
J U L Y  1 9 5 7  L E E N E R T S  ET A L . :  Q U A L I T A T I V E  F O A M  S T A B I L I T Y  3 6 3  

F r o .  3 

B in either initial foam volume (3-rain. photograph) 
or stability to soil (5- and 18-rain. photographs).  Fig- 
ure 4 illustrates the performance of another varia- 
tion, Formula  C, when compared with the reference 
product, Formula  A. In  this case there was a sig- 

F r o .  4 

nificant preference for the reference product, 1.29 to 
1.00 (95% probabili ty level). Definite performance 
differences are also apparent  in the photograph. The 
initial foam build-up is somewhat lower, and the sta- 
bility to soil is markedly poorer. 

Summary 
A technique utilizing a common household washer 

for the evaluation of the foaming properties of hand 
dishwashing detergents has been developed, which 
has been shown to correlate well with blind-product 
consumer-testing. In  contrast  with many tests npw 
in use this procedure incorporates the use of a variety 
of soil ingredients which may be present in actual 
home and institutional dishwashing practice, namely, 
fats, egg, vegetable juice, starches, etc. The design 
of the test equipment makes possible the simultane- 
ous observation of two products  or formula varia- 
tions, thereby permit t ing the use of a s tandard of 
measurement for relative comparisons. Photograph- 
ing the test at designated time-intervals makes it 
possible to s tudy the character  of the foams af te r  the 
completion of the evaluation. The test measures the 
properties of initial foam build-up and stability to 
soil and has shown good reproducibili ty.  
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The Evaluation of Crude Glycerine 
J. B. SEGUR, E. L. WHITTAKER, L. LASKIN, T. T. KANNO, and C. S. MINER JR., 
The Miner Laboratories, 1 Chicago, Illinois 

C 
RUDE GLYCERINE is customarily examined by the 

Official Methods of the American Oil Chemists' 
Society (1). These analyses give the content of 

glycerol, ash, organic residue, alkali, and sodium 
chloride. The results give a general indication of 
the quali ty of the crude but  do not ordinar i ly  fore- 
tell certain difficulties that  are sometimes met in 
refining the glycerine. The principal difficulties that  

1 Now a division of Ar thu r  D. Little Inc.  

may be encountered are a) foaming during distilla- 
tion, b) low yield of glycerine, e) a dark-colored 
distillate, difficult to bleach, and d) development of 
Color or odor in the refined glycerine as it ages. 

I t  was our aim in  the work described below to find 
tests that would detect the trouble-making batches. 
Since a method of quanti~/ative distillation was al- 
ready available (2),  our s tudy was directed to the 
detection of difficulties other than low yield. 
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Discussion 

In  developing tests to detect crude glycerines that  
will present  unusual  difficulties in refining, it was 
necessary to have samples represent ing both good and 
bad  crudes. F o r  such samples we are indebted to 
members  of the Glycerine Producers '  Association, 
who supplied samples that  they ra ted as " g o o d "  or 
" b a d "  according to the results obtained when refin- 
ing the crudes. A total  of 13 " g o o d "  crudes and 
11 " b a d "  crudes were studied. Correlation of the 
results in this laboratory  with rat ings given by  the 
suppliers of the samples was good except in the 
middle range of quality. Since different refiners of 
glycerine may  have different s tandards  of judging  
erudes, such lack of agreement  was to be expected. 
One sample, number  21, should be noted in part icu-  
larl Although ra ted  as " g o o d , "  it was un i formly  
" b a d "  in our tests. 

All of the samples were analyzed by the Official 
Methods of the Amer ican  Oil Chemists '  Society (1). 
The only appa ren t  correlation of analyt ical  results 
and rated qual i ty  of the crude was with the deter- 
minat ion of nonvolatile organic residue. The corre- 
lation was definite only with the five best and five 
worst samples. The remaining  14 samples were mixed. 
A low content of nonvolatile organic mat te r  is cer- 
ta inly desirable. 

A considerable number  of other tests were applied 
to the samples, and several gave significant results. 
Complete da ta  are in Table I. 

