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hydrochloric acid in contrast  to the fa i r ly  good end- 
point  in the ethyl alcohol or the ethyl alcohol-pyri- 
dine systems. Potent iometr ic  t i t ra t ions were made for  
the systems of ethyl alcohol-water, n-butyl  alcohol- 
water,  and n-butyl  alcohol-ethyl alcohol-water. 
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F r o .  2. T i t r a t i o n  g r a p h  o f  s a p o n i f i e d  l i n s e e d  oil.  

In  alcohol systems the p H  is only a relative t e rm;  
however it is a repeatable  measurement  even if not a 
" t r u e "  one. The slope at  the end-point  for the b lank 
in the ethyl alcohol-solvent system represented by  the 
broken-line curve in Figure  2 is 0.037 and for  the 
sample of the saponified linseed oil at  the phenol- 
phthalein end-point the slope is 0.308. The normal  
good break in the curve when t i t r a t i n g  a s t r o n g  
base with a strong acid is observed. The curve is 
flatter and covers a much narrower  p H  range in the 
t i t rat ion of the salt of the weak acid obtained by  
saponification. 

F igure  2 adequately explains the difficulty in obtain- 
ing a precise end-point with an indicator in the n-butyl  
alcohol system. The solid line curve for the blank de- 
picts t i t ra t ion of n-butyl  alcoholic alkali in water  with 
aqueous hydrochloric acid. The peculiar h u m p  near  
the end-point is ra ther  disturbing,  and no adequate 
explanation is available. Possibly the inflection could 
be caused by  the immiscibil i ty of bu ty l  alcohol and 
water  in tha t  at  the breaking point  or end:point the 
last t races of free po t a s s ium hydroxide have to be 
extracted by  the water  f rom the bu ty l  alcohol. This 

may  be a slow process, causing the indicator  to. fade 
and at  the same t ime causing the p H  to change only 
slightly on addition of acid. I t  was thought  that  this 
condition could be corrected by the simple addition 
of a water-butyl  alcohol miscible solvent such as ethyl 
alcohol. By inspection of the dotted-line curve it can 
be seen that  this was par t ia l ly  accomplished. How- 
ever the results, though corrected somewhat, leave 
much to be desired as the slope for  the blank is. 0.282 
and for  the sample, 0.658. Compared to the obtained 
slopes of 0.037 and 0.308, using ethyl  alcohol-water as 
t i t ra t ion media, it can be readily seen that  a relat ively 
slight error  in t i t ra t ion could cause appreciable  er- 
rors in the results. 

Conclusions 

The use of n-butyl  alcohol as a solvent for  saponi- 
fication of a representat ive series of drying oils has 
been studied. I t  appears  f rom this work that  n-butyl  
alcoholic potassium hydroxide reagent,  containing 5% 
of water  added to the reaction mixture,  gives very  
acceptable results based upon calculated saponifica- 
tion values. 

With  the exception of maleic-modified oils of cer- 
tain types, the solvent system of ethyl alcohol-pyri- 
dine exhibits excellent results based upon calculated 
values. However  it has the disadvantages that  it is a 
two-solvent system, and the pyr idine mus t  be of re- 
agent  grade to avoid end-point difficulties. 

The end-point in the butyl  alcohol system is not as 
sharp as the normal saponification end-point in ethyl 
alcohol. This may  be caused by  the two-phase nature  
of the t i t ra t ion mixture.  Addit ion of ethyl alcohol 
to the n-butyl  alcoholic saponification reaction mix- 
ture gives improvement,  al though the end-polnt is 
not as sharp as in the regular  ethyl alcohol system. 
Work  is continuing on methods for  improvement  of 
the end-point. 
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Simultaneous Recovery of Wax and Oil 
Bran by Filtration-Extraction 1 

From Rice 

JOSEPH POMINSKI, P. H. EAVES, H. L. E. VIX, and E. A. GASTROCK, Southern Regional 
Research Laboratory, 2 New Orleans, Louisiana 

M A N U F A C T U R E R S  of wax prepara t ions  for  
home and industr ial  uses in this country  are 
interested in obtaining new sources  of hard  

vegetable waxes other than  carnauba.  For  the year  
1951 the United States imported 26,340,000 pounds 

IPrese.nted a t  the annua l  fail meeting, American Oil Chemists'  SocL 
ety, Nov. 2-4, 1953, Chicago,  Ill. 

