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The Measurement of Lather Quickness 
PAUL BECHER and RUSSELL E. COMPA, Colgate-Palmolive Company, Jersey City, New Jersey 

I 
N THE FORMULATION of bar  products  (soap, combi- 

nation, and detergent  bars) a major  p roper ty  of 
interest  is that  of " l a t h e r  quickness,"  i.e., the 

ease with which the user can obtain an ample and 
voluminous lather. This can, of course, be measured 
subjectively, and major  differences can easily be rec- 
ognized, but  it is often necessary to distinguish more 
subtle differences as a guide to formulat ion.  Tests 
designed to measure the amount  and stabil i ty of foam 
produced by the formulat ion,  for example, the Ross- 
Miles pour-foam test (1), and the more recent Bar-  
net t -Powers " L a t h e r o m e t e r "  (2), while useful in 
many  applications, do not give sat isfactory correlation 
with performance  of bar  products.  

Masters (3) has made a significant contribution by 
pointing out that  ease of abrasion of the bar  itself is 
important .  This is quite clearly the case since a satis- 
fac tory  lather  cannot be obtained without abrading  
soap onto the hands. Masters describes a device in 
which bars can be abraded in a reasonably repro- 
ducible manner,  and a wear number  is defined f rom 
the relation 

k = -  ( l /S)  In (t~/to) 

where S ~ -  number  of abrasions of the bar  made by a 
sponge in a un i fo rm  manner ,  to ~ the original thick- 
ness of the bar, measured at the center, and t I ~ the 
final thickness. The wear number  W is defined as 
lO00k and is independent  of S. 

Unfor tuna te ly  this technique has no provision for 
measur ing the effect of water  hardness or of the effect 
of changes in foam stabil i ty as a funct ion of addi- 
tives. I t  is the purpose of this paper  to describe a 
test method and appara tus ,  developed in these labo- 
ratories over the years, which measures lather  quick- 
ness in a way which combines the determinat ion of 
rate of abrasion with that  of foam stability. To be 
sure, as will be made clear in the following, it (like 
Masters '  test) does not actual ly make measurements  
on la ther ;  however the results of extensive testing 
have convinced us tha t  a very  exact correlation does 
exist. 

Experimental 
Description of Apparatus.  The lather  quickness 

tester consists of a device in which a bar  of soap is 
un i formly  abraded by  a cellulose sponge, which is 
constantly wetted and r insed  in water  of a definite 
hardness and temperature .  The end-point is defined 
as the number  of strokes of the sponge required to 
fo rm a un i form layer  of foam on the surface of the 
water  in the test vessel into which the sponge dips. 

Essent ial ly  the tester  is a unit  consisting of a re- 
ciprocat ing vertical  shaft,  which is act ivated by  a 
Scotch yoke driven by a 1/20 h.p. motor  through 
a chain drive (See F igure  1). A sponge-holder, con- 
sisting of a flat metal  plate to which is cemented a 

53 

FIG. 1. Isometric drawing of test apparatus. The chain- 
drive and motor are concealed behind the vertical support. 

cellulose sponge (31~ x 31/~ x I in.),  is fastened to the 
bottom of the shaft. Opposed to the sponge t ravel  is 
a soap-holder designed to hold the bar  under  test. 
The downward stroke of the shaft  carries the sponge 
past  the soap-holder and down into a cylindrical  
stainless steel vessel holding one gallon of water  at  
the prescribed hardness and temperature .  The up- 
ward  stroke carries the sponge up past  the soap- 
holder and automatical ly  records the stroke on a 
strategical ly placed Veeder Root counter. The device 
is designed for  an operat ing speed of 22 strokes p e r ,  
minute. 

The soap-holder consists of a two-sided metal  box, 
the top of which can be clamped down on the 
bar. This is suppor ted  at r ight  angles by  a bearing- 
mounted shaft  which holds the bar  (when at rest)  
at a definite distance f rom the sponge center and 
mainta ins  the sponge-bar contact at a definite pres- 
sure by  the use of a counter-balancing weight. The 
holder is located approx imate ly  six inches above  the 
test vessel. 