The p H  of each sample was measured as received, 
and it was found that  all samples of p H  less than  9 
foamed dur ing  distillation. Wi th  only one exception 
the others did not foam. The alkal ini ty of each sam- 
ple was adjus ted  before distillation so that  free plus 
carbonate alkal ini ty  was equivalent to 0.2% Na20. 
In  spite of this ad jus tment  the samples foamed that  
init ial ly had a p H  below 9. I t  therefore appears  that  
low p H  is not direct ly the cause of foaming but  is an 
indication of the presence of some foaming agent  re- 
sult ing f rom the crude having been concentrated in 
a relat ively acid condition. 

Total  ni t rogen was determined in each sample. As 
might  be expected, the more acid samples had high 
nitrogen content. However  there were a number  of 
inconsistencies, and the highest ni trogen content was 
in a sample with a p H  of 10. High  nitrogen content 
was also associated with foaming, perhaps  because of 
their  mutua l  association with low pH,  but here too 
there were inconsistencies. In  general, the samples 
ra ted as " g o o d "  had a ni t rogen content below about 
0.06%, but  there were several exceptions. Results of 
the n inhydr in  test  for ni t rogen and of determina-  
tions of total  ni t rogen by the Kjeldahl  method were 
in only fa i r  agreement.  No relationship appeared  
between distil late color and results of the n inhydr in  
test on distillates. 

Two colors were developed in the n inhydr in  tests. 
Some crudes produced a blue color, others a shade 
of magenta.  This difference was evident  in the opti- 
cal density taken  on the test  solutions at  395 m~ and 
565 mt~. The blue solutions had a higher optical 
density at 395 mt~ than  at 565 mt~. The reverse was 
t rue for the magen ta  solutions. The magen ta  color 
developed only f rom crudes containing more than  
about 0.070 % of total  ni trogen but, with the limited 
number  of samples tested, it was not shown whether  
it dist inguished between good and bad crudes. 

The calcium plus magnesium content of the sam- 
ples was determined, as shown in Table I. The 
presence of calcium in crude glycerine is said to be 
associated with foaming dur ing distillation. The 
present  results confirm this. Samples with the larger  
amounts  of calcium were all among those which 
foamed. However  there are other causes of foaming, 
and a low calcium content does not preclude the 
possibility of foaming. 

Distillation and  examinat ion of the distillate was 
found to be the most informat ive  test. Vacuum dis- 
t i l lat ion at  7-8 mm. and s team-vacuum distillation 
at  9-10 mm. were both tried, and each had certain 
advantages.  "Vacuum distillation required simpler 
appara tus ,  was much s imple r  to do, was easier t o  
duplicate, and could more easily be made quanti ta-  
tive. (Dur ing  the course of this work the usefulness 
of vacuum distil lation as a quant i ta t ive method was 
shown by Schlachter and Hoffman [2].) Steam vac- 
uum distillation simulaies refinery conditions by in- 
ject ing steam into the distillation flask, collecting the 
glycerine under  a hot condenser, and collecting vola- 
tile impuri t ies  and some glycerine as a sweet-water 
f ract ion under  a cold condenser. I n  our evaluation 
of the two methods the glycerine f rom steam-vacuum 
distillations was pu re r  and slightly more reliable for  
judging  quali ty than  was the glycerine f rom " d r y "  
vacuum distillations. 

Distil lation of a sample by  either method will 
indicate its tendency to foam. Examinat ion  of the 
distillate was main ly  limited to color, stabili ty to 
heat, and blcachability. A labora tory  distillate will 
not necessarily duplicate a refinery distillate f rom 
the same crude but  will be comparable with other 
distillates produced in the same manner.  

I n  this work, interest  has been upon factors of 
qual i ty  ra ther  than  yield of glycerine. Therefore 
distillations were not forced to give the last one or 
two per  cent of glycerine. Forc ing  a distillation to 
completion would result  in discoloration of the dis- 
tillate, making it impossible to use distillate color as 
a cri terion of quality.  

Color of the distillate was found to be an indica- 
tion of the qual i ty  of the pa ren t  crude. The thi rd  
of the distillates having lightest color came f rom 
good crudes, the th i rd  having darkest  color came 
f rom bad crudes, and  the rat ings of the middle th i rd  
were mixed. 

Distilled glycerine darkened when heated. This is 
apparen t ly  an acceleration of the darkening which oc- 
curs when incompletely bleached glycerine is allowed 
to stand. A heat test  was appl ied to a number  of 
distillates, both bleached and unbleached. Results 
f rom unbleached distillates showed no correlation 
with the quali ty of the crudes, but  bleached distil- 
lates f rom good crudes darkened less than  those f rom 
bad crudes in most cases. Comparisons were made on 
the basis of percentage change in color. 

