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The Wetting of Paraffin by Aqueous Solutions of Sodium Decyl,
Dodecyl and Tetradecyl Sulfates

By Teruo TsuNoDA™® and Tsunetaka SASAKI

(Received December 12, 1962)

The wetting of the surface of such solids as
metals, plastics, and fibers by wetting agents
and detergent solutions has offered many funda-
mental problems!?, However, studies upon the
theory underlying the phenomena have hither-
to been rather unsatisfactory, especially regard-
ing the relation between the wetting and the
solute adsorption®.

* Present address: Hitachi Central Research Labora-
tory, Hitachi, Ltd., Kokubunji, Kitatama-gun, Tokyo.
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In a previous paper we reported on the
relation between the wetting of paraffin by
aqueous solutions of fatty alcohol homologues
and the solute adsorption®. In the present
paper we will attempt to study further the
relation between the wetting of the paraffin
surface by aqueous solutions of sodium decyl,
dodecyl and tetradecyl sulfates, and their ad-
sorption.
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Experimental

The detergents used were sodium decyl (SDeS),
dodecyl (SDoS) and tetradecyl (STS) sulfates. They
were prepared by the reaction of corresponding
alcohols with chlorosulfonic acid in ether. In order
to purify them, the alkyl sulfates obtained were
dissolved in ethyl alcohol, treated with charcoal,
and then recrystallized. The disappearance of the
minimum in surface tension concentration curves,
as is shown in Fig. 1, proved their purity. The
paraffin used was purified by treating it with
concentrated sulfuric acid, then with sodium hydro-
xide, and finally by vacuum distillation. For the
wettability measurement, the paraffin surface was
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Fig. 1. Surface tension vs. concentration of
detergents.

prepared as a thin layer on a glass rod of a uni-
form diameter. The measurements of wettability
and surface tension were made in the same manner
as was reported in a preceding paper®. The tem-
perature was controlled at 30+0.3°C throughout
the experiments. No particular control of the pH
was made for the solution used. It was about 6.

Results and Discussion

The changes in the wetting tension of paraf-
fin towards aqueous solutions of detergents
with the time of immersion in those solutions
are shown in Fig. 2, for instance, for SDoS
solution, where o;cosf: is the wetting ten-
sinon, o), the surface tension of the solution,
and #:, the receding contact angle of the solu-
tion on paraffin. The equilibrium values of
the wettability were attained within 60 min.
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after the immersion of the paraffin into the
detergent solutions. The equilibrium advanc-
ing and receding contact angles thus obtained
were plotted against the concentration of deter-
gent solutions as shown in Figs. 3, 4 and 5.
The hysteresis of the contact angles was at
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Fig. 2. oi1cosf; vs. time of immersion into
SDoS solution.
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Fig. 3. Contact angle vs. concentration of
SDeS.
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Fig. 4. Contact angle vs. concentration of
SDoS.
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most 10 degrees in these experiments. Figure
6 shows the relation between the cosine of
the receding contact angles and the surface
tension of the detergent solutions. We can
observe in this figure that the curves tend to
show a discontinuity in slope at about 40 dyn./
cm. A similar phenomenon was observed for
the wetting of teflon and polyethylene by
several detergent solutions*’. We calculated
the Zisman critical surface tension, 7., by the
extrapolation of the ¢, vs. cosf: plot to
cosf:=1 and thus found y. to be 26 dyn./cm.

Now we shall refer to the wetting isotherm.
As in a preceding paper®? we used the follow-
ing wetting isotherm ;
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International Congress of Surface Activity, 1II, Butter-
worths, London (1957), p. 153.
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where 0, denotes the receding contact angles, a1
and o, the surface tension of the solution and
solvent (water) respectively, I, the amounts
of solute adsorption in mol./cm? and ¢ and
K constants. In order to check our wetting
isotherm 1, we calculated I” using Gibbs’ adsorp-
tion isotherm:

p—d(o1c0s6a)
~ RTdlnc

and made plots between the I” thus obtained
and o1(cos @:+1)/(o1+ ow), as in the preceding
paper®. Figures 7, 8 and 9 show the adsorp-
tion isotherm I'~¢. In the region of concen-
tration lower than the CMC of the detergents,
the apparent maximum in the adsorption iso-
therm is observed in these curves. It is, how-
ever, hard to interpret these maxima in the
adsorption isotherm, since the a1cosf.~Inc
plot is not generally so accurate in the con-
centrated region of saturated adsorption. Figure
10 shows the a1(cos 6.+ 1)/(a1+ ow) )~ plots.
The plots indicate a linear relation in the

)
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Fig. 7. Adsorption isotherm of SDeS for
paraffin/solution interface.
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Fig. 8. Adsorption isotherm of SDoS for
paraffin/solution interface.
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Fig. 9. Adsorption isotherm of STS for
paraffin/solution interface.

