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cial hexane can be calculated by  means of the follow- 
ing equation : 

s---- +  So,t + aShox \ 100 ] 

where Sn  is the value read f rom Table I I  by  interpo- 
lation; • is the specific gravi ty  of the given oil at 
any t empera tu re  minus that  read f rom the table ;  and 
'-XST, ex is the specific gravi ty  of the given hexane at any 
tempera ture  minus that  obtained f rom Table II .  

I t  is apparen t  that  if Table I I  is used for  deter- 
mining the concentration of a random rice b ran  oil- 
hexane miscella an accuracy of one percentage unit  
will be at tained even if the value of S -  S n  is as 
large as ___ 0.0018 at low oil concentrations and • 
0.0030 at  high oil concentrations. I f  a commercial hex- 
ane having a specific g rav i ty  appreciably  different 
f rom that  in Table I I  is to be used extensively, it may  
be desirable to calculate corrections for all the values 
in the table and thus construct  a new table which will 
be directly applicable with a correction only for  an 
appreciable difference in the specific g rav i ty  of the 
random rice b ran  oil. 

I t  was found tha t  sat isfactory agreement  was ob- 
tained when Table I I  was applied to a hexane miscella 
of crude rice b r an  oil. This miscella, obtained f rom a 
pilot-plant rice b ran  extraction, had a specific gravi ty  
at 77~ of 0.7042. Analysis  by  s t r ipping off the sol- 
vent  showed that  i t  contained 11.84% by  weight of oil 
having a specific gravi ty  at 77~ of 0.9165. The spe- 
cific g rav i ty  of the original solvent at 77~ was 
0.6812. 

The uncorrected specific gravi ty  read f rom Table I I  
for  an 11.84% oil mixture  is 0.7031, which is in sat- 
isfactory agreement  with the experimental  value, 
0.7042, considering the accuracy at ta inable by  means 
of commercial hydrometers.  Conversely, if the experi- 

mental  specific gravi ty,  0.7042, is applied to determine 
the concentration by  use of the table, 12.42% is ob- 
tained instead of 11.84%. 

Better  agreement  is obtained if correction is made 
for  the fact  that  the specific gravities at 77~ of the 
oil and the hexane used were 0.9165 and 0.6812, re: 
spectively, instead of 0.9163 and 0.6803, the corre- 
sponding values obtained f rom the table. Thus Sn  in 
the above equation is 0.7031, ASo~t equals ~-0.0002, 
and • equals ~ 0.0009, and the calculated specific 
gravi ty,  S, equals 0.7039, which agrees within experi- 
mental  accuracy with the value found. The experi- 
mental  values were determined before the dissolved 
waxes had t ime to come out of solution. 

Summary 
C o m p 1 e t e density-  composition- tempera ture  data 

have been obtained for  b inary  systems of a refined rice 
b ran  oil with a commercial hexane. They have been 
presented in the form of a table which gives the spe- 
cific gravities at 5% intervals of concentration and at 
10 Fahrenheit-degree intervals  of t empera ture  and 
can readily be converted to other density units. These 
data can be used to determine the specific gravi ty ,  
knowing the composition and the temperature ,  or, con- 
versely, the composition, knowing the specific gravi ty  
and temperature ,  and should be useful  in commercial 
processing and control. For  high accuracy a small 
correction must  be applied for  random refined and 
crude rice b ran  oils and for  different commercial 
hexanes. 
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Rice Bran Oil. VI I I .  Tank Settlings From Crude Rice 
Bran Oil as a :Source of Wax ''2 

EDWIN R. COUSINS, S. P. FORE, H. J. JANSSEN, and R. O. FEUGE, Southern Regional 
Research Laboratory, 3 New Orleans, Louisiana 

I N the extraction of oil f rom rice b ran  a certain 
amount  of wax is removed with the oil. The yield 
of wax varies with the tempera ture  at which the 

extraction is made, the solvent used, source and his- 
tory  of the bran,  and a number  of other factors. Yields 
of 3-9%, 5.7%, and 6.4%, on a total  l ipid basis, have 
been reported (8, 9, 13). I t  is probable  however that  
most of the crude rice b ran  oil present ly produced in 
the United States contains only 1 or 2% of wax be- 
cause no a t tempt  is made to extract  i t  with the oil. 