Ease of bleaching distilled glycerine was not easy 
to express numerically.  The absolute amount  of color 
removed was largely  dependent  upon the amount  
present.  The proport ional  amount  removed was de- 
pendent  upon the quant i ta t ive relationship of color 
to carbon as well as upon possible differences in the 
na ture  of the color substances. Results of the bleach- 
ing tests did not correlate well with either the sup- 
pl ier ' s  ra t ing  of the crude glycerine or with the 
original color of the distillate. However  the distil- 
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lates from good crudes tended to bleach to lighter 
colors. This test may merit further study. 

Total fatty acids in crudes and in distillates showed 
no relationship to the quality of the crudes. Crudes 
of low pH usually had relatively small amounts of 
fatty acids and were more likely to foam, but foam- 
ing followed low pH rather than fatty acid content. 

Total nitrogen content was usually high in acid or 
neutral crudes. There was good correlation between 

high nitrogen content and foaming tendency. Dis- 
tillates from high nitrogen crudes usually were dark 
colored. 

Experimental 

In addition to the A.O.C.S.  Official Methods of 
glycerine analysis (1) the following tests and pro- 
cedures were used. 

pH. Determinations of pH were made on undi- 

T A B L E  I 

Data  of Crude  Glycerine Samples and Dist i l la tes  

Sample Number  

Crude Glycerine 
Qual i ty  ( suppl ie r ' s  r a t i ng )  
Type 
% Glycerine by per iodate  
% Ash 
% Total alkali  as Na~O 

% Free alkal i  a~s Na~O 
% Free acid as Na,~O 
% Na20 combined wi th  organic  mat te r  
% Carbonate  as Na20 
% Sodium chloride 

% Total  res idue at  160 ~ 
% Organic  res idue  at  160 ~ 
% Acetylatable in  res idue  
% Total  fa t ty  acids as Na20 
% Total  n i t rogen  

% Ca + Mg as CaCO~ 
Ninhydr in  test (395 m/~) 

O.D. at  (565 rag) 
p H  of sample 
G a r d n e r  color 50% soIn. 

Foam d u r i n g  d i s t i l l a t ion  

Steam-Vacuum Dis t i l la tes  
O.D. at  (unbleached)  

440 *n~ (bleached) 
O.D. of (unbleached)  ~ 

heated sample (bleached) 
% Total  fa t ty  acid as Na,.,O 

N i n h y d r i n  color ( 395 mtr 
O.D. at (565 m/t) 

p H  of sample 

Vacuum Dist i l la tes  
O.D. at  (unbleached)  

440 mf~ (bleached) 
p i t  of sample 

1 

Good 
Sapon. 
88.84 

2.34 
0.91 

0.21 

0.69 
0.01 

4.30 
1.96 
0.37 

0.043 

0.57 
0.57 

10.7 
10 

No 

0.097 
0.046 

0.97 
1.19 
7.0 

0.132 
0.048 
7.1 I 

~ad 
apon.  
17.22 
0.64 
0.02 

0.22 
0.56 

2.25 
1.61 
0.02 
0.22 
0.161 

0.114 
0.53 
0.54 
4.5 
1 

res 

0.109 
0.062 

0.044 

0.89 
1.03 
6.4 

0.192 
0.118 
6.5 

Sample Number  

Crude Glycerine 
Qual i ty  ( supp l ie r ' s  r a t i ng )  
Type 
% Glycerine by per ioda te  
% Ash 
% Total  alkali  as NaeO 

% Free alkMi as NasO 
% Free acid as Na20 
% Na20 combined wi th  organic  mat te r  
% Carbonate  as Na2O 
% Sodium chloride 

% Total  res idue a t  160 ~ 
% Organic  res idue  at  160 ~ 
% Acetylatable in  res idue  
% Total  fa t ty  acids as Na20 
% Total  n i t rogen  

% Ca + Mg as CaCO~ 
Ninhydr in  test ( 395 m/z) 

O.D. at  (565 m/e) 
p H  of sample 
G a r d n e r  color 50% soln. 

