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Miscibility Relationships in Systems Containing Various
Hydrocarbons, n-Butylcarbitol, and Aqueous Solutions of

Sodium Salicylate’

Patience C. Ho, R. G. Burnette,! and M. H. Lietzke*

Chemistry Division, Dak Ridge National Laboratory, Oak Ridge, Tennessee 37830, and Chemistry Department,

University of Tennessee, Knoxville, Tennessee 37916

A study has been made of misciblility relationships in
systems contalning an aqueous solution of sodium
salicylate, n-butylcarbltol, and varlous hydrocarbons,
Including both n-alkanes and alkylbenzenes. At any fixed
concentration of sodium salicylate, the minimum amount
of n-butylcarbitol required to produce miscibility at 1:1
welght percent hydrocarbon—-water mixtures increases
nearly linearly with the number of alkyl carbon atoms in
the hydrocarbon. In all cases a considerably higher
welght fraction of n-butylcarbitol is required to produce
miscibility in the systems containing the alkanes than in
those containing alkylbenzenes with the same alkyl
carbon number. When the n-butylcarbltol is replaced by
1-butanol as the cosolvent, this order is reversed and the
miscibllity relationships are simllar to those observed in
the hydrocarbon-1-butanol-aqueous sodium
p-cymenesulfonate systems, where a higher weight
fraction of cosolvent is usually needed to produce
miscibllity with the alkylbenzenes than with the alkanes.

Ho and Kraus'? have investigated miscibility relationships in
a series of systems containing a hydrocarbon, a cosolvent, and
an aqueous solution of a substituted sodium benzenesulfonate;
while Ho and Ogden® have studied the solubility of toluene in
aqueous solutions of various benzenecarboxylates both with and
without 1-butanol as the cosolvent. In these studies the side
chains on the benzenesulfonates or benzenecarboxylates have
been kept shorter than those usually thought to result in micelle
formation. The hope is that the study of these well-defined,
simpler systems may help elucidate the more complex systems
containing alkyl benzenesulfonate surfactants used in the mi-
cellar-flood method of enhanced oil recovery by uncoupling those
aspects of behavior arising from solubility effects from behavior
resulting from micelle formation.

The present paper deals with miscibility relationships in sys-
tems containing an aqueous solution of sodium salicylate, n-
butylcarbitol, and a series of hydrocarbons, including both n-
alkanes and alkylbenzenes. The sodium salicylate was chosen
as the protosurfactant because of its high solubility in water,
permitting the studies to be made over a wide range of salt
concentration. Also, miscibility studies previously made in this
laboratory by Moisio? on systems containing toluene, 1-butanol,
and aqueous solutions of sodium salicylate had indicated that
further studies using sodium salicylate as the protosurfactant
might help shed light on the complex behavior observed in
organic-aqueous mixtures. The cosolvent chosen for the studies
in this paper, n-butylcarbitol (diethyleneglycol monobutyl ether),
is a widely used commercial solvent.
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Our previous work on systems employing benzenesulfonates 2
or benzenecarboxylates® as the protosurfactant was made by
using 1-butano! as the cosolvent. In order to make possible
a comparison of the phase boundary relationships observed in
those systems with that observed in corresponding systems
containing sodium salicylate as the protosurfactant, we inves-
tigated a few of the systems reported in this paper both with
n-butylcarbitol and with 1-butanol as the cosolvent.

Experimental Section

All chemicals were used without further purification or drying.
The benzene and n-heptane were reagent grade from Mal-
linckrodt, while the toluene and n-butyicarbitol were certified ACS
grade from Fisher Scientific Co. The 1-phenylhexane, 1-
phenylheptane, 1-phenyloctane, 1-phenylnonane, 1-phenyl-
decane, n-nonane, n-undecane, n-tridecane, n-pentadecane,
and n-hexadecane were all from Aldrich and varied from 96 to
99+ % purity. The 1-phenylethane, p-xylene, 1-phenylbutane,
cyclohexane, and sodium salicylate were from Matheson
Coleman and Bell. The aqueous sodium salicylate solutions were
prepared from distilled water and concentrations are expressed
in terms of molality, m (mol/kg of H,0).

