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of unsaturation (10), making linolenic acid a possible
flotation agent. Linolenic-rich acids are reportedly
used for making liquid and gel soaps and metallic
drier soaps (16).

Up to 2% of high molecular weight polymeric acids
which may be prepared by thermal polymerization of
linolenic acid are added to a road-making asphalt
composition to improve its weather resistance. These
polybasic acids act as wetting agents for the rock
aggregate and asphalt (11). The polymeric acids also
have potential value in the preparation of polyure-
thane coatings, resins, and rigid foams. One report
suggests esters of linolenic acid might be used as anti-
ozonant-plasticizers for rubber produets (12). Tino-
lenate esters probably act as ozone aceeptors to delay
rubber becoming brittle.

Linolenyl alcohol prepared from linolenic acid
might be useful in the preparation of vinyl ether-type
coatings to give improved alkali resistance. The hexa-
decylamine salt of linolenic acid is reported to be
an outstanding corrosion inhibitor for steel even in
acidie-aqueous solutions (4).

Polymeric acids prepared from linolenic or linoleie
acids are among the preferred ingredients of a poly-
amide coating to restrict the burning of solid rocket
propellents (8). Lauric acid may be prepared from
linolenic acid by the Varrentrapps reaction (14). As
an ingredient of an ointment, ethyl linolenate is said
to stimulate wound healing and scar tissue in cutane-
ous lesions (13). Linolenic acid also has merit as an
insect bait attractant for fir weevils and as a com-
ponent of plant growth stimulators (6,7). Epoxidized
linolenate esters can be expected to be superior plasti-
cizer-stabilizezrs for vinyl chloride resins although
complete epoxidation of linolenic ester produces only
a small amount of triepoxy acid because of ring open-
ing and polymerization during the reaction (13).
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Epoxy groups act as scavengers for hydrogen chlo-
ride formed when the resin breaks down. Epoxidized
fatty acid esters having a high epoxy content can
also be used as acid-accepting stabilizers for chlo-
rinated solvents.

These potential applications do not necessarily con-
stitute an exhaustive list, and others should materialize
when high purity linolenic acid becomes available.
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Preparation, Characterization and Evaluation of Mono-

and Diesters of Carboxystearic Acd’

EDWARD T. ROE, GEORGE R. RISER and DANIEL SWERN, Eastern Regional

Research Laboratory,” Philadelphia 18, Pennsylvania

Differences in the reactivity of the terminal and branched
carboxyl groups of carboxystearic acid, prepared by car-
boxylation of oleic acid with carbon monoxide, have been
utilized in preparing monoesters. Monoesters of both types
have been prepared, those in which the ester group is ter-
minal and those in which the ester group is a branched sub-
stituent on the chain. Diesters of carboxystearic acid have
also been prepared.

Physieal, chemical, and spectral characteristies of the
products have been determined. In addition, the viseosity,
viseosity index, pour point, and compatibility as plasticizers
for PVC have also been studied.

1 Presented at the spring meeting of the American Oil Chemists’
Society, St. Louis, Missouri, May 1-3, 1961.

2 Bastern Utilization Research and Development Division, Agricul-
tural Research Service, U.S. Department of Agriculture.

All the monoesters studied are ineompatible with PVC,
but dimethyl, diethyl, and dipropyl ecarboxystearate, as
well as earbomethoxyoctadecyl acetate (from oleyl alecohol),
are efficient, low temperature plasticizers at the 359 level.
Di-n-butyl earboxystearate also has an exceptionally high
viscosity index (169) and a low pour point (—54°C.).

Each of the three types of esters described has a character-
istie infrared absorption spectrum in the carbonyl region.

N OUR WORK on the carboxylation of oleic acid and
I other unsaturated fatty acids and esters (1), it soon
became apparent that the introduced branched car-
boxyl group is different in its reactivity from the ter-
minal one. Esterification of the branched carboxyl is
much slower than that of the terminal group, and
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TABLE I
Characteristics of Purified Produects
Diesters of type CHs(CHz) x—CH-(CH2)yCOOR

