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hydrochloriec acid in contrast to the fairly good end-
point in the ethyl aleohol or the ethyl alcohol-pyri-
dine systems. Potentiometric titrations were made for
the systems of ethyl alcohol-water, n-butyl aleohol-
water, and n-butyl alecohol-ethyl aleohol-water.
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Fr1e. 2. Titration graph of saponified linseed oil.

In alcohol systems the pH is only a relative term;
however it is a repeatable measurement even if not a
““true’’ one. The slope at the end-point for the blank
in the ethyl aleohol-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 titrating a strong
base with a strong acid is observed. The curve is
flatter and covers a much narrower pH range in the
titration of the salt of the weak acid obtained by
saponification.

Figure 2 adequately explains the difﬁcuity in obtain-
ing a precise end-point with an indicator in the n-butyl
alcohol system. The solid line curve for the blank de-
piets titration of n-butyl alcoholic alkali in water with
aqueous hydrochloric acid. The peculiar hump near
the end-point is rather disturbing, and no adequate
explanation is available. Possibly the inflection could
be caused by the immiscibility of butyl aleohol and
water in that at the breaking point or end-point the
last traces of free potassium hydroxide have to be
extracted by the water from the butyl alecohol. This
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may be a slow process, causing the indicator to fade
and at the same time causing the pH to change only
slightly on addition of acid. It was thought that this
condition could be corrected by the simple addition
of a water-butyl alecohol miscible solvent such as ethyl
alcohol. By inspection of the dotted-line curve it can
be seen that this was partially 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 aleohol-water as
titration media, it can be readily seen that a relatively
slight error in titration could cause appreciable er-
rors in the results.

Conclusions

The use of n-butyl aleohol as a solvent for saponi-
fication of a representative series of drying oils has
been studied. It appears from this work that n-butyl
aleoholic 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 aleohol-pyri-
dine exhibits excellent results based upon calculated
values. However it has the disadvantages that it is a
two-solvent system, and the pyridine must 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
aleohol. This may be caused by the two-phase nature
of the titration mixture. Addition of ethyl aleohol
to the n-butyl aleoholic saponification reaction mix-
ture gives improvement, although the end-point is
not as sharp as in the regular ethyl alecohol system.
Work is continuing on methods for improvement of
the end-point.
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Simultaneous Recovery of Wax and Oil From Rice

Bran by Filtration-Extraction’

JOSEPH POMINSKI, P. H. EAVES, H. L. E. VIX, and E. A. GASTROCK, Southern Regional

Research Laboratory,? New Orleans, Louisiana

ANUFACTURERS of wax preparations for
home and industrial uses in this eountry 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
1Presented at the annual fall meeting, American Oil Chemists’ Soci-
ety, Nov. 2-4, 1953, Chicago, Il

20ne of the laboratories of the Southern Utilization Research Branch,
Agricultural Research Service, United States Department of -Agriculture,

of vegetable waxes valued at $21,082,000, the largest
part being carnauba, 16,016,279 pounds worth an av-
erage price of $0.929 per pound (11). Potentially
rice bran is a source of hard vegetable wax. Riee bran
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 temperature
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conditions, source and history of the bran, and other
factors (10). On the bran basis this is equivalent
to 0.4 to 1.5% crude wax. Only a part of this is a
hard wax fraction having a melting point of 75.3
to 79.9°C. (2). Based on a yield of 0.25% of hard
wax from rice bran, a 100-ton per day rice bran sol-
veni extraction plant would produce approximately
500 pounds of wax having a value of $188 to $375.
This means, in addition to the value of oil and meal
produets, an added revenue of $46,875 to $93,750 for
a 250-day processing year.

