl 4.c) i d .  of the tliosnnc solution, resulting in a concentra- 
tion of mtifoam in thc feed water of 0.256 p.p.m. (0.015 grain gdlon). 

Tests i;pon the same antifoam hy the ahow procrdure are reproducible within 
a range of approximately 1 2 5  grains gdlon t l isdved solids in the boiler water 
at  thc ~ i m c  of rnrryover, ivhcn mrliing in the range reported. 

I ~ l l E I " i l ~ ~ l I O Y  O F  COJIPOL-SDS 

Sinre ino-t oi the  compoiinds tcsted and diycussed have not previously been 
describcd in thf Iiteratiiie, their preparation and propertie. are briefly given 
Iielon (.w tahle 11. 

, the cliacylated piperazine was prepared 
?)y mixing t ogrthw one molecular portion of piperazine or' its hesahpdmte and 
two molwulnr portions of the appropriate fatty acid in a 50-ml. flask. The 
flaik n-a. lientcti in an oil bath niid the mixture stirred a t  a temperature slightly 
aljove 100°C'. imtil any trndency for frothing had disappeared, after n-hich it 
~vn. stirred for 3 hr. at a bath temperature of 150-1GO"C. The product, which 
n - a y  generall:; of the nature of n waxy substance, was then recrystallized, usua1l;r- 
from metlianol or acetone. 

N-Octarltcylo.~ccrcll7icle: Thiq compound \vas made in an analogous manner 

I l i a c  y in ic il pi pr I 'OJ i P L  



from tlicwct icai  propo~tioiis of erucic acid ~.:nti /~-octatlec!-lriii~inc m t i  IWA re- 
crystallized from mixture of equal volume:: of acet one aiid lo\i--hoiiing peiro- 
leuni ether. Calculated for C'40E&S: T = 2.38 per 
cent; found, S = 2.36 arid 2.38 per cent. 

S.S'-Dihc..~citlccylsriccitinmI'di : To 45.2 g. (0.20 mole) of .:irrc-l% inolteri 11- 

liexadecylnniine at (3O-100"C'.  vas added 7.75  g. (0.05 mole) oi succinyl chloride 
fairly rnpitily. The temperature 11-3s then brought iip to  150Y'. over :t pcriotl 
of 30 niin. 'The Ti-arm liquid reaction prodnct n-as then poured il;to a inistiire 
of about 400 nil. bcnzenc and 200 nil. cther, treated v-ith solid potassium hy- 
droxide to remove hydrogen chloride, and the filtered solution freed oi folvent 
hy evaporation T O  leare a n-axy solid. Recrystallization from a mixtiire of 
methanol :ind ethsnol give ii co1orles.s product, melting a t  129-130.6"c'. C'al- 
ciilnted for C36Hi202S2: S = 4.97 per rent ;  found, S = 5.10 and 5.08 per cent. 

Melting point, 70°C. 

TABLE 1 
3 f e l t i n g  p o i n t s  and ana luses  o j  the d iacy la ied  p iperaz ines  

C& 

C',HI,-1COS SCOC,H,,,-I 

C2H4 

/ \  
\ /  

i Dioctario~lpiperazine 
11 Didodecanoylpiperazine 
13 Ditetradecano?-lpiperazine 
1.5 Dihesadecano~lpiperazine 
1i  Dioctadecanoylpiperazine 

F O R Y T L 4  >Il:LTISC FOIST 
.\SALYSIS FOX S I T R O G E S  

Calculated Found 

p e r  ce l l !  p e r  cent 
_ ~ _ _  

7 . 7 3  7.79; i . 8 3  
6.24 6.35; 6.19 

4.9s 5.01; 5.05 
5.53 5 5 5 ;  5.53 

4.53 4.42; 4 .43 

S. S'-Diociaclccyls!,bacamidi,: X mixture oi 24.2 g. (0.09 niole,; of ?i-octa- 
clecylaiiiine and 8.1 g. (0.04 mole) of sebacic wi t1  n-as placed in n 3O-iii1. i1:zsk 
iinmersed in nn oil bath and stirred for 3 hr. a t  a bath temperat'xe oi 160-iG0"C'. 
The product ~ m s  recrystallized from 2-propnno1, using decolorizing carbon. 
Melting point, 132-133°C. Calculated for C'ieHp:C)&2: S = 3.97 per cent; 
found, S = 4.06 aiicl 4.03 per cent. 