In  spite of the estimated yields of 1 or 2% several 
facts indicate the wax may become a regular  article 
of commerce. Rice b ran  oil is being produced in the 
cars of crude oil per  year,  and at least two new extrac- 

1 Report  of a s tudy made under  the Research and  Marketing" Act of 
1946. 

2 Presented at  the 43rd  Annua l  Meeting of the American Oil Chem- 
ists' SocieCy, Houston,  Tex., April  28-30, 1952. 

a One of the laboratories of the Bureau  of Agr icul tura l  and  Indus t r i a l  
Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  of 
Agricul ture.  

tion plants  are scheduled to begin operation in the 
near  future.  Not only is a sizeable amount  of crude 
wax already available with more becoming available, 
but  it is at present  regarded somewhat as a nuisance. 
The high-melting fract ion of the wax is quite insoluble 
in the oil and settles out as a voluminous, oil-rich 
sludge which at present  has little value. 

Tank sett]ings domestically available, which are 
generally f rom crude oil extracted with commercial 
hexane, va ry  in composition and quality, as might  be 
expected. Those f rom crude oil extracted f rom bran  
of good quali ty are usually tan to brown in color and 
possess the ra ther  pleasant  odor characteristic of crude 
rice b ran  oil. Their  consistency varies f rom that  of 
soft but ter  to tha t  of a heavy, viscous liquid. 

The solid and liquid portions of tank  settlings can 
not readily be separated by  filtration. Any filter fine 
enough to retain the solids clogs almost immediately 
on use. The addition of hexane to settlings permits  
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their  filtration at  a more rapid  but  still unsat isfactory 
rate. The addition of acetone to settlings produces a 
mixture  which does filter readily. Fur the rmore  the 
wax is only slightly soluble in the la t ter  solvent (8). 
Isopropanol  behaves somewhat like acetone as a sol- 
vent for settlings. 

Samples of tank settlings examined in the labora- 
tory  consisted pr incipal ly  of oil and free f a t ty  acids 
derived f rom the oil. The remaining port ion contained 
in addition to the wax a sizeable proport ion of phos- 
phatides. Usually particles of meal, trash, and calcium 
carbonate ( f requent ly  used in the milling of rice) 
were present  in minor amounts. Undoubtedly  the set- 
tl ings also contained some gums, resins, and degraded 
organic matter .  

The object of the present  work was to investigate 
methods of separat ing the wax from the other mate- 
rials in tank settlings f rom crude rice b ran  oil by  ap- 
plying various purification procedures and to compare 
the yields and quali ty of the wax fractions separated 
by- the  different  procedures. The wax fractions were 
not analyzed with the object of establishing the  nature  
of their  individuai  chemical components. Other work- 
ers (4, 6, 10, 11, 12, 15) have examined the composi- 
tion of rice b ran  wax and have reported that  the com- 
pounds present  include myr iey l  alcohol, ceryl alcohol, 
myr icyl  cerotate, and other esters of myr ieyl  alcohol, 
some unsa tura ted  acids and alcohols containing about  
26 carbon atoms, and phytosterols. 

Tank Settlings Used as Starting Materials 

Portions of a single, 400-pound batch of tank set- 
tl ings were used as s tar t ing material  for  all except one 
of the wax purification experiments which will be de- 
scribed. This batch, identified as S-l, was obtained 
f rom a leading commercial processor of rice b ran  oil. 
Unless specifically stated otherwise, the term " t a n k  
se t t l ings"  hereaf ter  will refer  to sample S-1. The 
settlings were of a light brown color and possessed a 
good odor;  they were considered to be a more or less 
normal  product.  The analyses described in Table I 

T A B L E  I 

Analysis  of Tank  Set t l ings  and of an Acetone-Insoluble 
and an Acetone-Soluble F rac t ion  

I Acetonea 
Sample I insoluble  

S-1 fract ion 
- - I  of S-1 

Iodine  value...:  ............................ 77.0 I 29.6 
Free fa t ty  acids, as oleic, % ........ 21 .6  I 10.7 
Volatiles, hot plate  method, %.'... 4.1 I 3.3 
Saponif icat ion va lue  ................... 166.7 / 
Unsaponif iable ,  % ...................... 14.0 I 44.8 
Phosphorus ,  % ........... : ............... 0.44 0.79 
Hexane  soluble, %e ..................... 96.4 

Acetone b 
soluble 

f ract ion 
of S-1 

103.2 
24.1 

181.8 
2.7 
0.13 

Sample  
S-2 

71.8 
6..5 
6.5 

179.8 
10.3 

1.64 
79.4 

a Composite of several  samples. 
Sample from a single f r ac t iona t ion  run .  

e Cont inuous  extract ion with hot hexane for 3 hours.  

show that  96.4% of these settlings were soluble in hot 
hexane;  therefore only a small amount  of b ran  and 
dir t  could have been present. The phosphorous con- 
tent  of the settlings was 0.44%, which would corre- 
spond to a phosphatide content of 11%, but  p robab ly  
some port ion of this phosphorus was not present  as 
phosphatides. The volatile component, which amounted 
to 4.1%, consisted par t ly  of water. The iodine value 
of 77.0 for the tank settlings is appreciably  below the 
value of approximate ly  100 for  crude rice b ran  oil. 

