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T 
HE power of a soap solution 

to yield a f ro th  is f requent -  
ly regarded as an indica- 

t ion  of its probable deflocculating, 
emuls i fy ing  or de tergent  power. 

Experiment 1. The wr i t e r '  has 
previously described a "graphi te  
tes t"  for  de tergent  efficiency, based 
upon the fo rmat ion  of white  f ro th  
when a soap solution is shaken wi th  
s tandardized  flake graphi te .  He 2 
also has presented data  afforded 
by the "carbon black test ,"  which 
depends upon es t imat ion  of the 
relat ive powers of var ious  soap 
solut ions to ca r ry  carbon black 
th rough  filter paper. In  the pres- 
en t  exper iment  the essential  fea- 
tu res  of both tests  have been com- 
b ined into one, in order  to secure 
a direct  comparison between f roth-  
ing  and defloccula~ion. Carbgn 
black was made the sole test-sub- 
stance. Tubes  of soap solution 
were prepared,  charged wi th  car- 
bon black and agi ta ted  in the con- 
s t an t  t empera tu re  bath  exactly as 
in  the carbon black test  except tha t  
the  final ag i ta t ion  was cont inued 
for  only t h i r t y  minutes .  Next, 
each tube was removed, vigorously 
shaken for  5 seconds, r e tu rned  to 
the car r ie r  in the bath,  left  at  rest  
for  2 minu tes  and then observed 
for  the presence of a crescent of 
whi te  froth,  as was done in the 
g r aph i t e  test. F ina l ly  the contents  
of all the tubes  were filtered 
th rough  papers  s tandardized to 
pass 10 cc. water  f rom 20 cc. with- 
in  14 to 18 seconds and the fil trates 
were colorimetrically compared 
with the Co-Ni-Cu s t andard  to de- 

t e rmine  the i r  "color ra t ios"  in the 
m a n n e r  described for the execution 
of the carbon black test. Tha t  is. 
the observat ions  upon f ro th  were 
in terpola ted between two succes- 
sive steps of the carbon black test.  
By the "color ra t io"  of a fil trate is 
meant  the ra t io  of the color of a 
solution of tha t  fi l trate (or ig ina l ly  
7 cc.) made to a volume of 100 cc. 
compared wi th  the color of the 
same Co-Ni-Cu s t anda rd  as em- 
ployed in the previously publ ished 
work. 

The soaps employed were sodium 
and potass ium stearates.  All solu- 
t ions tested were made 0.02N in 
excess alkali, both to exclude any  
possible effects f rom free f a t ty  acid 
or acid soap and because experience 
with the graphi te  test  had indi-  
cated tha t  at the  t empera tu res  and 
concentra t ions  to prevail  in the ex- 
pe r iment  such an alkaline sodium 
s teara te  contains  bu t  l i t t le colloidal 
soap while such an alkal ine potas- 
s ium s teara te  may be highly  col- 
loidal inasmuch as, in cont ras t  to 
the sodium soap, i t  does not  readi ly  
deposit crystals.  

In  F i g u r e  1 are given color ra t io-  
concent ra t ion  curves for  alkal ine 
sodium s teara te  (Curve I)  and al- 
kal ine po tass ium s teara te  (Curve 
I I )  with naked carbon black at 24 ~ 
C. Poin ts  on the curves at  which 
the character is t ic  w h i t e c r e s c e n t  of 
f roth  appeared are marked with 
circles; points  at which the cres- 
cent was absent  are indicated by 
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dots  only. The  resu l t s  of the  two 
tes ts ,  f r o t h  and deflocculation, were  
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Fig. 1 
Alkaline Sodium and Potassium Stear- 
ates at 24 ~ C. in Experiments i and 2. 
Horizontal--Normality of soap. 
Vertical--"Color ratio" of filtrate. 
Curve I Naked carbon black with 

sodium soap in Experiment 1. 
Curve II Naked black with potas- 

sium soap in Experiment 1. 
Curve I I I  Oiled carbon black witt~ 

sodium soap in Experiment 2. 
Curve IV--Oiled black with potassium 

soap in Experiment 2. 

comple te ly  con t rad ic to ry .  Sodium 
s t e a r a t e  y ie lded  no wh i t e  f ro th  in 
sp i te  of  i ts  no tab le  deflocculat ing 
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Fig. 2 
Alkaline Sodium Stearate with Naked 
Carbon Black at 60 ~ C. in Experi- 

ment 3. 
Horizontal--Normality of soap. 
Vertical--"Color ratio" of filtrate. 

power ;  po t a s s ium s t ea ra t e ,  w i th  in-  
s ign i f ican t  def locculat ing power,  
showed a s t rong ly  conspicuous cres-  
cent  of whi t e  f ro th  over  a wide 
r a n g e  of  concent ra t ion .  