Foam d u r i n g  d i s t i l l a t ion  

Steam-Vacuum Dis t i l la tes  
O.D. at  (unbleached)  

440 m/t (bleached) 
O.D. of (unbleached)  

heated sample (bleached) 
% Total  fa t ty  acid as NasO 

N i n h y d r i n  color (395 m/t) 
O.D. at (565 m/t) 

p H  of sample 

V a c u u m  Dist i l la tes  
O.D. a t  (unbleached)  

440 mtt (bleached) 
pI-I of sample: 

18 

Bad 
Soap 
'3.00 
9.81 
1.04 

0.00 

0.97 
0.07 

[2.99 
3.18 
0.30 
0.97 
0.203 

0.017 
1.61 
1.84 
8.3 

13-14 

[es  

0.267 
0.109 
0.99 
0,417 
0.089 

1.31 
1.48 
7.9 

0.98 
0 , 6 9 5  
7.2 

19 

Bad  

74.13 
10.50 

1.95 

0.31 

1.45 
0,19 

14.36 
3.86 
0.91 
1.45 
0.04 

0.04 
0.34 
0.22 

10.3 
14 

No 

0.11 
0.05 
0.22 
0,13 
0.1(3 

0.42 
0.35 
6.5 

0.5~ 
0.2~ 
5.7 

;rood Bed  
Soap Soap 
2.30 81.16 
9.80 10.12 
0.70 1.04 

0.01 0.08 

0.61 0.96 
0.08 0.08 
7.89 7.31 

1.63 12.94 
1.83 2.81 
0,28 0.50 

0 .01 '  0.042 

0.063 
0.22 0.33 
0.09 0.19 
9.4 8.9 
9 13 

No Yes 

0.12( 0.107 
O.O5(  O.O7O 

.... 0.240 

.... 0.154 

0.26 0.37 
O.27 O.36 
6.2 6.7 

0.20: 0.910 
0.07~ 0.421 
7.5 6.2 

21 23 

Lood Bad  
.... Sapon. 

1.50 86.14 
~.27 1.48 
3.02 0.60 

0.12 
0.17 
3.44 0.39 

.... 0.19 

3.72 3.28 
1.45 1.80 
~.12 0.50 
D.44 0.39 
0.207 0.231 

0.121 0.000 
0.56 0.24 
0.58 0.14 
5.2 10.7 
1 12 

e s  No 

0.118 0.190 
0.093 0.130 
0.246 .... 
0.211 
0.039 0.099 

0.89 0.57 
0.96 0.57 
7.5 .... 

0.325 0.22~ 
0.229 0,10{ 
7.1 6.1 

5 

lad 
lapon. 
' i , 88  
7.95 
0.02 

0.36 
0.58 

5.92 

3.64 
5.96 
0.58 

0.223 
0.038 
1.96 
2.58 
5.2 
2 - 1 8  

~'es 

0.405 

0.86 

1.89 
2.48 
6.5 

0.766 
0.534 
6.7 I 

3ood 
~oap 
35.43 
8.63 
1.17 

0,19 

0.71 
0.27 

0,77 
2.14 
0.72 
0.71 
0.02( 

0.00~ 
0.22 
0.12 
0,1 

8 

~o 

0.08~ 
0.04~ 
0 . i 8 (  

0.i0] 

0.18  
0.19 
5,9 

0.62] 
0.235 
5.6 

ad 
apon. 
9.94 
3.13 
0.83 

0.01  
0.28 

9.01 
5.88 
0.32 

0.064 

0.55 
0.18 
7.2 
5 x 2  a 

7es 

0.310 
0.091 

0.93 
0.81 

0.72G 
0.29(] 
6.4 

10 

~ood 

14.26 
8.51 
0.96 

0.04 

0.82 
0.10 

0 .00  
1.49 
0.06 
0.82 
0.025 

0.000 
0,33 
0.23 
9.7 
8 
No 

0.036 
0.031 
0.163 
0.092 
0.053 

0.40 
0.30 
6.6 

0.387 
0.187 
5.9 

25 

Bad 

7.~g 
5.52 
1.82 

0.16 

1.52 
0.14 

3.16 
7.64 

0.347 

1.156 

0.0 

7es 

0.633 
0.253 
1.150 

7,3 

26 

Good 
Sapon. 
92.64 

1.66 
0.50 

0.01 

0.47 
0.02 

3.24 
1.58 

0.064 

0.010 

9.7 

:No 

0 . 0 2 8  
0.018 

6.6 

27 

~ood 
Loap 
1.63 
9.26 
0.91 

o.b~; 
0,05 

2.12 
2.86 

o.;~ 
0.05 

6.'7"" 