Tank settlings S-2, which were used in one purifica- 
tion experiment,  were dark brown in color and pos- 
sessed an odor similar to that  of charred organic mat- 
ter. Only 79.5% of these settlings could be dissolved 
in hot hexane. 5Inch of the insoluble port ion appeared  
to be bran, whose presence of course makes difficult 
the interpretat ion of the analyses. P robab ly  settlings 
8-2 were representat ive of the lower grades obtainable 
commercially. 

Before each port ion of settlings was used, is was 
melted and filtered through a 60-mesh sieve to remove 
any  coarse trash. 

Methods of Analysis 
There are no s tandard  methods for analyzing waxes. 

The methods of the American Oil Chemists '  Society 
(1) for  analyzing fats  and oils are suitable for some 
analyses involving waxes and were used in the present  
investigation to determine iodine value, free f a t ty  
acids, volatiles, softening point, and saponification 
value. In  the lat ter  determinat ion isopropanol was 
subst i tuted for  the ethanol specified in the s tandard  
method. 

Content of unsaponifiables was determined by  the 
method of Mur ray  and Schonfeld (5), which they 
found suitable for  carnauba  wax. 

For  the phosphorus determination the sample of 
wax was ashed with the aid of alcoholic magnesium 
nitrate  and  was then analyzed according to the method 
of Ports and Guthrie  (7). 

All melting points reported were obtained by the 
drop method (14), which consists essentially of solid- 
i fying a film of wax on the bulb of a thermometer ,  
slowly heating the coated bulb in an air bath,  and re- 
cording the tempera ture  at which the wax melts and 
collects in a drop at the bot tom of the bulb. 

Hardness  of the waxes was measured at room tem- 
perature,  using the Shore durometer  method described 
by  War th  (14). On the durometer  scale yellow U.S.P. 
beeswax has a hardness of about  45 and 90% palmitic 
acid has a hardness of about  50, both measured at  
25~ 

Purification Procedures 
Tank settlings were processed by  five different pro- 

cedures to obtain a hard, high-melting wax fraction. 
Two of the procedures involved t rea tment  of the ace- 
tone-insoluble port ion of the tank  settlings. "In one 
case the insoluble portion was hydrolyzed and then 
purified by  fraet ionation f rom isopropanol;  in the 
other, it was saponified and then purified by  fraction- 
ation f rom isopropanol. A thi rd  procedure involved 
hydrat ion of the tank settlings followed by  fractiona- 
tion of the oil phase f rom isopropanol. The other two 
procedures involved simple fract ionat ion of tank set- 
tlings f rom solvents; in one case, diethyl ether and 
isopropanol, and in the other isopropanoi only. 

Hydrolysis and Saponification. Isolation of the ace- 
tone-insoluble f ract ion of the tank  settlings was the 
common, initial step for  the procedures involving hy- 
drolysis and saponification. This step was per formed 
as follows. One par t  of acetone was mixed with one 
pa r t  of tank settlings, and the mixture  was filtered 
under  vacuum. The mixing with acetone and filtration 
were repeated twice, using half  of the original quan- 
t i ty  of acetone each  time. The acetone-insoluble or 
wax fract ion then was air-dried for  48 hours. 

Air-drying changed the acetone-insoluble fract ion 
into a tan-coolred powder tha t  was slightly tacky to 
the touch. I n  weight it was equal, on an average, to 
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TABLE IS 

Chemical and Physical Analysis of Refined Ric6 Bran  
Wax and Carnauba Wax a 

11 

Sample 

A - 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B - 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  

~ - 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

D - 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

E-13 .............................................. =. 
F-13 .................................................. 
Carnauba ......................................... 

