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F I e .  1. D i a g r a m  f o r  c a l c u l a t i n g  p e r c e n t a g e  of  oil f r o m  
w e i g h t  of  oil. 

Summary 

A new method for the determination of oil on long 
series of oilseed is presented. It is a gravimetric 
method which reduces the hand labor to a minimum. 

TABLE III 

Analyses of Rapeseed Performed With and Without Addition of Quartzite. 
Oil in Dry  Substance,. Aver;ages of Two Parallels. 

The. new method with 
quartzite 

Sample 
no. 

16,154 ~ 
16,179 46.0 
16.209 44.8 
16,236 45.6 
16,242 47.3 
16,264 4.5.4 
16.267 49.1 
16,208 45.9 
16,269 46.5 
16,270 47.7 
16,705 a 48.2 

Ave,r ageu J 

Difference 
Oil from 
% standard 

method 

--0.4 
--0.3 
--0.6 
+o.4 
--0.6 
--0.5 
--0.3 
4-O 
--0.4 
--0.1 
--0.3 

--0.3 

The new method without 
uartzite 

Difference 
Oil from 
% standard 

method 

4 ~ - -  --0.1 
46.3 4-0 
45.2 --0.2 
46.0 --0.2 
47.4 --0.5 
45.5 --9.4 
49.0 --0.4 
46.0 +0.1 
46.8 --0.1 
47,7 --0.1 
48.3 --0.2 

--0.2 

Extraction 
analysis 
(Rutt)  

46.4 
46.3 
45.4 
46.2 
47.9 
45.9 
49.4 
45.9 
46.9 
47.8 
48.5 

a Turnip  rape also. 

Testing this method on a series of pure  samples of 
oilseed, which were analyzed for  five days with two 
analyses on each sample every day, the s tandard de- 
viat ion for  a single analysis lay within 0.30% and for  
the average of two duplicates within 0.27% of oil. 
The difference between averages for  the new method 
and averages of extract ion analyses made with con- 
t inuous extractors did not exceed 0.28% of oil. 
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Measurement of Calcium Ion 'Suppression by Protection of 
Foam of 'Sodium Cetyl Sulfate Solutions 
JOHN ROSS, L.. SHEDI_OVSKY, C. W. JAKOB, Coiga~-e-Palmolive Company, 
Jersey City, New Jersey 

B 
UILDERS as protective agents in the form of phos- 
phates are being used with synthetic detergents  
in greater  propor t ion and greater  tonnage than  

they ever were with f a t ty  acid soaps. The protection 
they afford enables a reasonable detersive action to be 
accomplished in hard  water  by  a relat ively smaller 
propor t ion of the more expensive synthetic detergent.  

The measurement  of the suppresion of calcium ions 
is impor tan t  in any  examination of detergency. I t  
can also be used to evaluate technical phosphates or 
other builders as well as new materials  for which the 
vir tue of sequestration or calcium ion suppression is 
claimed. 

In  the following work the foam height is used as an 
indicator  that  the concentration of sodium eetyl sul- 

fate  is undiminished or, in other words, that  the solu- 
tion is effectively free f rom calciunl ions. Although 
the foam of m a n y  synthetic detergents is not as seri- 
ously affected by the presence of calcium ion as is the 
foam of pure  sodium cetyl sulfate, it must  be remem- 
bered tha t  builders are used for m a n y  purposes where 
the efficiency is affected to vary ing  degrees by the 
presence of calcium ion (1, 2). 

Several methods for est imating the removal of cal- 
cium ions have been previously described. Andress 
and Wust  (3) and later  Hafford et al. (4) used a 
turbidime~ric t i t rat ion.  In  the la t ter  procedure the 
indicator  which precipi tates  as calcium salt was ap- 
pa ren t ly  present in the phosphate tested, and both 
the concentrat ion and type  of phosphate  which forms 
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F r o .  1. E f f e c t  o f  a d d i n g  c a l c i u m  c h l o r i d e  s o l u t i o n  on the  
f o a m  h e i g h t  o f  0 . 0 1 5 %  s o d i u m  ce ty l  s u l f a t e .  

A.  S o l u t i o n  w i t h  0.0375 M NaC1 
p = C o n c e n t r a t i o n  o f  c a l c i u m  s a l t  e q u i v a l e n t  to  s o d i u m  
ce ty l  s u l f a t e .  

B .  S o l u t i o n  w i t h o u t  NaC1.  

insoluble calcium salts were variable. The addit ion of 
a small amount  of oxalate or f a t t y  acid soap as an 
indicator has also been used for  similar turbidimetr ie  
tests (5). 

Ca l c ium ions may  be removed by the format ion 
of soluble complex anions or by the precipi tat ion of 
insoluble calcium salts. Turbidimetr ic  procedures ap- 
pear  to be suitable only for  the estimation of removal  
of calcium by complex anion format ion but  not by 
precipi tat ion or when both precipi ta t ion and soluble 
complex format ion  are involved. 