The phase-boundary curves were constructed by titrating
mixtures of hydrocarbon and aqueous sodium salicylate solution
containing various weight ratios of hydrocarbon to aqueous
sodium salicylate solution to a clear end point with the n-bu-
tylcarbitol. In carrying out the titrations, samples of the hy-
drocarbon and aqueous sodium salicylate solution were weighed
into small tubes that had specially designed caps.! Each cap
contained a silicone septum through which the n-butylicarbitol
could be injected. The tubes containing the hydrocarbon and
the aqueous solution were thermostated at 25 °C for 30 min
in a constant-temperature water bath. At this point two distinct
liquid phases were present. After 30 min, n-butylcarbitol was
added through the septum from a syringe until a clear one-phase
solution resulted. Mixing during the titration was accomplished
by using a “vortex mixer”. All quantities were determined by
weight.

Results and Discussion

As in previous papers in this series’® the four-component
systems hydrocarbon, n-butylcarbitol, sodium salicylate, and
water have been treated as pseudo-three-component systems
by considering the aqueous solution of sodium salicylate (at a
fixed concentration) as one component. The miscibility data
obtained in this study are shown in Tables I-IV. All values
shown in the tables are in weight percent. Table I shows the
compositions of the n-butylcarbitol, hydrocarbon, water (no
sodium salicylate) systems at the boundaries between one and
two liquid phases, while the remaining tables show the com-
positions of the n-butylcarbitol, hydrocarbon systems containing
1.0, 2.5, and 6.0 m aqueous sodium salicylate solutions. All
measurements were made at 25 °C.

Miscibility data for systems containing 2.5 mol of sodium
salicylate/kg of water are shown plotted as phase boundary
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Table I. Compositions of n-Butylcarbitol, Hydrocarbon, Water
Systems at Boundaries between One and Two Liquid

Phases (25 °C)%?

nBC H H,0

nBC H H,0

nBC H H,0

H = benzene

H = toluene

= l-phenylethane

18.7 80.5
21,7 774
37.9 589
51.2 40.1
55.1 320 1
55.7 21.5 22
47.9 11.6 405
31.1 4.0 64.9
156 0.8 83.6

Powoo
O MO o

13.7 85.8
35.7 60.9
51.6 356 1
53.3 255 2
51.6 19.5 28
47.7 15.1 3
43.7 11.1
376 1.5
325 5.3
16.7 0.8 82.5

2 803 0.5
0 59.0 4.1
.8 441 10.1
7 353 159
7219 295
42,7 11.6 45.7
29.5 3.6 66.9
17.7 0.6 81.7

H=p-xylene H= l-phenylbutane H= l-phenylhexane
17,3 820 0.7 152 844 04 127 87.0 0.3
21.0 780 1.0 29.1 67.2 37 264 69.8 3.8
34.8 61.6 3.6 387 S51.0 103 399 50.2 10.0
45.7 44.1 10.2 453 329 21.8 503 29.4 203
49.3 286 22.0 455 19.6 348 53.0 17.5 29.5
46.8 18.8 344 41.7 12.1 46.2 51.1 9.7 39.2
42.8 11.8 454 31.5 3.9 64.7 423 3.4 543
28.8 3.8 674 231 0.7 76.2 29.2 0.6 70.2

182 0.7 8Ll
H = 1-phenylhaptane

H= 1-phenyloctane

H = l-phenylnonane

13.0 86.4 0.6
25,5 70.8 3.6
47.2 389 13.9
544 240 216
56.3 16.3 274
6.1 11.9 320

540 8.0 38.0
50.8 5.5 437
443 2.7 529
354 L1 63.5

H = 1-phenyldecane

13.8 855 07
29.5 66.8 3.7
46.2 43.6 10.2
53.6 31.8 146
60.0 19.0 21.1
59.5 7.8 327
50.3 2.9 46.8
349 0.5 64.6

H = cyclohexane

12.8 86.7 0.5
296 67.0 3.5
48.3 427
56.4 307 1
64.8 151 2
62.2 6.2 3L
§5.0 26 4
39.2 06 6

H =n-heptane

13.3 86.0 0.6
30.2 66.3

43.1 507

59.0 297 1
653 183 1
67.2 125 2
67.0 9.2 23.
65.8 6.5 277
551 2.2 427
40.7 0.5 S58.7

H =n-nonane

9.4 90.2
17.2 80.6
223 736
40.4 48.6
48.5 35.1
5§3.0 21.9
48.9 10.3
354 37
20.7 0.6