Yield b 

13.7 
12.8 

8.3 
9.1 

11.6 
3.4 

Free 
fatty 
acids 

% 
2.7 
7.3 

5.5 
2.7 
2.1 
2.7 
2.9 

Iodine 
value 

13.0 
13.6 

17.7 
11.1 
16.3 
19.4 

9.4 

Unsapon- 
ifiable 

% 
57.5 
67.0 

56,0 
56.0 
57.2 
55,1 
56.9 

Saponi- 
fication 
value 

104.4 
56.9 

79.9 
77.9 
84.6 
80.4 
77.O 

Phos- 
phorus 

% 
0.01 
0.01 

,0.15 
0.08 
0.11 
0.18 
O.O0 

Volatile 
mat[er 

% 
0.66 
2,94 

0.62 
0.41 
0.~8 
0.61 
0.25 

Melting 
point, 
drop 

method 

78.7 

78.9 
79.9 
78.7 
75.3 
83,4 

Softening Color 
p~ L . _ _  
~ 
75.3 Black 
76.7 Darl~ 

Brown 
77.0 Brown 
79.0 Brown 
76.7 Brown 
74.3 Black 
82.5 Tan 

a All samples were non-tacky and possessed a Durometer  Hardness  of 100. 
b Based on original weight of screened tank settlings. 

23.8% of the tank settlings (S-l )  used in its prepara- 
tion. The third column in Table I lists the analysis of 
a composite of acetone-insoluble fractions obtained by 
treating 20 gallons of tank settlings in small portions 
while the four th  column lists the analysis of the ace- 
tone-soluble fraction from one of these portions af ter  
removal of the acetone. The latter fract ion contained 
practically no solids at room temperature.  

The acetone-insoluble fraction represented in Table 
I is a relatively impure wax containing about 20% of 
phosphatides. Some occluded oil and fa t ty  acids prob- 
ably are present because the wax is not  dissolved in 
the acetone treatment.  Particles of bran, inorganic 
matter, and certain gummy substances also are con- 
centrated in this fraction. 

In the purification procedure involving hydrolysis 
one par t  of the acetone-insoluble fraction was placed 
in a stainless steel fat-splitt ing kettle with one par t  of 
water, and the phosphatides were hydrolyzed under  
such mild conditions (1 hour at 177~ that the wax 
esters present probably were not affected. The hydro- 
lyzed material was washed with water, dried, and 
fractionally crystallized from an isopropanol solution. 
Figure 1 shows the details of the procedure and the 
yield obtained. 

Acetone insalubles 
from settlings S-I 

A-I 100% 

I port A-I hydrolyzed with [ part 
H20 at 177=C: for I hr., H20 
washed, air dried 

[A-2 86.5% I 
I I part A-2 boiled with 6 parts 

CHsCHOHCH3, filtered hot 
J , ,  

Solubles I Insolubles 
A-3 77.0% I A-4 9.5% 

i 

I Cooled to 26"C., filtered 
I 

Solubles I Insolubles 
A-5 9.7% I A-6 57.5% J 

F~o. 1. P r e p a r a t i o n  o f  w a x  A-6  f r o m  a c e t o n e - i n s o l u b l e  por -  
t i o n  o f  t a n k  s e t t l i n g s  S-1. 

In this and the other flow sheets shown below, the 
sums of the various end fractions do not always equal 
100% because of minor losses in moisture or material  
or minor gains caused by incomplete removal of sol- 
vent. Some of  the yields shown for  the intermediate 
fractions were calculated by difference. 

Fract ion A-2 was black in color, possibly owing to 
charring of some of the gummy material in the ace- 
tone-insolubles during the heat treatment.  This frac- 
tion contained only 0.08% of phosphoruS. Results of 
another hydrolysis of the  acetone-insoluble fract ion 
for  4 hours at 232~ indicated that  the phosphorus 
content could not be reduced fur ther  by increasing 
time and temperature.  The residual phosphorus is not 
believed to be present in the form of phosphatide. 
Fract ion A-4 consisted mainly of black-colored de- 
graded material. Fract ion A-6 was the end product  
or purified sample of hard rice bran wax. Its chemical 
and physical properties are recorded in Table II .  

