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TABLE III 

Anionic  T i t ra l ion  Versus  Acidimetr ie  Method for Analysis  of Anfine 
Oxides ( D M A O )  and  Amines  (DMA)  

Anionic  
t i t rat ion,  

meq  % 
(DMAO + Differ- 

D M~_ ) / ence 

3.93 --1.0 
3.63 +2 .8  
3.24 ~ 3 . 2  
2.99 .-a3.1 

4.41 - -5 .6  
4.06 --2.2 
3.59 --3.8 
3.30 -?.1 

Acidimetr ic  m e t h o d  

meo 
% % ( I ) l ~ A 0  + 

] D M A 0  I DMA D M A ) /  

Amine  oxides ~ g 
" C ~ "  ] )MAO ........... I 87.5 3.2 3.97 
"C14" ] )MAO ........... 83.0 7.1 3.53 
"C16" ] )MAO ........... 82.7 / 7.0 3.14 
"C~s" DMAO ........... 82.9 7.4 2.90 

Amines  b 
"C~?' ] )MA . . . . . . . . .  ~ 100 4.67 
"C14" DMA .............. 100 4.15 
"C16" ])MA .............. / 100 3.73 
"Cls" DMA . . . . . . . . . .  I I 100 2.37 

a Amine  oxides p r epa red  by H,20~ oxidat ion of the amines  and  ana-  
lyzed by ac id imetr ic  method  described in ( 3 ) .  

b Redistilled ( u n d e r  v a c u u m )  commercia l  amines  used in p r epa ra t i on  
of amine  oxides. Accord ing  to gas ch romatograph ic  analysis,  ave r age  
tool wt and  pe r  cent  of p r inc ipa l  dimethylanf ines  (DMA)  a re  as follows: 
for  "C~a" D~IA, 214, 1 %  Clo, 9 1 %  C~, and  6 %  Cx,; for  " ( Ju"  DMA, 
241, 9 6 %  Ck~ and  2 %  01~; for  "Cld '  ])MA, 268, 2 %  Cla and  9 6 %  
Cls; for  "C,s"  DMA, 296, 4 %  C16 and  9 6 %  Cls. Chromatograph ic  con- 
ditions a r e :  A e r o g r a p h  gas  ch roma tog raph  A-350-B;  dua l  10-ft x l~-in. 
stainless steel columns, each packed  wi th  20 g 2 0 %  "Apiezon"  L on 
6 0 / 8 0  0hronlosorb W" ( t t M D S ) ;  column temp 280C;  injector  temp, 
240C;  detector  temp, 330C;  and hel ium rate ,  50 m l / m i n .  

well with actual values and are close to the generally 
expected accuracy of gas ehromatograohic methods 
(Table IV).  These results indicate that pyrolysis is 
essentially complete or that  the rate is fair ly con- 
stant  over the range of C12 to C,6 alkyl chain. 

Pr ior  to analysis, samples are treated with anionic 
exchange resins to remove any alkyl sulfates which 
will part ial ly decompose to olefins. Straight  chain 
alcohols, on the other hand, do not decompose under  
these conditions. Treated samples are dried by re- 

T A B L E  I V  
De te rmina t ion  of Molecular  W e i g h t  and  Dis t r ibu t ion  of 

Alky ld imethy lamine  Oxides ( D M A O )  in 
De te rgen t  Formula t ions  by GLC 

Amine  oxide I Fo . . . .  l a t i o n E  I F . . . . .  l a t i o n F  

] ) i s t r ibu t i~de te rmmat l~  ,/~ct~Actual I . . . .  Found  Actual  Found  

c ])MAO, .......................... 162 151 t 4 9  

fluxing with benzene before chromatographic analysis 
to minimize tailing'. Prolonged heating with benzene 
should be avoided since amine oxides will decompose 
to olefins even under  these mild conditions. 

In chromatographic analysis of amine oxides, alkyl- 
dimethylamines do not decompose; and their peaks 
are well separated from olefin peaks as shown in 
Figure  2-A. Therefore, quanti tat ive determination 
of the amines should be possible by the use of a 
suitable internal  standard. 
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Dynamic Foam Test 
W. G. SPANGLER, Colgate-Palmolive Company, Jersey City, New Jersey 

Abstract 
A test has been developed for measuring the 

amount of foam generated by a detergent com- 
position under  dynamic conditions and in the 
presence of sebaceous soil. Good correlatiml with 
actual practice results because the conditions of 
the test closely parallel practical laundry  condi- 
tions. 

