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and sometimes mysterious art to an increasingly exact 
science capable of precise physie.al and chemical con- 
trol from raw materials to finished lubricants. 

Grease lubricants are primarily used in those ap- 
plications where oils are unsatisfactory because of 
seepage and leakage. Because greases possess the 
characteristics of better adherence and resistance to 
seepage or leakage, they are also becoming increas- 
ingly preferred to oils in many applications wherein 
frequent replenishing is necessary when oil is used, 
but where such relubrication is inefficient or imprac- 
tical. Greases are accordingly finding increased appli- 
cations where performance for long periods without 
attention for shut-downs and relubrication is desired. 

The future trends in grease lubricants may accord- 
ingly be summarized as: 

1. Increasing importance in the over-all field of lubrication. 
2. Development of improved greases having combined prop- 

erties of high melt ing points, good water resistance, and 
exceptional stabili ty for long service under severe condi- 
tions of load, temperature,  and environment. 

3. I m p r o v e d  methods of production including c o n t i n u o u s  
rather than  batch manufacture ,  mechanical homogeniza- 
tion and dispersion, etc. 

4. Emphasis  on the purity, composition, and stabil i ty of the 
fa t s  and f a t ty  acids utilized in making the m e t a l  soap  
bases. 

With further respect to the fatty materials used in 
lubricating greases, it is well known that trace im- 
purities of iron, copper, nickel, and lead in fats or 
fat ty acids will act as active oxidation catalysts in 
greases exposed to elevated temperatures. Since oxi- 
dation stability of grease lubricants is receiving much 
attention, increased interest in fats containing mini- 
mums of catalytic impurities is indicated. 

Because of the emphasis on temperature stable and 
oxidation resistant greases, much attention is also 
being given to oxidation inhibitors and similar addi- 

tires. Study of the natural inhibitors present in 
many natural fats and the development of improved 
or stabilized fats is accordingly of much interest to 
grease manufacturers. 

Lastly, grease chemists are paying considerable at- 
tention to metallic soaps prepared from substantially 
single component fats or fat acids instead of the het- 
erogeneous mixtures existing in natural fats. There 
thus seems to be a fertile field for cultivation in fats 
and acids of more uniform and definite composition 
than the natural fats and roughly fractionated con- 
stituents therefrom. 

The grease industry will certainly be interested ~n 
developments and improvements in fat technology 
along the lines mentioned and will welcome the coop- 
eration of fat processors in the constant effort to 
produce better lubricants. 
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Report of the Glycerine Analysis Committee 
October, 1 9 4 6  

T HE Glycerine Analysis Committee has conducted 
collaborative analyses by three methods on three 
samples of glycerine and two types of organic 

impurities most frequently found in c o m m e r c i a l  
glycerine products. The analytical methods investi- 
gated were : 

1. Apparent  Specific ( ] ravi ty--Pycnometer  M e t h o d  
25~176 

2. Moisture by Kar l  Fischer Method. 
3. Determination of Glycerol by Oxidation with 

Periodic Acid. 

As a result of these studies your committee recom- 
mends adoption of the procedures listed above, and 
herein described in detail, as tentative methods of 
the Society. The specific gravity method includes the 
table prepared by Bosart and Snoddy for conversion 
of apparent specific gravity into percent glycerol. 

Preparation of Samples 
Sample 1-A was a commercial C. P. glycerine dis- 

tilled from selected salt crude and believed to be of 
high purity. Samples 1-B and 1-C were prepared 
from 1-A by dilution with about 5 and 12% distilled 
water. 

Sample 2-A was a commercial trimethylene glycol. 
Such a product may be expected to contain normally 
about 1% glycerol. Sample 2-B was a crude poly- 
glycerol, chiefly the dimer. From the mode of prep- 
aration, and data collected during the process, it was 
believed to contain about 20% glycerol. Samples 2-C 
and 2-D were prepared by addition of 80~ 1-A to 
20% 2-A, and 80% 1-A to 20% 2-B, respectively. 