Mild 

0.06 
0.04 
0.17 
0.10 

6:T 

29 

Good 
Sapon. 
77.72 

0.21 
0,07 

0.07 
0.17 

1.03 
0.82 

0.090 

0.000 

5,5 

Yes 

0.063 
0.058 
0.139 
0.108 

7.2 

11 

Good 
Soap 

84,36 
8.47 
0.90 

0.18 

0.65 
0.07 

10.68 
2.21 
0.52 
0.65 
0.06: 

0.04~ 
0.52 
0.48 

10,1 
10 

No 

0.07~ 
0.031 
0.22~ 
0.09~ 
0.06! 

0.82 
0.86 
6.7 

0.351 
0.18q 
6.7 

31 

ad 
tpon. 
~.67 
1.58 
0.12 

0.14 
0.32 

3.76 
2.18 

0.22~ 

0.19] 

5.5 

Yes 

0.32, ( 
0.10,( 

6.4 

13 

Bad 
Soap 
~0.12 
9.10 
1.10 

0.16 

0.89 
0.05 

1.03 
1.93 
0.35 
"0.89 
0.070 

0,012 
0.68 
0.70 
9.9 
8 -9  

No 

0,095 
0.033 
0.292 
0.211 
0.080 

6.8 

0.513 
0,175 
6.4 

33 

a d  
aport 
1.67 
2.50 
1.98 

0.02 
0.13 

1.35 
8,85 

0 .14  

2.28, 

7.4 

Yes 

0 .88  
0.26; 
1.36 
0,88 

6.9 

15 

~ood 

'9.97 
9.50 
1.61 

0.23 

1 . 2 8  
0.i0 

3.25 
3.75 
1.48 
1.28 
0.049 

0.038 
0.30 
0.18 
0.2 
2 

Io 

0.078 
0.028 
0.155 
0.085 
0.080 

0.45 
0.40 
6.6 

0.462 
0.221 
5.7 

34 

~ood 

0.31 
1.05 
0.90 

0.22 

0.56 
0.12 

3.22 
2.17 

0.041 

0.O00 

0.6 

NO 

0.055 
0.022 

6.6 

17 

Good 
Soap 
79.73 
10.04 

1.93 

0.07 

1.60 
0.26 

13.38 
3.34 
0.72 
1.60 
0.055 

0.023 
0.35 
0.24 
9.8 

11 

No 

0.110 
0.066 
0.240 
0.149 
0,141 

6.9 

0.535 
0.210 
5.7 

37 

Good 
Soap 
75.88 

9.84 
0.57 

0.03 

o.~ 
0.08 

11.30 
1.46 

o.ii~3 
0.013 

No 

0.077 
0.033 

6,2 

a Sample  di luted to 25% solution.  
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lu ted  samples, u s ing  a Beckman  Model H2 meter  a nd  
a glass electrode. 

Nitrogen Content. Tota l  n i t r ogen  was de te rmined  
by  the K j e l d a h l  method.  

Compara t ive  tests for  n i t r ogen  conten t  were made 
wi th  the n i n h y d r i n  test, which r e sponds  to amino  
compounds.  The n i n h y d r i n  reagen t  is t r i ke tohydr in -  
dene. As commonly  used, the test  is only  qua l i ta t ive  
a n d  the blue color tha t  forms is fug i t ive  and  changed 
in  i n t e n s i t y  by  va r i a t ions  in  the  procedure.  These 
difficulties have been l a rge ly  overcome, and  the test  
can be used quan t i t a t ive ly .  Condi t ions  for the test  
were s tandard ized ,  and  the color was stabil ized by  the 
use of Versene Regular ,  which is e thylene  d iamine  
t e t r a sod ium tetra-acetate .  