TEST RESt-LTS 

Laboratory boiler tests m r e  carried out ~ as described a l i o - , ~ .  on sei-era1 
iiiaterials, each employed at a dosage of 0.260 p.p.ni. in the feed miter entering 
the boiler. For purposes of comparison, runs vere also niade in 17-hich no mate- 
rial  as added as an aritifoam (hut the usiixl nnioiint of dioxane \vas included 
in the feed water), and in Trhich castor oil was adtiecl. Ecsiilts are shon-n in 
table 2. The higher the clissolred solids valne d i o ~ i i ,  the mor(' dfcctive is thc 
material as an aiitifoain. 
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IXTERPRETATION OF RESULTS 

The results show, firat, the remarkable superiority of certain of the polyamides 
as boiler antifoams over the previously used castor oil. The conditions of the 
test were purposely made rather severe so as not to prolong unduly a test in 
which one of the better antifoams 11-as being evaluated. The substantial dif- 
ferences found between the action of castor oil and of several of the diamides are 
substantiated by field experience. 

Secondly, the results tend to strengthen the theory of antifoam action re- 
cently suggested by Jacoby and Thompson (6). Briefly stated, the mechanism 
of the rupture of double-faced liquid films, e.g., of bubble films, consists of the 
gradual thinning of these films, due to  drainage of liquid, until the film reaches 
a critical minimum thickness and is destroyed (7). In the presence of an ad- 
sorbed layer of surface-active insoluble material, the collapse of a foam bubble 

TABLE 2 
Test results on antifoams 

COXPOUND 
BOILER WATER 

CARRYOVER 
DISSOLVED SOLIDS AT UOLECUL.4X WEIGHT 

Kone (dioxane only). ........................... . I  
Octadecanamide, ' I  ' 

Ditetradecanoylpiperazine . I  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dioctanoylpiperazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Didodecanoylpiperazine . . . . . . . . . . . . . . . .  

Dihexadecanoylpiperazine. . . . . . . . . . . . . . . . . . . . . . . . .  
Dioctadecanoylpiperazine, . . . . . . . . . . . . . . . . . . . . . . . .  
3'-Octadecylerucamide, . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  

S , S'-Dihexadecylsuccinaniide . , I  
S , S'-Dioctadecylsehacaniide . . . . . . . . . . . . . . . . . . . . .  
Castor o i l .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 

1 i o  
166 
189 
184 
21s 
378 
475 
20 1 
563 
978 
186 

283 
362 
450 
506 
562 
618 
589 
564 
i o 4  

may be accompanied by a syneresis (8) or formation in the adsorption layers of 
dehydrated aggregates of the surface-active material. I t  has been observed 
that certain monolayers, although they may actually stabilize the bubble film 
while they are in the liquid state, lose this ability at once when the solid (brittle) 
state is attained (8). This indicates that one of the conditions for stabilization 
is the great mobility of the molecules of the adsorption layera, and if this mobility 
is lost by attainment of the solid state, the adsorption layers may contribute to 
the ruptare of the bubble film. It is likely that the syneresis described above 
results e-sentially in the formation of patches of monolayer in the brittle state 
which are incapable of redispersion at a rate equal to  or greater than the yelocity 
of destruction of the bubble film. 