Periodic Acid Method 
A summary of the analyses reported by eight mem- 

bers of the committee is shown in Tables I and II. 
No difficulty was reported in the analysis of samples 
l-A, l-B, and 1-C. Samples 2-A and 2-B gave some 
trouble, chiefly in selection of proper size of sample. 
Polyglycerols apparently are oxidized to some extent 
by periodic acid, but without production of formic 
acid which results from the oxidation of glycerol. Tri- 
methylene glycol reduces periodic acid, but to a some- 
what smaller extent. In the presence of considerable 
oxidizable impurities insufficient periodic acid may be 
left to accomplish the desired oxidation of glycerol 
itself unless the sample size is held to a smaller weight 
than is indicated by note 6 of the method. This trou- 
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T A B L E  I 

Commercial C. P.  Glyeerines of V a r y i n g  Wate r  Content 

19 

Sample No. 1-A 1-B 1-C 

Periodic  Per iodic  Periodic  
% Apparen t  Glycerol f rom Sp. Gr. Moisture  Acid Sp. Gr. Moisture Acid Sp. Gr. Moisture  Acid 

Pohle ............................. 
Parsons ............................ 
Luckow ...................................... 
Bennett  .......................... 
Whyte ....................... 
Van Zile; .................................... 
Andrews ............................ : ....... 
0olt .... 

Average ...................................... 

95.8 
95.9 

95.82 
95.45 
95.6 
95.76 
95.70 

95.72 

95.8 
95.75 

95.63 
95.36 
95.2 
95.83 
95.65 

95.60 

96.8 
95.95 
96.00 
96.12 
95.47 
95 .45  
96.43 
95.9 

95.95 

91.17 
91.2 

91.11 
91.12 
90.85 
91.00 
91.13 

91.08 

91.1 
91.15 

91.18 
91.00 
90.65 
91.14 
9 L 0 5  

91.04 

91.55 
91.0 
90.63 
91.42 
91.00 
90.45 
91.64 
91.25 

91.12 

84.35 
84.4 

84.26 
84.41 
84.1 
84.19 
84.32 

84.29 

84.4 
84.45 

84.24 
84.13 
83.75 
84.47 
84.25 

84.24 

84.6 
84.5 
88.73 
84.42 
84.19 
84.0 
85.19 
84.6 

84.40 

ble is not encountered in the analysis of reasonably 
pure samples. Two methods for controlling size of 
sample have been suggested by members, and they 
will doubtless be the subjects of further investigation 
by the committee. 

T A B L E  I I  

% Appa ren t  Glycerol by Periodic  Acid Method 
In  Presence of Common Impur i t ies  

Commercial 
Trimethylene 

Glycol 

Sample No ..................... 2-A 

Pohle ............................ 
Parsons ..... 
Luekow ..... 
Bennett  ................ 
Whyte ........................... 
Van Zile ........................ 
Andrews ................ 

1.05 
0.86 
0.97 
1.17 
1.06 
1.15 
0.99 

Crude 
Diglyeerol 

(About  
20% 

Glycerol) 

2.B 

20.2 
19.6 
19.15 
22.46 
19.65 
19.2 
20.01 

Colt ....................................... 

Average ........................ 1.04 20.04 

Calculated f rom 80% 1-A -~- 20% 2-A ...................... 
Calculated f rom 80% 1-A -~- 2 0 %  2-B ...................... 

80% 1-A 
20% 2-A 

2-C 

77.6 
76.5 
76.11 
77.27 
76.64 
75.85 
76.68 
76.85 

76.69 

76.97 

80% 1-A 
20% 2-B 

2-D 

81.8 
80.4 
80 .27  
80.81 
79.98 
79.7 
80.77 
80.7 

80.42 

80.77 

The committee checked selection of 5.4 and 6.2 pH 
a s  endpoints in titration of blanks and oxidized sam- 
ples respectively. One member prefers a pH for both 
about 0.4 lower than these prescribed values but his 
experience is believed to be abnormal. The periodic 
acid method is regarded as a useful addition to our 
analytical repertoire. In the words of the Swift and 
Company chemists, who worked out  i ts  de t a i l s  , - 
"This  method has served and is serving the excellent 
purpose of making possible the accurate determina- 
tion of glycerol in the presence of impurities which 
interfere with other procedures. The authors do not 
propose ~o submit it as a substitute for either the di- 
chromate or acetin methods but rather as an added 
tool to fill a previous gap." 

Moisture by Fischer Method 
Details of the method were furnished by Swift and 

Company Research Laboratories. Several members 
employed a closed system with mechanical stirring 
and a potentiometric titration apparatus. While it is 
not our intention to preclude the use of such excellent 
equipment, the method, as written with visual end- 
point, is regarded as satisfactory except for samples 
dark in color. 