The sponge employed is a DuPon t  6A cellulose 
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sponge, cut to the desired size, and cemented to the 
plate with a water-proof  asphalt-base cement? There 
is some var iabi l i ty  in the sponges, and they have to 
be standardized against  a regular  product ion soap of 
known properties.  About  10% of the sponges are 
rejected as unsat isfactory upon standardization.  The 
average life of the sponge is also variable, depending 
on the number  and types of tests run ;  a hundred 
tests would be considered normal.  

The assembled unit  is shown in operation in Fig- 
ure 2. 

are required. The stock hardness  consists of a solution of 
calcium and magnes ium chlorides with the Ca:Mg rat io 
3 :1 ;  the technique of making up the solution has been 
previously described (4) .  

The tempera ture  of the water  is ad jus ted  to 85~ by 
placing the test  vessel on the steam bath.  

4. The test vessel is placed in posit ion beneath  the sha f t  and, 
keeping the soap-holder away f rom the sponge, the uni t  
is s tar ted and sponge is allowed to pass  in and out of the 
water  three t imes to saturate  it. The sponge is s topped 
above the water  level, bu t  below the soap-holder. The 
counter is then set to zero, and the test  is started. 

5. The test is continued unti l  the surface of the water  in the 
test  vessel is covered with foam (except for  an area near  
the center, whe re  the foam is broken down by the d r i p  
f rom the sponge) .  A characteristic end-point is i l lustrated 
in F igure  3. 

6. The number  of strokes is recorded, and the appearance 
and qualitative stabil i ty of the foam are noted. 

The test is normal ly  run  in duplicate, and a 
t ra ined operator  will obtain agreement  to within •  
stroke. Obviously the lower the number  of strokes 
required, the more sat isfactory is the product  with 
respect to lather quickness. 

Fro. 2. The appa ra tus  in use. The sponge has jus t  begun 
to abrade the soap bar  on the up-stroke. 

Test Procedures. The actual  testing is carr ied out 
in the following manner ,  with such variat ions as 
may  be required for  special cases: 

1. The soap sample is prepared by cut t ing the bar  to the 
dimensions: 3 x 2 x l - in . ,  with the side of the 3 x 2-in. 
surface which faces the sponge shaved plane. (Normal ly  
test  bars  in this laboratory are pressed in a 3x2- in .  
oblong shape;  the flat surface and one-inch thickness 
are obtained by shaving the bar  by  moving it across the 
cut t ing edge of a 12-in. ca rpen te r ' s  plane, held in an 

: inverted posit ion.)  I f  bars  Of odd shape are to be tested, 
the results are not  strictly comparable unless a similarly 
shaped control is also run?  

2. T h e  sponge is rinsed and squeezed out, and the sponge- 
holder is a t tached to the vertical shaf t  (s topped in " u p "  
posi t ion) .  

3: One ga l lon  of deionized or distilled water  is measured out 
into the test  vessel, and the requisite amount  of stock 
hard water  o f  25,000 p.p.m, as CaCO~ is added. Fo r  125 
p.p.m. (a t  which the m a j o r i t y  of tests  are run)  19.0 ml. 

I A satisfactory cement is "Iron Bound Cement," manufactured by 
Slomons  Laborator ie s  Inc., Long Island City, N. Y. 

In the  case  of fresh bars shaving the bar can have no effect on 
th~ determination, 'It ,might be supposed that a slight effect would be 
observable  in t h e  case  of aged bars since the surface would be at a 
l o w e r  moi s ture  t h a n  thel body of the bar. However th is  dr ier  l ayer  is 
quite th in  and,  if  no t  shaved off, would be removed in t h e  first few 
s trokes  of  t h e  s p o n g e ;  t h u s  it could not  materially affect the  resu l t  of 
the test .  