Table 2 diem that the monoamide, octadecanamicle, showed no antifoam ac- 
tion, and that a substantial increase in the molecular weight brought about hy 
the introduction of a second long fatty chain, a3 in S-octadecvlerucamide, im- 
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parted but slight antifoam action. However, the introduction into the molecule 
of a second amide group resulted in antifoam action if the molecular weight was 
sufficient. Thus, the diamide formed by the diacylation of piperazine with a 
fatty acid of fourteen or more carbon atoms shon-ed pronounced antifoam action. 
The theory of antifoam action referred to  above suggests that  hydrogen bonding 
promotes antifoam action by enhancing the syneretic effect and creating a greater 

n 
FIG. 1. Increasing antifoam effectiveness of diacylated piperazines with increasing molec- 

ular weight. 

tendency for the monolayer t o  reach the solid or brittle state, as slion-n by Xles- 
ander (1). 1 consideration of the hydrogen bonding possible in the case of the 
monoamides as contrasted t o  that possible with the diamides will reveal that 
the extensive cross-linking of the latter should favor the effects believed responsi- 
ble for antifoam action. 

The superiority of the diamides over the monoamides cannot be ascribed 
merely t o  the fact that many of the better diamides are of relatively high molec- 
ular weight. While there appears t o  be a certain minimum requirement as to  
molecular weight in order that the diacylated piperazines act as antifoams in 
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a boiler, a coniparisoii of the molecular \\-eights given in table 2 n-ill show that 
screral of the diamidcs tested \\-ere of Ion-er molecular \\-eight than S-octade- 
cylcrucaniide, an almost ineffective, high-molecular-\\-eight, monoamide, yet 
they n-ere effective ant ifomis. That an increase in molecular n-eight causes 
the diacylated piperazines to become increasingly effective is n-ell sho\m by 
reference t o  figure 1. Tal)lc 2 xi11 show that tlii, >:\me tendency holds in the 
case of S , S’-diliesadec?-lsuccinamide and S ~ .\-’-clioct:idecylsebacamide, al- 
though in the case of these t ~ o  compounds both the acid and the amine were 
increased in size in going from the former t o  tlic lnttcr. The increase in ef- 
fectiveness with increasing length of the fattj- cahains is prohably due to an in- 
crease in the van der Waals cohesive forcc.s \\-iwrehy bolidification is brought 
ahout, more readily ( I ) .  

That chemical constitution, ~ L S  u-c.11 a s  mo1ecul:ir wc4ght1 is important is furthcr 
demonstrated by a comparison of thc cffcctivcn of dihexadecanoylpiperazinc 
and S , S’-dihesadecylo~iccinaniide. The molcciilar weight of the latter is only 
tu-o more than that oi the former, yet thc siiccinnmidc is considerably more 
effective as an antifoam. possible explanation of this in the light of the theory 
under discussion is that the piperazine derivntiw ran only be linked together 
by hydrogen bonding through the agency of ano~licr kind of molecule, such as 
water. In  the case of the siiccinamide tlerivnti\,c. l iomver,  this is not the case. 
Each amidc group in the succinamidc hears a hytlrog=ii wlierehy hydrogen hond- 
iiig may be effected to the carbonyl oxygen of’ a neig1il)oring molecule \I-ithout 
the necessity for some intermediary. 

SUJILI.mY 

,Intifoam tests \\-ere conducted in an experimrntul !,oiler on a series of pipera- 
zines diacylated by fatty acid;, and on several other amides and castor oil. 
Of the diamides twted,  those of sufficient molecular weight wer? more effiictive 
than castor oil or either of tn-o inonosmides. The effectiveness of the diacylated 
pip?razines \\-as sho\rn to  increase I-\-ith increasing length of the fatty chains. 
TKO diamides of almost identical molecular \\-eight one a diacylated piperazine 
and the other ri succinamide derimtire, differed \viciely in effectiveness. The. 
results werp iiiterprctctl in terms of a rcccntly formulated theory of antifoam 
action. 
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