Introduction 

F OA]~ IS  A N  I M P O R T A N T  criterion in the evaluation 
of detergent compositions. Since the design of 

a product  is often centered upon foaming character- 
isties, it is impor tant  to be able to measure this 
interesting phenomenon under  many conditions. Too 
much foam can be troublesome and not enough may 
also prove to be a disadvantage. The major i ty  of 
housewives still relate cleaning ability to the pres- 
ence of foam and this is not without some foundation. 
One cannot deny the aesthetic value of observing a 
washing machine smoothly cushioned under  a "sea  of 
f o a m "  as compared to a sloshing interface that  re- 
sembles a myriad of miniature tidal waves. 

Many companies are now engaged in making deter- 
gents that  are biodegradable. This whole problem has 
been highlighted because of the presence of foam in 
sewage. Par t  of the characterization of these new 

1 P re sen ted  a t  the AOCS Meet ing ill Minneapolis ,  1963. 

products nmst be a foam profile that  relates them 
to existing products and to molecular configurations. 
Individual  measurements such as film drainage, vis- 
cosity, density, spreading coefficients, etc., are helpful  
but somewhat meaningless in por t raying the gross 
effects. The need arose, therefore, for  a simple pro- 
cedure for screening new alkylates and detergent 
compositions in general. 

A review of the l i terature shows the Ross-MiKes 
(10) test to be mentioned most frequently.  This has 
been adopted by the ASTM. Another  widely used 
procedure is the dishwashing test (12), used most 
f requent ly  for  screening light du ty  liquids. Weeks 
et al. (13) developed a test for  hand-dishwashing 
compositions. Heinz and Machemer (5) used a mech- 
anized disc and added emulsified fat  together with 
street dust for  correlating with the "washing t u b . "  
Barnet t  and Powers (1) mechanized a plunger and 
nsed sebum and sweat to test the. performance of 
shampoos. Leenerts et al. (4) developed a technique 
utilizing a household washer for evaluation of foam- 
ing properties of hand-dishwashing detergents. More 
recently, Reich et al. (9) published a test designed 
for low foaming surfactants.  

The wri ter  wished to incorporate the following 
features into any screening procedure that  might be 
workable: 
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These initial foams show very  little difference in 
volume in spite of the conen variations. A 200-rag 
soil load of synthetic sebum was then added. The 
0.05% soln collapsed completely, the 0.10% soln went 
down ~ in. and the remaining solutions were the 
same as originally. Af te r  a total of 500 mg soil 
had been added, the 0.10% soln collapsed, the 0.15% 
had been reduced to 40% of its original volume and 
the 0.20% so]n to 70% of its original volume. Since 
this par t icular  composition contains 25% Active In-  
gredient, it figures that  the max tolerance for 10 mg 
of detergent  is 50 mg of soil in this par t icular  sys- 
tem. A s tudy of this kind is usually used when a 
new batch of sebum is nmde. By profiling a high 
foamer  and a low foamer  at different levels of conch, 
the soil can be standardized in terms of previous 
work. 

Does the amount  of foam increase or decrease with 
temp dur ing a cleaning operation? To answer this 
qt~estion the same product  as above was used and its 
degradat ion profiled at four  different initial temp, with 
20F intervals (Fig" 3). (As in actual  practice, a temp 
gradient  is used instead of a constant temp.) The first 
series of pr ints  (left) were run  with sebum and the 
others (r ight)  were degraded with hydrogenated vege- 
table oil. For  brevity,  hydrogenated vegetable oil will 
be referred to, hereafter ,  as fat. Af te r  generation of 
initial foam, 100-mg increments of soil were added. 
Af te r  the third increment had been added, the sebum 
contaminated soln at 80F had collapsed and one at 
the high temp had beeu reduced to 55% of its original 
volume. In  contrast, the fat  contaminated soln at 
80F bad been reduced to 50% of its original volume 
and the 140F soln was collapsed. Hence, one would 
expect the foanfing action of sebum-soiled clothes to 
be inverse with relation to temp to those soiled with 

fat.  I t  must  be remembered that  sebum is easily emul- 
sifted and has a lower mp than  most cooking fats  
and at higher temp the f a t ty  acids may be solubilized. 