PO NO BNO
Nowvo~pRporwER

BN T O N N

H = n-undecane

12.5 87.0 0.6
40.0 56.1 3.9
65.8 23.0 11.2
68.2 146 17.2
66.4 10.5 229
8.1 269
5.7 33.0
459 2.6 51.5
0.5 70.5

H = n-tridecane

12,0 876 0.5 17.3 821 0.5
47,1 49.2 3.7 40.8 57.2 20
68.9 236 7.5 583 386 3.1
73.8 11.9 143 73.3 206 6.2
55.1 1.8 43.1 77.3 143 84
356 0.4 640 784 9.4 122

623 1.6 36.2

35,1 0.4 64.5

325 01 67.4
H=n-pentadecane H = n-hexadecane
179 81.8 04 423 57.1 0.6
61.3 37.1 1.6 712 27.2 1.6
79.6 16.6 3.8 82.0 147 3.4
83.8 100 6.2 859 81 6.0
84.7 68 85 8.0 48 9.3
83.0 38 133 840 29 13.1
759 1.6 226 769 1.2 21.9

60.0 04 39.7

64.0 0.3 357

11.9 87.8 0.3
60.7 37.1 22
76.1 19.2 4.5
81.5 6.0 125
78.7 3.6 17.7
70.8 1.5 27.6
53.9 0.4 457

2 3»-BC = n-butylcarbitol. H=hydrocarbon. b Compositions

are in weight percent.
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Figure 1. Phase-boundary relationships in several n-alkane-n-bu-
tylcarbitol-2.5 m aqueous sodium salicylate systems at 25 °C.
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Figure 2. Phase-boundary relationships in several n-alkylbenzene~
n-butylcarbitol-2.5 m aqueous sodium salicylate systems at 25 °C.
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Figure 3. Minimum weight percents of n-butylcarbitol necessary to
produce miscibility in 1:1 weight percent mixtures of a series of n-
alkanes and 1.0, 2.5, and 6.0 maqueous sodium salicylate solutions.

curves in Figures 1 and 2. The area above each curve (ad-
jacent to the n-butylcarbitol apex) is the single liquid-phase
region; two liquid phases occur below the boundary curves. The
phase-boundary diagrams for the systems containing either 1.0
or 6.0 mol of sodium salicylate/kg of water are similar in shape
(but displaced) to those shown in Figures 1 and 2 for the systems
containing 2.5 m sodium salicylate.

Values of the minimum weight fraction of n-butylcarbitol
necessary to produce miscibility in 1:1 weight percent mixtures
of hydrocarbon and water and of hydrocarbon and 1.0, 2.5, and
6.0 maqueous sodium salicylate solution, as read from the full
phase boundary curves, are shown plotted vs. the alkyl carbon
number N, of the hydrocarbon for the alkanes in Figure 3 and
for the alkylbenzenes in Figure 4. Except with benzene and
with 1.0 m sodium salicylate solution the amount of n-butyl-
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Table II. Compositions of n-Butylcarbitol, Hydrocarbon, 1.0 m Table III. Compositions of n-Butylcarbitol, Hydrocarbon, 2.5 m
Aqueous Sodium Salicylate Systems at Boundaries between One Aqueous Sodium Salicylate Systems at Boundaries between One
and Two Liquid Phases (25 °Cyab and Two Liquid Phases (25 °C)‘z’b
1.0m 1.0m 1.0m 2.5m 2.5m 2.5m
Na Na Na Na Na Na
n-BC H salic n-BC H salic n-BC H  salic n-BC H salic #-BC H salic »n-BC H salic
H = benzene H = toluene H = l-phenylethane H = benzene H = toluene H = I-phenylethane
10.1 89.7 0.2 3L1 629 6.1 25.8 71.0 3.3 8.5 91.1 0.3 7.5 922 0.3 11.8 87.9 0.4
34.0 62.7 3.3 339 50.5 156 339 557 104 17.1 821 0.8 26.2 66.7 7.1 19.1 773 3.7
37.8 50.8 11.4 328 21.3 46.0 38.0 36.5 255 21.7 75.1 3.3 28,5 50.2 21.3 24.0 62.8 122
38.8 36.7 245 29.8 156 547 33.8 14.2 519 26.3 62.1 11.6 31.0 345 345 304 496 20.0
33.3 251 417 257 87 655 279 5.0 67.1 28.2 525 193 30.8 269 42.2 34.0 31.5 345
255 13.8 607 259 74 66.7 17.6 09 815 28.6 36.6 34.7 279 148 574 327 156 517
189 5.0 76.2 199 28 774 25.9 17.8 56.3 26.0 10.1 63.9 255 5.1 69.5