Discussion 

Experimental Results. The type of data  which can 
be obtained with the use of the above-described appa-  
ra tus  is shown in Figures  4 to 6. F igure  4 i l lustrates 
the change in la ther  quickness as measured by the 
test as a funct ion of soap-stock composition. The 
soaps tested consist of a series of coco-tallow soaps in 
the range of 0% to 50% coco. The remarkable  aspect 
of these data resides in the min imum in the end- 
point values (max imum in lather  quickness) at about 
15% coco content. However  the data  indicate a 
tendency toward lower values at much higher coco 
contents. I t  also should be pointed out that, in eval- 
uat ing compositions for opt imum lathering, la ther  
quickness is only one p roper ty  to be considered. 
Such things as lather  consistency and bubble size 
(which are not measured by this test) may be sig- 
nificant. This s tatement  applies not only to the data  

FIG. 3. A characterist ic end-point. The area not covered by 
foam is caused by  drip f rom the sponge. 
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FIG. 4. The effect of coco-tallow ratio on lather quickness. 
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FIG. 5. The effect of added detergent (sodium H-coco mono- 
glyeeride sulfate) on lather quickness; O - - a t  125 p.p.m.; 
O - - a t  250 p.p.m. 
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F~G. 6. Effect of potash soap on lather quickness; (} - -  at 85 ~ 
F.; O - - a t  55~ 

of F igure  4 but  to m a n y  of the compositions con- 
sidered below. 

F igure  5 i l lustrates two effects: the effect of the 
addit ion of an extremely soluble synthetic detergent  
(sodium H-coco monoglyceride sulfate) and the effect 
of different water  hardnesses (125 p.p.m, and 250 
p.p.m, as CaCOa). This is especially instructive in 

the case of a soap-detergent combination of this type. 
I t  will be observed that,  at  about 50% detergent,  the 
hardness of the water  has scarcely any  effect on 
lather  quickness. 

Since the detergent  used in obtaining the data of 
F igure  5 is quite soluble, it might  be expected tha t  
lather  improvement  would resul t  on its incorpora- 
tion. However  it is a remarkable  fact  that  the addi- 
tion of relat ively insoluble detergents  also has a 
lather-boosting effect, at  low concentrations at least. 
At  high concentrations however the insolubility of 
this mater ia l  has a significantly adverse effect on the 
la ther  quickness. 

I t  has long been the feeling that  the incorporat ion 
of potash soaps  would lead to a gain in la ther  quick- 
ness. The da ta  presented in F igure  6 shows the effect 
of vary ing  percentages of potash soap on the la ther  
of a coco-tallow soap containing 15% coco, both at 
the regular  t empera ture  of 85~ and at the lower 
t empera ture  of 55~ As can be seen, the potash soap 
has no par t icular  effect on la ther  quickness at  normal  
use t empera tu re  but is of value in cooler water.  

Interpretation of Test. Since foam is used as the 
end-point indication for  this test, no end-point can 
be observed (for  an all-soap composition) unti l  the 
hardness present  i s  t i t ra ted  by  the soap. Following 
this, addit ional  soap has to be abraded and air  
whipped into the solution by  the action of the sponge 
to produce enough foam to constitute an end-point. 
Thus N, the number  of strokes at the end-point, is 
given by 

N ~ n '  -~- n (1) 

where n' is the number  of strokes required to t i t ra te  
the hardness, and n the addit ional  number  of strokes 
required to generate the foam end-point. I f  Ceq is 
the concentrat ion of soap which is equivalent to 
( t i t r a tes )  the hardness, and R is the ra te  of abra-  
sion, expressed in units of g. per  100 ml. /s troke,  
then Equat ion  1 becomes 

N ~-  Ceq/R + n (2) 

Thus, if one plots the number  of strokes required 
for  the end-point against  the reciprocal rate  of abra- 
sion for a number  of soaps, a s t ra ight  line should 
result. The ra te  of abrasion i s  calculated f rom the 
relation R ~ C/N,  where C is the soap concentrat ion 
in the test vessel at  the end-point. This is based on 
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FIG. 7. N u m b e r  of sponge s t rokes  required for end-point v s .  