One of the most impor tan t  considerations in aque- 
ous cleaning is the amount  of calcium and magnesium 
ions present. This is mainly  because of the format ion 
of insoluble soaps which interfere with detergency 
and foam. For  an a t tempted  explanation of this type  
of foam degradation, reference is made to a paper  by 
Peper  (7) on the defoaming of synthetic detergent  
solutions by soaps and f a t ty  acids, and to Miles and 
Ross (14) on the deleterious effect of calcuim soaps 
of f a t t y  acids on solutions of sodium soap. 

To explore this situation, a comparison was made 
between foam breakdown in hard  water  and in soft  
water  in the presence of fa t  and sebum. (Figs.4,5). 
Products  A, B and D were built  detergent  composi- 
tions with alkylbenzenesulfonates of different chain 
lengths and branching and product  C was a f a t t y  
alcohol sulfate. Soft water  contained 50 p p m  Ca as 
calcium carbonate and hard  water  contained 300 ppm. 
A total of 600 mg soil were added in 5 increments. 
Product  B collapsed completely af ter  the final addi- 
tion in each instance. Product  C has little reduction 
with either soil in soft  water,  but  collapsed readily 
in hard  water, par t icu lar ly  with sebum. Product  D 
was unaffected by 600 mg fa t  in either hard  or soft 
water, but collapsed to within a 1A in. with sebum in 
both hardnesses. Product  A was bet ter  in soft water  
with sebum than hard water  but just  the opposite in 
the presence of fat. Unfor tunate ly ,  in dealing with 
foam, it is hard to correlate it with other propert ies  
of the composition. Quoting f rom Bikerman (11), the 
process of introducing air bubbles into a l iquid by 
whipping, beating, etc., undoubtedly is very compli- 
cated and, apparen t ly  has not yet tempted any  physi- 

FAT SEBU~ 
Fm. 3. Effect of temperature on foam. 
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eist. In  the procedure presented, we are stressing a 
practical application of foam stability of various de- 
tergent  substances in similar formnlae to destructive 
agents. By  combining these data with mass spec and 
VPC data, it is hoped that  relationships can be estab- 
lished between foaming effects and molecular struc- 
ture. In  addition, the effect of stabilizers and other 
adjuvants  can be studied. 

The above work shows the effects of two different 
soils i n  breaking foam. In laundry  operations, the 
presence of " f a t t y  and greasy soils" are not as im- 
por tant  as the sebaceous and epidermal secretions. 
Therefore, most of the screening work aimed at laun- 
d ry  work is done using only synthetic sebum. Kind 
and Oldenroth (3) state that  soil of the average wash 
load is made up of 5-10% sebaeeous material, (ex- 
cluding skin scales). I t  is estimated that  a minimum 
secretion of sebum for the whole body in a day is 
about 0.3 g. The aecumulation of this type of soit 
can amount to as high as 8% of the weight of the 
fabric (9).  I t  is not too difficult to relate the results 
of a clean wash load and photographs of this degrada- 

of screening with synthetic sebum to a par t icular  
washing machine with a given type  of detergent. In 
general, the synthetic sebum is padded onto fragments 
tion are compared to the general screening photos. 
Finally,  numerous loads of natura l ly  soiled goods are 
photographed for comparison. Once these conditions 
are established, the general screening data can be 
extrapolated to specific l aundry  situations. For  ex- 
ample, an experimental  low-foaming detergent com- 
position, when used in a par t icular  make of front- 
loading machine with an average wash load of 8 lb 
gave the same breakdown as 80 mg sebum in the 
screening test. The statistical analyses of all phases 
of the work have not been completed but  it is esti- 
mated that  in the screening test, the final foam vol- 
umes have a precision of +_IA in. at 95% confidence. 

The final evaluation of many detergent composi- 
tions is the "wash  t u b "  ; others, especially light duty, 
must relate foam "eolume to a practical dishwashing 
procedure (12). The following dishwashing procedure 
has been used extensively at Colgates for  many years 
with good results. 

50 ppm SE]3U~V[ 300 ppm 
FIG. 4. Effect of composition and hardness on foam. 
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1) Add  small amount  of Sudan Red dye to hydro-  
genated vegetable oil and heat  to ca. 130F. 

2) Place 1~ teaspoon soil in the center of each 
plate and spread over the center area. 

3) Stack pla tes ;  age for not  less than  30 min or 
longer than  4 hr. 

4) Fil l  percolators with 6 liters water  at desired 
hardness and 115F -+-IF. 

5) Place required amount  of detergent  in the dish- 
pan. 

6) Open faucet  and allow the water  to completely 
empty  f rom the percolators (45-50 sec). 

