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Peptization of Aluminium Soap Gels
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Research Institute of National Defence, Sundbyberg, and Institute of Physical Chemistry,
University of Stockholm, Sweden

The effect of three different peptizers on gels of aluminium hydrox-
ide-distearate was investigated by means of I.R.-spectrometry and
rheological measurements. The peptizing mechanism of octadecanoic
acid and octadecanol could be explained by the hydrogen bond
mechanism by Bauer et al.! Octadecylamine on the other hand had
a much more pronounced effect on the rheological behaviours of the
gels and I.R.-spectrometry measurements gave a strong indication
of a nucleophilic reaction of the free electron pair of the nitrogen atom.

The structure of aluminium disoap gels in hydrocarbons has been examined
by a number of scientists, who have suggested linear polymers of linked
aluminium-oxygen octahedra.?* Later Sheffer et al.5 gave five bridging struc-
tures, partly based on their results from I.R.-measurements on degraded
trisoaps and partly on results from measurements by Bauer et al.8,” The effect
of polar organic compounds was quite thoroughly investigated in the years
after World War II and some suggestions concerning the mechanism of the
peptizing reactions were given. Later Bauer ef al. in 1955 presented a theory,
by which the peptizer was bonded to the carboxyl ion of the soap by a hydrogen
bond. Yamamuto %1° examined several peptizers and their influence on gels
of aluminium hydroxide-distearate in Nujol. From the examination of that rich
material he came to the conclusion that the hydrogen bond connection was the
main mechanism of peptizing. Friberg ! made a literature survey and showed
that there is no simple relationship between the changes of rheological behav-
iour and the changes of absorption in the infrared region, when gels are
peptized. .

In order to evaluate the influence of some reactive groups on organic com-
pounds three peptizers were selected, namely a carboxylic acid, an alcohol
and an amine. Since the chain length of the peptizer has a pronounced effect
on the changes of rheological behaviour, which was shown by Jackson,'? the
three peptizers were selected with the same chain length as the soap, in order
to obtain the influence of the reactive group alone.
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EXPERIMENTAL

Materials. The stearic acid (KEBO, puriss., 69—70°C) used for the preparation of the
aluminium soap was recrystallized from ether at —10°C to remove unsaturated contam-
inations and distilled as methylester in a column at low pressure to remove homologues.
Gas chromatographic analysis of the ester showed no impurities to be present to a measur-
able degree. The ester was saponified with })otassium hydroxide in ethanol and the alu-
minium soap was prepared after Smith e¢ al.’® and Mysels et al.'* The precipitation tem-
perature was 95°C and the free stearic acid was extracted in an extraction apparatus 4
with dry acetone at 0°C. An analysis of the soap gave a ratio of moles of the fatty acid
in comparison to moles of aluminium of 2.01. The stearic acid used as peptizer was pre-
pared from the pure methylester by saponification to potassium soap and hydrolyzing
with HCl. The amine and the alcohol were of the puriss. grade and repeatedly recrystal-
lized from carbon tetrachloride and benzene, respectively, up to a constant melting point.
The cyclohexane used as a solvent was Merck’s quality for U.V.-spectroscopy. It was
stored and distilled over metallic sodium immediately before use. The carbon tetrachloride
was treated the same way with Sikkon.

Gel preparation. Soap and peptizer were dried over P,0; to a constant weight, weighed
into dry test tubes and dried again over P,O, for 14 days. After the solvent had been
brought into the tubes, the open end was immediately fused. The tubes were transferred
to a rotating apparatus provided with a temperature control, described elsewhere,!! and
were rotated at a constant temperature for half an hour. After a control had shown that
no gelling had begun, the temperature was increased by three degrees and kept constant
at the new level for half an hour. This procedure was repeated until the gelation tempera-
ture was reached, where the gels were rotated for 24 h. After that the temperature was
decreased continuously for 6 h to 25°C, where the gels were rotated 24 h before use.