reciprocal rate of abrasion for a number of soaps; (~)~at  
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the assumption that  the sponge abrades the bar  at a 
uni form rate, i.e., that  the amount  of soap introduced 
into the test  vessel per  stroke does not va ry  with 
the number  of strokes for  a given composition2 
Work  done in these laboratories some years ago (5),  
in which end-point concentrations were determined, 
have been plot ted according to Equat ion 2, with the 
results shown in F igure  7. As can be seen, there is 
good agreement  with the theory, and the relation i s  
appa ren t ly  independent  o f  t e m p e r a t u r e .  Unfor tu-  
nately these results were obtained in a somewhat 
different way f rom the s tandard  method described 
above and thus cannot  be used for  the calculation of 
the constants of Equat ion 2. However  the slope C~q 
can be calculated f rom the known equivalence of the 
soap and calcium carbonate hardness while the inter- 
cept n should be equal to the number  of strokes re- 
quired for an end-point in soft water. The former  
is found to be about 0.069 g. per  100 rot. for  soaps 
containing about 20% coconut oil; the la t ter  is found 
experimental ly  to be 10-12 strokes for most soaps. 
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FIG. 9. C o n d u c t a n c e  of  t e s t  so lu t i on  a s  a f u n c t i o n  o f  n u m -  
b e r  of  s p o n g e  s t r o k e s  a t  0 p . p . m .  ( 0 . 2 5 %  e thano l  a d d e d  as  
f o a m  d e p r e s s a n t ) .  
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Fro. 8. Conductance of test solution as a function of number 
of sponge strokes at 125 p.p.m. 

Another  method of ver i fy ing  Equat ion 2 is indi- 
cated by the data  of F igure  8. In  this experiment  
the lather  test  was run  on an ord inary  soap bar  
(20% coco-80% tallow) at a hardness of 125 p.p.m. 
The conductance of the solution was measured by 
means of a d ipping electrode in the test vessel and 
a Model RC M15 Serfass Conduct ivi ty  Bridge. Since 
the absolute values of the conductivities are not re- 
quired, the ordinate is plotted in a rb r i t a ry  scale 
readings. 

As is evident, what is obtained is the well-known 
curve for a conductometric precipi tat ion t i t ra t ion 
(6),  with the break occurring at 40 strokes (the 
lather  end-point for  this soap  sample occurs at  52 
strokes). I f  a similar determinat ion is carr ied out in 
soft  water,  a s t ra ight  line should result. This is shown 
in F igure  9. In  this experiment  0.25% ethanol was 
added  as a foam depressant  since it had been found 
that  the high foaming experienced in the soft water  
gave spurious results. The slight deviation f rom the 
s t raight  line at 50 strokes may  be ascribed to the  
loss in effectiveness of the ethanol as the soap con- 
centrat ion increases. 

S This  is  demonstrably  true u n d e r  the conditions of test described 
here in ;  it will not  be true  for a l a r g e  number  of s trokes  ~several  
hundred)  s ince the  thickness  of the bar  wil l  then be  changed  mate- 
rially and the pres sure  exerted by  the sponge  win change accordingly. 

F r o m  Figure  9 and a suitable calibration curve 
it is possible to determine the ra te  of abrasion and 
thus calculate the soap concentrat ion at the break- 
point of F igure  8. I f  this is done, the concentration 
is found to be 0.064 g. per  100 ml., which is in good 
agreement  with the calculated theoret ical  value fo r  
Ceq ; subtract ion of the number  of strokes at the 
b reak-po in t  f rom those for  the la ther  end-poin t  
yields 12 strokes, which, again, is in agreement with 
the expected result.  

F r o m  the above discussion it might  appear  tha t  
results equivalent to this test could be obtained by  
use of the abrasion technique of Masters, together 
with a lather-quickness test r un  in soft water. This 
however is only t rue  if one is dealing with simple 
soap compositions; as soon as impor tan t  amounts of 
additives are included, the simple interpretat ion 
which leads to Equat ion 2 no longer applies. Tha t  
this is the case is seen f rom the da ta  of F igure  5, 
where end-points are found lower than  that  required 
for  Ceq to be reached. Obviously what  is now being 
measured is a more complex process involving com- 
plexing of hardness,  dispersion of lime soaps, and 
the foaming propert ies  (if any)  of the additives, all 
in the presence of soap and of hard  water. Equation 
1 still applies, but  the definition of the quant i ty  n '  is 
no longer a simple mat ter  and n will va ry  with the 
composition. However,  while the theoretical interpre-  
tat ion is difficult under  these conditions, the method 
is still felt to measure lather  quickness. No simple 
abrasion measurement  is capable of this flexibility. 
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Summary  