E x p e r i m e n t  2. The  p rocedure  
of E x p e r i m e n t  1 was repea ted  wi th  
oiled carbon black made,  as  de- 
sc r ibed  in p rev ious ly  pub l i shed  
work,  f r o m  5 p a r t s  by  we igh t  of 
carbon black and 1 of  medic ina l  
mine ra l  oil, w i th  s imi l a r  resul t s ,  
the  da ta  be ing  also g iven  in F i g u r e  
1, as Curves  I I I  and IV. 

E x p e r i m e n t  3. The  same method  
of  p rocedure  wi th  naked  black as 
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Fig. 3 
Alkaline Potassium Stearate with 
Naked Carbon Black at 40 ~ C. in 

Experiment 3 
Horizontal--Normality of soap. 
Vertical--"Color ratio" of filtrate. 

in E x p e r i m e n t  1 was appl ied  to 
a lkal ine  sodium s t e a r a t e  at  60~ 
and to a lkal ine  po t a s s ium s t e a r a t e  
at 40~ wi th  one added  step.  A f t e r  
collection of each f i l t ra te  the  cyl- 
inde r  con ta in ing  i t  was  placed in 
a ba th  a t  the  o r ig ina l  t e m p e r a t u r e  
for  a t  leas t  30 minutes ,  then  stop- 
pered,  v igorous ly  shaken fo r  5 
seconds, lef t  a t  r es t  2 minu te s  and 
then observed to de t e rmine  w h e t h e r  
a whi te  f ro th ,  cover ing  the  whole 
surface ,  s t i l l  pe rs i s ted .  F r o m  the  
two obse rva t ions  on f ro th ,  one be- 
fore  and one a f t e r  f i l t ra t ion,  some 
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idea could be gained of the quan t i ty  
of soap held back by the filter pa- 
per. The resul ts  are given in 
F igu re s  2 and 3. Blank circles in-  
dicate white  f ro th  both before and 
a f te r  f i l t ra t ion;  simple dots indi-  
cate absence of f ro th  a t  both stages 
while a dot sur rounded  by a circle 
indicates  tha t  white  f ro th  was ap- 
pa ren t  before f i l t rat ion bu t  not  

0 0.0! 0.02 0.03 

Fig. 4 
Alkaline Sodium Stearate with Oiled 
Carbon Black at 60 ~ C. in Experi- 

ment 4. 
Horizontal--Normality of soap. 
Vertical~"Color ratio" of filtrate. 

at  60 ~ C. aga ins t  oiled carbon black 
wi th  the resul ts  shown in F i g u r e  
4. 

The above data  clearly show tha t  
at  best  the first appearance of the 
character is t ic  whi te  f ro th  wi th  in-  
c reas ing  soap concent ra t ion  marks  
only inc ip ient  deflocculating power. 
Wi th  sodium s teara te  the range  
over which whi te  f ro th  was evi- 
dent  was very  shor t  and came to 
its upper  l imit  at  a point  where the 
soap had reached a concent ra t ion  
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after .  This  significance at taches 
to the  s igns in F igu res  1 to 4, 
bu t  not  to those in F igu re s  5 to 7. 

E x p e r i m e n t  4. Alkal ine sodium 
stearate  was tested in the same way 

Fig. 6 
Alkaline Potassium Stearate with 
Naked Carbon Black at 37.5 ~ C. in 

Experiment 6. 
Horizontal--Normality of soap. 
Vertieal--"Color ratio" of filtrate. 
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Fig. 5 
Alkaline Sodium and Potassium Stea- 
~'ates with Naked Carbon Black at 

24 ~ C. in Experiment 5. 
Horizontal--Normality of soap. 
Vertical--"Color ratio" of filtrate. 
Curve 1--Sodium Stearate. 
Curve l I - -Potass ium stearate, 

only sufficient to exert  a f rac t ion  
o f  i t  s potent ia l  deflocculating 
power. 