These limitations were largely overcome by  Miles 
and Ross by using the foaming propert ies  of f a t t y  
acid soaps for  the d e t e r m i n a t i o n  of the min imum 
amount  of salts required to prevent  the precipi tat ion 
of calcium soaps (6). However  these tests required 
adjus tments  of p H  to correspond to the opt imum 
foam volume for the soap (7). In  order to avoid 
these restrictions of soap with regard  to p H  changes, 
it is desirable to use a mater ia l  as indicator whose 
foaming propert ies  are not affected by changes in pH.  
Fur the rmore  the calcium salt of this indicator should 
have a sufficiently low solubility at the t empera tu re  
examined to compete with the precipi tat ion of the 
calcium salt or the format ion of complex ions of the 
compound tested so as to permi t  comparat ive evalua- 
tion of protection in hard  water.  Pure  sodium eetyl 
sulfate meets both of these requirements.  

Procedure 

The 0.06 g. of pure  sodium cetyl sulfate p repared  
by the procedure previously described (8) was dis- 
solved in 384 cc. water  at 46-49~ and to this solu- 
tion 8 ec. of calcium chloride solution were added, 
which contained 5,000 p.p.m, calcium hardness (ex- 
pressed as CaCOs). The solution was aged at  least 
10 rain. and then 8 cc. of a 0.1% phosphate or other 
solution tested were added. Af te r  5 rain. a pour-foam 
test was made and the initial foam height noted (9). 
The water  in the jacket  of the appara tus  was kept 
at 49~ 

The 1-co. portions of the protective solution to be 
tested were then added until  the pour-foam test gave 
a foam height of 180-200 mm., which is the end-point 
for  complete protection, When  the total  final volume 
was 400 cc., it contained 100 p.p.m, calcium salts (ex- 
pressed as C a C Q ) ,  which is equal to 4 x 10 -4 moles 
of calcium salts in 400 ee. The amount  of phosphate 
or other protective agent  required is determined. The 
mole and weight ratios given in Table I are calcu- 
lated f rom these data. Other concentrations of cal- 
cium salts were obtained by adding the necessary 
amounts  of calcium chloride solution. 

TABLE I 

Protection of Sodium Cetyl Sulfate in Calcium H a r d  Water 

Compound tested 

Sodium orthophos- 
phate (NaaP04) 

Tetrasodium 
pyrophosphate 
(Na~PeO~) 

Sodium tripoly- 
phosphate 
(NasPaOlo) 

Sodium metaphos- 
phate (Calgon) 

Tetrasodium salt of 
ethylene diamine 
tetra-acetic acid 

Calcium ] 
hardness, I 

p.p.m. 

100 

20 
100 
360 
360 

20 
20 

100 
100 
100 
100 
100 
100 
360 
360 
360 
360 

20 
100 
100 
360 
360 

100 
360 

p i t  

11.0 
11.2 

,9 .5  
9.5 
8.0 
9.6 

8,0 
9.5 
8.0 
8.5 
9,0 
9.5 

10.1 
11.0 

8.0 
8.5 '  
9.0 
9,5 

6.6-9.5 
6.7 
8.0 
6.3 

8.0-9.5 

6.8-11.0 
8.8 

Mole 
ratio, 

compound 
tested/ 
calcium 

20.0 
8.0 

2.6 
2.4 
1.7 
1.2 

1.6 
1.1 
1.7 
1.4 
1.2 
1.1 
1.0 
1,0 
1.3 
1.15 
1.1 
1.0 

1.0 
1.0 

Weight 
ratio, 

compound 
tested/ 
CaCO~ 

32.5 
13.0 

6.9 
6.4 

5.9 
4.1 
6.3 
5.2 
4.4 
4.1 
3.8 
3,8 
4.8 
4.2 
4.1 
3.7 

3.7 
5.8 
4.6 
5.5 
4.6 

3.8 
3.8 

The p i t  of the solution was adjusted with NaOH 
or HC1 solution. A Beckman Model G glass electrode 
assembly was used fo r ' a l l  p H  measurements.  

Results and Discussion 

A concentration of 0.015% sodium cetyl sulfate cor- 
responds to the break in foam height v s .  concentrat ion 
curve (8) for  aqueous solutions. Addit ion of sodium 
chloride t o  the solutions decreases the concentrat ion 
at which a sharp break in the curve appears.  

The sensit ivity of the protection test is indicated 
by  the effect of adding calcium chloride solution on 
the foam height of solutions of sodium cetyl sulfate 
containing 0.0375 molar  (0.219%) sodium chloride, 
F igure  I (A).  The end-point corresponds to about  
two par t s  per million of calcium salt (expressed as 
C a C Q )  for concentrations of sodium chloride about  
50% greater  than  the largest  amount  present  in any  
of the protection tests reported.  

The ratios given in Table I show the relative quan- 
tities of the compounds necessary to reduce the cal- 
cium ion (Ca ++) concentrat ion to a value which no 
longer produces depressing effects on the foam (less 
than  2 p.p.m, or 2 x 10 -~ molar  calcium salt) .  