7) Place 5 soiled plates in each pan. Using a 
t imer as a guide, wash dishes one at  a time, 
using five circular  strokes on the f ron t  and 
four  on the back, each stroke consuming ca. 
one sec. Dur ing  the washing procedure, hold 
plate at an angle so that  about one half  of plate 
is kept under  the surface. 

8) Operators  should finish washing all five plates 
in ca. 50 see; then rotate within the next  10 
sec so they always have a common s tar t ing time 
as noted on the timer. 

9) Continue washing procedure,  ro ta t ing  operators  
af ter  each five-plate set unti l  the foam disap- 
pears. This is the foam " e n d - p o i n t "  and visu- 
ally the surface will be near ly  devoid of foam. 

Since the Tergotometer  foam test screened effec- 
t ively for  l aundry  operations, it was hoped tha t  i t  
may  be of value in relat ing to the aforementioned 
dishwashing tests (13). The same four  products  
chosen for  hard  water  studied (Figs.  4,5) were again 
used in making the comparison. The actual  dishwash- 
ing on these products  gave the following results: 

No.  of  plates 

A B C D 

50ppm 13 11 13 18 
300 ppm 21 20 12 16 

The concentration of the soil per  plate was then 
reduced one th i rd  in weight /p la te  and the washing 
time was increased one third to see if the results 
remained constant. 

50 ppm FAT 300 ppm 
FIG. 5. Effect of composition and hardness on foam. 
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No. of p]ates 

A B C D 

50 ppm 10 7 10 28 
300 ppm 22; 22 9 28 
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Product  D changed ca. 10 plates in both hardnesses 
but the other products had little change. Hand  dish- 
washing is cited as an excellent example of solubiliza- 
tion of oils, fats, and fa t ty  acids by the detergent 
solution (6). Once this solubility point has been ex- 
ceeded, emulsification occurs and foam beings to fall 
because the surfactant  is adsorbed in the process. 
The above results seem to indicate that solubilization 
is dependent somewhat on manner of soil introduction 
and applied energy to the system. In  fact, a statistical 
s tudy (11) showed that  a soil/detergent relationship 
in dishwashing was not fundamental  . . . it does not 
hold with certain types of detergents and only with 
certain types of soil. Their data shows that  a simple 
fat  gives results nearly independent of the amount 
of fat  on each plate. Hence, it must  be remembered 
that the dishwashing procedure is an empirical situa- 
tion which supposedly imitates actual home dish- 
washing, and strict conditions must be adhered to for 
good precision. The Terge procedure was modified 
with the hope of duplicating actual dishwashing num- 

them to the solutions every 10 sec until the foam 
collapsed. Results : 

No. of swatches (plates) 

A B C D 

bers so that  screening could eliminate some of the 
work load. 

A comparison was first made between a hard sub- 
strate and a fabric substrate (Fig. 6). Foam was 
generated with the same high foam detergent composi- 
tion used in the concentration study. A 300-mg load 
of fat  was added to four different substrates: nylon, 
aluminum, ter ry  cloth and glass fabric;  and these 
were introduced into the respective buckets. After  
5 rain the foam volume was photographed. I t  clearly 
indicates that fat is most easily removed from glass. 

A simulated run was then performed on the Terg 
by adding 0.13 g fat  to glass swatches and adding 

50 ppm 13 6 29 21 
300 ppm 30 20 27 32 

The same test was repeated using Terry  cloth with 
0.26 g fat. This was tried because ter ry  is easier to 
handle and much more economical. 

No. of swatches (plates) 

A B C D 

50 ppm 25 9 38 25 
300 ppm 28 17 23 30 

I t  can be observed that substrate did not change 
the relationship to any degree but the simulated 
results in general did not agree across the board with 
actual results, part icular ly product  C. A change in 
the design of the agitator may improve the agreement, 
in the meantime this method is not used too frequently 
for screening new formulations for dishwashing but 
has served as an excellent control procedure. By  
~,arying swatch time, soil load, time of addition, etc., 
almost any formulation can be matched, number for 
number, with actual dishwashing and with the same 
precision. Some typical results are presented. 

Concentration 

0.20% 0.25% 0.30% 

Hardness Act Sim Act SJm Act Sire 

0 ppm 17 20 24 25 28 28 
50 ppm 17 19 24 25 28 28 

150 ppm 17 18 25 24 28 26 
300 ppm 21 23 27 27 33 31 

The following procedure is most commonly used: 

FIG. 6. Effect of substrate. 
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1) By means of a dipper  or heated buret  add .26 g 
fa t  to 1 ~  in. x 1~ in. Te r ry  cloth swatches (ll/e 
in. x 1 in. for most liquids).  