2One of the laboratories of the Southern Utilization Reaea.rch Branch ,  
Agr icu l tu ra l  Research Service, United States Depar tment  of Agriculture. 

of vegetable waxes valued at  $21,082,000, the largest  
pa r t  being carnauba,  16,016,279 pounds worth an av- 
erage price of $0.929 per  pound (11). Potent ia l ly  
rice b ran  is a sonrce of hard  vegetable wax. Rice b ran  
contains a percentage range  of lipids which are about  
14 to 17% oil (8) of which 3 to 9% is wax. The yield 
of the total  available lipids and the oil-wax relation- 
ship will be dependent  upon the solvent t empera ture  
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conditions, source and history of the bran,  and other 
factors (10). On the b ran  basis this is equivalent 
to 0.4 to 1.5% crude wax. Only a pa r t  of this is a 
hard  wax f rac t ion  having a melt ing point  of 75.3 
to 79.9°C. (2). Based on a yield of 0.25% o~ hard  
wax f rom rice bran,  a 100-ton per  day rice b ran  sol- 
vent extract ion plant  would produce approximate ly  
500 pounds of wax having a value of $188 to $375. 
This means, in addition to the value of oil and meal 
products,  an added revenue of $46,875 to $93,750 for  
a 250-day processing year.  

Previous publicat ions have repor ted experimental  
methods, and yields for  the solvent extraction of wax 
f rom rice b r an  or oil, as well as data on the propert ies  
of the extracted wax (1, 2, 6, 7, 10, 13). These meth- 
ods employed solvents other than  hexane, which is 
used commercially to extract  the rice oil. Fo r  com- 
mercial applicat ion it is desirable to have a method 
requir ing only a single solvent to produce separately 
both oil and wax f rom the bran.  Pilot p lant  extrac- 
tions of rice b ran  (10) and observed settling of wax 
f rom rice oil-hexane miscellas at low tempera tures  
(3) at the Southern Regional Research Labora to ry  
led to this investigation of rice wax prepara t ion  f rom 
hexane solutions. Hard ,  high melt ing point rice waxes 
were p repa red  f rom rice b r an  by  two methods:  1. se- 
lective cold hexane extraction to remove oil, followed 
by  a hot hexane extraction to remove the wax and 
chilling the wax miscella to precipi tate  the wax, or 
2. a single hot extraction to remove both oil and wax, 
followed by the separat ion o~ wax from the miseella 
b y  chilling and mult iple washes with cold hexane. 
Both methods were carr ied out on a pre-pilot p lant  
scale and were based on the principles of filtration- 
extraction (4, 12). 

Materials and Equipment 
Two lots of raw rice bran,  designated as Nos. 1 and 

2, were obtained f rom a rice mill in New Orleans. 
They had an oil content of 16.5-17.0% and a moisture 
content of approximate ly  10%. Port ions of each were 
cooked in a f ive-high stack cooker and an Evar t s  
K. Loomis 3 mixer,  respectively. The cooked materi-  
als were similar to each other. The cooking opera- 
tions eons.isted essentially of heating the brans  to a 
t empera ture  of approximate ly  210°F., adding water  
or live steam to br ing  the moisture up to approxi-  
mately  19% and drying at the same tempera ture  to 
approximate ly  9.5% moisture (4). 

Fi l t ra t ion-extract ions were performed,  using either 
a vacuum crock (12) or a metal  cylinder (5) with a 
removable plain Dutch screen, 24-x l l0-mesh.  For  
the processing var iables  studied, the rice b rans  were 
slurried with an 8% oil miseella and the washes, con- 
tained 2%, 1%, and 0% oil, respectively. Addit ional  
extractions and washes af ter  the cold extractions 
were made with hexane. In  the wax prepara t ions  
only hexane was used in the s lurrying and washing 
operations. 