COOR (x+4y=15)
- Boiling Point { o | a0 Molecular Refraction | Carbon, % l Hydrogen, %
°C. % mm. " | . Caled. | Found I Caled. ’ Found | Caled. Found
Methyl ®uvenerescereseescreereeeeesaessesesssssene 146 | 035 | 14463 | . 1 S b ST N I
Ethyl....... . 188 1 0.90 | 1.4458 0.9175 112.0 1117 | 718 71.7 11.5 11.4
Z-Eﬁ%pﬂn %gg ’ o.io | 1.4460 | 0.9123 121.3 | 120.6 728 | 728 1LY 11.7
-Butyla. 040 1 14465 e e e b e e | e
Tsobutyl... 200 | 0.15 1.4449 0.9007 ~  130.6 1302 | 73.6 | 737 11.9 11.9
2-Ethylhe 180 | 0.016 1.4522 0.8963 - 167.8 166,53 | 760 | 759 12.4 ‘ 12.5
Carbomethoxyoctadecyl acetate®........... 140 [\ 0.07 1.4468 0.9220 107.4 107.4 71.3 ! 715 | 11.4 11.7
Monoesters of type CHs(CHz)x~C'H~(CH2) sCOOH
COOR (x+v=15)
Methy! | 178 | 040 | 1.4531 0.9461 98.1 979 . 701 | 703 | 112 ’ 11.3
n-Butyl.... 186 | 0.28 | 1.4528 0.9323 112.0 111.4 71.8 713 | 115 11.5
Monoesters of tvpe CHs(CHz)x—CH—(CH2)sCOOR
OOH (x+y=15)
160 | 0.08 14345 | 09523 | 981 | 975 [ 701 \ 70.0 ‘ 11.2 11.2
206 | 0.07 i 1.4540 @ 09381 : 112.0 111.0 . 718 71.1 11.5 11.4
180 | 0.015 | 1.4564 | 0.9265 | 130.6 1204 | 736 1 731 | 119 11.9

2 Previously reported (Ref. 1).

b Note that this ester is different from those above.

¢ Acid number 137 (caled. 127).

Its formula is CH;;(CHe)x—qH—(CH&);—CHQOCCHs

COOCH: (x+y=15

special methods must be used to obtain complete esteri-
fication. It is equally difficult to hydrolyze an ester of
the branched carboxyl by saponification.

This difference in reactivity of the branched and
terminal carboxyl groups suggested a method of ob-
taining some interesting and potentially valuable
monoesters. In our earlier work (1), we reported
on the preparation, among others, of dimethyl and
dibutyl esters of earboxystearic acid. We are now
reporting the preparation of the diethyl, di-n-propyl,
di-2-ethylhexyl and diisobutyl esters of carboxystearic
acid and the half methyl, butyl and 2-ethylhexyl es-
ters, in which the ester group is in either the terminal
position or in the branched position. In addition, we
have prepared an interesting new mixed diester, car-
bomethoxyoctadecyl acetate from carboxyoctadecanol.
The physical and viscometrical properties, and evalu-
ation of the mono- and diesters as plasticizers for ecom-
mereial poly (vinyl chloride) are also reported.

Preparation of the half esters, in which the alkyl
group is attached to the branched carboxyl, is accom-
plished by the reaction of a diester with the stoichio-
metric amount of alkali to saponify only one of the
ester linkages. Inasmuch as the terminal ester group
is the more labile of the two, it is hydrolyzed leaving
the branched ester intact.

Half esters, in which the ester group is attached
to the terminal carbon, are prepared directly from the
dicarboxylic acid, allowing only sufficient reaction
time for the more reactive terminal carboxyl group
to become esterified.

Experimental

Starting Materials: Oleic acid was a high quality
commercial grade; 80-85% oleic acid, no trans iso-
mers, 3.5% polyunsaturated acids and the remainder
predominantly palmitic acid. Oleyl aleohol, 98-99%,
was prepared by a described procedure (2).

Preparation of Carboxystearic Acid: Although a
small scale preparation of carboxystearic acid has
been described (1), a larger seale procedure is given
here for comparison and, in this case, using a com-

mercial grade of oleic acid. To 2422 g. (24 moles) of
97.2% sulfuric acid in a 12-1. three-neck flask was
added simultaneously from separate dropping fun-
nels 283 ¢. (1 mole) of oleic acid and 141 g. (3 moles)
of 98-100% formic acid. (Too rapid addition is inad-
visable because of uncontrollable foaming.) The tem-
perature was maintained between 10 and 20°C. by
external cooling. In replicate experiments from 80 to
110 min. were required for addition of the reactants.
Stirring was continuous for a total reaction time of
four hr., using a half-moon blade type stirrer. The
product was poured into approximately 3 1. of a
mixture of ice and water and extracted with ether.
The ether solution was washed free of sulfuric acid
and dried over sodium sulfate. Evaporation of the
ether from the filtered solution yielded 317 g. of a
syrup-like material with an iodine number of 8.0,
acid number 298, and saponification number 299.
This product was distilled from an alembic flask.
The fractions distilling at 215-225°C. (1.5 mm.)
(57%) having acid numbers of from 325 to 341
(342 theoretical) were used in preparation of the
esters. The yield of carboxystearic acid was sub-
stantially increased by redistillation of fractions of
lower acid number.