Specific Gravity Method 
The method is essentially that of Procter and 

Gamble Company. Conversion of specific gravity 
to glycerol l~y use of the table is obviously applicable 
to samples in which water is the only impurity. 

H .  C. BE~n~m.~ W . D .  POHLE 
E. W .  COLT B.S. VAN ZIL~ 
R .  N. ])uPuIS L.K. WHYTID 
E .  R .  L ~ C ~ o w  J . T . R .  A ~ m v s ,  
L .  B .  PARSONS c h a i r m a ~  

D e t e r m i n a t i o n  o f  G l y c e r o l  b y  O x i d a -  
t i o n  W i t h  P e r i o d i c  A c i d  

Scope 
Applicable to any glycerine solution. Especially 

useful in the analysis of samples containing oxidiz- 
able organic impurities and certain hydroxylated com- 
pounds which interfere with the dichromate and acetin 
procedures. This method is more specific for glycerol 
than any other recognized procedure. 

Reference 
Bradford, Pohle, Gunther, and Mehlenbacher, 0ii 

& Soap 19, 189-93 (Nov. 1942). 

Principle 
Investigators have shown that at room tempera- 

tures, periodic acid oxidizes polyalcohols contain- 
ing two or more adjacent hydroxyl groups, splitting 
the compound between the carbon atoms attached to 
these hydroxyl groups. The end hydroxyl groups are 
oxidized to aldehydes and the inner HCOH groups are 
oxidized to formic acid. For example, the reaction with 
ethylene glycol can be represented by the equation-- 

C H ~ O H - -  C H ~ 0 H  -[- H~IO~-->2HCHO-}-  H I 0 3  -{- 3 H 2 0  

and the reaction with glycerol is 

C H 2 O H - - C H O H - - C H ~ O H +  2 H s I O ~ - > 2 H C H O + H C O C H +  
2 H I 0 3 - { - 5 H 2 0 .  

Trimethylene glycol and other polyalcohols in which 
the hydroxyl groups are not adjacent are not oxidized 
at normal temperatures. In the reaction with glycerol, 
the betahydroxyl group is oxidized to formic acid and 
the adjacent groups are oxidized to formaldehyde. 
Therefore, the amount of formic acid produced is a 
measure of the glycerol present. 

Reagents and Solutions 
P e r i o d i c  a c i d  s o l u t i o n - - D i s s o l v e  20 g r a m s  o f  p e r i o d i c  ae id  

i n  o n e  l i t e r  o f  w a t e r .  I f  t h e  s o l u t i o n  is  n o t  c l e a r ,  f i l t e r  through  
s intered  g l a s s  f i l t e r .  S t o r e  t h e  s o l u t i o n  i n  a d a r k ,  g l a s s  stop- 
pered b o t t l e .  T h e  o x i d i z i n g  p o w e r  o f  t h i s  s o l u t i o n  decreases  
s l o w l y  w i t h  t i m e .  A b l a n k  m u s t  b e  r u n  e a c h  d a y  a n a l y s e s  are  
m a d e .  

S o d i u m  h y d r o x i d e - - - 0 . 1 2 5 0  N .  S t a n d a r d i z e  w i t h  p o t a s s i u m  
a c i d  p h t h a l a t e ,  u s i n g  p h e n o l p h t h a l e i n  i n d i c a t o r .  

M e t h y l  r e d - - D i s s o l v e  0.1 g r a m  i n  100  ml .  9 5 %  a l c o h o l .  
S o d i u m  h y d r o x i d e - - - A p p r o x i m a t e l y  0 .05  N .  
S u l f u r i c  a c i d - - A p p r o x i m a t e l y  0.2 N .  

Apparatus 
F i f t y - m l .  b u r e t t e ,  a c c u r a t e l y  c a l i b r a t e d .  
F i f t y - m l .  p i p e t t e ,  a c c u r a t e l y  c a l i b r a t e d .  
V a r i a b l e  s p e e d  s t i r r e r .  
G l a s s  e l e c t r o d e  p H  m e t e r .  

Procedure 
The amount of excess periodic acid in the glycerol- 

periodic acid reaction is critical. Therefore it is neces- 
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s a r y  to know the  a p p r o x i m a t e  concen t r a t i on  of  the  
sample  to be ana lyzed .  Somet imes  t r i a l  tes ts  m u s t  be  
m a d e  to locate  the  a p p r o x i m a t e  range .  R e f e r  to Tab le  
I fo r  the  size sample  to be weighed.  