10.8 0.9 883 182 5.4 76:4 21,5 5.2 733 152 0.8 839
8.1 0.9 91.0 127 1.2 86.1

H = p-xylene H = l-phenylbutane H= l-phenylhexane
128 8.9 03 11.6 882 03 108 889 03 H=pxylene — H=l-phenylbutane H= l-phenylhexane
26.2 69.8 4.0 241 727 32 243 721 36 14.8 844 0.7 141 852 0.7 124 87.1 0.5
35.4 53,2 11.4 345 558 9.7 380 521 9.9 21.5 72.8 5.8 19.2 780 2.8 2.7 758 3.5
39.0 36.72 24.3 42.1 36.0 22.0 46.0 355 185 26.4 62.1 11.5 281 62.2 9.8 346 54.7 10.7
35.8 22.73 41.5 44.0 22.1 340 51.5 183 30.2 32.3 427 25.1 36.9 40.9 22.2 43.7 36.0 20.3
33.9 14.01 52.1 424 122 454 49.7 10.7 39.6 344 269 38.7 41.8 23.7 346 484 215 30.1
24.9 402 711 34.1 4.2 61.7 40.7 3.7 556 33.7 16.4 49.9 406 14.3 451 478 12.8 39.4
17.0 0.8 822 22.8 0.8 764 282 0.7 711 25.3 4.8 69.9 325 4.6 63.0 39.7 4.5 55.9

15.1 0.8 84.1 22.3 1.1 76.6 26.6 0.8 72.6
H= l-phenylheptane H= l-phenyloctane H= l-phenylnonane

H = l-phenylheptane H= l-phenyloctane H= 1-phenylnonane
4.7 95.2 0.2 50 948 0.2 69 930 0.2