Processing Variables Studied 
Effect of Temperature ON Solvent Extraction of 

Wax from Rice Bran. Labora to ry  filtration-extrac- 
tions with hexane as a solvent were made on cooked 

a I n  u s i n g  the  n a m e s  of e q u i p m e n t  m a n u f a c t u r e r s  in th is  art icle,  it 
should be unde r s tood  t h a t  we  a re  not  r e c o m m e n d i n g  ~he p roduc t s  of 
one m a n u f a c t u r e r  over  s imi la r  p roduc t s  of a n o t h e r  m a n u i a e t u r e r ,  

rice b r an  to determine the effect  of t empera tu re  on 
the extraction of acetone insoluble lipids 4 or total  
wax as shown in F igure  1. At  155°F., 93.0% of the 
total wax was extracted and at 41°F., 42.5%. Ace- 
tone insoluble l ipids were used as an index for  the 
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FIG.I. EFFECT OF TEMPERATURE ON THE HEXANE 
EXTRACTION OFAGETONE-INSOLUBLE LIPIDS 
FROM RICE BRAN. 
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F I G .  1. E f f e c t  o f  t e m p e r a t u r e  o n  t h e  h e x a n e  e x t r a c t i o n  o f  
a c e t o n e - i n s o l u b l e  l i p i d s  f r o m  r i c e  b r a n .  

wax content of rice b ran  as waxes are generally in- 
soluble in acetone. Low acetone insoluble lipids of a 
rice b ran  indicate low wax content. Since solvent 
extracted brans  containing low residual lipids also 
contain relatively small amounts  of acetone insolu- 
ble lipids, lo.w residual ]ipids also indicate the extent 
to which wax extract ion has taken place. 

Cold Extraction. Effect of Filtration Factors on 
Residual Lipids. To determine the effects of the sol- 
vent-bran ratio, numbe r  of washes, and filtration t ime 
on residual lipids, fi l tration-extractions were made on 
cooked rice b ran  a t  a t empera ture  of approximate ly  
40°F. Table I shows tha t  slower rates on filtration did 
not decrease residual l ipids; as the solvent-bran ratio 
decreased, residual lipids increased; and  a change in 
the nunlber  of washes f rom three to two increased 
the residual lipids. F i l t ra t ion-ext rac t ion  of unslur- 
ried b rans  gave a residual lipids of 3.64% as com- 
pared  to 2.40-2.82% for slurried material .  

Hot Extraction. Effects of Temperature oN Extrac- 
tion of Cold Extracted Bran. Fil t rat ion-extract ions 
were conducted on the cold solvent damp b ran  pre- 
viously extracted at  40°F. Table I I  shows data ob- 
tained on the mass velocity and final residual lipids. 
The low lipids obtained indicate tha t  the: wax can be 
removed without res lur ry ing  and high mass velocities 
indicated the pract icabi l i ty  of filtration-extraction. A 
tempera ture  as low as approximate ly  90°F. may  be 
used to remove the wax in the ho~ solvent-extrac- 
tion of cold solvent-extracted rice bran.  The cold 
extracted b ran  can be brought  up to tempera ture  
with two washes. 

4To determine,  acetone insoluble  l ipids,  r e s idua l  l ipids,  A.O.C.S. s t and-  
a r d  me thod  Aa 4-38 w e r e  t r ea ted  wi th  acetone, a t  78°]~., t r a n s f e r r e d  to 
a fritted filter w i t h  wa,sh ings  and dried in a v a c u u m  oven a t  105°F.  
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Effects of Solvent  ~ e a l  Ratio,  Number  of Washes  and  Time on Residu:al L ip ids  in  Cold F i l t r a t i on  Ex t rac t ion  of Rice B r a n  
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Exper imen t  .................................................................. 1 2 3 4 5 6 

Condit ion Control  F a s t  Med ium Slow Fas t  Fas t  
f a s t  ra te  ra te  rat~ ra te  ra te  rate  

Wt. meal, g ................................................................. 
Solvent  meal  rat io ......................................................... 
S lu r ry  

Time, rain ............................................................ 
Temp. °F .............................................................. 

No. washes ................................................................... 
Wash  temp. °F ............................................................. 
Mass velocity lbs . / f t .2 /hr .  ........................................... 
Ex t rac ted  cake 

F i n a l  t~mp. °F ..................................................... 
Lip ids ,  M.F.B.,  a % .............................................. 