Weigh 5.0 g. (about 4 ml.) of distilled glycerine into a 
19 x 50-mm. test tube. Pipette in 0.5 ml. of ninhydrin solu- 
tion (1.5 g. of ninhydrin in 100 ml. of 0.01% Versene in 
water). Heat in an oil bath at 135 ___ I~ for 8 min. with 
frequent stirring. Remove the tube from the bath and cool 
immediately. Dilute with 15-20 ml. of 0.1% Versene solu- 
tion. Transfer to u 50-ml. glass stoppered graduate4 cyl- 
inder, and dilute to 40 ml. with 0.1% Versene solution. 
Determine the color of the solution with a spectrophotometer 
by measuring its optical density at 395 and 565 mt~, where 
maxima occur. For the reference liquid use the glycerine 
diluted to the same concentration that it is in the test 
solution. Variations between duplicate samples are from 
0.02 to 0.04 optical density units. Alternately, visual com- 
parison with standards may be used. 

When the ninhydrin test is applied to crude glycerine, the 
amount of nitrogen present makes an additional dilution of 
the sample necessary. Dilute the crude glycerine to a 2% 
concentration (by volume) with propylene glycol. The nin- 
hydrin test is affected by the pH of the sample, and it is 
therefore necessary to adjust the pH of the diluted sam- 
ple to 6.5 • 0.1. Because of the dilution with propylene 
glycol, 4.18 g. rather than 5.00 g. of the sample are taken to 
give the required volume of 4 ml. From this point proceed 
with the test as directed above. 

The dilution of the sample from 4 ml. to a final 40 ml. 
was done to bring the color intensity within the optimum 
range of our spectrophotometer, a Coleman Model 11 Uni- 
versal used with 13 mm. euvettes. Other dilutions may be 
used as necessary. 

Calcium Content. Calc ium plus  magnes ium were 
de t e rmined  together,  a n d  the resul t  was expressed as 
equ iva len t  C a C Q .  A 20-25-g. sample  of crude glyc- 
er ine was ashed, and  the ash was digested with cone. 
HC1 to solubilize C a S Q  which had been igni ted.  The 
ash was dissolved in  water  and  iron,  which would  
in t e r f e re  in  the subsequen t  t i t r a t ion ,  a n d  was re- 
moved by  p rec ip i t a t ion  wi th  ammonia .  The solut ion 
was then  d i lu ted  to 100 ml., and  an  a l iquot  was 
t i t r a t e d  wi th  a solut ion of e thy lened iamine  te t ra-  
acetate accord ing  to the method of the A m e r i c a n  
Pub l i c  Hea l th  I n s t i t u t e  (3).  P rocedure  C. 1. wi th  
i n h i b i t o r  solut ion (a) was used. 

Distillation. The a lka l i n i t y  of each sample was 
a d j u s t e d  before d i s t i l l a t ion  by  the add i t i on  of 1 N 
alkali  or acid as needed to make the free-plus-car-  
bonate  a lka l in i ty  equ iva len t  to 0.2% as NafO. 

V a c u u m  dis t i l la t ions  were made by  us ing  250 g. 
of c rude  and  d is t i l l ing  f rom a 500-ml. flask completely  
immersed  in  an  oil ba th  and  connected to a 20-cm. 
Vig reaux  co lumn wi th  a 24/40 �9 joint .  A cap i l l a ry  
a i r  in le t  into the d is t i l la t ion  flask promoted  even 
dis t i l la t ion.  The oil ba th  t empe ra tu r e  was g r a d u a l l y  
raised to m a i n t a i n  cons tan t  dis t i l la t ion.  The maxi-  
m u m  ba th  t e m p e r a t u r e  was 185~ The glycer ine  
d i s t i l l ed  at  143-6~ at  7-10 ram. and  was collected 
as a s ingle f rac t ion  in  an  air-cooled receiver  kept  
sufficiently warm (60-79~ to pass water  vapor  
in to  a second receiver cooled with d ry  ice. A ther-  

mometer  was placed in  the top of the Vigreaux  col- 
umn,  a n d  a manomete r  connect ion  was made at the 
same place. 

D u r i n g  the l a t t e r  pa r t  of the work the a p p a r a t u s  
of Schlachter  a nd  Hof fman  was t r ied.  Quan t i t a t i ve  
resul ts  were ob ta ined  wi th  it, bu t  the ve ry  short  and  
p la in  d i s t i l l ing  head  allowed discolora t ion of the dis- 
t i l la te  by sp r a y  part icles.  Such  c o n t a m i n a t i o n  was 
not  s ignif icant  wi th  respect  to the y ie ld  of glycerine,  
bu t  it  d id  affect the j u d g m e n t  of qual i ty .  