Previous publications have reported experimental
methods and yields for the solvent extraetion of wax
from rice bran or oil, as well as data on the properties
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. For com-
mercial application it is desirable to have a method
requiring only a single solvent to produce separately
both oil and wax from the bran. Pilot plant extrac-
tions of rice bran (10) and observed settling of wax
from rice oil-hexane miscellas at low temperatures
(3) at the Southern Regional Research Laboratory
led to this investigation of rice wax preparation from
hexane solutions. Hard, high melting point rice waxes
were prepared from rice bran 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 precipitate the wax, or
2. a single hot extraction to remove both oil and wax,
followed by the separation of wax from the miscella
by chilling and multiple washes with cold hexane.
Both methods were carried out on a pre-pilot plant
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 from a rice mill in New Orleans.
They had an oil content of 16.5-17.0% and a moisture
content of approximately 10%. Portions of each were
cooked in a five-high stack cooker and an Evarts
K. Loomis® mixer, respectively. The cocked materi-
als were similar to each other. The cooking opera-
tions consisted essentially of heating the brans to a
temperature of approximately 210°F., adding water
or live steam to bring the moisture up to approxi-
mately 19% and drying at the same temperature to
approximately 9.5% moisture (4).

Filtration-extractions were performed, using either
a vacuum crock (12) or a metal cylinder (5) with a
removable plain Duteh screen, 24-x 110-mesh. For
the processing variables studied, the rice brans were
slurried with an 8% oil miscella and the washes con-
tained 2%, 1%, and 0% oil, respectively. Additional
extractions and washes after the cold extractions
were made with hexane. In the wax preparations
only hexane was used in the slurrying and washing
operations.

Processing Variables Studied

Effect of Temperature on Solvent Exitraction of
Wax from Rice Bran. Laboratory filtration-extrac-
tions with hexane as a solvent were made on cooked

3In using the names of equipment manufacturers in this article, it

should be understood that we are not recommending the products of
one manufacturer over similar products of another manufacturer,

Vor. 31

rice bran to determine the effect of temperature on
the extraction of acetone insoluble lipids* or total
wax as shown in Figure 1. At 155°F.; 93.0% of the
total wax was extracted and at 41°F., 42.5%. Ace-
tone insoluble lipids were used as an index for the
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Fig. 1. Effect of temperature on the hexane extraction of
acetone-insoluble lipids from rice bran.

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

Cold Ezxztraction. Effect of Filtration Factors on
Residual Lipids. To determine the effects of the sol-
vent-bran ratio, number of washes, and filtration time
on residual lipids, filtration-extractions were made on
cooked rice bran at a temperature of approximately
40°F. Table I shows that slower rates on filtration did
not decrease residual lipids; as the solvent-bran ratio
decreased, residual lipids increased; and a change in
the number of washes from three to two increased
the residual lipids. Filtration-extraction of unslur-
ried brans 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. Filtration-extractions
were conducted on the cold solvent damp bran pre-
viously extracted at 40°F. Table II shows data ob-
tained on the mass velocity and final residual lipids.
The low lipids obtained indicate that the wax can be
removed without reslurrying and high mass velocities
indicated the practicability of filtration-extraction. A
temperature as low as approximately 90°F. may be
used to remove the wax in the hot solvent-extrae-
tion of cold solvent-extracted rice bran. The cold
extracted bran can be brought up to temperature
with two washes.

4To determine acetone insoluble lipids, residual lipids, A.0.C.8. stand-
ard method Aa 4-38 were treated with acetone at 78°F., transferred to
a fritted filter with washings and dried in a vacuum oven at 105°F,
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TABLE 1
Effects of Solvent Meal Ratio, Number of Washes and Time on Residual Lipids in Cold Filtration Extraction of Rice Bran
FXPeriment. . e reeseen s esenressses 1 2 3 4 5 6
i Control Fast Medium Slow Fast Fast
Condition fast rate rate rate rate Tate rate
WE. Meal, £, coiveiiiiiniiiiiiiiiriiiee s iacr e rar st enane 360 360 360 360 360 360
Solvent meal ratio.......ccocooeiiiiiiviiieeniie 1.3:1 1.3:1 1.3:1 1.3:1 1.1:1 0.75:1
Slurry
Time, min 30 34 30 31 30 30
Temp. °F.. 39 40 43 44 39 41
No. washes... 3 2 2 2 2 2
Wash temp. °F..... 39 40 37 37 39 39
Mass veloeity 1bs./ft.%/hr. 2,416 1,940 966 455 2,220 2,015
Extracted cake
Final temp. °F............. 4 44 44 43 45 44
Lipids, ME.B.,2 Gp.ruecriiiinecenrrreeeroseorsecrassonsses 2.03 2.61 3.03 2.66 3.03 3.52

2 Moisture free basis.

Wax Production

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 employved to remove simultaneously the oil
and wax. Wax was separated from the oil and wax
miseella either direetly 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 III. The first
preparation follows Method No. 1, and the other three,
Method No. 2, .