For  the phosphates at a par t icular  pH,  higher total  
calcium salt concentrations gives smaller rat ios of the 
compound tested to the calcium salts required for  
protection. Fo r  any  par t icular  total  calcium salt con- 
centrat ion an increase in p H  for the range studied 
requires smaller ratios. 
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Precise values are difficult  to obtain for sodium 
orthophosphate  and te t rasodium p y r o p h o s p h a t e  a t  
various p H  values. This behavior is probably  due 
to changes in equilibria in ortho and pyrophosphoric  
acids and may  also be due to variat ions in composi- 
tion and adsorption effects of the calcium phosphate 
precipitates.  When calcium phosphate precipi tates are 
not formed, the values necessary for  protection are 
much more easily obtained. 

The protect ion obtained with changes in p H  ap- 
pa ren t ly  reflects shifts in equilibria for  the various 
phosphates. I t  should be emphasized that  the values 
are significant only on a relative basis and for a 
par t icu lar  p H  of the solution. 

For  sodium tr iphosphate,  protection is obtained in 
the p i t  range 9.5-11 at a mole ratio of 1.1 to 1.0. At  
lower p H  (values) a larger  mole rat io is required. 

For  te t ra  sodium salt of ethylene diamine te t ra  
acetic acid,  at p H  above 6.8, the mole ratio for pro- 
tection is 1.0 for 100 p.p.m, as well as for 360 p.p.m. 
calcium hardness. At 100 p.p.m, calcium hardness at 
p H  less than  6.8, larger  mole ratios are required for 
protect ion for this compound. 

Some of the data with sodium eetyl sulfate have 
been compared with the protection obtained with so- 
dium oleate as the foam indicator (6). For  a solution 
with total  hardness of 100 p.p.m, calcium salt, tetra-  
sodium pyrophosphate ,  sodium tr iphosphate,  and so- 
dium metaphosphate  (Calgon) show the same order 
of protect ion for the two tests, but  the ratios of the 
protection values are different. For  the sodium oleate 
test greater  difficulty was experienced in est imating 
the end-point than with the cetyl sulfate. In  order to 
operate in the region of opt imum foam height, the 
p H  was maintained at 10.5. Such a restr ict ion is not 
required in the eetyl sulfate measurements2 

The test  for protection of foam of sodium eetyl 
sulfate may  be considered f rom the point of view of 
a competi t ion for calcium ion (Ca ++) by the cetyl sul- 
fate anion to precipi tate  calcium cetyl sulfate and 
by the compound tested to precipi tate  a calcium salt 
or to fo rm a complex calcium ion. 

Fo r  example, for the te t rasodium salt of ethylene 
diamine tetra-acetic acid the following equilibria may  
be considered, where parentheses represent  thermo- 
dynamic  activities: 

K - -  (Car  ~) 
(Ca~+) (g~) (1) 

where y-4 is ethylene diamine tetra-acetate  anion. 

(Ca ++) at end point ~-- (Ca y-2) 
K (Y-~) (2) 

when the foam height is 180-200 mm. 

(Hu (3) 

Ksr, ~ solubility product  of calcium cetyl 
sulfate---- (Ca ++) (D-) 2 (4) 

1 I t  has been d r a w n  to our at tention by A. F. Rutkiewic tha t  due to 
the low solubility of potass ium cetyl sulfate this procedure  cannot  be 
applied in the presence of potass ium salts. 

where (D-) represents the eetyl sulfate anion con- 
centrat ion:  K and K ~ are available f rom the work of 
Schwarzenbach and eoworkers (10). Using these val- 
ues, the calculated solubility of calcium cetyl sulfate 
is approximate ly  2 mg. per  100 cc. This is the solu- 
bility in a solution containing about 0.015 M sodium 
chloride. 

Measurements of the electrolytic conductivi ty of a 
sa turated solution of calcium cetyl sulfate at 45~ 
indicate a solubility in water  of about 1 rag. per 100 
ec. This estimate was made on the basis of the equiv- 
alent conductance of calcium (Ca ++) and of e e t y l  
sulfate anion. 

I t  appears  that  the solubility of calcium cetyl sul- 
fate is greater  when other salts are present  than  in 
distilled water.  This is in accord with the difference 
between curves A and B in F igure  1. Curve A (with 
NaC1) is always above B (without NaC1), and some 
foam is still obtained af ter  the equivalence point p. 

Summary 
Relative protection of various compounds against 

calcium salts was determined by a pour-foam test, 
using sodium eetyl sulfate as a foam-producing indi- 
cator. The sensit ivity of the test corresponds to less 
than 2 p.p.m, of calcium salt. 

Some of the data are compared with similar tests, 
using sodium oleate as an indicator, and advantages 
of the cetyl sulfate test are noted. 

The test is discussed f rom the point of view of a 
competit ion for calcium ion by  the cetyl sulfate anion 
to precipi tate  calcium eetyl sulfate and by the com- 
pound tested to precipi tate  a calcium salt or form 
complex calcium ions. 

On the basis of the equilibria involved an estimate 
is made of the approximate  solubility of calcium cctyl 
sulfate in the salt solutions tested. 
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