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If the goods is to be sanforized it must again be
treated with an oil having hygroscopic properties and
then sent through a steam jet to shrink the goods and
draw the weave together.

WEAVING

Previous to the weaving of textiles it is usually nec-
essary to apply warp sizing to the warp threads. Sul-
phated oils are mixed in with the gum and starch size
to eliminate harshness, and impart flexibility after the
size has dried on the threads. If the sizing 1s wiry,
injury may result during weaving.

MISCELLANEOUS TEXTILE OPERATIONS

Because of the general nature of this article, the
processing of all textile products cannot be thoroughly
described. The purpose is to give a picture of the man-
ner and extent to which fats and their derivatives find
application in the textile industry.

oil & soap

The outlines given above carry the most common
textile materials through processing preparatory to
dyeing and finishing. Table (1) lists the many textile
operations and the fat derivatives used in each case.
When the properties of the various fat derivatives are
kept in mind it is easy to reason the purpose of their
use in each case. It is important to remember that
wherever wetting, penetrating, emulsifying, scouring,
softening or lubricating is demanded, one or several of
the fat derivatives will serve; and wherever water is
used in processing one of the fat derivatives will in
some way facilitate the operation.
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Solidification Point Curves of Binary Acid
Mixtures IL. Palmitic, Stearie, Arachidie,
Behenie, Lignocerie”

By H. A. SCHUETTE and H. A. VOGEL

UNIVERSITY OF WISCONSIN, MADISON, WIS.

of the most complete series of compounds for the

study of behavior as influenced by homology. In
this instance, of theoretical interest is not only the effect
of increasing length of the alkyl group upon the tend-
ency towards compound formation between adjacent
members of even-number carbon atom content, but also
the changes in the pertinent solidification point curves
which are deemed to reveal this property. Of practical
interest is the fact that solidification point curves of
binary systems of fatty acids are an analytical aid in
the determination of the composition of two-component
fatty acid mixtures (1).

’ I \HE saturated, straight-chain fatty acids offer one

Preparation of Faity Acids

Palmitic and stearic acids were recovered from com-
mercial products of ca 90 per cent purity by methods
already described (2). Arachidic acid was isolated by
fractional distillation of its methyl ester from a mix-
ture of hydrogenated fish oil fatty acids. Behenic acid
was prepared by hydrogenating its unsaturated homo-
‘log, erucic, which had been previously isolated from
rape seed oil. Lignoceric (n-tetracosanic) acid was
prepared from behenic acid by malonic ester synthesis.
The quality of these acids is on a par with the high
purity products prepared by Francis & Piper (3). Their
properties are summarized in Table L

TABLE 1.
Properties -of Saturated Fatty Acids.
Molecular Weight Melting Point Solidifying Point
°C. °C.

Acid theory found reported found reported found
Palmitic ... .. 256.4 256.7 60.95:62.90 62.90 62.30-62.60 62.22
Stearic 2845 284.6 69.60-70.10 69.95 69.39 68.85
Arachidic 312.5 312.9 75.15-75.35 75.30 7420 74.35

Behenic ...

¢ . 340.6 341.0 79.60-80.00 79.80 79.20-79.70 79.35
Ligneceric

. 368.6 369.0 84.00-84.15 84.10 83.10-83.90 83.40

*Agsistance in the preparation of these materials was furnished
!&y t%e %)es!ésozl'%x;gl of Werks Projects Administration Official Project
0. 65-1-53-2349.

Determination of Solidification Points

Solidification temperatures were determined for
palmitic-stearic, stearic-arachidic, arachidic-behenic,
and behenic-lignoceric acid mixtures. Their percentage
compositions ranged in approximately five per cent in-
crements from zero to 100 mol per cent of each con-
stituent. Because past experience (2) had shown that
critical points in the solidification point curves of adja-
cent pairs of members in this homologous series may
be expected at approximately fifty and seventy mol-
per cent of the lower acid involved, the increment of
change in composition was reduced in order the better
to define the curve in these zones. Approximately forty
points were established for each pair. All of them fell
upon a smooth curve.

No essential change was made in the procedure pre-
viously described (2) for the determination of solidifi-
cation points. Because of the higher melting points of
the acids in question, the water jacket of the original
apparatus was replaced by an oil bath electrically heated
with an internal coil connected in series with a variable
resistance.