E x p e r i m e n t  5. In  the carbon 
black tes t  the fi l tering m e d i u m  is 
not  s imply the paper  bu t  is largely 
const i tu ted by a layer  of carbon 
black which becomes deposited on 
the paper. In  general  the solut ions 
of sodium s teara te  were of low 
viscosity, filtered rapidly and were 
still coming th rough  s t rongly  col- 
ored when the 7 cc. of fi l trate was 
completed, while the  solut ions of 
potass ium s teara te  often were very  
s luggish and cleared completely 
long before 7 cc. had passed the 
filter. Accordingly,  to avoid fi l tra- 
tion, tests  wi th  naked black were 
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s ta r ted  as in Expe r imen t  1 bu t  agi- 
t a t ion  a f t e r  addi t ion  of carbon 
black was cont inued for  40 minu t e s  
and  then  the tubes  were shi f ted  to 
an upr igh t  posit ion in the bath and 
left  at  res t  at 24 ~ C. for  24 hours.  
Then  5 cc. f rom each was pipet ted 
f rom a point  approximate ly  half-  
way between f ro th  and sediment,  
diluted, and colorimetrical ly ex- 
amined.  The resul ts  are given in 
F i g u r e  5. In  th is  case the "color 
ra t io"  is based upon a solution of 
the 5 cc. of l iquid made to a volume 
of 100 cc. The resul ts  of this  ex- 
p e r i m e n t  corroborate  those of Ex- 
pe r imen t  1, tha t  is, the sodium 
s teara te  appeared a decidedly more 
powerful  deflocculant at 24 ~ C. than  
the potass ium stearate .  The sud- 
den r ise in the apparen t  defloccula- 
t ing  power of potass ium s teara te  at  
0.02 N was evident ly  due merely to 
p reven t ion  of se t t l ing  by inc ip ient  
ge la t in iza t ion  of the  soap. The 
carbon black in this  fi l trate could 
be seen, a f te r  d i l u t i on ,  to consist  
most ly  of large particles,  soon sub- 
s iding.  

E x p e r i m e n t  6. The resul ts  of a 
s imi la r  exper iment  wi th  potass ium 
s teara te  at  37.5 ~ C. are given in 
F i g u r e  6. 

E x p e r i m e n t  7. T u r n i n g  f rom 
the d iscouraging  da ta  on the in- 
c ipient  appearance of white  froth 
as an index of deflocculation, ob- 
servat ions  were under t aken  on the 
volume and persis tence of f roth.  
Tubes  were selected to hold 20 cc. 
l iquid at  the same level. These were 
charged with a lkal ine  potass ium 
s teara te  and  naked carbon black as 
in  the preceding exper iments  ex- 
cept t ha t  before the carbon black 
had been added the  contents  of the 
tubes  were mixed only very gently,  
to avoid the fo rmat ion  of froth.  
A f t e r  the carbon black had been in- 
t roduced the tubes  were ag i ta ted  
a t  30 r.p.m, for  30 minutes ,  left  at  

res t  for  15 minu tes  at an angle  of 
45 ~ in the carr ier ,  then  held up- 
r igh t  and the he ight  of the f ro th  
measured,  each tube  be ing  imme- 
diately r e tu rned  to the  bath. Af t e r  
these measuremen t s  had been com- 
pleted each tube  was removed, 
shaken vigorously for  5 seconds 
and r e tu rned  to the ca r r i e r  for  15 
minutes ,  a f te r  which the f ro th  was 
again  measured.  Results  are given 
in F i g u r e  7. Po in t s  above the 8 
cm. level indicate  t ha t  the tubes  
were filled completely wi th  f ro th  
up to the stopper. The resul ts  of 
the exper iment  indicate  that ,  in  a 
general  way, th is  soap was a more 
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Fig. 7 
Alkaline Potassium Stearate with 
Naked Carbon Black in Experiment  7. 

Horizontal--Normali ty  of soap. 
Vertical Height of froth in centi- 

meters. 
Curve 1 - - A t  40 ~ CI af ter  gentle agi- 

tation. 
Curve 1I A t  40 ~ C. af ter violent 

shaking. 
Curve I l l - - A t  24 ~ C. af ter gentle 

agitation. 
Curve I V - - A t  24 r C. af ter  violent 

shaking. 

powerful  f ro th ing  agent ,  as i t  was 
a deflocculant, at  40 ~ C. t han  at  
24 ~ C. But  it  is impor t an t  to note 
how grea t ly  the character  of the 
shaking,  whe ther  gent le  or violent, 
affects the results.  At  cer ta in  
points  the more violent the shak- 
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ing, the  more  copious the  f r o t h ;  a t  
o the r  po in ts  the  f ro th  p roduced  by  
gent le  a g i t a t i o n  becomes broken  
down by more  v igorous  shaking .  

Discussion 

I t  appea r s  t h a t  the  act ive f ro th -  
ing  a g e n t  in a soap solut ion,  l ike 
the ac t ive  defloccu!at ing a g e n t ,  m u s t  
cons is t  e i the r  of s imple soap anions  
or  of s imple  soap molecules.  The  
evidence f rom these  expe r imen t s  
seems a g a i n s t  colloidal soap play-  
ing  a d i rec t  p a r t  in f r o t h i n g  any 
more  than  i t  does in deflocculation. 
In  concen t ra t ions  sufficiently h igh  
to effect inc ip ien t  ge l a t in i za t ion  
colloidal soap may  mechan ica l ly  re- 
t a rd  the  escape of a i r  bubbles  or  the  
subs idence  of  pa r t i c l es  bu t  t h i s  ef-  
fec t  is ne i t he r  a t rue  f r o t h i n g  nor  
t r ue  deflocculation. 

