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longer chain is easier than of a shorter one. This
probably leads to an explanation as to why in Table 1
just the lowest numbers in the series show the greatest
m.d. and why the above-mentioned two deviations for
the (a) values were found at the lowest numbers.

Summary

A method for quantitative determination of ethy-
lene oxide adducts is deseribed. By precipitation in
hydrochloric aecid solution with a known quantity of
ferrocyanic acid, filtration, and titration with zine
sulfate, the consumption of ferrocyanic acid can be
determined. From the results a m.d. of less than 8%
was calculated, the corresponding figure for adducts
containing more than 9 ethylene oxide units does not
surpass 5%. The reaction takes place on the ethylene
oxide chain in the compound. To precipitate an
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adduct containing 6 units ethylene oxide approxi-
mately one mole of ferrocyanic acid is necessary.
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Reactions of Fatty Materials with Oxygen. XVI." Relation of
Hydroperoxide and Chemical Peroxide Content to Total
Oxygen Absorbed in Autoxidation of Methyl Oleate’

D. H. SAUNDERS, CONSTANTINE RICCIUTI, and DANIEL SWERN, Eastern Regional

Research Laboratory,® Philadelphia, Pennsylvania

OST workers in this field are now in agreement
that a-methylenie attack to form hydroperox-
ides is the major reaction in the autoxidation

of monoethenoic and non-conjugated polyethenoic
fatty esters. To account satisfactorily for the ener-
getics of the reactions involved however, several in-
vestigators have proposed that in the autoxidation of
monoethenoic ecompounds, the initial point of oxida-
tive attack is not at the a-methyleniec position but at
the double bond. Only a slight amount of double
bond attack is required to ‘‘trigger’’ the predominat-
ing a-methylenic chain reaction (1, 2, 2a, 3). -

An opportunity to obtain direct experimental veri-
fication for the conclusion that hydroperoxides are
the predominant initial products of autoxidation re-
cently became available with the development of the
polarographic method for determining hydroperoxides
in autoxidation mixtures (12, 13). The eorrelation of
results obtained by this method with those obtained
by the chemical or iodometric method of analysis
makes it possible 1o learn what proportion of the total
peroxide content is made up of hydroperoxide, and
whether in some stage of the reaction all the peroxide
is present as hydroperoxide.

In a study of this type it is also essential that oxy-
gen absorption be followed quantitatively since it is
not only important to know the ratio of hydroper-
oxide to total peroxide but also the ratio of total
peroxide to oxygen absorbed. Relatively few investi-
gators have examined the quantitative aspeets of oxy-
gen absorption of methyl oleate (4, 8).

The use of manometric techniques offers a conven--

ient method for measuring the amount as well as the

1 Paper XV ig reference 6.

? Presented at the Spring meeting of the American Oil Chemists’
Society, San Antonio, Tex., April 11-14. 1954,

3 A Jaboratory of the Fastern Utilization Research Branch, Agricul-
tural Research Service, U. 8. Department of Agriculture.

rate of absorption of oxygen. Much of the earlier
quantitative work on the autoxidation of olefins has
been carried out by measuring the change in volume
of oxygen at constant temperature and pressure with
a gas burette. A few investigators have used the Bar-
croft-Warburg apparatus in which the differences in
pressure as the reaction proceeds are read on a ma-
nometer while the volume and temperature are kept
constant (5, 8).

For the present investigation the latter technique
had real advantages. It was possible to obtain infor-
mation rapidly on a large number of small samples,
thereby avoiding useless waste of valuable material,
yet the samples were large enough to use for the sub-
sequent chemical and polarographic analyses.

Experimental

Materials Used. The methyl oleate (A) whose oxi-
dation is reported in this paper was prepared from
olive 0il by low temperature crystallization and distil-
lation (7), except that the free acid was crystallized
three times at —55° before esterification. This mate-
rial had an jodine number of 84.9, and a composition
of 99.0% methyl oleate, 0.9% saturates, and 0.07%
methyl linoleate (ultraviolet absorption method).