360 
1 . 3 : 1  

30 
39 

3 
39 

2,416 

44 
2.03 

360 
1 . 3 : 1  

34 
40 

2 
4.0 

1,940 

4~ 
2.61 

360 
1 . 3 : 1  

30 
43 

2 
37 

966 

44 
3.03 

360 
1 . 3 : 1  

31 
44 

2 
37 

455 

43 
2.66 

360 
1 . 1 : 1  

30 
39 

2 
39 

2,220 

45 
3.03 

360 
0 . 7 5 : 1  

30 
41 

2 
39 

2,015 

44 
3.52 

aMo,istura free basis.  

Wax Productio~ 

Based on the data obtained on the above process- 
ing variables, wax was produced by two methods. In  
Method No. 1 there was a preferential cold hexane 
extraction of rice bran to remove the oil followed by 
a hot hexane extraction to remove wax. The wax 
miscella was cooled to approximately 40°F., and the 
precipitated wax was recovered by centrifugation. In  
Method No. 2 a single hot solvent-extraction of rice 
bran was employed to remove simultaneously the oil 
and wax. Wax was separated from the oil and wax 
miscella either directly or after a hot water washing 
of the miscella, by chilling, settling or centrifuging, 
and desolventizing. Results of four  preparations of 
wax from rice bran are given in Table I I I .  The first 
preparation follows Method No. 1, and  the other three, 
Method No. 2. 

Prepa/mtion No. 1. Essentially ail the oil from 24.6 
lbs.  of cooked rice bran was removed with cold hex- 
ane (40°F.) at a solvent to bran ratio o.f 1.3 to I in 
the vacuum crock filtration-extraction system (12). 
The filtrates passed through the bran cake at an av- 
erage mass velocity of 2,875 lbs./sq, f t . /hr .  The ex- 
tracted bran had a residual lipids content of 1.36%. 
Portions of the ex t r ac t ed - so lven t  damp bran  were 
reslurried with hot hexane at 140°F. for  30 minutes,  
filtered, and then washed with hot hexane, using a 
solvent to bran ratio of 1.3 to 1. The hot wax mis- 
calla had a mass velocity of 1925 lbs./sq, f t . /hr .  The 
extracted meal had a lipids content of 0.24%. 

The hot wax miscella was filtered and cooled to 
40°F., forming a wax precipitate equal to approxi- 
mately 1% of the total volume. The precipitated wax 
which contained 29.1% solids was recovered by cen- 
tr ifugation at a relative centrifugal force of 880 in a 

refrigerated centrifuge. The centrifuged wax was air- 
dried to remove completely the hexane, and the dried 
wax was melted and cooled to form a solid mass. 

Preparation No. 2. Five lbs. of cooked rice bran 
No. 1 was slurried at approximately 150°F. for  30 
minutes and then filtered in the metal cylinder fil- 
tration-extraction test unit  (5), using four hexane 
washes at a temperature of approximately 150°F. 
The solvent to bran ratio was 2 to 1 for the slurrying 
operation and 1.3 to 1 for the four  washes. The re- 
sulting miscella, containing both the oil and wax, was 
concentrated to an oil content of approximately 70%. 
The wax was precipitated from the concentrated oil 
miscella by chilling it to 40°F. The wax was recov- 
ered by centr ifuging in a manner identical to that 
used in Preparat ion No. 1. The crude wax was puri- 
fied by three successive precipitations. Each consisted 
of redissolving the wax at 150°F., chilling to 40°F. 
and centrifuging, using three, four, and five volumes 
of hexane, respectively, for the three precipitations. 
The centrifuged purified wax fraction was air-dried, 
melted, and cooled to form a solid hard mass. Table 
I I I  shows that  the wax yield for this preparat ion was 
similar to that  for Preparat ion No. 1. 