region of concentration less than that of the
maximum adsorption. From this linearity we
calculated the constants ¢ and K, which are
shown in Table I. In this table we may
notice, that the calculated values of ¢ are con-
stant, regardless of the detergents used, while
the K wvalues decrease with the increasing
molecular weight. These results are similar
with the values of ¢ and K obtained for fatty
alcohols on paraffin®. Inserting the values
of ¢ and K into Eq. 1, we obtained:

for SDeS

(0.353+0.026 x 10*°]") —1 W

cos 0r:£‘.':‘,L
ady |
for SDoS ?
L3
cos O; ="'—J;‘"L (0.347+0.025 X 101"y —1 ‘
1
for STS ‘
+ w
cosarz—"—'-a" -(0.347+0.016 X 10"°7") —1 |
, _

Figure 11 shows the comparison between the
values obtained from Eq. 3 (solid line) and
the observed values (circles). Beyond the
concentration of maximum adsorption of
detergents, the discrepancies between the cal-
culated and observed contact angle values
are marked in all cases, partly because of the
inevitable inacuracy in observation already
mentioned.

TABLE I. CONSTANTS ¢ AND K IN WETTING

ISOTHERM 1

Detergent @

0.353
0.347
0.347

K, cm?/mol.
2.6x10°
2.5x108
1.6x108

Sodium decyl sulfate
Sodium dodecyl sulfate
Sodium tetradecyl sulfate
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In Figs. 12, 13 and 14, we show F~A dia-
gram, together with the FA~A curves inserted.
The surface pressure of the adsorbed film on
the solid/solution interface, F, and the area
occupied by molecules in the film, A4, is ob-
tained in a manner similar to that used in a
preceding paper®. Applying Volmer’s equa-
tion, FA=ikT+ A.,F to the FA~F curves, as
shown by solid lines in Figs. 12, 13 and 14,
the co-area A,’s are obtained as 30, 23, 30A?/
molec. for SDeS, SDoS and STS respectively.

We further examined the wvalidity of
Traube’s rule, which is expressed by :

In (F/¢)n=1n (F/¢)1+dw(n—1)/RT  (4)
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Fig. 10. Validity of Eq. 1.

O Concn. less than max. adsorption:
@ Concn. beyond max. adsorption

a1(cos O, + 1)/(0'1+ Ow)

4 5 6

Receding contact angle, degree

1 2 3
80 o
G0 F
12 5 4
Concn., mmol./l.
Fig. 11. Comparison between calculated (solid

line) and observed (circle) contact angles.
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Fig. 12. (A) Pressure~area and (B) FA~F
relations for adsorbed film of SDeS for
paraffin/solution interface.
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where F/c denotes the slope of the F~c
curve at ¢=0, n, the number of carbon atoms
in the alkyl sulfate molecules, and 4w, the
work per CH, of adsorbed solute molecule
required to bring it from the paraffin surface
back into the interior of the solution. Figure
15 shows the lineality between In (F/c) and
n. From these figures, we obtained 588.9 cal./
mol. CH; as the 4w for the paraffin/solution
interface. This figure is smaller than 824
cal./mol. CH: obtained for the fatty alcohol
at the solution/paraffin interface®>. For the
air/solution interface, we obtained 534.7 cal./
mol. CH: as the 4w value. This value is also
smaller than that of 656 cal./mol. CH. for fatty
alcohols at the aqueous alcohol solution sur-
face®.
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Fig. 13. (A) Pressure~area and (B) FA~F relations for adsorbed film of SDoS for

paraffin/solution interface.
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Fig. 14. (A) Pressure~area and (B) FA~F relations for adsorbed film of STS for
paraffin/solution interface.
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Fig. 15. In (F/c) vs. number of carbon atoms
of detergent molecules

A Paraffin/solution interface
B Air/solution interface

Summary

The wettability of the paraffin by aqueous
solutions of sodium decyl, dodecyl and tetra-
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decyl sulfate have been studied. A slight but
distinct discontinuity of the slope in the curve
of the cosine of the receding contact angle vs.
the surface tension of the solution was observed
for the solution of sodium decyl, dodecyl and
tetradecyl sulfate. The discontinuity of the
slope appeared at the surface tension of about
40 dyn./cm. It was found that the wetting iso-
therm which had been proposed by the present
author, and which had been found valid for
the wetting of paraffin by the aqueous solution
of fatty alcohol homologues, was also valid for
this experiment in the dilute aqueous solu-
tion of sodium alkyl sulfates. The adsorption
energy was 588.9 cal./mol. CH; and 534.7 cal./
mol. for the paraffin/solution and air/solution
interfaces respectively.
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