As before, a sample weighing about 0.7 g. was melted
in a three-inch test tube suspended in a loose-fitting
glass collar. The bulb of a calibrated thermometer
graduated in intervals of 0.2° was then completely im-
mersed in the liquid, after which the heat input of the
bath was so regulated that the rate of temperature fall
of the system, using only the surrounding atmosphere
as cooling medium, became approximately 0.8°C. per
minute. This arrangement proved to be very satisfac-
tory for the determination of the solidification point
temperatures noted in the 44° to 80°-range characteris-
tic of the fatty acid mixtures of this series (Table 2).
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While the contents of the test tube were gradually
cooling, the tube itself was slowly rotated by means
of a belt passing around its upper portion and attached
to a motorized stirrer. Rotation of the tube, by pro-
viding some measure of stirring, served a two-fold
purpose, viz.: it kept the contents homogenous and con-
trolled, but did not eliminate the supercooling effect
which in this instance is desirable. Supercooling is de-
sirable in the sense that it marks the approach of solidi-
fication because on its release the temperature quickly
rises to a maximum which becomes constant until total
solidification has taken place. If the supercooling effect
had been entirely eliminated by stirring the mixture
rapidly, then the temperature would have slowly
dropped and at no time would 1t have been constant.
In systems involving solid solutions, as obtains here,
it is a fact that the temperature can change during the
process of slow solidification but that when solidifica-
tion is made to proceed rapidly, as is the case here
because of controlled supercooling, the change in tem-
perature is so small as to be imperceptible on a ther-
mometer,

Discussion

The systems in question are systems of continuous
solid solutions. In as much as their solidification points
are in every instance points of constant temperature
while the whole mixture is solidifying, the behavior of
each mixture is very much like that of a chemical entity.

From this interpretation of the behavior of these
binary systems comes the concept that here we have a
solidification point diagram in which the liguidus and
the solidus curves are very nearly superimposed upon
each other. The usual wide transition areas between
liguidus and solidus curves which are found in most
binary systems here become narrow line-areas.

The general characteristics of all the curves studied
are two breaks, one of which is near the 48 mol-per cent
and other near the 73 mol-per cent line of the acid of
lower molecular weight. These breaks may be variously
interpreted but the most likely one appears to be that
one equi-molecular compound is formed in the system
and that the curve can be split into halves at the 50 mol-
per cent line. Each half, then, is a system of type III
of Roozeboom’s classification (4) of solid solution sys-
tems in which there is a continuous series of solid solu-
tions with one minimum solidification point mixture.
The two minimum points at approximately 48 and 73
mol-per cent, respectively, are not eutectic points as
has been intimated previously (la). They simulate very
closely the behavior of a pure compound or a true
eutectic, yet they are neither. This is shown by the
fact that there is no sensible evolution of heat upon
cooling a mixture of any other composition through
the temperature of the minimum solidification point
mixture for that curve. If these breaks occurred at
points representing actual compounds or if they repre-
sented true eutectic points, solidification of any mix-
ture should not be completed until that minimum tem-
perature is reached. This is obviously not the case since
total solidification took place at constant temperature.
The conclusion that two compounds are formed, one
consisting of three molecules of the lower acid to one
of the higher, the other equimolecular with respect to
both of them, is untenable. Additional evidence 1n con-
tradiction of the view that the breaks of the curve rep-
resent compound-formation in the system may he found
in the fact that they vary from one to three per cent
from the points of alleged composition; and this vari-
ation is too large to be explained away on the grounds
of experimental error for the mixtures were made up
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with a precision of less than 0.1 per cent and tempera-
ture readings are accurate to .05°C.

The general tendency of the curve (Figure 1) to be-
come continuous with increasing molecular weight of
the member pairs of these binary systems provides an
interesting pictorial demonstration of the effect of
homology. The sharpness of the break and the sharp
slope of its descent as it falls back into the curve as a
whole are indications of the stability of the equi-molec-
ular compound formed. Compound-formation is defi-
nitely indicated in the lower curves. With ascent in the
series, however, a state is approached where compound-
formation, as shown by the break, becomes very weak
and unstable so that in the behenic-lignoceric acids sys-
tem there is only a small deviation in the continuity of
the curve. It follows, therefore, that compound-forma-
tion is there limited and that dissociation of the com-
pound is almost complete.
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Figure 1, Solidification Point Curves of Binary Acid Mixtures

TABLE 2.
Solidification Points of Binary Acid Mixtures.
Palmitic-Stearic Mixture Stearic-Arachidic Mixture

Sol. Pt. Sel. Pt.