Determination of I.R.-spectra. Infrared absorption spectra were determined by means
of a Perkin Elmer, Model 221, recording spectrometer with a rock salt prism at 25°C and
a relative humidity of 30 9%,. The cell thickness was 0.1 mm. All the spectra were com-
pensated for the solvent and the values of absorbance are the logarithm of the ratio I,/I,
where I, and I are the transmittance of the base-line and of the difference between solu-
tion and the solvent, respectively, at given wave-lengths.

Rheological determinations. Flow-curves, shear stress versus shear rate, T = f (D),
where D varied continuously during 15 seconds from 0 to 10* sec™! and to 0 again, were
determined by means of a Ferranti-Shirley cone-plate viscometer in an atmosphere,
saturated with the solvent. From the ‘“down branch’’ of the flow curve the plastic viscos-
ty 1® and its time-dependence were calculated.

RESULTS

Gelation temperature. The gelation temperature of the gels in cyclohexane
was 65— 68°C and in carbon tetrachloride 55— 58°C. The peptizers had no effect
on this temperature.

Rheological behaviour of gels in cyclohexane. A striking example of the diffe-
rence in effect on the rheological properties of gels peptized by the three pep-
tizers is shown in Fig. 1. The three ampoules were kept vertical for some hours
and at time 0 they were turned into a horizontal position. As is seen in the
figure there is no pronounced difference between the gel without a peptizer
and the gel with alcohol or acid, while the gel peptized with amine flows out
immediately.

Infrared measurements. These measurements included the effect of the
three peptizers on gels in cyclohexane and also some measurements on amine
peptized gels in carbon tetrachloride, since the latter solvent has less absorp-
tion in the infrared region.
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Fig. 1. Flow properties of gels in cyclohexane with different peptizers. Times after the
change from vertical to horizontal position.

The variation of absorption versus the addition of a peptizer at 2.7 and
3.0 um is in accordance with earlier results.® At 5.8 um the alcohol and the
acid gave a slight increase, while the amine reduced the absorption to nought
even at additions less than one fourth of the number of moles of aluminium
soap. The absorption in the region 6.1—6.4 ym differed very much from that
of earlier results. Fig. 2 shows that the acid does not change the absorption
at 6.33 um to a measurable degree, while the alcohol reduces the absorption,
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Fig. 2. The transmittance in the region
6.0—6.5 ym with an equimolar addition of
peptizers.
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which agrees with the hydrogen bond mechanism. The amine on the other hand
gives a fairly pronounced reduction of this absorption and a corresponding
increase of the absorption at 6.22 um. The absorbance versus the addition of
a peptizer at these wave-lengths is given in Fig. 3. The figure shows clearly
that the alcohol and — to a higher degree — the amine reduces the absorption
at 6.33 ym and that the amine increases it at 6.22 um. The slight increase
caused by the acid at 6.22 ym probably depends on the broadening of the peak
at 6.33 ym. The absorbance versus the addition of a peptizer at 10.15 um is

shown in Fig. 4. The results are quite analogous to those obtained at 6.33 um,
but there is a more pronounced tendency.

0.2

-~ o octadecanoic acid e
~ -~
:7 NEX
- D
> =]
2 3 0.6
® 0.1
L [
5 go4
Q ]
o [
3 0.2
< 8"
0 - 0
0 05 1 0 0.5 10 1.5 20
Molar ratio peptizer:soap ~  Molar ratio peptizer:soap
Fig. 4. The absorbance of oxygen bridges Fég. 5. The absorbance of gels in carbon
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Gels with the amine as a peptizer were also prepared in CCl, to obtain im-
proved spectra, as the absorption of the solvent would be less. Fig. 5 shows
the absorbance versus the addition of the amine at various wave-lengths which
are of special interest. The tendency is the same as that of the gels with cyclo-
hexane but it is striking that the curves of absorption change at the point of
equimolarity between the peptizer and the soap. Fig. 6 shows that the absorp-
tion at 2.70 um decreases by an increased addition of the amine and that this
absorptionis replaced by rather a continuous one in the region 2.80 um to 3.35 um,
with three poorly resolved peaks at 2.85, 3.2, and 3.3 um. The last two peaks
are somewhat better resolved in Fig. 7, where NH; is used as a peptizer.