Preparation of Diesters of Carbozystearic Acid:
The dimethyl ester of carboxystearic acid was pre-
pared by the dimethyl sulfate method (1) or by
reaction of the acid with diazomethane. The di-n-
butyl, diisobutyl, diethyl, and di-n-propyl esters were
prepared by the base-catalyzed alcoholysis method
(1). The di-n-butyl ester was also prepared by a
conventional method using toluene to remove water
azeotropically. In the latter method the acid number
of the product was reduced to 4 in 240 hr. Similarly,
the di-2-ethylhexyl ester, with an acid number of 7,
was obtained in 264 hr. of refluxing. Longer refluxing
did not reduce the acid number further in either case.
The dimethyl and dibutyl esters were distilled from
an alembic flask and had the same properties as pre-
viously described {1). A suecessful distillation of
the dimethyl ester was also obtained using a heated
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TABLE IT
Viscometrical Characteristics of Mono- and Diesters
Diesters of type CHs(CHa)x—CH—(CHz2)yCOOR
OOR (x+y=15)
; | Kinematic Viscosity in Centistokes at °C. | Pour
B nﬁn%;ier " ; i ; - &ssli)TAeM" V.I. | point,
988 | 380 | 10 ! ~—10 | —20 ! —30 | —40 Pe | °C.
3.6 2.96 | 125 . 419 146 | ... | J 0.75 97 —258
3.7 3.05 | 12.6 ! 379 125 313 | 959 2,700® 0.75 112 —44
5.1 3.50 | 14.8 | 434 151 337 ! 841 2,800"\ 0.71 133 —45
59 385 | 133 . 51.0 162 297 | 7214 oo 070 | 169 —52
2.5 3.88 . 17.5 | 61.5 : 246 560 i 1,594 4.555 0.73 135 —52
48 | 5.88 . 323 128 i 555 1,170 ; 3,440 11,760 0.69 134 —45
{ ; [
6.7 \ 3.74 \ 184 | 704 | 290 608 | ... LR 0.76 100 —47
Monoesters of type CHa(CHz)x—CH—(CHz)yCOOH
COOR (x+y=15)
\ i 3,400° | ’
Methyl.... 167 10.5 94.7 | 555 {ta4,100 { ... ‘ ............ 0.67 102 —22
n-Butyl.. 140 10.7 83.7 | 412 | 1,930 | 4,930 | 16,940 | ... | o063 118 —36
Monoesters of type CHs(CHz)x—CH—(CHz2)yCOOR
COOH (x+y=135)
166 | 103 90.3 - 469 | 2.390 | 6400%° ...+ ... 070 | 104 —482
160 \ 131 115 ;631 | 3,370 | 7,780 | 27,400 | ... L oes o114 —35
144 16.8 183 1,120 7,090 ! 17,760 | ...... < e ; 0.65 104 —42
Control bis (2-ethylhexyl sebacate) (DOS)........| ...... 3.62 12.6 37.2 118 ‘ 238 \; 550 1‘ 1,338 ] 0.71 } 145 —67
* Freezing point; the material was a solid white crystalline mass.
b Sample began to crystallize; readings were erratic. o]
¢ Viscosity too high to measure at —30°C, o !}l
adNote that this ester is different from those above. Its formula is CHs(CHz)x—CH—(CHz2)yCH20CCHs
COOCH3 (x+y=15)

8-in. Vigreux column. The diethyl, dipropyl, and
diisobutyl esters were all distilled readily through
the Vigreux column,

The di-2-ethylhexyl ester of carboxystearic acid
could be purified only by molecular distillation. From
104 g. of crude diester, 73 g. of substantially pure
product was obtained from 170 to 190°C. at 16 p: n3°
1.4523; acid no. 9. Analysis of the heart fraction is
shown in Table I.