A method and an appara tus  are described for the 
measurement  of lather  quickness of bar  soaps and  
combinations. This method is capable of distinguish- 
ing differences in lather quickness as a function of 
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soap stock composition, presence of additives, hard- 
ness, and temperature. Representative data obtained 
by the method are presented, and a theoretical inter- 
pretation of the test is given. 
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Epoxidation of Polyesters of Tetrahydrophthalic 
Acid and Unsaturated Alkyd Resins 
JOHN W. PEARCE and JOHN KAWA, Applied Research Department, Research and Development 
Division, S. C. Johnson and Son Inc., Racine, Wisconsin 

I 
N THE COURSE of an investigation carried out in our 

laboratory, directed toward synthesis of molecules 
containing a large number of epoxide groups, oxi- 

dation of unsaturated polyesters to the corresponding 
epoxide derivatives offered considerable interest. Par- 
ticularly, epoxidized derivatives of tetrahydrophthalic 
acid polyesters and unsaturated alkyd resins could 
be important intermediate compositions from a prac- 
tical standpoint. We wish to report not only the 
subject compositions but also processes suitable for 
their preparation and purification in high yield. 

The efficient epoxidation of the olefin bonds of 
these polyesters offers the opportunity to synthesize 
molecules containing several epoxide groups. For ex- 
ample, polyesters of tetrahydrophthalic acid can be 
prepared containing at least 10 to 15 recurring units. 
Molecules containing this large number of recurring 
units would contain a significantly larger number of 
epoxide groups than herebefore commonly known, 
provided efficient esterification without appreciable 
loss in olefin and epoxidation was accomplished. Simi- 
larly, complex esters of a "medium" to "long oil"  
alkyd type of resin, likewise epoxidized, would give 
a structure of analogous character. The reaction of 
ethylene glycol and tetrahydrophthalic anhydrid~ and 
oxidation of the resulting polyester to the correspond- 
ing polyepoxide illustrates the polyester type. 
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The epoxidation product of a complex ester made 
from pentaerythritol, phthalic anhydride, and glyc- 
erol trioleate demonstrates the oil-modified polyepox- 
ide alkyd type. 

In order to obtain polyepoxides, of the type illus- 
trated, basic epoxidation processes already known 
were evaluated. However epoxidation of these poly- 
ester and alkyd type of resin compositions by a 
preformed peracetic acid process of Findley and 

Swern (1) or of Terry and Wheeler (2) could not 
be advantageously used because of the difficulty of 
isolation and purification of the epoxidized product 
in the first case and side reaction of the epoxide as 
well in the second case. A newer in situ process, 
using a cation exchange resin of the sulfonic acid 
type (3, 4), has also proved unsatisfactory in yield- 
ing desired epoxides. The reduced quantity of acetic 
acid required by this latter process is a desirable 
advantage if it could be made operable for the epoxi- 
dation of the subject compositions. Schmitz and Wal- 
lace have indicated its commercial feasibility (5). 
We have found that the use of dehydration in vac- 
uum at 80 to 85~ of a carefully washed acid form 
of a cation exchange resin of the styrene-divinyl 
benzene sulfonic acid type permits efficient in situ 
epoxidation of the subject unsaturated polyesters. 
The dehydrated property of the dry cation ex- 
change resin apparently is essential to their suc- 
cessful epoxidation. 

Table I compares the use of a wet and dry cation 
exchange resin of the sulfonic acid type (Dowex 
50-X8, 50-100 mesh). In all cases the use of a dried 
cation exchange resin resulted in more efficient epoxi- 
dation, and clear transparent reaction products were 
isolated. In the case where the wet ion exchange 
resin was used, milky turbid reaction products were 

T A B L E  I 
A Comparison of the Use of Wet  and  Dry  Cation 

Exchange  Resin 

Species epoxidized 

Tet rahydrophthal ic- l ,5-p  entanediol polyester ..... 
Unsaturated alkyd resin ...................................... 
Butyl  oleate ......................................................... 

Percentage  conversion to 
epoxide 

Wet  ion Dry ion 
exchange exchange 

resin resin 

4.3 81.4 
53.1 71.5 
79.0 86.6 