Mention will also be made of the oxidation of eight
samples from a second, but slightly less pure, methyl
oleate (B) (10). This ester closely approximated the
first in iodine value and content of methyl oleate and
saturated esters, but it had a methyl linoleate content
of 0.2%.

Measurement of Oxygen Absorption. The Barcroft-
Warburg apparatus and the methods used to measure
oxygen absorption were similar to those deseribed by
Johnston and Frey (5) with the following exceptions.
The reaction flasks contained no inner cup, mercury
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was used as a manometer fluid (8), and the step in the
cleaning procedure involving the use of cleaning solu-
tion was replaced by heating all glassware coming in
contact with the sample in concentrated sulfurie-nitrie
acid solution for two hours at 150°, followed by rins-
ing in distilled water, boiling in 0.001 N sodium hy-
droxide, and rinsing again in distilled water before
proceeding with steaming and drying.

Preliminary experiments showed that when the
thickness of a sample film was less than 0.5 mm.,
variations in surface area and agitation had little
effect on the rate of oxidation. The use of a 1-cec.
sample yielded a film with an average thickness of
0.4 mm.

A series of six (occasionally five) 1l-ce. samples
were oxidized at one time. The oxidation of the
samples was terminated at different predetermined
points to obtain a wide distribution in the extent
of oxidation. The oxidation of subsequent series at
the same temperature was terminated to overlap and
fall between values for a previous series of samples.

Determination of Peroxides. A modification of the
method of Wheeler (11) was used for the chemical
determination of total peroxides. An aliquot of 40-
120 mg. of the oxidized methyl oleate sample dissolved
in 10 ce. of the glacial acetic acid-chloroform solution
was treated with 1 ce. of freshly prepared 50% potas-
sium iodide solution for 15 min. under nitrogen fol-
lowed by dilution with 25 ce. of distilled water and
titration with 0.01 N thiosulfate solution.

The polarographic determination of hydroperoxide
has been described previously (12).

Total oxygen absorbed, chemically determined per-
oxides, and polarographically determined hydroper-
oxides have all been expressed as millimoles of oxygen
per mole of original methyl oleate.

Results and Discussion

Autoxidation of Methyl Oleate. Samples of specially
purified methyl oleate (A) were oxidized at 100, 80,
and 60° (Figure 1). In the early stages of autoxida-
tion the rate of oxygen absorption varied from sam-
ple to sample at a given temperature and level of
oxidation. As the period of rapid acceleration of the
reaction was passed however, it became approximately
the same for all samples at a given temperature.

A plot of the oxygen uptake against time resulted
in a family of curves for samples autoxidized at each
temperature. These curves diverged at first but be-
came substantially parallel as the acceleration of the
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F1e. 1. Millimoles of oxygen absorbed per mole of methyl
oleate against time in hours.

Vor. 32

oxidation rate decreased. This parallelism in the rate
of oxidation at a given level of oxidation and tem-
perature was evident in a majority of samples by the
time 80 millimoles of oxygen had been absorbed, and
in nearly all samples when 100 millimoles of oxygen
had reacted. Comparison of the median curves se-
lected from the three families obtained at 100, 80, and
60° (Figure 1), at the point where 100 millimoles of
oxygen had been absorbed per mole of methyl oleate,
showed the rates of oxidation were approximately 45,
7, and 1.25 millimoles of oxygen absorbed per mole
of methyl oleate per hour, respectively, or a ratio of
36:5.6:1.

Relation of Peroxide Content to Oxygen Absorbed.
The polarographic method for determining hydroper-
oxides in the presence of other autoxidation produects
1s specific, with the exception of aliphatic 1,2-diketones
whose half-wave potentials overlap. The presence of
this latter class of compound is unlikely in the early
stages of autoxidation of methyl oleate. The iodomet-
ric (chemical) method determines hydroperoxides and
other peroxide types, with the exception of dialkyl
peroxides, whose presence in significant amounts is
unlikely.