A slight variation of the process represented in Fig- 
ure 1 was also investigated. Because soluble fraction 
A-3, as represented in Figure  1, actually consisted of 
a main liquid phase in which droplets of at least one 
other liquid phase of higher density were suspended, 
it was thought that  a bet ter  grade of wax migh t  be 
produced by decanting, while hot, the main isopro- 
panol solution from the solid portion and heavier 
liquid phase. Such a decantation yielded an A-3 frac- 
tion containing 19.0% of the acetone insolubles used as 
start ing material. The yield of the corresponding A-4 
fract ion was 49.3% while that  for the corresponding 

Acetone insolubles 
from seJtlings S-I 

-I 100% 

I part B-I saponified for 2 hrs. 
at 80=0. with 0.15 port NaOH in 
presence of l;33 parts H20 and 0.87 
part CH3CHOHCHs, acidified with 30% 
H2S04, H20 washed, air dried 

[ 8 " 2 8 4 . 7 %  I 
t port 8-?. boiled with 6 ports 
CHsCHOHCH3, filtered hot 

I 
I Solubles [ Insolubles 
B-3 80.0% I 1 S-4 4.7 % 

I Cooled to 26~ filtered 
I 

J Solubles J B-61ns~ J [B-5 22e% I 
I part B-6 boiled with 6 parts 
GH3CHOHCH3, cooled to 26=C., 
filtered 

I 
J Solubles i InsoluUes } 

B~ 5.0% B-8 55.9% 

F i e .  2. P r e p a r a t i o n  o f  w a x  B-8  f r o m  a c e t o n e - i n s o l u b l e  por -  
t i o n  o f  t a n k  s e t t l i n g s  S-1. 
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A-6 fraction, or final product,  was 17.3%. The final 
product  obtained by the decantation method was 
l ighter in color than that  obtained by  filtration, but  it 
also was somewhat softer in consistency. 

For  the purification procedure involving saponifi- 
cation of the acetone-insoluble fract ion represented in 
Table I, the f r a c t i o n  was saponified, acidulated, 
washed with water,  dried in air, and fract ionated f rom 
isopropanol as depicted in F igure  2. The propert ies  of 
the final fraction, B-8, are listed in Table I I .  

Hydration. The methods of hydrolysis and saponi- 
fication just  considered for  the removal of phospha- 
tides in the purification of wax involved their  destruc- 
tion. Phosphatides can be removed as such by  making 
use of the fact  that  they hydra te  rapidly  in the pres- 
ence of water  to form an oil-insoluble mass which sep- 
arates out of the oil phase. F igure  3 represents a 

I Settlings 5-1 1 
C-I I00% I 

I port C-I mixed with 0.05 part 
H20 for 5 rain. at 7I"C., settled, 
decanted 

Degummed 
$efllings 

C-2 73.7% 

I port C-2 mixed with I port (CH3)2C0 , 
filtered, mixed with 0.5 part (CH3)ECO , 
filtered, mixed with 0.5 port (CH3)2C0 , 
filtered, air dried 

. Phosphotide - free, ] 
acetone insolubles J 
C-3 15.4%J 

I I port C-3 boiled with 3 porte 
CH3CHOHCH3, settled, decanted hot 

I 

C-4 14,2% I C-51 I ' 2 % I 
I Cooled to 260C., held I hr., filtered 

1 I Solubles Ill 5"9% I Insolubles I 
c-s j c-~ 8 .3% I 

FIG. 3. Prepara t ion of wax C-7. 

simple procedure incorporat ing this fact  and shows 
what  yields were  obtained with tank settlings S-1. 

In  the procedure shown in Figure  3 the small 
amount  of water  required for  hydrat ion was sprayed  
onto the settlings while they were being mixed rapidly. 
a f ter  having been heated to 71~ to melt  the wax. 
The emulsion which formed broke readily when the 
mixing was discontinued and the tempera ture  held at 
7 1 ~  only did the phosphatides settle out, bu t  
they also carr ied down insoluble impurities.  Separa- 
tion of the aqueous and oil phases by  decantation was 
not entirely satisfactory. Af te r  the degumming step 
the settlings were f raet ionated using acetone and iso- 
propanol  to separate the oil and wax. Fract ion C-7 is 
the end product  or hard-wax fraction. I ts  propert ies  
are listed in Table I I .  

Solvents. The isolation of a hard  wax f rom tank 
settlings was also accomplished entirely by  fractiona- 
tion f rom solvents. F igure  4 is a flow sheet for such a 
fract ionat ion of tank settlings through the use of di- 
ethyl ether and isopropanol. The phosphatide and oil 
portions of the settlings were removed by  dissolving 

them in diethyl ether which dicl not dissolve the hard  
wax. Isopropanol  was used fu r the r  to pu r i fy  the wax 
fract ion to obtain the final product  D-8, which is also 
listed in Table I I .  

In  another procedure for separat ing wax f rom tank 
settlings only isopropanol was used. F igure  5 gives 
the details and the yield obtained. Table I I  lists the 
propert ies  of the final wax fract ion E-13. 

