May, 1961
T T T \
LENGTH OF ALKYL CHAIN 00
+-Cy
a-C4 &~
. .-C, —178
+~\ ——— u:
15— S~ . =
R ‘\A\ —~s50
o * bod
- sa \* s —125 5‘
" \ e
a . * '
(1o} o :
- a — 0 <
y 3
"
z
z -
w \ 25
o s}
-
b “+
> \ J
! ! Nt
] 20 40 60

ALKYL ACRYLATE, WT. %

Fie. 1. Variation of yield tensile strength of Clash-Berg tem-
perature of copolymers of acrylonitrile with alkyl aerylate
contents.

to 1,000% at the rate of 0.2 in. per minute. The
tensile strength was thereby inereased approximately
three-fold. An x-ray diffraction study of the un-
stretched and stretched films revealed that orienta-
tion of the polymer backbone was only slight. Rep-
resentative copolymers containing octadecyl acrylate
showed scattering maxima at 5.3 and 4.3 A, which
are characteristic of polyacrylonitrile and poly (octa-
decyl acrylate), respectively. Therefore it is probable
that the octadecyl acrylate segments and the acrylo-
nitrile backbone segments crystallized separately. This
behavior is similar to the separate crystallization
found in copolymers of vinyl alecohol and vinyl ste-
arate (7).

Resistance to Chemical Reagents. Because a possi-
ble use for copolymers of acrylonitrile and alkyl
acrylates lies in the field of laminations, tests were
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made to determine their resistance to selected chemi-
cal reagents. Samples were immersed at room tem-
perature in soybean oil, 50% alecohol, 1% sodium
hydroxide, and 3% and 30% sulfuric acid. The per-
centage increases in weight were determined after
160 hrs. of immersion. The increase in weight was
less than 1% for all samples for all the reagents ex-
cept 50% aleohol. In the latter the weight percentage
increase varied from 1 to 3%, increasing with acry-
late content and decreasing with the alkyl chain
length of the acrylate. The use of a long-chain aery-
late thus imparts slightly greater chemical resistance
to the acrylonitrile copolymer.
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On Free Hydroxy Acids of Peat Wax

VEIKKO T. RAUHALA, Peat and Oil Research Laboratory, The State Institute for

Technical Research, Helsinki, Finland

Further examination of peat wax has not resulted in the
isolation of chemiecally pure compounds, but data presented
below make it seem probable that peat wax contains aliphatic
monocarboxylic aeids with a molecular size of about Cup—Co
and aliphatic monohydroxy acids with a molecular size of the
order 0f Cax—Co.

of the wax component of peat, the author has

found that, in addition to aliphatic monocar-
boxylic acids, it also econtains unknown free hydroxy
acids (1). These hydroxy acids are seldom mentioned
in the literature (2); nor have they been closely in-
vestigated. Certain circumstances indieate that, when
extracting peat bitumen with hot solvents, reactions
of a polycondensation type take place in the wax frac-
tion and that the hydroxy acids possibly take part in
these reactions (3). These reactions cause a decrease

WHEN INVESTIGATING the chemical composition

of the amount of wax yilelded by extraction, and
therefore their investigation and control carry the-
oretical as well as practical importance.

In the present investigation the analysis of the acid
part of peat wax has been earried out, and the pur-
pose has been to isolate the free hydroxy acids in as
pure a state as possible and thus obtain information
about the reactions. The word bitumen is used to
designate that part of peat which is obtained by ex-
traction with a hot neutral solvent under normal
pressure; crude peat wax refers to that part of the
bitumen which is soluble in boiling technical ethanol
but is precipitated at a temperature of —7°C. The
crude resin then remains in solufion.

Materials

Acetie acid, glacial, reagent grade; aluminum oxide,
for chromatographic analysis, standardized aceording
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to Brockmann ; benzene, technical grade, boiling range
<0.5°C,, total sulfur <0.2%, Br No. <04, evapora-
tion residne <5 mg./100 ml.; benzene, thiophene-free,
reagent grade; ethanol, technical grade, 94.5% pu-
rity ; methanol, anhydrous, reagent grade; petroleum
ether, boiling range 30-80°C.; pyridine, reagent
grade; and CaCl,, HC1 (36.4%), H.SO, conc., KOH,
reagent grade.