In the oxidations described in this paper 1,6-30.6%
of the methyl cleate was oxidized, assuming one mole
of oxygen absorbed to one mole of methyl oleate.
Twenty-two samples were studied at 100°, 15 at 80°,
and 21 at 60°. All of the voluminous data obtained
are not reported here. Seven representative samples,
more or less regularly spaced over the reported range
of oxidation, were selected from the group oxidized
at each temperature. The results are summarized in
Table 1.

The following conclusions, derivable from Table 1,
are noteworthy. The ratio of chemical peroxide to
total oxygen absorbed (columns 1, 4, and 7, Table 1)
is substantially the same at a given oxidation leve],
regardless of the temperature, with the ratio decreas-
ing as oxidation proceeds. Even in the earliest stages,
when less than 2% of the methyl oleate has been
oxidized, about 10% of the oxygen absorbed is pres-
ent in groups other than peroxide. The amount of
non-peroxidic oxygen, as would be anticipated, in-
creases as the oxidation proceeds, until at about 300
millimoles of oxygen absorbed per mole of methyl
oleate, about 309% of the oxygen is in non-peroxidic
groups. This increase in non-peroxidiec oxygen is un-
doubtedly a result largely of peroxide decomposition
to other species.

The ratios of hydroperoxide to total oxygen ab-
sorbed at 100° and 80° (columns 2 and 5, Table I)
parallel the peroxide-oxygen ratios but are slightly
lower over the entire oxidation range. These results
confirm the conclusions of earlier workers that hy-
droperoxide formation is by far the major reaction
oecurring.

At 60°, and only at this temperature, there is poor
correlation among the four replicate series of oxida-
tions in the percentage of absorbed oxygen accounted
for as hydroperoxide (column 8, Table I). Our ex-
planation for this is that the protracted period of
autoxidation at this low temperature, involving at
least 48 hrs. before any measurable oxygen uptake
occurred and an additional 400 hrs. before 300 milli.
moles had been absorbed, allows slight variations in
experimental conditions to influence secondary reac-
tions, giving rise to variable results among replicates.
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TABLE I
Relationship of Chemical Peroxide, Hydroperoxide, and Total Oxygen Absorbed in the Autoxidation of
Specially Purified Methyl Oleate (A)
100° 80° 60°
. | Ratio . Rati . i
Chemical Hydroper- | pnydroperoxide Chemical Hydroper- hydrope;%xide Chemical I Hydroper- hvdrf){;g‘(())xide
peroxide, oxide, to chemical perox_lde, oxide, to chemical peroxide, 0x1/de, 1o chemical
%o Jo* peroxide, % Po* Yo* peroxide, % Go* o™ peroxide, %
91 (16)» 89 98 92 (17)® 80 88 89 (16)* 91 102 )
82 (53) 84 102 86 (57) 78 91 88 (62) 75 85
82 (98) 77 94 83 (97) 79 95 81 (101) 85 105
79 (153) 73 92 78 (173) 72 92 83 (147) 80 96
77 (206) 70 91 77 (214) 73 94 79 (200) 71 90
72 (254) 74 103 75 (260) 71 94 77 (236) 72 94
71 (303) 67 l 94 72 (306) 66 93 74 (298) 81 110
2 These percentages are the ratio of the chemical peroxide or hydroperoxide content to total oxygen absorbed.

b The values in parentheses are total oxygen absorbed in millimoles per mole of methyl oleate.

of oxidation.

The figures are given to show the overall extent

At higher temperatures however rates of primary
reactions are sufficiently rapid to overshadow such
minor variations.

The standard deviation of the difference between
duplicates for the chemical (iodometric) and polaro-
graphic methods have been caleulated. Standard de-
viations of 0.080, 0.064, and 0.1319% were obtained for
the chemical method at 100°, 80°, and 60°, respec-
tively, and 0.229, 0.141, and 0.112% for the polaro-
graphic method. :

T T T T T
200 100° C. al
”
Q
»®
S| 150 . -
°lu CHEM. PEROXIDE .
2 o
sl®
> P }
|00 -
w g e~ HYDROPEROXIDE
o
ol o ye= 114 x99%°
© 50 -
3|= y, = 107 %928
=
o { | 0 I 1 i
o 50 100 150 200 250 300

3

MOLES 0, ABSORBED .