The wax fract ion F-13 listed in Table I I  is the frac- 
tion corresponding to E-13 when tank settlings S-2 
were treated. For  purposes of comparison the table 
also lists analyses made on a good grade of carnauba  
wax .  

Bleaching of W a x  

All of the samples of rice b ran  wax listed in Table 
I I  were pract ical ly black in color when liquid. Bleach- 
ing with approximate ly  10% of activated clay or car- 
bon had little effect on this color. Bleaching with 
hydrogen peroxide was effective. A combination of 
hydrogen peroxide, chromium trioxide, and sulfuric 
acid (11) was found to be par t icu lar ly  effective and 
resulted in a pract ical ly white wax. 

In  a typical  bleaching with hydrogen peroxide 1 
pa r t  of sample B-8 was added to 4 par ts  of water  and 
0.5 pa r t  of 29% hydrogen peroxide, and the mixture  
was st irred for 2.5 hours at about  95~ Af te r  the 
bleached wax was washed with water  and dried, it had 
a Gardner  color (10) of 18 in the liquid state and a 
br ight  tan color in the solid state. When the bleach- 
ing procedure was modified by  the addit ion of 4.5 
par ts  of 40% sulfuric acid to the bleaching mixture  
and an increase in the bleaching time to 3.5 hours, 
there was no improvement  in the color of the bleached 
wax. 

In  a typical  bleaching with chromium trioxide 1 
par t  of sample C-7 was mixed with 4.5 par ts  of 40% 
sulfuric acid. While the mixture  was at a t empera ture  
of 95~ 0.5 pa r t  of chromium trioxide was added 
slowly and with constant stirring. Heat ing  and stir- 
ring were continued for  a period of 2.5 hours, and 
then the sample was washed successively with 40% 

Settlings S-I 
D-I 100% 

I part D-I boiled with I part 
C2HsOC2H5, cooled, centrifuged, 
solid fraction boiled with 0.7 part 
C2HsOC2H5, cooled, centrifuged, 
stripped under vacuum 

IE t her insoluble 
D-2 31.e~ 

I port 0-2 boiled with 3 ports 
CH3CHOHCH3, cooled to 26~ 
filtered 

1 

I I I [ D-3 5.3% D-4 16.5% 
I port D-4 boiled with 6 ports 
CH3CHOHCH3, filtered hot 

I 

i f i ,nsou ,.. I D-5 12.9% 0-6 3.6% 
J Cooled to 26~ filtered 

! 

D-7 1.24 0-8 9.1% 

FIG. 4. P repara t ion  of  wax  D-8. 
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Settlings S-I 
E- I00% l 

I I port E-f �9 with 3 parts 
CH3CHOHCH3, settled, decanted hot 

f 
J Solubles Vlnsolubles J 

E-Z 86.4% I LE-3 1.3.6% J 
I Cooled to 26~ held I hr.,filtered 

i i  

I 
I $o,.b,es l I I 

E-4 Gz.8~} IE-5 18.6%1 
I part E-5 boiled with 3 parts 1 
CH3CHOHCHs, setJled, decanted hoJ 

I I 

, I 
I Cooled to 26~ held I hr., filtered 

i 
Solubles 1 ~lnsolubles  I E-8 4.2%1 [E-9 13.9% [ 

I port E-9 boiled with 3 parts J 
CHsCHOHCH3, settled, decanted hot 

i I 

I I .Solobles I Iflsolubles 
E-IO 12.0% IE-II 1.9% 

I Cooled to 26"C., held I hr,,filtered 
i i i  i 

Solubles I Insolubles 1 
IE-2 0.4% IE-J3 IL6% / 

FIG. 5. Preparation of wax E~13. 

sulfuric acid and distilled water.  The Gardner  color 
of the bleached, melted sample was 4. The use in the 
bleaching process of 1 pa r t  of chromium trioxide in 
the place of 0.5 par t  produced a color of 1. 

When a combination of hydrogen peroxide and 
chromium trioxide (generally 0.5 pa r t  of 29% hydro- 
gen peroxide and 1 pa r t  of chromium trioxide per  1 
par t  of wax) was used, the bleaching action usually 
produced a white wax. I n  such a bleaching the hydro- 
gen peroxide and 40% sulfuric acid were added first 
and mixed for about  1 hour at 95~ before the chro- 
mium trioxide was added slowly. The spent bleach- 
ing reagents Were removed as usual  by washing the 
wax successively with a solution of sulfuric acid and 
water. 