Preparation of monoesters of the type
CH;3(CH,),CH(CH,),COOH:

|
COOR (x+y=15)

An equimolar quantity of NaOH in a 50% aqueous
aleoholic solution was added slowly with stirring and
heating to an alecoholic solution of the diester (1.25
ml., 95% ethanol per g.). The temperature was al-
lowed to rise to 70°C. After a few minutes of stir-
ring at this temperature the mixture was cooled and
acidified with dilute hydrochloric acid. The produect
was recovered by extraction with ether. The half
methyl ester, prepared in this manner, had an acid
number of 168 (ecaled., 164). Similarly the half
butyl ester had an acid number of 127 (caled., 146).
Distillation of these half esters from an alembie flask
yielded substantially pure produets.

‘When treated in a similar manner, the di-2-ethyl-
hexyl ester of carboxystearic acid yielded a product
having an acid number of only 44 (ecaled., 127).
Heating the reaction mixture at 70°C. for 115 hr.
increased the acid number to 101. The acid number
remained unchanged even when heating was con-
tinued for 5 hr. at 100°C. No separation was ob-
tained by molecular distillation of the product. This
preparation was, therefore, abandoned.

Preparation of monoesters of the type
CH3(CH2)X(I3H(CH2)YCOOR:

COOH  (x+y=15)

Half esters of this type were prepared by a method
in which 5 ml. of the alcohol per g. of carboxystearic
acid and 2% by weight of naphthalene 2-sulfonie acid,
based on carboxystearic acid, were refluxed. The time
of refluxing was sufficient to esterify only the more
reactive terminal carboxyl group, and was determined
by trial for each alcohol used. Starting in each case
with 40 g. of carboxystearie acid (acid number 333~
340) the time of refluxing with methanol was 40
min., with butanol 19 min., and with 2-ethyl-1 hexanol
7 min. The acid numbers of the crude half esters
obtained in this manner were: methyl half ester 158
(ealed. 164), butyl half ester 149 (caled. 146), and
2.ethylhexyl half ester 146 (caled. 127). The half
methyl and butyl esters were distilled from an alembic
flask ; the 2-ethylhexyl half ester was distilled in a
molecular still from 170 to 180°C. at 15 pu.

Preparation of Carbomethoxyoctadecyl Acetate: To
74 g. (0.23 mole) of undistilled methyl ester of car-
boxyoctadecanol (1) was added 47 g. (0.46 mole) of
acetic anhydride. The mixture was stirred for 2 hr.
at 110°C. Hot water was added slowly, and stirring
was continued for an additional 10 min. to hydrolyze
excess acetic anhydride. The product was extracted
with ether and washed with water to remove acetic
acid. Small amounts of ethanol were used to aid in
breaking troublesome emulsions. Evaporation of the
dried ether solution yielded 77 g. of a dark brown
mobile liguid with an acid number of 8.8 and saponi-
fication number 141. This product was distilled from
an alembic flask. From 75 g., 40 g. of a colorless sub-
stantially pure product was obtained, b.p. 135-140°C.
(0.07 mm.), acid number 7, and saponification num-
ber 155. Analysis of the heart fraction gave a sapon-
ification number of 151 (ecaled. for ome functional
group, 151). Other data are shown in Table 1.

Infrared Spectra: Infrared absorption spectra were
obtained on a Perkin Elmer Model 21 double beam
recording spectrophotometer. For general spectra, a
demountable cell consisting of sodium chloride win-
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dows (one window with a moat-type channel) (3),
and 0.025 and 0.03 mm. spacers were used since all
samples were liguid.

Viscometrical and Plasticizing Properties of Esters of
Carboxystearic Acid and Carbomethoxyoctadecyl Acetate:

Starting Materials: The esters used as plasticizers
were prepared as described above. They were of high
purity but were taken over a broader distillation range
than the heart fractions used for ultimate analyses
shown in Table I. The acid number of these esters,
shown in Table II, gives an indication of the degree
of purity. Commercial poly(vinyl chloride) (Geon
101) was used for the plasticizer studies. Vinyl stocks
were stabilized with a Ba-Cd complex (Mark M.).
The standard recipe was as follows: Geon 101 63%,
plasticizer 349, and stabilizer 1%. Commerecial plas-
ticizers used for controls were di-2-ethylhexyl phthal-
ate (DOP) and di-2-ethylhexyl sebacate (DOS).