23.6 72.7 3.7 247 720 3.2 27.8 69.1 3.0 223 741 36 33 9.7 01 73 925 0.2
31.7 61.2 7.1 36.5 56.2 7.4 43.6 483 8.1 40.8 450 143 21.6 752 32 27.2 69.8 3.0
44.3 41.7 14.0 40.5 509 86 520 36.5 11.5 49.4 286 22.0 39.0 51.5 9.5 423 49.1 87
52.0 26.2 21.8 49.5 37.2 133 61.7 19.2 19.1 524 19.6 280 454 405 141 489 39.8 113
54.2 18.1 27.7 51.3 33.6 15.1 60.7 7.7 31.6 51.7 14,5 339 545 220 235 59.1 20.3 20.7
54.1 13.2 327 56.4 86 350 53.7 3.5 428 50.0 10.5 39.5 533 88 38.0 588 80 332
524 9.4 38.2 49.1 3.6 47.3 39.0 0.9 60.1 46.8 6.4 46.8 47.8 4,7 47.5 49.9 3.4 46.7
42.3 3.0 54.8 34.8 0.7 64.6 40.9 3.4 557 31.0 0.7 68.3 36.3 0.7 63.1
29.0 0.7 70.4 333 1.4 65.3
H=1-phenyldecane  H= cyclohexane H = n-heptane H= l-phenyldecane H = cyclohexane H = n-heptane
5.4 94.5 0.1 89 9.9 03 83 916 0.2 62 937 01 85 91.2 04 79 919 0.2
28.7 67.9 34 253 703 44 39.7 569 34 25.3 71.7 3.0 12.7 85.9 1.4 34.0 621 3.8
54.5 34.3 11.1 39.5 49.1 114 63.0 26.2 10.8 38.2 56.1 5.8 21.3 742 45 60.2 287 11.2
63.1 200 169 503 283 214 669 16.2 169 50.3 38.6 11.1 380 50.1 119 64.6 18.8 16.6
64.0 83 277 51.9 17.5 30.6 63.7 9.0 27.3 59.0 242 16.8 448 379 17.3 64.6 13.8 21.6
39.5 0.7 59.8 473 9.6 43.1 664 11.8 218 61.9 17.8 20.4 486 239 275 621 9.2 288
36.0 3.0 60.0 60.0 6.2 33.8 62.1 127 25.3 455 10.0 43.5 579 6.9 35
2001 0.6 79.3 553 4.4 403 581 6.2 358 335 3.7 628 535 48 41.7
48.5 2.8 487 389 0.8 602 147 0.6 847 454 3.0 51.6
253 0.5 742 254 0.6 74.0
H=n-nonane H = rn-undecane H= n-tridecane H = n-nonane H = n-undecane H = n-tridecane
7.9 920 01 82 917 01 189 80.7 0.4 164 830 06 232 761 07 257 736 0.7
43.1 53.6 3.3 473 501 2.6 535 447 1.8 63.6 287 1.7 66.0 283 58 504 477 2.0
63.3 30.1 6.6 686 263 51 720 24.0 3.9 70.4 16.2 13.4 720 20.1 7.9 70.2 257 4.1
72.1 158 12,1 76.5 140 95 79.5 135 7.0 69.3 9.1 21.6 753 128 11.9 782 144 7.4
71.6 9.0 19.4 77.2 86 143 774 5.6 17.0 65.9 6.2 279 724 5.9 21.8 79.6 9.0 11.5
684 6.1 25,5 73.9 54 206 706 22 27.2 52.2 2.2 456 56.9 2.5 40.6 77.1 5.2 177
558 25 41.8 6L1 21 368 527 0.6 46.8 3.7 0.4 679 344 0.5 651 66.7 22 3l1
34.2 0.5 65.3 42.6 0.5 56.9 46.7 0.6 52.7
H=n-pentadecane  H = n-hexadecane H =n-pentadecane  H = n-hexadecane
7.2 928 0.1 399 595 0.6 10.1 898 0.1 285 71.1 0.5
59.3 39.0 1.7 688 29.7 1.6 57.8 404 1.7 654 33.1 15
76.1 20.4 3.5 80.9 157 3.4 723 237 40 794 17.3 3.4
8 0 11.9 6.1 85.0 8.8 6.2 788 13.7 7.5 838 100 6.3
83.3 7.3 9.5 85.0 5.3 9.7 81.2 7.6 11.2 839 6.2 9.9
82.3 4.5 13.2 829 34 137 79.7 48 15.5 82.0 3.9 14.1
749 1.9 23.2 74.8 1.4 238 71.1 2.0 269 748 1.9 23.2
71.5 1.4 27.1 66.0 0.6 334 52.2 0.5 47.3 556 0.5 44.0
61.8 0.7 37.5 a B . B b "
1n-BC = n-butylecarbitol, H = hydrocarbon. Compositions
@ 4-BC = n-butylearbitol. H=hydrocarbon, ? Compositions are in weight percent.
are in weight percent.
However, in all cases a considerably higher weight fraction of
carbitol necessary to produce miscibility of the hydrocarbon and n-butylcarbitol is required to produce miscibility in the systems
the aqueous solution increases nearly linearly as the number containing the alkanes than in the systems containing alkyl-

of alkyl carbon atoms in the hydrocarbon N,c increases. benzenes with the same alkyl carbon number. This behavior
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Table IV, Compositions of n-Butylcarbitol, Hydrocarbon, 6.0 m Aqueous Sodium Salicylate Systems at Boundaries between One and Two