MOLE ME OLEATE
Fig. 2. Millimoles of peroxidiec oxygen (chiemically deter-
mined and hydroperoxide) per mole of methyl oleate against
millimoles of oxygen absorbed per mole of methyl oleate at
100°.

Figures 2, 3, and 4 are plots of peroxide and hydro-
peroxide content against oxygen absorbed by samples
at 100, 80, and 60°. In the interest of clarity only a
portion of the values, selected at random, are shown,
but all values between 16 and 306 millimoles of oxy-
gen have been used to calculate the equations to be
discussed shortly. All values are expressed as milli-
moles of oxygen per mole of original methyl oleate.
Values of the chemical peroxide and hydroperoxide
are plotted on the y-axis and total oxygen absorbed
on the x-axis.

The plots are almost, but not quite, straight lines.
Actually a plot of the logarithms of these values did
give straight lines and, by the method of least squares,
we were able to obtain the equations which fit these
values. Table II summarizes the equations for the
variation of peroxide and hydroperoxide content with
oxygen absorbed at the three temperatures investi-
gated. Since the equations are similar for 100, 80,
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and 60°, a generalized equation for chemically deter-
mined peroxide (y.) fitting the data in the range
60-100° has been obtained (Table II). Similarly, a
generalized equation for the 80-100° range (omitting

“the results at 60°) has been obtained for the hydro-

peroxide content (yy). The values for standard devi-
ations mentioned previously show that these parabolic
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TABLE II
Equations Relating Peroxide®* to Total Oxygen Uptake

t°C. Chemical peroxide Hydroperoxide

Ve = 1,14 x 0.9%
Ve = 1.16 x 0.9%
¥e = 1.00 x 0.958
Ve = 1,09 x 098

= 1.07 x 098
?: = 0.98 x 0.913
v = 0,94 x 0.9
¥h = 1.02 x 0.98

(80-100° only)

2 ye — chemical peroxide; yn = hydroperoxide; x = oxygen absorbed.

equations are a better fit for the six sets of data than
straight lines since, for a given set of data, the devi-
ations of the points from the best straight line that
can be drawn through the points are much greater
than can be accounted for by the standard error of
the methods. These deviations become more pro-
nounced as the autoxidation proceeds, as can be seen
in Figures 2, 3, and 4. The curves calculated from
the derived equations of Table IT fit the data well
up to an oxidation level of 200 millimoles of absorbed
oxygen for chemical peroxide at all three tempera-
tures and for hydroperoxide at 100 and 80°. The fact
that above 200 millimoles of absorbed oxygen these
equations predict too high values emphasizes once
again that as the oxidation becomes more complex,
simple generalizations become less applicable.

The equation derived from the hydroperoxide data
at 60° corresponds closely to the other equations in
Table I1. It is not of much value however in predict-
ing hydroperoxide values since, as mentioned earlier,
at this temperature replicate series of oxidations do
not agree well in the absorbed oxygen accounted for
as hydroperoxide.

The curve derived from the generalized equation
for the variation of the chemically determined per-
oxide content with oxygen uptake in the range 60-
100° is shown in Figure 5. For clarity, about 24
points out of 58 are omitted at random from the plot.
In the early stages of oxidation the values for all
three temperatures are fitted by this curve admirably.
‘When about 150 millimoles of oxygen has been ab-
sorbed however, the curve predicts too high a perox-
ide content for oxidations at 100° and, for a time,
too low for oxidations at 60°. At this point more
complex oxidative reactions are setting in, which are
apparently affected differently by temperature.
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Figure 6 shows the curve calculated from the gen-
eralized equation derived from the hydroperoxide
data at 100 and 80° only. Again up to the point
where 150 millimoles of oxygen have been absorbed
per mole of methyl oleate, the data fit the curve well,
with little deviation. Beyond this value the deviation
above or below the curve is greater but is random fo
both temperatures. ‘

The Relation of Hydroperoxide to Chemical Perox-
tde Content. The ratio of hydroperoxide to chemi-
cally determined peroxide is shown in columns 3, 6,
and 9 of Table I. This ratio, although fluctuating
somewhat from sample to sample, is on the average
fairly constant and independent of the extent to
which a sample is oxidized. The ratios obtained at
80° are the most consistent at all levels of oxidation.
a condition which is true of all other data obtained
from the samples oxidized at 80°. We attribute this
fact to less variability in oxidative reactions at this
temperature.