Bleaching with chromium trioxide lowered slightly 
the melting point of a wax, but  at the same time it 
increased the hardness and lowered the iodine value. 

Discussion 
The procedures described for isolating a ha rd  wax 

f rom tank settlings f rom crude rice bran  oil all utilize 
fract ional  crystallization f rom isopropanol as the final 
step. The use of isopropanol is dictated by  several 
considerations : it is relatively cheap and readily avail- 
able;  at room tempera ture  it is a poor solvent for  the 
hard wax fract ion;  it boils just  above the melt ing 
point of the hard  wax fract ion and is able to dissolve 
it to a marked extent ; and the boiling point of the iso- 
propanol  is low enough to permit  easy removal f rom 
w a x  and oil. Other alcohols do not possess these ad- 
vantages to the same degree. : 

H y d r o c a r b o n s  like hexane and heptane are inferior 
to isopropanol as solvents for wax purification in that  
the  wax  in the presence of rice b r a n  oil is markedly  
Soluble in these solvents, and in addition such a mix- 
ture does not  filter readily. 

Acetone was the only ketone used in the investiga- 
tion:. For  large-scale 0perations it would be the most 

logical solvent of this class f rom the standpoint  of 
cost. Vegetable waxes general ly are quite insoluble in 
acetone, and it has been f requent ly  used in the con- 
centrat ion of wax fractions. 

In  in terpret ing the yields reported in Table  I I ,  it 
should be recognized that  the tank settlings used were 
obtained as the byproduc t  of an operat ion whose sole 
object was to obtain oil f rom rice bran.  I f  the b r an  
had been extracted to obtain both oil and wax, the 
ratio of hard  wax to other components in the settlings 
would p robab ly  have been increased. In  obtaining.the 
hard  wax fraet ions listed in the table, fract ions of soft 
wax and of hard  wax which might  have commercial 
value were discarded. In  such a purification proce- 
dure an a rb i t r a ry  choice must  be made as to the por- 
tions to be retained. Other factors influencing yields 
are the filtration and decantation steps which do not 
produce perfect  separations of the solid and liquid 
phases involved. Separat ion by eentr i fugat ion or 
washing of the filter cakes would have changed 
slightly the yields and propert ies  of some of the final 
products. 

The high content of volatiles shown for  fract ion 
B-8 (Table I I )  ean be a t t r ibuted  to moisture and al- 
cohol left in the sample because of incomplete drying 
in air. This sample and the other samples of rice b ran  
wax were tested by  heating the powdery form in which 
they were precipi tated f rom solution. I f  the samples 
had first been melted and allowed to re-solidify, their  
content of volatiles would have been similar to that  of 
carnauba  wax. 

F rom the analyses reported in Table I I  it is evident 
that  tank settlings f rom crude rice b ran  oil can be 
processed in a number  of relatively simple ways to 
produce wax fractions which resemble carnauba wax 
in impor tan t  respects, bu t  their  proper t ies  are not 
ful ly  equal to the corresponding propert ies  of car- 
nauba wax. The melting and softening points of the 
fractions are definitely lower by  a few degrees. The 
wax hardness value for  each of the products  was 100, 
the maximum reading of the durometer  hardness 
tester, and hence this does not indicate that  the sam- 
pies were of equal hardness. There is no really satis~ 
fac tory  method of measuring this proper ty .  However  
according to the "finger-nail" test, which is commonly 
used, none of the rice b r an  Waxes was as hard  as 
carnauba.  

Each of the purification procedures yielded a ha rd  
and non-tacky wax;  and insofar as ord inary  chemical 
and physical determinations were concerned, the prop- 
erties of these waxes were quite similar. Therefore the 
choice of one procedure over another  would depend 
upon the use to be made of the oil and other byprod-  
ucts obtained dur ing the processing of the settlings 
and upon the performance  of the waxes in actual  
formation.  

Unfor tuna te ly  the evaluation of any  wax is to a 
large degree an art.  A manufac tu re r  of wax products  
determines the value of a new wax in accordance to its 
per formance  in his products.  However  i t  is safe to 
predict,  on the basis of the propert ies  of rice b r an  wax 
and upon pre l iminary  testing in actual  formulat ioas,  
that  rice b ran  wax would be a desirable article of 
commerce and could replace carnauba  wax to some 
extent: 

Summary 
A typical  sample of tank se t t l i ngs . f rom crude rice 

b ran  oil ~as  .processed in various ways  . to  obtain a 
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hard, non-tacky wax fraction. Two procedures inves- 
t igated consisted of removal of the oil from the tank 
settlings by washing with acetone, destruction of the 
phosphatides through hydrolysis or saponification, and 
subsequent purification by fractionation from isopro- 
panol solution ; another involved hydrat ion of the tank 
settlings, followed by separation of the aqueous and 
oil phases, and fractionation of the oil phase from iso- 
propanol solution; and two procedures used simple 
fractionation of the tank settlings with the aid of 
solvents. 