T A B L E  I 

W e i g h t  of Sample  to be Taken for  Analys is  Based  
Upon  the  Glycer ine  Content  

Size of sample Size of sample 
Size of saml~le to be selected to be selected 

% Glycerol to be selected if  same is to if  same is to 
in  p roduc t  i f  en t i re  be di luted to be d i lu ted  to 

to be sample is used  2 l i ters  and  50 500 ml. and  50 
analyzed for  analysis  ml. w i t h d r a w n  ml. w i t h d r a w n  

for analys is  for  analysi~ 

100 
90 
80 
70 
60 
50 
40 
30 
25 
20 
15 
10 

8 
7 
6 
5 
4 
3 
2 
1 
0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 

.1200 to .1500 

.1330 to .1670 

.1500 to .1880 

.1720 to ,2180 

.2000 to .2500 

.2400 to .3000 

.3000 tO .3750 

.4000 to .5000 

.4800 to .6000 

.6000 to .7500 

.8000 to 1.000 
1.200 to 1.5 
1.5 to 1.88 
1.72 to 2,18 
2.0 to 2,5 
2.4 to 3.0 
3.0 to 3.75 
4.0 to 5.0 
6.0 to 7.5 

12.0 to 15.0 
13.3 to 16.7 
15.0 to 18.8 
17.2 to 21.8 
20.0 to 25.0 
24.0 to 30.0 
30.0 to 37.5 
40.0 to 50.0 
60.0 to 75.0 

4.8 to 6.0 
5.3 to 6.7 
6.0 to 7.5 
6.9 to 8.6 
8.0 to 10.0 
9.6 to 12.0 

12.0 to 15.0 
16.0 to 20.0 4.0 to 5.0 

4.8 to 6.0 
6.0 to 7.5 
8.0 to 1O.0 

12.0 to 15.0 
15.0 to 18.8 

A l l  w e i g h i n g  m u s t  be  a c c u r a t e l y  a n d  r a p i d l y  made. 
W e i g h i n g s  a r e  c o n v e n i e n t l y  m a d e  in  a smal l  beake r ,  
p o u r i n g  f r o m  th is  in to  a flask or  beaker .  

I f  the  g l y c e r i n e  con ten t  is 30-100%, we igh  in to  a 
2 - l i t e r  vo lume t r i c  flask, make  to vo lume wi th  d i s t i l l ed  
wa te r ,  m i x  well,  p i p e t t e  50 ml, in to  a 600-ml. beake r ,  
a n d  cover  w i t h  a w a t c h  glass.  

I f  the  g l y c e r i n e  con ten t  is 10-30% fol low the  same 
p r ocedu re ,  u s ing  a 500-ml. vo lume t r i c  f lask i n s t e a d  of 
a 2-l i ter .  

I f  the  g lyce r ine  con ten t  is be low 10% p o u r  d i r e c t l y  
f r o m  w e i g h i n g  b e a k e r  in to  600-ml. beake r ,  a d d  a b o u t  
50 ml. d i s t i l l ed  wa te r ,  a n d  cover  wi th  a w a t c h  glass.  

A d d  one d r o p  of the  m e t h y l  r e d  i n d i c a t o r  to the  
s amp le  in  the  600-ml. beake r ,  a c i d i f y  w i t h  the  0.2 N 
s u l f u r i c  aci[i. N e u t r a l i z e  w i th  the  0.05 N sod ium hy-  
d rox ide  to the  ye l low color  which  co r r e sponds  w i th  a 
p H  of a b o u t  6.2. I f  the  color  of th is  so lu t ion  in t e r -  
fe res  w i t h  the  de tec t ion  of the  color  changes  of  the  
ind ica to r ,  use the  p H  m e t e r  a n d  in  th i s  case a d j u s t  
to  t he  p i t  to wh ich  the  f inal  t i t r a t i o n  is to be  ca r r i ed .  
A d d  wi th  a p i p e t t e  50 ml.  pe r iod i c  acid,  shake  g e n t l y  
to  effect t h o r o u g h  mix ing ,  cover  w i th  a w a t c h  glass  
a n d  a l low to s t a n d  fo r  one hou r  a t  room t e m p e r a t u r e .  
A t  the  same t ime  p r e p a r e  a b l a n k  c o n t a i n i n g  on ly  
50 ml. wa te r ,  w i th  no g lycero l ,  a n d  r u n  a long  w i th  the  
sample .  