2) Age swatches one half  hr before using. 
3) Set Tergotometer  at 75 rpm. 
4) Add  sample to respective beakers. 
5) Fi l l  a 2000-ml flask with water  at 120F and ad- 

just  hardness. 
6) Measure 400 ml water  f rom the flask into each 

beaker. 
7) Af te r  two rain mixing time, add I swatch every 

15 see. 
8) Continue adding swatches until foam disap- 

pears. 
9) Number  of swatches added equal number  of 

dishes. 
S u m m a r y  

A Tergotometer  has been modified so that  foam 
studied can be made on l aundry  products. Using 
sebaceous soil and a Polaroid camera, a photographic 
record of foam breakdown can be made which fortells 
per formance  in practical  l aundry  situations. 

A simulated dishwashing procedure has been used 
with the same set-up as a control method once it has 
been correlated with a g i%n product.  I t  is hoped 

that  eventually changes can be made so that  there 
will be complete correlation with any dishwashing 
test and then it can double as a screening procedure 
for dishwashing operations. 
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Use of Rubber 
of Triglycerides 

Columns for the Chromatographic 

and Other Non-Polar Compounds 
Separation 

J. R. TROWBRIDGE, A. B. HERRICK. 1 and R. A. BAUMAN, Research and Development Laboratories, 
Colgate-Palmolive Company, New Brunswick, New Jersey 

Abstract  

Some applications of rubber  powder as a sta- 
t ionary  phase in the chromatographic  separat ion 
of relatively nonpolar  compounds are described. 
Evidence of a substantial  degree of separat ion of 
t r iglyceride components in coconut oil and linseed 
oil is obtained using a mixture  of methanol and 
acetone as the mobile phase. Separat ions of 
t r i laur in  f rom m0n0 and dilaurin, of methyl  
esters of coconut oil f a t ty  acids and of compo- 
nents in 0i l  of Pet i tgra in  are also accomplished. 

In t roduct ion  

A FE~V YEARS AGO Boldingh (1) described a tech- 
nique for  the separat ion of saturated normal f a t t y  

acids. He  prepared  a column with rubber  powder 
as the immobile phase and used benzene-saturated 
mixtures  of 3 par ts  nlethanol, 1 par t  acetone, and 
decreasing amounts of water  as successive developing 
solvents. By  this reversed-phase procedure, the eonl- 
portents were eluted f rom the column in order of de- 
creasing polar i ty  or increasing chain length of the 
acids. The process may  be more comparable to liquid- 
liquid par t i t ion than  to liquid-solid adsorpt ion as 
the rubber  was repor ted to be an excellent solvent 
for  f a t t y  materials  and considerable swelling of the 
rubber  was observed. 

We investigated rubber  in a search for a suitable 
method of separating hydrocarbons and other rela- 
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t ively non-polar compounds. Since we did not have 
on hand the " M e a l o r u b "  (vulcanized rubber  powder) 
used by Boldingh, we prepared  our powder f rom lab- 
oratory gum rubber  tubing. Other laboratories may  
find useful applications for these conveniently pre- 
pared columns in addition to those which are de- 
scribed here. 

A continuously recording differential ref rac tometer  
(Phoenix Model R-1000-T), sensitive to a change of 
4 • 10 -6 refract ive index units, was used to follow 
changes in the composition of the eluent s t ream and 
great ly  aided in the search for suitable column phases 
by providing an immediate record of the degree of 
separation achieved. 

Experimental Procedure  

Preparation of Rubber Columns. The rubber  pow- 
der was prepared  f rom amber " p u r e  g u m "  surgical 
tubing manufac tured  by the Davol Rubber  Co., Provi-  
dence, R. I. With  the exception of a yellow latex 
tubing of another manufac turer ,  we have not inves- 
t igated the suitabil i ty of other sources of rubber.  
The lat ter  tubing was inferior  for  our purpose as it 
yielded a somewhat sticky powder which produced a 
column of low resolving power. 

The end of a length of tubing (1/2 in. diam and 
1/s in. wall thickness) was frozen in a bath of methanol 
and dry  ice. One or two inches was then ground off 
oil a 6 in. diam motor-driven grindstone and the 
tubing was refrozen in the bath. By  using several 
lengths of tubing in rotation, over 500 g powder 