Preparations 3 and 4. Wax was recovered from 31 
lbs. of raw bran No. 2 and from the same quanti ty of 
cooked bran No. 2 in Preparations Nos. 3 and 4, re- 
spectively. The same extraction equipment was used 
in these preparations as for Preparat ion No. 2, but  
the extraction procedure differed in that  each bran 
was slurried with 1.5 times its weight of 150°F. hex- 
ane and then filtered. In  a like manner the filtered 
bran was reslurried and then filtered. These oper- 
ations were repeated a third time, for a total of 
three consecutive extractions. The three filtrates were 

TABLE I I  

Hot  He~ane  Ex t rac t ion  of Cold Hexane, Ex t rac ted  B r a n  

Cold Ex t rac t ion  Hot  Ex t rac t ion  a 

Ext rac t ion  
temp. 

°F. 

41 

39 

Washes  Mass 
velocity 

No. lbs . / f t .2 /hr .  

2 2,555 

3 2,875 

Ex t rac ted  
b r a a  

analys~s  

lip~ds 
M.F.B b 

% 

2.77 

1.47 

l~eslurry 

No 
No 
Yes 

No 
No 
No 
Yes 
Yes 

Ex t rac t ion  
or  wash 

tevap. 

°F. 

145 
158 
136 

91 
142 
154 
147 
140 

Washes  F i n a l  ca~ke 
teanp. 

No. °F. 

2 131 
3 135 
3 133 

3 87 
3 131 
3 142 
3 137 
2 

v~locity 

lbs . / f t .2/hr .  

4,040 
3,480 
3,850 

1,470 
1,840 
1,580 
2,230 
1,900 

Re-extracted 
b ran  

analyses  

l ip ids  
M,F.B b 

% 
0.56 
0.42 
0.27 

0.89 
0.19 
0.27 
0.13 
0.28 

aMeal at  40°F.  when extracted wi th  hot solvent.  
bMois ture  free basis.  



454 VOL. 31 T H E  J O U R N A L  OF T H E  A I ~ I E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

T A B L E  I I I  

W a x  P r e p a r a t i o n ,  Da ta ,  a n d  l~e~uI~s 

P r e p a r a -  
tion 
l'xT 0. 

Rice bran mate r i a l  B r a n  
~NZo. 

B r a n  Analyses  

L ip ids  
M.F'.B.a 

% 

% Total 
acct. insol. 

lipids~ 
ex t rac ted  e 

Yield 

B r a n  basis Ext r .  oil 
M.F.B.  a basis  

% % 

W a x  

Analyses  

Melt ing Phos- 
p o,int pho rus  

°C. % 

Method 1 - -Co ld  Solvent  Ex t r ac t ion  Followed by t-Iot S,olveal~ Ex t rac t ion  

1 Cooked, unex t rac ted  .................................... 1 18.56 
Cooked, ext rac ted  cold ................................. 1.49 
Cooked, ex t rac ted  hot  .................................. 0.27 94.3 0.28 1.50 78.4 1.4 

Method 2--1Hot Solvent  Ex t rac t ion  

Cooked, unex t rac ted  .................................... 1 18.55 
Cooked, ex t rac ted  ........................................ 0.71 
Raw,  unex t r ac t ed  ........................................ 2 18.37 
Raw,  ex t rac ted  ............................................. 0.85 
Cooked, ~n~xtr  a eted. . . . . . . . . . . . .  ....................... .... 2 ............. 18.61 
Cooked, ext rac ted  . . . . . .  0.30 

94.5 

93.3 

91.4 

0.28 

0.34 

0.24 

1.48 

1.82 

1.29 

78.8 

78.4 

80.0 

0.53 

0.14 

0.13 

aMois tu re  f ree basis.  
b %  total  ace tone  insoluble l ipids extracted.  Bas is :  Total  acetone insoluble  lipids in unex t rac ted  meal .  