Analytical Methods

In wax investigations chemical characteristics are
dtilized to depict the composition of complicated mix-
tures. However, as different methods are used for the
determination of each characteristic and because the
result depends on the method used, it is necessary, in
order to make reproduction possible, clearly to de-
seribe the methods used. The characteristics were
determined by the following methods: the acid and
saponification value by the method by Pschorr, Pfaff,
and Berndt, which is suitable for very dark waxes (4) ;
the hydroxyl value by the Freed and Wynne method
(5); the carbonyl value by the method of Findley
and Brown, using 0.3-N. NH,OH - HCl-solution and
potentiometric titration (6); and the iodine value by
the method of Hiibl (7).

Bitumen 5441g

Separafion with
945 % ethanol

Crude wex 23.07%

Titration with alcoholic KOH
and CaCly filtration

Condensate 2347

Ca-saits EH®

Extraction with
pelroleum ether

Crude resin 536°4
£-H® 141%°

£H® 139 %° Ca-salts EH®
T
Extrastion with C;Hy

Ca-salts E-H®

Acids liberated
with  HCi

Crude acids 35278

Separation with
837 ethonol

Fatly acide 18.2%°

Hydroxy acids 16.575

Esterification
with IM1eOH

Adsorplion analysis
using Al O,

a Esters,hydrocarbons b Percentage of crudewax

F16. 1. Analysis of crude peat wax.

The Wizoff method (8) previously used by the au-
thor (1,3), which was developed for fats but also
recommended for waxes, has proved unreliable in
very dark solutions. The detection of a very small
part of the wax sample which may not dissolve in the
solvent is almost impossible, especially if it is present
in the form of a gel.

Experimental

The bitumen used in this investigation was ob-
tained, by extraction with ethanol-benzene (1:9) on
a pilot-plant scale, from hydro peat originating from
the Kivisuo bog owned by the Leivonsuo Company.
The average yvield was 109%, based on the dry weight
of the peat. The bitumen, amounting to 5,441 g.
was analyzed as shown in Figure 1. Using technical
ethanol as the solvent (bitumen:solvent = 1:20),
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the bitumen was divided into the following frae-
tions: a) insoluble in boiling ethanol, polycondensa-
tion products, 23.4% ; b) soluble in boiling aleohol,
erystallizes at —7°C., mainly wax, 23.0%; c¢) remain-
ing in solution at —7°C., mainly resin, 53.6%.

The wax fraction was purified by reecrystallizing
twice at —7°C. from technical ethanol (wax:solvent
=1:10). The characteristics of the wax fraction were
as follows: melting point, 79-82°C.; acid value, 51.3;
saponification value, 126.9 ; ester value, 75.6 ; hydroxyl
value, 90.3; and iodine value, 33.6.

The free acids of the wax thus obtained were sep-
arated as potassium salts, which were then converted
into caleium salts. The salts were purified by extract-
ting first with petroleum ether, then with benzene.

The acids were liberated with hydrochloric acid and
washed with water. The sum of the fractions were
96.5% of the raw wax; the analytical loss at this
stage was 3.5%. The acids still contained some com-
ponents of the ester type, as shown by the following
characteristics: melting point, 77-80°C.; acid value,
91.6; saponification value, 159.4; ester value, 67.2;
hydroxyl value, 111.2; earbonyl value, 3.0; and iodine
value, 32.2.

In order to increase the hydroxy acids in the sol-
uble fraction, the crude acids, amounting to 415.5 g,
were divided into two parts by dissolving in boiling
83% ethanol. The free hydroxy acids thus obtained
were esterified by absolute methanol and sulfurie
acid. Chromatographiec analysis of the methyl esters,
amounting to 38.72 g., was carried out in a tapering
column, 2.16 m. long (9), using Al,O4 as the adsorp-
tion medium. The esters were dissolved in benzene
and eluted in two stages, first with benzene-meth-
anol (CH,0OH, 20% by volume), then with pyridine-
acetic acid (CH3;COOH, 10% by volume).

The progress of the separation was followed by both
refractive index and ultraviolet light. No clear frae-
tionation could be noticed on the basis of refractive
index, therefore a rough division was made by the
sections visible in daylight and in ultraviolet light.
The results of this adsorption analysis are given in
Figure 2, which symbolizes the analysis. Results have
been divided into sections proportional to the masses
of the fractions themselves. The analytical results
and characteristics of the fractions are shown in
Table 1.