A f t e r  a l l owing  the  s amp le  to s t a n d  fo r  one hour ,  
d i lu t e  to 240-250 ml.  a n d  t i t r a t e  w i th  the  0.125 N 
sod ium h y d r o x i d e  u s i n g  a glass  e lec t rode  p H  m e t e r  to 
d e t e r m i n e  the  endpo in t .  The sample  shou ld  be  agi-  
t a t e d  w i th  a s t i r r e r  d u r i n g  the  t i t r a t i o n .  The  b l a n k  is 
t i t r a t e d  to a p H  of 5.4 a n d  the  s amp le  to a p H  of 6.2. 
I f  the  a c t u a l  f r a c t i o n  of s amp le  b e i n g  t i t r a t e d  con- 
t a i n s  more  t h a n  0.1 g r a m  sal t ,  t i t r a t e  to the  co r r ec t ed  
e n d p o i n t  shown in  Tab le  I I .  

T A B L E  I I  

The E n d p o i n t  for  the Alkal i  T i t r a t ion  of Solut ions  
Con ta in ing  Sodium Chlor ide  

Grams  of 
Sod ium Ghloride 

in  the sample 
t i t r a ted  

0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
1.0 
2.0 
4.0 
6.0 

10.0 
15.0 
20.0 
25.0 

p H  to which  
the t i t r a t i on  

Should be 
carr ied  " 

6.20 
6.20 
6.19 
6.17 
6.16 
6.15 
6.08 
6.02 
5.96 
5.85 
5.75 
5.63 
5 . 5 4  
5 .46  

W h e n  the  t i t r a t i o n  a p p r o a c h e s  the  e n d p o i n t  a d d  the  
a lka l i  in  i nc r e me n t s  of 0.1 ml .  to a n d  p a s t  the  equiva-  
lence po in t .  R e c o r d  the  vo lume of sod ium h y d r o x i d e  
a n d  the  c o r r e s p o n d i n g  p H  when  w i t h i n  0.1-0.2 ml.  of  
the  e n d p o i n t  a n d  do l ikewise  a f t e r  p a s s i n g  the  end-  
po in t .  F r o m  these  da ta ,  ca lcu la te  t he  a c t u a l  a lka l i  
r e q u i r e d  to t i t r a t e  to the  p r o p e r  endpo in t .  

Calculation of endpoint 
vl~--Volume of alkali before endpoint--pH1 corresponding 

to VI 
V2MVolume of alkali after endpoint--pH~ corresponding 

to V~ 
Vz~Volume of alkali at endpoint--pH: corresponding to 

V: and obtained from Table I I  

pH2--pH1 

Calculation of percentage of glycerol 
x =M]. sodium hydroxide to titrate sample 
Y ~M1. sodium hydroxide to titrate blank 
N~Normal i ty  of sodium hydroxide 
W~Weight  of sample 

(X--Y) XNX0.092094X100 
% Glycerol~ W 

Notes on Method 
1. I f  the sample contains an appreciable amount of buffering 

material, always adjust the pH with pH meter to the end- 
point to which the sample will be titrated. In some in- 
stances the buffering action may be sufficiently great to 
tend to prevent good reproducibility of results. 

2. In order to produce accurate results extreme care is neces- 
sary in all manipulations. The burette should be read to 
0.01 ml., using a magnifier. This analysis must be carried 
out in an atmosphere free from acid or alkaline vapors. 
A suitable temperature is from 25 to 31~ 

3. When analyzing samples of salt containing more than 2% 
glycerol, dissolve in 50 mL of water. For samples contain- 
ing less than 2% glycerol, dissolve in 100 ml. of water. 

4. Use 25 grams of salt for all samples containing less than 
0.5% glycerol. 

5. Cork should not be used to stopper any of the flasks used 
in this determination or in any other way be allowed to 
come in contact with any of the materials used in or for 
the analysis. 

6. The titration for the formic acid (titration of the sample 
minus the titration of the blank) must be not less than 
30% and not more than 40% of the blank titration. This 
is to insure the proper ratio of periodic acid to sample, 
that is, the correct excess of reagent. 