combined and  then water  washed for  30 minutes  with 
approximate ly  10% water  at a t empera ture  of ap- 
proximate ly  140°F. to remove some p h o s p h a t i d e s .  
Af te r  the miseella was separated f rom the water  por- 
tion, i t  was cooled to 40°F. to precipi tate  the wax. 
The precipi ta ted wax was purified by  resuspending 
it three times with five volumes of hexane a t  40°F. 
The purified, settled wax was desolventized, melted, 
and cooled to fo rm a solid mass. Fi l t ra t ion rates of 
miseella through raw rice b r an  were too slow for  prac- 
ticality. I t  was noted that  the water  washing prior  
to cooling of the miscella improved the separation 
characterist ics of the wax. Ho t  water  washing the 
miscella f rom the raw b ran  removed 3.2 g. of crude 
phosphatides with a 1.68% phosphorous content. This 
decreased the amount  of phosphorous in the final wax. 
The yield of wax f rom the raw bran  was grea ter  than 
tha t  f rom the cooked bran.  All four  prepara t ions  
produced hard  waxes with high melt ing points, rang- 
mg  f rom 78.4 to 80°C. In  Table I I I  acetone insoluble 
lipids of the extracted b rans  indicate that  the extent 
of wax removal  was near ly  equal for  the four  prep-  
arations. This is not indicated by  the lipids values. 

For  comparat ive purposes settlings f rom a com- 
mercial  solvent-extracted raw rice b ran  oil were dis- 
solved in hot hexane, and  the result ing misceltas were 
t reated for  wax separat ion in a manner  s imilar  to 
that  used in Prepara t ions  Nos. 3 and 4. The final wax 

produced was equal in hardness  and melting point to 
the other rice waxes. 

Oil Evalucdion. The oil miscellas f rom Prepara .  
tions Nos. 1, 3, and  4 were concentrated and steam- 
s t r ipped to remove solvent and then vacuum-dried to 
remove moisture. The crude oils were refined and 
bleached by  a modified A.O.C.S. method as described 
by  C. H. Pominski et al. (9),  and results are repor ted 
in Table IV. 

Fo r  comparison with the oil obtained f rom Prep-  
arat ion No. 1 (cold and hot extractions) composite 
samples of the mixed and settled oils p repared  in 
the pilot p lant  by  fi l trat ion-extraction of rice b r an  
(cooked b ran  No. 1) at 85°F. (4) were refined and 
bleached by  the same method. The settled oil f rom 
the pilot p lant  operation gave the lowest refining loss ; 
however the oil f rom the cold extraction (Prepara t ion  
No. 1) gave a lower loss than that  obtained f rom the 
unsett led oil. 

The refining loss. of the oils obtained in Prepara-  
tions Nos. 3 and 4 (s t ra ight  extraction of raw and 
cooked rice b ran)  showed no improvement  over high 
losses normal ly  expected f rom solvent-extracted rice 
oils. 

Discussion 

These investigations show tha t  a hard, non-tacky 
rice wax can be produced b y  one of two methods 
which use a single solvent (hexane)  and simuIta- 

T A B L E  I V  

Rice Oil Refining and  Bleaching  Da ta  

Refining Data  Lovibond Color 
W a x  

p repa ra -  
tion 

B r a n  
No. Oil Lye  

To 

Lye  Ref ining 
excess loss 

% % 

Refined Bleached 
Oil a Oil b 

(70Y)  (35Y)  
Red Red 

Pilot  P l a n t  Ext rac t ion  

.... co ollk ed ExtractedExtracted room tempera tu re ,  mixed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 9 0 1 6 1 4  0.50"5 22.020"0 2.32'3 3.8 

.... room t empera tu re ,  settled ............................... , 2.75 14 0.5 12.6 2.7 3.8 
cooked I 16 0.5 13.5 2.7 

Method l - - C o l d  Solvent Ex t rac t ion  :Followed by Ho t  Solvent  Ex t r ac t ion  

1 1 I Ex t rac ted ,  cold ................................................................ 3.24 / 14  0.5 15.B 
c o o k e d  L 16 0.5 14.8 i 

I 16 0.5 15.4 2.3 3.2 

Method 2 - - H o t  Solvent  Ex t rac t ion  (70Y)  

3 raw2 Ex t r ac t ed  hot, w a t e r  washed  ........................................... 6.20 1614 0.50.5 26.027"2 3.23"2 6.66'6 

4 cooked2 Ex t r ac t ed  hot, w a t e r  washed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.26 1416 0.50"5 23.623"5 2.34.1 2.75.3 

a 1,p of oil in color tube. 
b 1 %  N u c h a r  a n d  5.6'% official bleach ear th .  
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neously produce oil. In  the first method, which is 
preferable,  the data  indicate tha t  if rice b r an  is 
cooked, both hot and cold solvent-extractions ean be 
pe r fo rmed  in a single extractor  of the filtration-ex- 
tract ion type (4) since the filtration rates are high and 
within pract ical  limits. This method has the advan-  
tage that  no water- or solvent-washing is necessary to 
produce purified wax, and p robab ly  only one centri- 
fuge would be necessary. F igure  2 shows a proposed 

R ICE BRAN 

/ r .E ANE 

EXO.,NGER-'-'' ' c ~oE~T~'AGT'O."oT ~ , ' A R O  
IE! 