Preparation No. 1. Essentially all the oil from 24.6
‘1bs. of cooked rice bran was removed with cold hex-
ane (40°F.) at a solvent to bran ratio of 1.3 to 1 in
the vacuum erock filtration-extraction system (12).
The filtrates passed through the bran cake at an av-
erage mass velocity of 2,875 lbs./sq. ft./hr. The ex-
tracted bran had a residual lipids content of 1.36%.
Portions of the extracted-solvent 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 1.8 to 1. The hot wax mis-
cella had a mass velocity of 1925 lbs./sq. ft./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-
trifugation at a relative centrifugal forece 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 Ibs. of cooked rice bran
No. 1 was slurried at approximately 150°F. for 30
minutes and then filtered in the metal eylinder 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 miseella, 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 centrifuging in a manner identical to that
used in Preparation 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
T shows that the wax yield for this preparation was
similar to that for Preparation No. 1.

Preparations 3 and 4. Wax was recovered from 31
Ibs. of raw bran No. 2 and from the same quantity of
cooked bran No. 2 in Preparations Nos. 3 and 4, re-
spectively. The same extraction equipment was used
in these preparations as for Preparation 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 II
Hot Hexane Extraction of Cold Hexane Extracted Bran

Hot Extraction®

Cold Extraction
v Extracted Re~e§(tracted
bran Extraction Tan
Extraction Mass analyses Toy e Xira. Final cake Mass analyses
tomp. Washes velocity Y . Reslurry ogezvna)sh Washes temp. velocity
lipids B lipids
M.F.B}p M.F.BD
°F. 1bs./ft.2/hr. % °F. No. °F. Ibs./ft.2/hr. %
41 2,555 2.77 No 145 2 131 4,040 0.56
No 158 3 135 3,480 0.42
Yes 136 3 133 3,850 0.27
39 2,875 1.47 No 91 3 87 1,470 0.39
No 142 3 131 1,840 0.19
No 154 3 142 1,580 0.27
Yes 147 3 137 2,230 0.13
Yes 140 2 1,900 0.28

2Meal at 40°F. when extracted with hot solvent.
bMoisture free basis.
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TABLE III
Wax Preparation, Data, and Results
Bran Analyses Wax
Prepara- Yield Analyses
tion Rice bran material Bran Lipids %tTota.lI
No. N MEB: | 2C0ins0- Bran basis | Extr. oil Melting Phos-
0- % extractedd M.F.B.» basis point phorus
% % °C. %
Method 1—Cold Solvent Extraction Followed by Hot Solvent Extraction

1 Cooked, unextracted 1 18.56
Cooked, extracted cold 1.49
Cooked, extracted hot 0.27 94.3 0.28 1.50 78.4 1.4

Method 2—Hot Solvent Extraction

2 Cooked, unextracted......... 1 18.55
Cooked, extracted.... 0.71 94.5 0.28 1.48 78.8 0.53

3 Raw, unextracted. 18.37
Raw, extracted..... 0.85 93.3 0.34 1.82 78.4 0.14

4 Cooked . unextracted. 2o 18,61 "
Cooked, extracted............. 0.30 91.4 0.24 1.29 80.0 0.13

aMoisture free basis.

b, total acetone insoluble lipids extracted. Basis: Total acetone insoluble lipids in unextracted meal.