Test Methods: The preparation of the poly(vinyl
chloride) compositions and the determination of ten-
sile strength, 100% modulus, elongation, torsional
modulus, volatility, light stability and compatibility
of plasticizers were obtained by previously reported
methods (4,5,6).

Results and Discussion

Preparation (Table I): The method chosen for the
preparation of diesters of carboxystearic acid is a
matter of expedience. Several factors enter in this
choice. For example, in preparing the normal dibutyl
ester, three methods were employed. In a conven-
tional acid-catalyzed method using toluene as an en-
training agent for removal of water, approximately
ten days of refluxing is required to obtain nearly
complete esterification. By the use of c¢ymene to
elevate the boiling point of the refluxing mixture,
the time required to esterify carboxystearic acid is
reduced, but difficulty is experienced in removal of the
cymene due to foaming during vacuum distillation.
This was the least satisfactory of three methods used.
In the base-catalyzed alcoholysis method, using the
dimethyl ester, the time is the shortest of all, approxi-
mately 24 hr. In this method, however, care is re-
quired to determine if the exchange is complete. Also
one must take into consideration the time required in
preparing the dimethyl ester.

The fact that the branched carboxyl group of
carboxystearic acid is difficult to esterify, and once
esterified, equally difficult to saponify, facilitates the
preparation of the half esters. Half esters, in which
the ester group is in the branched position are pre-
pared from the diester by addition of the stoichio-
metric amount of sodium hydroxide to saponify the
more labile terminal ester. This takes place readily
with the half methyl ester. In preparing the half-
butyl ester the rate is somewhat slower and in the
preparation of the 2-ethylhexyl half ester saponifica-
tion of the terminal ester is incomplete. Unfortun-
ately the di-2-ethylhexyl ester is not separated from
the half 2-ethylhexyl ester by molecular distillation.

Hzalf esters in which the ester group is in the ter-
minal position are readily prepared by refluxing car-
boxystearic acid with the appropriate aleohol for a
length of time sufficient to react only with the more
reactive terminal carboxyl group. Table I lists the
properties of the monoesters prepared.

Vor. 38

Each of the three types of esters described has a
characteristic infrared absorption spectrum in the
carbonyl region. A typical example is shown in Fig-
ure 1 for the mono- and di-n-butyl esters of carboxy-
stearic acid. No splitting of the earbonyl band is
observed in the diesters. The two types of monoesters
are readily distinguishable by absorption in the car-
bonyl region. If the ester group is in the side chain,
the frequency difference between the ester carbonyl
band and the acid carbonyl band is 15 to 20 em.™t; if
the ester group is terminal, this difference is 35 to
40 cm.!

Viscometrical Characteristics (Table II): The vis-
cosity index increases with increase in chain length
of alkyl group in the diesters of carboxystearic acid,
ranging from a minimum of 97 with the dimethyl
ester to a maximum of 169 with the di-n-butyl ester.
The viscosity index of the latter is superior to that
of di-2-ethylhexyl sebacate.

The pour point decreases in the same order but the
minimum pour point of —54°C. obtained with the
dibutyl ester is not as low as that of di-2-ethylhexyl
sebacate. The pour points of all the dialkyl esters of
carboxystearic acid are fairly low, with the excep-
tion of the dimethyl ester. Carbomethoxyoctadecyl
acetate has a low pour point, also (—47°C.).

Noteworthy are the pour points of the monoesters,
methyl carboxystearate (—48°C.) and 2-ethylhexyl
carboxystearate (—42°C.). Even though these com-
pounds have a free carboxyl group, their pour points
are low, probably because they are a mixture of posi-
tion isomers.

Plasticizer Evaluation (Table III): All the half
esters are incompatible with poly(vinyl chloride),
with no fusion on milling. This result was anticipated
as compounds with free carboxyl groups are notori-
ously incompatible with PVC.
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B. Monoester, ester in branched position.
C. Monoester, ester in terminal position.
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TABLE III

Comparison of Properties of Commercial Poly(Vinyl Chloride) (Geon 101)
Plasticized with Diesters and Commercial Plasticizers