TABLE III
Ratio (%) of Hydroperoxide to Chemical Peroxide

0 Methyl oleate | Methyl oleate
’ E (B)
. 95,9 | ...
. 93.0 85.4
60 .. 973 L

Table I1I summarizes the ratio of hydroperoxide to
chemical peroxide for the specially purified (A) and
the slightly less pure (B) methyl oleate. The values
in the second column are derived from data discussed
in the previous part of this paper and obtained from
the oxidation at 100, 80, and 60° of the more highly
purified methyl oleate (A) having an induction period
of 12 hours at 80° and containing 0.07% methyl lin-
oleate. Most but not all of the total peroxides are
accounted for as hydroperoxide, the least amount
(93%) being found at 80°. The most consistent val-
ues for hydroperoxide and peroxide content are also
obtained at 80°, lending increased validity to the

above value.

The third column shows the average of results ob-
tained from the oxidation at 80° of eight samples of
the less pure methyl oleate (B) having an induction
period of 5 hrs. and containing 0.2% methyl lino-
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leate. The difference between the total peroxides
and hydroperoxide is 14.6% while that for the more
highly purified methyl oleate preparation at the same
temperature is only 7%. Samples of these two prep-
arations differed primarily in methyl linoleate con-
tent but were handled in the same manner.

The nature and manner of formation of the non-
hydroperoxide portion of methyl oleate peroxides is
still not known. Swern and co-workers (9) have sug-
gested that the non-hydroperoxide portion is probably
cyclie, at least in part. Several of their oxidized
methyl oleate samples contained significant propor-
tions of non-hydroperoxides among the total perox-
idic compounds. In one sample oxidized at 100° in
the presence of ultraviolet to a peroxide content of
28.6%, as much as 28% of the total peroxide was not
hydroperoxide.

The question of why the proportion of non-hydro-
peroxides among the total peroxidic compounds varies
for different autoxidized methyl oleate preparations
still remains unanswered. Comparison of the results
obtained by us with the two methyl oleate prepara-
tions (A) and (B) suggests the possibility that the
same impurities which shorten the induction period
and accelerate the autoxidation also contribute to the
complexity of the total peroxides formed. Further
investigation is indieated.

Summary

Methyl oleate has been autoxidized at 100°, 80°,
and 60° in the Barcroft-Warburg apparatus. Sam-
ples have been analyzed for total peroxide by the
iodometric method and for hydroperoxide by the
polarographic method. These peroxide values have
been compared with each other and with total oxygen
absorbed.

The relation of chemical peroxide (y.) to oxygen
uptake (x) is expressed by y. — 1.09x°9%¢, This equa-

The Effect of Polyunsaturation in

W. L. KUBIE and E. E. WERLE, Darling and Company,

IGURE 1 is a diagram of a hot-dip tin pot. The
sheets of the pickled steel are passed by means
of rolls through a flux box into a bath of molten

tin at 600°F. The sheet is then carried up through.

about 18 to 20 in. of oil kept at 460°-465°F., where
the rolls and brushes on rolls control the thickness of
the tin eoating. After passing through the oil, the
molten tin on the sheet is solidified by a stream of
low pressure air, and then the sheet is conveyed to the
wet washer containing a sodium carbonate solution.
The plate is finally polished in a branner, where excess
oil is removed and the residual oil is spread uniformly
over the plate. This residual oil amounts to only 0.1-
0.4 g. per base box. (A base box is the tin plate in-
dustry’s unit of area measurement and is equal to

31,360 sq. in. of tin plate. Since the plate is coated .

on both sides, a base box has 62,720 sq. in. of tinned
surface. It contains approximately 100 lbs. of steel.)