combined and then water washed for 30 minutes with
approximately 10% water at a temperature of ap-
proximately 140°F. to remove some phosphatides.
After the miscella was separated from the water por-
tion, it was cooled to 40°F. to precipitate the wax.
The precipitated wax was purified by resuspending
it three times with five volumes of hexane at 40°F.
The purified, settled wax was desolventized, melted,
and cooled to form a solid mass. Filtration rates of
miscella through raw rice bran were too slow for prac-
ticality. It was noted that the water washing prior
to cooling of the miscella improved the separation
characteristics of the wax. Hot water washing the
miscella from the raw bran 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 from the raw bran was greater than
that from the cooked bran. All four preparations
produced hard waxes with high melting points, rang-
ing from 78.4 to 80°C. In Table IIT acetone insoluble
lipids of the extracted brans indicate that the extent
of wax removal was nearly equal for the four prep-
arations. This is not indicated by the lipids values.
For comparative purposes settlings from a com-
mercial solvent-extracted raw rice bran oil were dis-
solved in hot hexane, and the resulting miseellas were
treated for wax separation in a manner similar to
that used in Preparations Nos. 3 and 4. The final wax

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

0il Evaluation. The oil miscellas from Prepara-
tions Nos. 1, 3, and 4 were concentrated and steam-
stripped to remove solvent and then vacuum-dried to
remove moisture. The crude oils were refined and
bleached by a modified A.0.C.S. method as described
by C. H. Pomingki et al. (9), and results are reported
in Table IV.

For comparison with the oil obtained from Prep-
aration No. 1 (cold and hot extractions) composite
samples of the mixed and settled oils prepared in
the pilot plant by filtration-extraction of rice bran
(cooked bran No. 1) at 85°F. (4) were refined and
bleached by the same method. The settled oil from
the pilot plant operation gave the lowest refining loss;
however the oil from the cold extraction (Preparation
No. 1) gave a lower loss than that obtained from the
unsettled oil.

The refining loss of the oils obtained in Prepara-
tions Nos. 3 and 4 (straight extraction of raw and
cooked rice bran) showed no improvement over high
losses normally expected from solvent-extracted rice
oils.

Discussion

These investigations show that a hard, non-tacky
rice wax can be produced by one of two methods
which use a single solvent (hexane) and simulta-

TABLE IV
Rice Oil Refining and Bleaching Data
Refining Data T.ovibond Color
Wax T
Bran . FFA s Refined Bleached
Pen No. on % Lye ere, | Refining 0ils Oilb
Yo % % (70Y) | (35Y)
© ° Red Red
Pilot Plant Extraction
1 Extracted room temperature, mixed.......cccvvvvereririerinne 2.90 14 0.5 20.0 2.8 3.8
cooked 16 0.5 22.0 2.8
1 Extracted room temperature, settled........cccceevvevreinnnenns 2.75 14 0.5 12.6 2.7 3.8
cooked 16 0.5 13.5 2.7
Method 1-—Cold Solvent Extraction Followed by Hot Solvent Extraction
1 1 EXEPACEeA, COLAuurrrirnenerrerraeesmmerniensisenseenessesamsssssasnssnssones 324 | 14 05 | 153
cooked 16 0.5 14.8
| 16 05 | 154 2.3 3.2
Method 2—Hot Solvent Extraction (70Y)
3 2 Extracted hot, water washed....ccccooreiriiniiiiciicenrcinnnenianad 6.20 | 14 0.5 27.2 3.2 6.6
raw 16 0.5 26.0 3.2 6.6
4 2 Extracted hot, water washed.........cvivvmureviciciiinniennennenns 3.26 14 0.5 23.5 2.3 2.7
cooked 16 0.5 23.6 4.1 5.3

al” of oil in color tube.
b19% Nuchar and 5.6% official bleach earth.
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neously produce oil. In the first method, which is
preferable, the data indicate that if rice bran is
cooked, both hot and cold solvent-extractions ean be
performed in a single extractor of the filtration-ex-
traction type (4) since the filtration rates are high and
within practical limits. This method has the advan-
tage that no water- or solvent-washing is necessary to
produce purified wax, and probably only one centri-
fuge would be necessary. Figure 2 shows a proposed
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Fic. 2. Proposed flow diagram of filtration-extraction process
for simultaneous production of rice wax and oil.

flow diagram for a filtration-extraction process, with-
out reslurring, to produce wax and oil from rice bran,
based on this method.