Rheological measurements. Fig. 8 shows the ratio of plastic viscosity of a
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Fig. 8. The ratio of plastic viscosity of  Fig. 9. The ratio of plastic viscosity of gels
peptized gels to the plastic viscosity of to plastic viscosity of unpeptized gels at
unpeptized gels versus addition of amine. sheartime zero versus shear time.

peptized gel in comparison to the plastic viscosity of an unpeptized gel versus
the addition of the peptizer. It is seen that an addition to a higher degree than
that of equimolarity does not effect the viscosity. In Fig. 9 the same ratios
versus shear time is shown. In similar systems plastic viscosity versus the
logarithm of shear time usually gives two crossing straight lines® but this
is not the case here and therefore viscosity was simply plotted against shear
time.

DISCUSSION

Fig. 1 shows clearly that there is a great difference between the rheological
behaviour at small shear rates of gels peptized with the amine and with the
acid or the alcohol. The cause of this phenomenon must be that the forces
between the micelles of the gel are weakened either because the peptizer is
adsorbed on the faces of the micelles and thus changes the forces between them
or because the micelles themselves are less than the critical size. The first
condition would not change the I.R.-absorbance of the soap very much while
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the second must do 0. Fig. 2 shows that the absorption in the region 6.1—6.4
um has quite a different look as regards the gel peptized with the amine. The
absorption at 6.33 um, which is the wave length of the asymmetrical carboxyl
streching frequency at the maximum damping, corresponds to ¢nternuclear
coordination of the carboxyl ion.® The same authors® give the intranuclear
coordinated carboxyl ion the assignment 6.22 ym if an OH-group is connected,
which will have a dampening effect. Without this effect the carboxyl ion
absorbs at 6.1 ym, e.g. in a tri-soap. Sheffer et al.® give a molecular weight of
> 1000 000 in the first case and about 100 000 in the second. The results of
Fig. 1 together with those at Fig. 2 then give evidence of considerable decrease
in molecular weight after an amine has been added, while the addition of an
acid or an alcohol does not give much difference. The absorbance at those
wave-lengths versus the addition of a peptizer is given in Fig. 3. In Fig. 4 the
absorbance at 10.15 um is given, which corresponds to the group Al—H,—Al,
versus the addition of a peptizer. The amine destroys these bridges more effec-
tively than the alcohol does, and the acid does not seem to have any influence
at all.

The changes of absorption with the addition of a peptizer in carbon tetra-
chloride is analogous, as is seen in Fig. 5. It is evident that the addition of a
peptizer to less than the equimolar ratio has a different effect than a further
addition has. All the characteristic changes cease at this addition and a new
absorption at 6.60 ym increases linearly with a further addition. The absorp-
tion at 6.60 um corresponds to deformation vibrations of the amino group and
it is clear that this group absorbs at shorter wave-lengths, when additions are
less than equimolar ones.

The free hydrogen of the OH-group is evidently hydrogen bonded at the
addition of the amine (Fig. 6). The two peaks at 3.22 and 3.26 um correspond
to asymmetric and symmetric valence vibrations between nitrogen and hy-
drogen. Free amine absorbs at 2.85 ym and hydrogen bonding increases this
wave-length to about 3.0 um.'” When the free electron pair of the nitrogen is
occupied, the amine absorbs at a higher wave-length. Complexes of In®+ with
diethylamine absorb at 3.23 uym® and hydrochlorides of amines at about
3.30 ym.1?

From this it is evident that the amine is bound by its free electron pair
and it would not be realistic to assume a bond at any other place than from the
aluminium ion. Unfortunately the bond between the nitrogen and the alu-
minium cannot be detected by the equipment of our institute, since the infrared
absorption has a very high wave-length.1?

The results of rheological measurements indicate a compound of one mole
amine and one mole of the soap. The form of the curves in Fig. 9 indicates a
breaking up of the micellar structure catalyzed by the products of decomposi-
tion, but this was not studied further.

Conclusion. The results from infrared absorption spectra and rheological
measurements accord and show that the peptizing mechanism of an amine
cannot be explained by the hydrogen bond theory. The results give a strong
indication that the amine is bound to the aluminium ion by its free electron
pair.
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