7. Very careful manipulation is required throughout the peri- 
odic acid method. This is readily appreciated when it is 
realized that the glycerol in the sample is equivalent to 
approximately 10 ml. of the standard alkali and that 0.01 
ml. of the standard alkali is equivalent to 0.1% of the 
actual glycerol. The determination must be carried out 
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in an atmosphere free from acid or alkaline vapors which 
might be absorbed and influence the titration. In some 
cases, the buffering action of some samples, especially 
glycerine foots, has been found to be so great that  it was 
impossible to obtain accurate results. 

The determination of glycerol in widely varying samples 
has been found to agree with 0.4% or less of the actual 
glycerol present. The glycerol content of crude glycerines 
as determined by the periodic acid method has, in general, 
been found to be higher than that as determined by the 
acetin procedure. 

Method for the Determinat ion  of 
Mois ture  In  Glycer ine  Us ing  

the F i s c h e r  Reagent  
Scope 

A p p l i c a b l e  to  d i s t i l l e d  g l y c e r i n e s .  M a y  be  a p p l i e d  
to  m a n y  o r g a n i c  s o l v e n t s  w h i c h  s h o w  no  i n t e r f e r i n g  
r e a c t i o n s  o r  colors .  

Reagents 
A. Fischer Reagent: 

1. Preparation : 
502 grams anhydrous pyridine, Bar re t t ' s - -2A-- re f ined  
or Eastman Kodak No. 214-H. 
102.5 grams sulfur dioxide, anhydrous. 
202 grams iodine, reagent quality. 
1000 ml. anhydrous methanol, du Pont ' s  or equivalent. 

Discharge the SO2 from a drum through a tube into 
and beneath the surface of the pyridine. This mixture 
is stable and may be prepared and held as a stock solu- 
tion. When ready to use, add methanol and cool under 
tap water. Add the iodine slowly with constant shaking 
and cooling. This reaction will get out of hand if 
allowed to proceed too rapidly. Allow the reagent to 
stand for 24 hours before standardizing or using. 

For storage of reagent and methanol solvent a bottle 
and burette assembly, such as Scientifc Glass Appara- 
tus Company, No. J-740, is recommended. 

2. Standardization : 
a. Pipette two or three 10-ml. portions of the methanol- 

water standard into 125-ml. Erlcnmeyer. Keep stop- 
pered until ready to titrate. 

b. Fill Fischer reagent burette and discard first 2 to 3 
ml. at tip of burette. 

c. Titrate standard with reagent. Rotate flask to keep 
color dispersed. The endpoint is the change from 
yellow to red and the red should persist for at  least 
5 minutes when the flask is immediately stoppered 
after  reaching the endpoint. Add reagent in in- 
crements of 0.2 ml. when nearing the endpoint. 

d. Each ml. reagent in grams of I L O ~  

M(from C-3-C) 
~ F  M1. reagent required 

Reagent must be restandardized daily because there 
is usually a slow but gradual decrease in its water 
equivalence. 

B. Methanol-Water Standard: 
1. Weigh accurately ]0.000 grams of distilled water and 

pour into a l-liter volumetric flask. Rinse the beaker 
thoroughly with anhydrous methanol and pour rinsings 
into flask. 

2. Add sufficient anhydrous methanol to bring the volume 
to 1 liter. Each ml. of this solution then contains 
0.0100 gram of water in ~ddition to the original water 
content of t h e  methanol. Protect this standard from 
change in concentration by any positive means. 

3. Determine total water content of methanol standard as 
follows : 
a. Titrate 10-ml. portion of the standard with Fischer 

Reagent~A.  
b. Titrate 10-ml. portion of the methanol used in prep- 

aration of the standard with Fischer R e a g e n t : B .  

0.1B 
c. M~0.1~-  ~ t o t a l  grams of water per I0 ml. of 

A- -B  
standard 

Example : A ~ 2 0  
B ~ l . 5  
M~0.1081 

This factor must be established with each lot of stand- 
ard immediately af ter  preparation. With this informa- 
tion, it is not essential that  the same methanol be used 
in the standard as is used for solvent. 

Caution : 
All reagents and solution must be kept well protected 
by an efficient desiccant to prevent water absorption 
from the atmosphere. 

C. Methanol Solvent 
Anhydrous methanol, maintained in a bottle-burette 

assembly. 
Anhydrous methanol absorbs water rapidly so it must 

always be well protected. 