Diesters of type . Clash-Berg J . R .
Tensile . Modulus, Migration, Volatility
CHs(CHz)x—CH— (0H2)sCOOR strength, Elongation, 100%, Tom T | T et loss wt. loss,
p.s.i 4 p.si. 15,000 g% | after 14 days %
COOR (x+y=15) C. . ;
|
2500 340 1200 & —41 | —8 ‘ 13 6.6
2600 310 1100 —48 —6 i 16 5.6
2400 310 1100 ‘ —50 —6 l 16 2.7
1900 220 1200 —57 +2 17 5.0
2500 330 1300 —47 +9 l 16 6.7
2400 310 1000 | —47 | —6 i 16 3.8
i
Controls |
Di-2-ethylhexyl phthalate (DOP).......occvnninee 2600 330 1100 i —30 0 4 1.6
Di-2-ethylhexyl sebacate (DOS)......cceeeveeeeees 2950 370 1400 | —59 —19 23 2.0
4 The same samples used for viscosity charscteristics (Table II) were used here. ﬂ
b Note that this ester is different from those above. Its formula is CHa(CH2)x—CH—(CH:2)yCH:0CCH3
O0CHs (x4 y=15)

Certain diesters, however, are compatible with poly
(vinyl chloride) at the 35% level. These are the
dimethyl, diethyl, and di-n-propyl esters of carboxy-
stearic acid and carbomethoxyoctadecyl acetate. These
diesters are efficient plasticizers, as shown by the rel-
atively low modulus figures, and they are efficient
at low temperatures. The Clash-Berg Tyz5 000 values
range from —41°C. (dimethyl ester) to —57°C. (di-
n-butyl ester). Comparison of the Tig g9 with the
Ti35.000 figures indicates a relatively slow increase in
modulus with deerease in temperature, a desirable
characteristic. The modulus-temperature curves for
these diesters are not as shallow as that of di-2-ethyl-
hexyl sebacate,

The dibutyl and diisobutyl esters of carboxystearic
acid, at the 35% level in PVC, showed a heavy exu-
date after 24 hr. Di-2-ethylhexyl carboxystearate and
PVC did not even fuse on milling. This is in line
with previous results which show a ratio of twelve
carbon atoms to one ester linkage is about the maxi-
mum for compatibility. In the last case, there is a
ratio of 35 to 2.

The migration weight losses for the diesters are
slightly lower than that of DOS but higher than that
of DOP. Volatility losses are higher in the new di-
esters than in the controls.

In the heat stability test in air at 160°C., the PVC
specimens containing the diesters turned black in 2%
to 3 hr., as did the controls containing DOP.

ABSTRACTS...

In the light stability test, samples containing di-
methyl and dipropyl esters of carboxystearic acid
were equal to the controls with DOP, which showed
little or no change to 216 hr. when the test was dis-
continued. The samples containing the diethyl ester
of carboxystearic acid and those containing carbo-
methoxyoctadecyl acetate showed increased spotting
after 144 hr.

No attempts were made to prepare compositions of
maximum attainable heat and light stability.
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PROCESSING OLIVE 0ILS. II. INFLUENCE OF PROCESSING ON THE
STABILITY OF THE OIL. M. Nosti and J. M. R. de la Borbolla
(Instituto de la Grasa y sus Derivados, Seville, Spain). Grasas
y Aceites 11, 139-150 (1960). The effects of processing on the
oxidative stability of olive oil (as determined by the A.O.M.
test) were studied. The addition of fatty acids to olive oil
decreased stability. Lye refining also was detrimental. Vacuum
bleaching had no noticeable effect on the stability of refined
oils but lowered the stability of erude olive oil. When bleach-
ing was carried ont in contact with the air, bowever, stability
was decreased. Deodorization always improved resistance to

oxidation. Except for very poor quality oils, processed olive
oil always had poorer oxidative stability than the crude oil
from which it came.

INDUSTRIAL UTILIZATION OF WASTE LIQUOR FROM OLIVE OIL EX-
TRACTION (‘‘ALPECHIN’’). POSSIBLE USE AS FERTILIZER. M. A.
Albi and J. A. Fiestas Ros (Instituto de la Grasa y sus Deri-
vados, Seville, Spain). Grasas y Aceites 11, 123-124 (1960).
The waste liquor from olive oil extraction (‘‘alpechin’’) was
evaluated as a fertilizer since it was found to contain small
amounts of potassium (0.94% as K:0), phosphorus (0.27%
as P,0s), and traces of Na, Ca, 8, Cl, and Fe. In tests growing
ecorn and wheat, no differences were observed between fertilized
and unfertilized plants.