In 1950 Ference et al. (1) published a theory on
the tinning action of palm oil and showed that the
activity was due to the dispersing action of the ecar-
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tion is equally valid at the three temperatures for
the first 150 millimoles (15%) of oxygen absorbed
per mole of methyl oleate.

Similarly, the hydroperoxide content (yy) for the
first 150 millimoles of oxygen absorbed at 80° and
100° is given by the equation yj = 1.02x%938,

The ratio of hydroperoxide to chemically deter-
mined peroxide was, on the whole, constant through-
out the entire range of oxidation (15-300 millimoles
of oxygen absorbed per mole), and averaged about
95%.

It has been shown unequivocally that the major
portion of the peroxides formed in the autoxidation
of methyl oleate are hydroperoxides, confirming con-
clusions of recent investigators. A small but signifi-
cant amount of non-hydroperoxidic peroxide appears
to be formed conecurrently.

REFERENCES

1. Bolland, J. L., and Gee, G., Trans. Faraday Soc., 42, 236-243
(1946) ; ibid., 244-250.

2. Farmer, E. H., Trans. Faraday Soc., 42, 228-236 (1946).

2a. Fugger, J., Zilch, K. T., and Dutton, H. J., J. Am. Chem. Soc.,
78, 2861-2864 (1951).

3. Gunstone, ¥. D., and Hilditch, T. P., J. Chem. Soc., 1946, 1022-
1025.

4. I-)Ienderson, J. L., and Young, H. A., J. Phys. Chem., 46, 670-684
(1942).

5. Johnston, W. R., and Frey, C. N., Ind. Eng. Chem., Anal. Ed.,
13, 479-481 (1941). ,

6. Knight, H. B., Jordan, E. F. Jr., Koos, R. E., and Swern, Daniel,
J. Am. Oil Chemists’ Soc., 81, 93-96 (1954).

7. Knight, H. B., Jordan, E. F. Jr., Roe, E. T., and Swern, Daniel,
Biochem. Preparations, 2, 100-104 (1952).

8. Stirton, A. J., Turer, J., and Riemenschneider, R. W., Oil and
Soap, 22, 81-83 (1945).

9, Swern, Daniel, Coleman, J. E., Knight, H. B., Ricciuti, C., Willits,
C. 0., and Eddy, C. R., J. Am. Chem. Soc., 75, 3135-3137 (1953).

10. Swern, Daniel, and Parker, W. E., J. Am. Oil Chemists’ Soc.,
29, 614-615 (1952).

11. Wheeler, D, H., Oil and Soap, 9, 89-97 (1932).

12. Willits, €. O., Riceciuti, C., Knight, H. B., and Swern, Daniel,
Anal. Chem., 24, 785-790 (1952).

13. Willits, C. O., Riceiuti, C., Ogg, C. L., Morris, 8. G., and Riemen-
schneider, R. W., J. Am. Oil Chemists’ Soc., 30, 420-423 (1953).

[Received August 9, 1954 ]

Hot-Dip Tinning Oils

Chicago, lllinois

boxyl group of the fatty acid on the tin oxide and
the shearing action between the tin oxide and the
molten tin. g ;

In 1953 Fochtman et al. of the Armour Research
Foundation, and Riemenschneider et al. (2), of the
Eastern Regional Research Laboratory, reported that
a mill test using refined, selectively hardened, and
deodorized choice white grease containing 1% poly-
unsaturated acids had proved unusually successful.

In 1943 Bauer ¢t al. {3) suggested that unsatura-
tion may be harmful, owing to the increased - possi-
bilities of polymerization, and advocated the use of
cottonseed oil selectively hardened to an iodine value
of 50 with a linoleic acid content of below 2%.

The present paper indicates that the undesirable
unsaturation is the polyunsaturation and that the
mono-unsaturation is only required to the extent that
it keeps the melting point of the fat in a range which
makes it easy to remove in subsequent operations and
soft enough not to clog feed lines and sewers or freeze
the stacks of tin plate at relatively low temperatures.