Procedure 
1. Titrate ]0 ml. of the solvent with the reagent to determine 

the blank. 
2. Weigh into a ]25-ml. Erlenmeyer flask, a sample of such 

size that  from 10 to 45 ml. of reagent will be required, 
but not to exceed ]0 grams. 

3. Add 10 ml. of solvent and ti trate with Fischer Reagent 
until color changes to red. This color should persist for at 
least 5 minutes. 

4. % water in glycerine equals 

(titration of sample--t i trat ion of blank) 100 F 
Weight of sample 

Note 
1. When sample contains large amounts of water, weigh 

an appropriate amount into a volumetric flask, make to 
volume with anhydrous methanol, mix and t i trate a con. 
vcnicnt aliquot. 

2. Glycerine absorbs water very rapidly. Keep the sample 
protected from the atmosphere at all times. 

3. This procedure, employing a visual endpoint, is not in- 
tended to preclude the use of any satisfactory apparatus, 
of which several are available, in which the cndpoint is 
obtained potcntiometrically. The use of a closed system, 
with mechanical stirring, is to be encouraged, though it is 
not essential to accurate analysis. The method as pre- 
scribed will yield satisfactory results on any distilled 
glycerine not too dark in color to obscure the visual 
endpoint. 

Apparent  Speci f ic  Grav i ty  at 
2 5 ~ 1 7 6  

P y c n o m e t e r  Method  
Scope 

A p p l i c a b l e  to  a n y  l i q u i d  o r  s o l u t i o n ,  b u t  i n t e n d e d  
p r i m a r i l y  f o r  d i s t i l l e d  g l y c e r i n c s .  

A. Apparat~ls 
1. Pycnometer, or specific gravity bottle, of the Leach type 

of 25, or preferably 50-ml. capacity. The thermometer 
should be graduated to 0.2~ and should be calibrated 
against a Bureau of Standards certified thermometer at 
25.0~ The range of the thermometer is preferably 
from about 10~ to 40~ 

'2. B a t h - - A  well insulated bath capable of holding from 
four to eight pyenometers. A convenient size holding 
four instruments is twelve inches in diameter and seven 
inches high. I t  is made of tin or lead clad sheet metal 
and insulated with one-inch cork. A small motor-driven 
pump to circulate the water is desirable, though hand or 
motor stirring will suffice. Automatic thermostatic con- 
trol is desirable but not essential. The bath is adjusted 
and maintained at 25~176 by manual or automatic 
thermal regulation. A deeper bath to provide for greater 
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bulk of water, thus holding fluctuations in temperature to 
a minimum~ is desirable, but not essential. I f  this type of 
bath is employed, the pyenometers should rest on a false 
bottom of wire mesh or perforated metal and at a depth 
such that  immersion of the pycnometer will be to the 
neck of the instrument. Any suitable thermometer, grad- 
uated to 0.1 ~ or 0.2~ and accurately calibrated, may be 
used to register the temperature of the bath. 

3. A sensitive analytical balance and set of weights accu- 
rately calibrated. Weighings must be made to nearest 
milligram. 

B. Procedure 
1. Calibration of Pycnometer--Clean and dry the pycnom- 

eter assembly thoroughly and obtain its weight to nearest 
0.001 gram. Fill it with freshly boiled distilled water 
which has been cooled to about 20~ Insert the ther- 
mometer and place in bath with cap of side arm removed. 
Allow the temperature to rise until the temperature of 
the pycnometer thermometer and that  of the bath are 
identical, i.e. 25.0~176 This may require from 20 
to 30 minutes. When this condition has been obtained, 
remove excess water from the tip of side arm and replace 
cap. Remove pyenometer from bath and dry thoroughly 
with a clean towel, avoiding too brisk rubbing which 
tends to induce a static charge. Weigh pyconometer and 
contents, dry again with towel and reweigh to nearest  
milligram. 

Weight of pycnometer -~- water - -  weight of pycnometer 
---- weight of water in pycnometer at 25.00C. 

2. Determination of Glycerine Specific Gravity--The glyc- 
erine sample must be free from air bubbles. I f  not, they 
may be removed by warming and allowing them to rise 
to the surface, or this action may be hastened by centri- 
fuging. During all of these operations precautions must 
be taken against loss of moisture from the sample by 

evaporation or gain in moisture because of its well known 
hygroscopic nature. Cool the glycerine to about 20~ 
and fill the cleaned, dried and tared pycnometer by pour- 
ing the sample carefully down the side of the neck until 
both side arm and neck overflow. Insert  the thermometer 
carefully and examine for air bubbles. I f  none are visi- 
ble, place the assembly, with side arm cap removed, in 
the bath and bring to 25~ temperature exactly as in 
B-I. Carefully remove excess glycerine from tip of s ide  
arm, replace cap, dry and weigh as described in B-1. 