In the second method a multiple number of cold
solvent-washes would be necessary after a hot water
washing to purify the wax, and this would necessi-
tate the use of a number of centrifuges. Figure 3
shows a proposed flow diagram for a solvent-extrac-
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F1a. 3. Proposed flow diagram for simultaneous production
of rice wax and oil by a single hot extraction.
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tion plant to produce wax and oil from rice bran
based on this method (straight hot extraction). The
flow diagrams shown in Figures 2 and 3 are only pro-
posed processes, and future engineering research and
development investigations are necessary to deter-
mine their commercial feasibility.

If all acetone insoluble lipids at 40°F. are consid-
ered hard wax, then approximately 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 hard wax.

Summary

Hard rice waxes of high melting points have been
obtained direetly from rice bran while simultaneously
producing oil. These waxes were produced by the
following two methods. 1. selective cold hexane-ex-
traction of cooked rice bran to remove the oil, hot
hexane-extraction to remove the wax, chilling of the
hot miscella and separation of the precipitated wax
by centrifugation; 2. single hot hexane-extraction of
raw or cooked rice bran, hot water washing and chill-
ing of the miscella, separation of the wax precipitate
by settling or centrifugation, and multiple cold hex-
ane-washings of the wax. Wax can also be processed
from rice oil settlings by the latter method after a
miscella has been prepared. The cold extraction-hot
extraction method should be preferable as a process
when conducted on a single continuous filtration-
extraction unit without reslurrying. Indications are
that oil refining losses may be decreased by this
method. Yields of rice wax varied from 0.22 to 0.31%
of the original rice bran, or 1.29 to 1.82% of the
extracted oil.

Acknowledgment

The authors wish to express their appreciation to
Carroll L. Hoffpauir, Reuben A. Feuge, E. R. Cousins,
and A. V. Graci Jr. for their cooperation and sug-
gestions, and to B. J. McCall, Vidabelle O. Cirino,
Marcol L. Paredes, and A. J. Crovetto for analytical
data reported herein.

REFERENCES

1. Anon., Chemistry & Industry, 58, 1014 (1939).

2. Cousins, E. R., Fore, S. P., Janssen, H. J.,, and Feuge, R. O.,
J. Am. Oil Chem Soc, 80, 9-14 (1953).

3. Baves, P, H. (unpublished data at Southern Regional Research
Laboratory).

4. Graci, A. V, Jr., Reuther, C. G. Jr., BEaves, P. H., Molaison, L. J.,
and Spadaro, J. J., J. Am. Oil Chemists’ Scc., 30, 139-143 (1953).

5. Graci, A. V, Jr., Vix, H. L, E., Spadaro, J. J.,, D'Aquin, E, L.,
and Paredes, M, L., “A Bench Scale Method for Evaluating the, Process-
ing Characteristics of Oilseeds for Filtration-Extraction” (manuseript
in preparation).

6. Kawai, J., and Ukija, H., J. Chem. Soc., Japan, Ind. Chem. Sect.,
54, 735-7 (1951), through Chem. Abs. 47, 9034,

7. Kitsuta, Kisaku, Patent Japan 5339 (1951) Sept. 15; through
Chem. Abs. 47, 3013,

8, Maxkley, K. 8., Rice Journal, 52 (10), 14, 30-35 (1949),

9. Pominski, 0. H., Loeb, J. R., and Dollear, F. G., *Laboratory Re-
fining Procedure for Crude Rice Bran Oil,” manuscript in preparation.

10. Reddi, - P. B. V., Murti, K. 8, and Feuge, R. 0., J. Am. Oil
Chemists’ Soc., 25, 206-211 (1948)

( 11. Sayre, J. E., and Marsel, C. J.,, Chem. Week, 71 (13), 29-50
1952).

12. Spadaro, J. J.,, Graci, A, V. Jr.,, Gardner, H, K,, Parker, J. 8.,

I(Ja,borde, E. J., and Gastrock, E. A, Oil Mill Gaz, 56 (1), 77-81
1951).

13. Tsuchiya, T., J. Nippon Oil Technol. Soc. 1, No. 1, 1-6 (1948);

through Chem. Abs. 43, 5611,

[Received March 23, 1954]