S t eam-vacuum dis t i l la t ions  were made,  us ing  250 
g. of crude.  The essential  pa r t s  of the a p p a r a t u s  
were: 

1. a burette for adding water to the steam generator at a 
controlled rate ; 

2. a steam generator; a 25-ml. flask operated as a flash 
boiler at distillation pressure, heated to 170~ in an oil 
bath ; 

3. a 500-ml. distillation flask completely immersed in an 
oil bath and connected to a Claissen type distilling head 
with a 24/40 ~ joint (The side tube of the distilling 
head was a 14-cm. Vigreaux column. Steam from the 
generator was brought in through a tube that reached 
to the bottom of the flask.); 

4. a hot receiver for glycerine, 250-ml. capacity, heated in 
a boiling water bath and receiving vapors directly from 
the distillation flask; 

5. a hot condenser in reflux position on the hot receiver, 
kept at 85-90~ 

6. a cold condenser, receiving vapor from the top of the 
hot condenser, cooled with ice water, and discharging 
into the sweetwater receiver; 

7. a sweetwater receiver of 250-ml. capacity, cooled in an 
ice bath ; 

8. a dry-ice-cooled condenser to collect vapor passing the 
sweetwater receiver ; 

9. a mechanical vacuum pump; 
10. a manometer connected to the top of the Vigrcaux col- 

umn on the distilling flask; and 
11. thermometers. 

S t a n d a r d  t ape r  and  bal l -and-socket  glass connec- 
t ions were used wherever  there  was contact  wi th  hot 
vapors.  T e m p e r a t u r e  in  the d i s t i l l a t ion  flask was kept  
at 150-160~ a n d  the pressure  was 9-10 ram. Vapor  
t empera tu res  were dependen t  u p o n  ra te  of s team flow 
and  rate  of d i s t i l l a t ion  b u t  were u sua l l y  in  the range  
of 130-140~ The a m o u n t  of sweetwater  was con- 
t rol led p r i n c i p a l l y  by the rate  of s team flow bu t  was 
also d e p e n d e n t  u p o n  the t ime r equ i r ed  to complete 
the dis t i l la t ion.  The end of the d is t i l la t ion  was indi-  
cated by  a drop in  the vapor  t empera tu re .  Concen- 
t r a t i on  of the dis t i l led g lycer ine  was 98-[-% as de- 
t e rmined  by  its re f rac t ive  index.  Ca lcu la t ion  of the 
yie ld  was based u p o n  the g lycer ine  con ten t  shown by  
per iodate  oxidat ion.  Glycer ine  in  the sweetwater  was 
not  more t h a n  3%,  as de t e rmined  by  ref rac t ive  index.  

Color. The color of crude  was measured  by  com- 
par i son  wi th  a G a r d n e r  va r n i sh  color scale. The sam- 
pie was d i lu t ed  with an  equal  volume of water,  or 
more if necessary,  to b r i n g  the color w i th in  the range  
of the scale. The solut ion was filtered if  not  clear. 

The color of dis t i l led g lycer ine  was measured  wi th  
a Coleman Model 11 Un ive r sa l  spectrophotometer .  
W a t e r  was the reference l iquid,  a nd  40-ram. cuvettes 
were used. Opt ical  dens i ty  at  440 m~ was recorded. 

Heat Stability. The s t ab i l i ty  of e i ther  unb leached  
or bleached dis t i l led g lycer ine  ma y  be de t e rmined  by  
p lac ing  about  40 g. of g lycer ine  in  a test  tube  1 in. 
in  d iamete r  a nd  hea t ing  at  125~ for  2 hrs. in  an  oil 
bath. The color of the hea ted  sample was measured  
and  compared  wi th  the or iginal .  

Bleaching Test. F o r t y  grains  of g lycer ine  in  a large 
test tube  were heated to 80~ in  an  oil bath.  One 
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tenth g ram of bleaching carbon (Norit  F Q A )  was 
added, and the mixture  was st i rred continuously for 
15 min. About  0.1 g. of analyt ical  grade Celite was 
added, and the sample was immediately  filtered while 
hot, using a small stainless steel pressure filter. I f  
the filtrate was not perfect ly  clear, it was refiltered 
because any  tu rb id i ty  increased the optical density 
reading for  color. The color was measured and com- 
pared  with the original. The amount  of carbon used 
was limited to 0.25% of the weight of glycerine so 
the samples would not be so thoroughly bleached 
that  differences in quali ty would not be apparent .  