Cise C1s °C. Cis Czo °C.
mol. pct. mol. pct. (corr.) mol. pct. mol. pct. (corr.)
.00 100.00 68.85 0.00 100.00 74.35
2.81 97.19 68.15 2,80 97.20 73.65
6.05 93.95 67.20 5.85 94.15 72.80
9.77 90.23 66.20 7.65 92.35 72,30
14.00 86.00 65.00 13.03 86.97 70.80
18.64 81.36 63.80 14.09 85.91 70.55
18.85 81.15 63,72 16.71 83.29 69.80
24.33 75.67 62.20 21.4% 78.51 68.30
31.29 68.71 60.10 23.46 76.54 68.00
34.16 65.84 59.20 26.76 73.24 67.00
38.85 61.15 57.70 28.90 71.10 66.50
39.82 60,18 §7.28 30.74 69.26 65.9%
42.33 57.67 56.70 35.03 64.97 64.80
44.19 55.81 56.52 38.24 61.76 63.90
45.65 54.35 56.25 39.16 60.84 63.75
47,73 52.27 56.00 42.03 57.97 63.25
49.54 50.46 56.02 43.38 56.62 63.15
50.26 49.74 56.00 46.69 53.31 62.75
52.87 47.13 56.00 46.72 53.28 62.70
56.11 43.89 55.85 48.69 51.31 62.50
58.65 41.35 §5.70 50.46 49.54 62.30
62.24 37.76 55,45 52.00 48.00 62.20
65.00 35.00 54.90 54.05 45,95 62.15
65.36 34.64 54.85 55.82 44.18 62.15
68.06 31.94 54.45 58.30 41.70 62,05
68.30 31.70 54.42 60.60 39.40 61.85
68.98 31.02 54.39 62.78 37.22 61.72
70.80 29.20 54,21 63.99 36.01 61.50
71.72 28.28 £4.20 66.60 33.40 61.25
73.32 26.68 54.20 69.76 30.24 61.10
73.40 26.60 54.20 72.19 27.81 61.00
74.34 23.66 54,20 74.59 25.41 66.90
76.48 23.52 54.35 76.20 23.80 60.98
77.65 22.35 54.60 76.47 23.53 61.00
80.26 19.74 §5.15 79.09 20.91 61.60
85.16 14.84 56.60 85.40 14.60 63.35
90.01 9.99 58.20 88.68 11.32 64.18
94,30 5.70 59.70 88.79 11.21 64.23
97.19 2.81 60.85 93.50 6.50 66,10
100.00 0.0 62.22 97.49 2.51 67.75
100.00 0.00 68.85
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Arachidic-Behenic Mixture Behenic-Lignoceric Mixture

Sol. Pt. Sol. Pt.
Cao Cae °C. Caz Cas °C.
mol. pct. mol. pct. (corr.} mol. pct. mol. pet. (corr.)
0.00 100.00 79.35 0.00 100.00 83.40
3.79 96.21 78.55 4.97 95.03 82.55
6.97 93.03 77.90 10.01 89.99 81.55
11.65 88.35 76.90 15.17 84.83 80.50
16.17 83.83 76,00 20.05 79.95 75.47
19.03 80.97 75,40 22.62 77.38 78.93
25.36 74.64 74.05 25.07 74.93 78.45
29.87 70.13 72.95 27.30 72.70 78.00
32.56 67.44 72.35 29.71 70.29 77.45
34.76 65.24 71,75 32.35 67.65 76.82
35.04 64.96 71.70 34.94 65.06 76.20
37.51 62.49 71.05 37.46 62.54 75.75
39.74 60.26 70.50 39.94 60.06 75.45
42,51 57.49 70,05 42.52 57.48 75.20
44.69 55.31 69,80 45.05 54.95 74.95
47.45 52,55 69,50 47.41 52.59 74.78
50.15 49,85 69.30 49.94 50.06 74.60
52.42 47.58 69.24 52.47 47.53 74.55
55.64 44.36 69,20 54.72 45,28 74.50
59.27 40.73 69,05 57.33 42.67 74.48
62.63 37.37 68.85 59.89 40.11 74.45
64.55 35.45 68.65 62.33 37.67 74.35
67.29 32.71 68,44 64.97 35.03 74.10
76.18 29.82 68.25 67.28 32.72 73.93
71.96 28.04 68.20 69.70 30.30 73.75
73.70 26.30 68.20 72.55 27.45 73.75
75.04 24.96 68,20 74,69 25.31 73.75
77.10 22.90 68.23 76.97 23.03 73.75
78.85 21.15 68.30 79.94 20.06 73.87
80.57 19.43 68.40 82.48 17.52 74.25
81.96 18.04 68.65 84.91 15.09 74.70
84.47 15.53 69,40 87.56 12.44 75.35
87.30 12.70 70.20 91.73 8.27 76.42
89.01 10.99 70,65 95.93 4.07 77.80
91.79 8.21 71,65 100.00 0.00 79.35
93.74 6.26 72.25
96.01 3.99 73.00
96.94 3.06 73.25
100.00 0.00 74,35
Summary

Earlier studies on solidification point curves for
binary systems of the saturated fatty acids of even-
number carbon atom content have been extended to

oil & soap
include the Cyq to Caq group. The effect of homology is
here beginning to become more obvious than it is in the
lower brackets of this series of compounds in that the
three-segment curve which is there a characteristic
feature 1s gradually approaching in form that of the
smooth, continuous type. This phenomenon has been
interpreted in the light of a decreasing tendency toward
compound-formation. It has been postulated that one
equi-molecular compound is formed between adjacent
pairs of fatty acids of even-number carbon atom con-
tent.

This study is being continued in the hope of bringing
into the picture acids of higher carbon content than
those already studied. Systems containing the odd-num-
ber carbon atom members of this homologous series will
also be investigated.
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