EX CHANGERS 

MISCEL OIL 
{ REC;OVERY/ t CENTRIFUGE 1 
L_~]LS T E[_T~_~_I ~ HEXANE ~ HEXANE_ 

[ DESOLVENTIZER[ [ DRYER I 

' - -  1 1 OIL 
MEAL 

WAX 

Fro.  2. P r o p o s e d  flow d i a g r a m  of  f i l t r a t i o n - e x t r a c t l o n  p roce s s  
f o r  s i m u l t a n e o u s  p r o d u c t i o n  of  r i c e  w a x  a n d  oil.  

flow diagram for  a fi l tration-extraction process, with- 
out reslurring, to produce wax and oil f rom rice bran,  
based on this method. 

In  the second method a mult iple number  of cold 
solvent-washes would be necessary af ter  a hot water  
washing to pu r i fy  the wax, and this would necessi- 
tate the use of a number  of centrifuges. F igure  3 
shows a proposed flow diagram for  a solvent-extrac- 

MAR~ 

D['~'~E--~ HEXANE 

__RICE BRAN 

I~ H O T  H E X A N E  

~EXTRAOTO R I 
HOT WATER 

[SEPARATORI _WATER 

OIL MISCELLA_ 
IGENTRIFUGE[ 

I CENTRIFUGEJ 
OIL MJSCELLA 

~OLD HEXANE 

,HEXANE 
O I L |  

1 CENTRIFUGEI RECOVERYI 
SYSTEM| 

HEXANE 
M E A L O E SOLVEN TIZER ' OIL 

1 
WAX 

FIO, 3. P r o p o s e d  flow d i a g r a m  f o r  s i m u l t a n e o u s  p r o d u c t i o n  
of  r i ce  w a x  a n d  oi l  b y  a s i n g l e  h o t  e x t r a c t i o n .  

tion p lant  to produce wax and oil f rom rice b r an  
based on this method (s traight  hot extract ion) .  The 
flow diagrams shown in F igures  2 and 3 are only pro- 
posed processes, and  fu ture  engineering research and 
development investigations are necessary to deter- 
mine their  commercial  feasibility. 

I f  all acetone insoluble lipids at  40°F. are consid- 
ered hard  wax, then approximate ly  57% of the total  
acetone insoluble lipids may  be considered as hard 
wax. On this. basis the actual  wax yield itself is 70% 
of the total  ha rd  wax. 

S u m m a r y  

H a r d  rice waxes of high melt ing points have been 
obtained directly f rom rice b r an  while simultaneously 
producing oil. These waxes were produced by  the 
following two methods. 1. selective cold hexane-ex- 
t ract ion of cooked rice b r an  to remove the oil, hot 
hexane-extraetion to remove the wax, chilling of the 
hot miseella and separat ion of the precipi ta ted  wax 
by  centrifug'ation; 2. single ho.t hexane-extraetion of 
raw or cooked rice bran,  hot water  washing and chill- 
ing of the miscella, separat ion of the wax precipi tate  
by  settling or centrifugation,  and mult iple cold hex- 
ane-washings of the wax. Wax  can also be processed 
f rom rice oil settlings by  the la t ter  method a f te r  a 
miscella has been prepared.  The cold extraction-hot 
extraction method should be preferable  as a process 
when conducted on a s ingle  c o n t i n u o u s  filtration- 
extraction uni t  without  reslurrying.  Indications are 
that  oil refining losses may  be decreased by  this 
method. Yields of rice wax var ied f rom 0.22 to 0.31% 
of the original rice bran,  or 1.29 to 1.82% of the 
extracted oil. 
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