Ev iden t ly  f r o t h i n g  and defloccu- 
la t ion  are  concomitant ,  not  sequent,  
I ihenomena.  W i t h  i nc rea s ing  con- 
cen t r a t i on  of soap both beg in  to- 
g e t h e r  and  both  become intensi f ied  
in a rough ly  para l le l  manner .  But  
the  pa ra l l e l i sm is so rough  and the  
volume of the  f r o t h  is so affected 
by  the  m a n n e r  in which  i t  is pro-  
duced t ha t  the  re la t ive  copiousness  
or  pe r s i s t ence  of the  f ro th s  y ie lded  
by  two di f ferent  soaps would ap- 
pea r  to offer bu t  a s lender  bas is  
fo r  j u d g i n g  t h e i r  p robable  defloc- 
cu l a t ing  power.  W i t h  s t i l l  f u r t h e r  
inc reased  concen t ra t ion  f r o t h i n g  
power  m a y  d imin i sh  like, bu t  not  
necessa r i ly  para l le l  wi th ,  defloccu- 
l a t ing  power,  whi le  in o the r  cases 
the  f r o t h  m a y  change  f rom whi te  
to black because the  carbon black, 
a l though  l a rge ly  deflocculated,  is 
p r e f e r e n t i a l l y  a t t r a c t e d  into the  
f ro th .  The " g r a p h i t e  t e s t "  there-  
fo re  possesses  two poin ts  of obvi- 
ous weakness .  In  the  lower r ange  
of concen t ra t ion  i t  reveals  only in- 
c ip ien t  def locculat ing power  and 

no th ing  at  all r e spec t ing  the  maxi -  
m u m  p o t e n t i a 1 def loeculat ing 
powers  of d i f ferent  soaps.  In  the  
h i g h e r  r ange  of  concen t ra t ion  i t  
f a i l s  to  d i s t i n g u i s h  en t i r e  loss of 
def locculat ing power  f rom a mere  
t r a n s f e r e n c e  of pa r t i c l es  to the  
f ro th .  

The p r inc ipa l  d r awback  to the  
"carbon  black t e s t "  is the  ope ra t ion  
of f i l t ra t ion.  Di f fe ren t  lots  of pa-  
pe r s  f rom the  same m a n u f a c t u r e r  
m a y  v a r y  so much t ha t  i t  is of ten  
a ted ious  u n d e r t a k i n g  to sor t  out  
enough pape r s  of  the  p a r t i c u l a r  po- 
r o s i t y  des i red  in an exper iment .  
P e r h a p s  se t t l ing  may  rep lace  ill- 
t r a t i o n  wi th  advan tage .  But  then  
i t  will  become necessa ry  not  to be 
mis led  by the  t endency  of an in- 
c ip ien t ly  ge la t in ized  soap to me- 
chanica l ly  r e t a r d  se t t l ing .  A t  any  
ra te  i t  appea r s  t h a t  the  carbon 
black method,  w he the r  w i th  naked  
or  oiled black, f i l t ra t ion  or  se t t l ing ,  
offers the  bes t  p rospec ts  f o r  an 
adequa te  l a b o r a t o r y  i nves t i ga t i on  
of the  cha rac t e r i s t i c  and essent ia l  
p rope r t i e s  of soaps.  

S u m m a r y  

In  o rde r  to  de t e rmine  d i rec t ly  the  
re la t ion  be tween f r o t h i n g  and de- 
flocculation the  essent ia l  f e a t u r e s  
of  the  " g r a p h i t e  t e s t "  and  o ther  
f r o t h i n g  t e s t s  were  combined  wi th  
the  "carbon black t e s t , "  and  a pos- 
s ible modif icat ion of  the  l a t t e r  was 
sugges ted .  

I t  appea r s  t ha t  f r o t h i n g  and de- 
flocculation a re  concomitant ,  not  
sequent,  phemonena,  and t h a t  both 
a re  due to  a s imi l a r  mechanism.  
But the  pa ra l l e l i sm between the  two 
appea r s  so poor  t h a t  no t e s t  for  
f r o t h i n g  power,  w he the r  u t i l i z ing  
the f ro th  in a qua l i t a t ive  or  quan-  
t i t a t ive  way, deserves  much confi- 
dence as an ind ica t ion  of  p robab le  
deflocculat ing power.  
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