Summary 
A number  of tests applicable to crude glycerine 

have been studied to find a means of detecting crude 
glycerines which will cause more difficulty in the 
refinery or y ie ld  a poorer product  than would be 
expected f rom the results of analyses customari ly 
made. Five tests have been found which are believed 
to be useful in this way. They are determinat iou of 

pH,  determinat ion of nitrogen, distillation, measure- 
ment  of the color of the distillate, and measurement  
of distillate color stabil i ty when heated. 

I t  has not been possible to set limits of acceptabil- 
i ty  for these tests, but  a glycerine refiner using one 
or more of them and correlating labora tory  results 
with experience ill the refinery should be able to es- 
tablish his own s tandards  of quality. 
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A Rapid Alkali-Wash Method of Refining Cottonseed Oil for 
Refined Color Determination 1 
B. D. DEACON, W. B. HARRIS, and A. CECIL WAMBLE, Cottonseed Products Research Laboratory, 
Texas Engineering Experiment Station, Texas A. & M. College System, College Station, Texas 

T 
H E  TEXAS E N G I N E E R I N G  E X P E R I M E N T  STATION~ a s  a 

par t  of the research p rogram in its Cottonseed 
Products  Research Laboratory,  has studied the 

effect of storage of crude cottonseed oils, produced by  
various processing methods, on the colors of the oils 
a f ter  refining. I t  has been known for some t ime  that  
some crude cottonseed oils increase in refined color 
more rap id ly  than  others. This p roper ty  of a crude 
oil to increase in refined color dur ing  storage has 
come to be known as "co lor  revers ion ."  

The work on color reversion required a large num- 
ber of refined color determinations af ter  various 
periods of storage of the crude oils. Refinings by 
the official cup method of the American Oil Chemists '  
Society (1) would require the storage of relat ively 
large samples of oils and the expendi ture  of consider- 
able amounts  of time. Since determinat ions of refined 
color were required but  those of refining loss were 
not, a rapid  method of refining was developed, using 
much smaller amounts  of oil. 

P re l iminary  s tudy  showed that,  when several cups 
of a crude oil are refined using the amounts  and 
strengths of alkali specified in the official method, 
those cups giving the highest refining loss would 
generally yield the lightest colored oil. An oil would 
therefore be expected to give a min imum color when 
the refining loss is a maximum. This should be t rue  
when a large excess of alkali is used. 

Af te r  p re l iminary  tests it was decided to use 20 ml. 
of 18 ~ Bantu6 sodium hydroxide solution with 100 
ml. of oil. This amount  of alkali has been found to 
be a large excess for all crude oils tha t  a r e  normal ly  
encountered. The s t rength of lye, 18 ~ Baum6, was 

z The oil color research described in this paper was conducted as a 
cooperative project of the Texas Engineer ing  Experiment  Station and 
the Cotton Research Committee of Texas. 

100 

8o / ~ / / I  

,o 1 60 / /  
/ / / 

50 / "  / / I 

40 / ,  / / / .  

50 / "  (~t" / / /  

n" 
o f l/o," 
-J  20 / . /  / 
0 " / "  fJ  / ,  / . . /  
(~ .,' q ) /." 
UJ Y / , 
z ,', / 

,o ] 
S - -  . I '  i 

i d "  

/ , 

5 4 5 6 7 8 9 t 0  

ALKALI-WASHED COLOR 
FIG-. 1. 

t 

. . . .  =95"~ LM 

i i . ] 

20 5O 40 50 6O 7O 8O 90 iO0 

chosen since this is the strongest lye that  is regular ly  
used by  the analyt ical  laboratory.  

The lye and oil are stirred, the mixture  is centri- 
fuged, and the refined oil layer  is decanted through 
a filter: The color of the oil is then measured by  the 
Photometr ic  Method of the American Oil Chemists '  
Society (2). 

I t  was hoped thas t h i s "a lka l i -washed  co lor"  could 
be used to calculate the approximate  value of the 