Weight of pycnometer -J- sample - -  weight of pycnom- 
eter ~ weight of sample in pycnometer at  25~ 

C. Calculation 
Apparent specific gravity at 25~176 ~-~- 

Weight of sample in pycnometer at 25~ 
Weight of water in pycnometer at 25~ 

Notes 
1. For a given pyenometer, once file water weight is accu- 

rate ly  established, the calibration need not be repeated 
unless some change in the weight of the pycnometer 
assembly occurs. I t  is strongly recommended that  the 
weight of each pycnometer, dry and empty, be taken 
before each determination. This precaution is an insur- 
ance against change in weight by chipping or accidental 
interchange of caps, ete. 

2. :For conversion of apparent specific gravity of distilled 
glycerines from 25~176 to other temperatures and for 
translation of specific gravity into percent glycerine, the 
tables prepared by Bosart and Snoddy, Ind. & Eng. 
Chem., 19, pp. 506 at seq. (April, 1927) shall be em- 
ployed. These tables also permit calculation of true 
specific gravity and density from apparent specific grav- 
ity. I t  is obvious that  these tables are applicable only to 
solutions of glycerol in which water is the only impurity. 

The Effect  of S o m e  Inorganic  Sal ts  in Di lute  
So lut ion  on the F o r m a t i o n  of Calc ium 

and M a g n e s i u m  Soaps'  
G I L B E R T  D. M I L E S  and J O H N  ROSS 

Colgate-Palmol ive-Peet  Company,  J e r s e y  City,  N. J.  

B U I L D E R S ,  in the jargon of the soap technolo- 
gist, are materials  which are considered to aid 
detergent  action and foaming propert ies  of soap 

solutions. Alkali carbonates, phosphates, and sili- 
cates of various complexity are commonly used as 
builders. 

The most direct means of aiding the detergency of 
soaps in hard  water  is the prevent ion of the format ion 
of calcium or magnesium soaps. This paper  is con- 
cerned with this funct ion of builders. No a t tempt  has 
been made to measure the influence builders have on 
detergency except insofar as can be surmised f rom 
their  effectiveness in prevent ing direct loss of soluble 
soaps to fo rm calcium and magnesium soaps. 

The reaction mixture  f rom calcium and magnesium 
salts, builders, and a commercial soap or even a rela- 
t ively pure  soap, is a complex colloidal system. As 
long as excess soap is present  as a surface active 
agent, complete precipi tat ion f rom these dilute solu- 
tions has not been possible. Consequently, any direct 
analysis of the reaction products  has not been per- 
missible, and indirect  evidence must  be resorted to. 

I Presented at the 109th Meeting of the American Chemical Society, 
which was held in Atlantic City, N. J., April 8-12, 1946. 

Using an indirect  method based on the foam stabi l i ty  
of the total  soluble soap present,  we have a t tempted  
to in terpre t  these reactions o n  the basis of solubility 
products.  

In  a previous paper  (1) it was shown that  the foam 
stabi l i ty  of solutions of soaps of pure  f a t t y  acids is a 
funct ion of concentration and pH,  and for  each con- 
centrat ion of each pure  soap there was a p H  range 
within which the foam stabil i ty was at  a maximum. 
I t  was also observed that  for the soaps of the s t ra ight  
chain sa tura ted  f a t ty  acids studied, the presence of 
dispersed calcium or magnesium soaps in the solutions 
did not affect the foam stabil i ty of the remaining soap. 
This was not the case for  all the soaps of unsa tura ted  
f a t t y  acids. For  example, sodium oleate solutions 
showed reduced foam stabi l i ty  in the presence of the 
corresponding calcium soap. 

These observations have been utilized in the method 
followed in the present  investigation. Fo r  each pure  
soap, we have selected a concentration which is suffi- 
ciently critical with respect to foam stabil i ty in the 
p I I  range for  max imum foam so tha t  the pour  foam 
test used (2) permits  the measurement  of a reduc- 
tion in soap concentration of about  10 per  cent. When 