Yield of the hard  wax fractions from the typical  
sample of tank settlings varied from 8.3 to 13.7%, 
based on the weight of the original settlings. The 
iodine value varied from 11.1 to 17.6, the free fa t ty  
acid content from 2.1 to 7.3%, the phosphorus content 
f rom 0.01 to 0.15%. The lowest melting point ob- 
served was 75.3~ and the highest was 79.9. 

The samples of hard wax were almost black in color 
when in the liquid state and could not be bleached 
readily with activated clay or carbon. The waxes were 
bleached readily by hydrogen peroxide and by chro- 
mium trioxide in the presence of sulfuric acid solu- 
tion, or by combinations of these reagents. Practical ly 
white waxes could be produced with 0.5 par t  of 29% 
hydrogen peroxide and 1 par t  of chromium trioxide 
per 1 par t  of wax. 
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[ R e c e i v e d  M a y  26, 1952]  

Solubilization of Orange OT and 
Dimethylaminoazobenzene 
M. WESLEY RIGG and FRED W. J. LIU, ~ Department of Chemistry, Temple University, 
Philadelphia, Pennsylvania 

S OLUBILIZATION,  a fundamental  phenomenon 
associated with colloidal aggregates, i.e., miscelles, 
has been investigated by numerous workers (2, 4, 

7,12).  The nleasurement of solubilization by  the dye 
solubility method appears to be convenient. However 
considerable variation is to be found in the results re- 
ported by different workers. For  example, the earlier 
work reported by McBain and co-workers (2, 10) is 
found to be at variance with that  reported by Kolthoff 
and Stricks (7 ) .  I t  is our purpose to reinvestigate the 
dye method with emphasis on the reported points of 
disagreement. 

I t  was thought that departure  from neutral i ty  of 
the soap solution might :account for the divergent re- 
sults, hence the effect of a slight excess both acid and 
alkali in Na- and K-laurates was studied. The inter- 
esting possibility of the existence of micelles below the 
critical micelle concentration will be discussed in light 
of the present 'work. 

Materials Used 
Orange 0T  (F.D. and C. No. 2,1-o-tolyl-azo-2-naph- 

thol), a Calco product,  was purified according to 
directions given by McBain (10). 

Dimethylaminoazobenzene (abbreviated as DMAB),  
a Merck technical product, was reerystallized accord- 
ing to Kolthoff 's directions: (:7). 

1 Based on M:A. thesis of Fred W. J. Liu, Temple University, 1950. 
2 Present  address, Department  of Chemistry, Lehigh University, Beth- 

lehem, Pa, 

Potassium and sodium laurate solutions were pre- 
pared from Eastman Kodak white label lauric acid 
and K O H  and NaOH solutions (carbonate free) ,  re- 
spectively. Solutions were prepared with excess lauric 
acid (1.6% in Na-laurate and 1.2% in K-laurate)  and 
with excess alkali (1.4% in NaOH and 0.74% in 
KOH). 

Sodium oleate, Baker C.P. neutral grade, was used 
without further purification. 

Dodecylamine hydrochloride (DDA.HCI) was pre- 
pared by neutralization of the free DDA (Armour 
product) ,  dissolved in absolute ethanol, with concen- 
t ra ted HC1. Af ter  cooling to 0~ the white mass of 
DDA.HC1 crystals was filtered, washed first with ether 
and then with ethanol, and then dried i n  v a c u o  at 
room temperature.  Analysis for  ionizable chloride in- 
dicated 99% puri ty.  

Span 20 and Tween 20 were obtained from the Atlas 
Powder Company and dried at 100~ for 7 hours be- 
fore use. 

N-Dodecyl-fl-alanine hydrocbloride was prepared in 
the same way as DDA.HC1 by neutralization of N- 
dodccyl-fl-alanine (G. E. Goodrich product) .  

Tergitol 4 was obtained from the Union Carbide and 
Carbon Corporation. 

Ultrawet K was obtained from the Atlantic Refining 
Company. 

Technique and Experimental Method 
Detergent solutions of varying concentrations were 

placed in 30-ml. vaccine bottles, with sufficient dye to 