TABLE 1
Characteristics of the Methy! Ester Fractions

[ Molecular Melting 1

Fraction | weight, point, | C% He% \ngue I‘?‘;illunee
; Rast i °C. | ] *
. _ i S
I W 254.3 ! 55-59.5 1 77.48 | 12.66 ] 6.6 ] 4(2.6
I 3073 | 6263 | 7674 | 1261 2813 | 147.6
I11 1 303.7 | 65-66 77.63 | 12.88 39.8 \ 123.3
v ! 333.8 i 71-76.5 73.78 1 11.48 122.5 ¢ 210.9

It may be mentioned that none of the methyl ester
fractions gave a positive reaction with Noller’s tri-
terpene reagent (10) and, on heating, they gave a
very unpleasant (‘‘rotten’’) odor.

Discussion

During chromatographic analysis of the methyl
esters some fractionation has taken place; the hydroxy
acids collected in the latter fractions. As can be seen
from Table I, either the hydroxy acids themselves
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Me-esters of
hydroxy acids 38.729

l

Vi
Does not mell Ash 9.54%
2210°
Elufion with
CHy €0, H4CoH N
v-vi Vo,
81-83 Ash 1.73% C=70.71 %
84.9 Hz 9.907%
v
C=73.78 %
ok £® cH .78 %
7765 L9 He148 %
Elution with
MeOH+C Hg m
C=77.63%
- * :
i=iv 65-66"  39.8 Hao y-12.88%
1]
62-63° CH C=76.76%
28.3 20 y=12.61%
Light fractions
§=15t
Dark fractions
=Vt |
M. p-
c=7
59-59.5° CH o 48%
OH-number 6.6 7 H=12.66 Y

'

Yield 82.6%
Fi1a. 2. Adsorption analysis of Me-esters.

are unsaturated, or the fractions in question contain
some other unsaturated components.

Data and characteristics concerning Fraction I are
inconsistent. It seems that if only the molecular weight
and the carbon content are taken into consideration,
Fraction 1I could be the methyl ester of an aliphatic
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monocarboxylic acid CooHyoO2, and Fraction I1I some
methyl ester of the acids 019H3802~022H4402. The hy-
drogen content however is smaller than in the mole-
cules mentioned above, which can be explained by the
unsaturated character of the fractions in question.

If the molecular size of Fraction IV is calculated
on the basis of its hydroxyl number, 122.5, and if the
presence of an aliphatic monohydroxy acid is assumed,
the resultant molecule will be CagHj3503. On the basis
of the molecular weight and carbon content our result
will be a methyl ester Csp—Csy, which is also indi-
cated by Beilstein’s (11) report about the melting
point 70-71°C. of the methyl ester of 20-hydroxy-
eicosan-carboxylic acid. Since the hydroxy acid con-
tained in Fraction IV evidently is not pure, the num-
ber 122.5 is too small and the molecular weight cal-
culated on the basis of it is too large. Thus the real
molecular size would be nearer to the latter alterna-
tive, Cg9—Co1. Fractions V and VI have an ash econ-
tent which obviously is AlaOj carried over from the
column.
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Pressure Reaction of Maleic Esters with Vegetable Oils'

W.R. MILLER, E.-W. BELL, J.C. COWAN, and HM. TEETER, Northern Regional

Research Laboratory,” Peoria, Illinois

The reaction of dimethyl maleate and some related dienophiles
with vegetable oils under pressure has been studied successfully.
When safflower oil reacts with 100% excess maleate, sulfur
dioxide catalyst, and hydroquinone inhibitor at 290° for 1 hr.,
80 to 90% yields of adduct fraction, based on linoleate, are
obtained. Under the same conditions almost equally good yields
result with either linseed or soybean oils. With safflower oil,
dimethyl fumarate gave slightly lower yields. Di-n-butyl male-
ate gave even poorer yields, and much residue was formed.

1 Paper II in a series entitled, “Reactions of Dienophiles with Vege-

table Oils.” Presented at annual meeting, American Oil Chemists’ Soci-
ety, St. Louis, Mo., May 1-3, 1961.

2 This is a laboratory of the Northern Utilization Research and De-
velopment Division, Agricultural Research Service, U.8. Department of
Agricuiture,

Use of anthraquinone as catalyst gave a 5390 vield while a
nickel conjugation catalyst gave 64%.

If linoleate and linolenate are present, both will react, but
the linolenate is more reactive. There is little reaction with
oleate, and attempts to force such a reaction lead to decompo-
sition, probably through reversal of the Diels-Alder reaction.
The fragments then recombine to form nonvolatile residues.

action of dimethyl maleate with safflower oil at

atmospherie pressure. Using sulfur dioxide cata-
lyst, a maximum yield of 70.3% of adduet fraction,
based on linoleate, was obtained.

IN A PREVIOUS PUBLICATION (5) we described the re-