Liquid Phases (25 °C)%®

6.0m 6.0m 6.0m
. Na Na Na
n-BC H salic »-BC H salic n-BC H salic

H = benzene H = toluene H= l-phenylethane
53 945 02 64 934 02 46 952 02
11.6 843 4.1 11.9 84.1 40 126 836 3.8
16.5 704 131 209 60.2 189 189 686 12.5
20.0 59.0 21.0 26.1 41.9 32.0 239 556 20.5
24,0 40.8 35.2 27.4 31.8 40.8 30.1 351 348
23.0 193 57.7 27.1 22.5 504 302 16.8 53.0
15.2 57 79.1 255 156 589 226 55 719
87 1.0 90.3 24.0 121 639 11.5 1.0 87.5
174 51 715
8.0 1.4 90.6
7.2 0.9 91.9
H=p-xylene H = l-phenylbutane H= 1-phenylhexane

88 907 05 64 934 02 102 896 0.2
127 839 34 90 9.7 03 185 782 3.3
19.7 683 0 12.5 850 2.5 325 544 131
27.9 455 26.6 23.2 65.2 11.6 39.6 387 217

31.5 277 40.8 325 43.6 23.9 444 22.7 329
31.1 16.1 52.8 374 253 37.3 437 128 435
242 58 0 36.7 %39 494 359 4.7 594
1.0 09 881 288 4.6 66.6 223 1.0 76.7

177 1.0 81.3
H= 1-phenylheptane H= l-phenyloctane H= l-phenylnonane
6.5 932 03 38 9.1 01 73 926 0.1

145 852 03 136 848 1.6 208 763 29
141 825 3.4 309 595 96 354 3561 85
244 664 9.2 36.1 50.8 13.1 44.0 4238 13.2
33.9 50.8 153 49.2 257 251 533 237 23.0
42,2 356 222 494 10.5 401 53.3 10.1 36.6
44.4 325 23.1 427 4.6 527 463 4.4 493

47.1 229 300 27.8 0.9 71.3 30.5 0.8 687
47.1 16.9 36.0
46.3 11.7 42.0

43.0 7.7 493
37.3 3.8 589
29.5 1.7 6838

6.0m 6.0m 6.0 m
Na Na Na
n-BC H salic »».BC H  salic n-BC H  salic
H= 1-phenyldecane H = cyclohexane H=n-heptane
85 91.2 03 63 935 02 179 919 0.2
21.5 75.3 3.2 106 880 1.4 358 594 4.8
30.2 63.8 6.0 166 794 4.0 584 28.2 13.4
43.5 45.0 11.5 31.5 56.9 11.6 61.6 17.7 20.7
54.0 27.4 18.6 39.7 43.1 17.2 60.9 13.7 254
57.1 19.6 23.3 459 277 2.4 586 10.1 31.3
57.3 13.7 29.0 43.8 12.8 43.4 550 7.6 37.4
56.2 98 O 3.6 4.2 642 479 4.7 474
46.9 3.4 49.7 13.1 0.8 86.1 407 2.7 56.6
33.2 0.9 659 27.0 0.0 720
H = n-nonane H=n-undecane H=n-tridecane
6.6 932 02 6.9 929 0.2 198 796 0.6
358 60.5 3.7 27.3 711 1.6 41.7 56.6 1.7
58.0 33.8 82 424 545 31 680 27.3 47
67.0 186 14.4 64.2 29.1 6.7 1757 16.0 8.3
66.7 11.0 223 70.5 199 9.6 774 10.2 124
62.8 7.1 30.1 729 140 131 756 6.8 17.6
49.4 2.7 479 69.0 6.2 24.8 657 29 314
3.9 0.5 676 56.1 2.3 41.6 464 0.6 53.0
38.1 0.6 61.3
306 0.3 69.
H =n-pentadecane H = n-hexadecane
267 726 0.7 7.8 921 0.1
53.1 45.0 1.9 448 543 09
72.7 233 4.0 619 364 1.7
79.1 14.2 6.7 722 236 4.2
80.5 8.8 10.7 820 11.3 6.7
78.8 57 155 823 7.3 104
70.2 25 27.3 80.0 4.5 155
50.3 0.7 49.0 705 1.9 27.6
50.6 0.5 48.9

2 4.BC = n-butylcarbitol, H= hydrocarbon. ¥ Compositions are in weight percent.
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Figure 4. Minimum weight percents of n-butylcarbitol necessary to
produce miscibility in 1:1 weight percent mixtures of a series of n-
alkylbenzenes and 1.0, 2.5, and 6.0 m aqueous sodium salicylate
solutions. )

contrasts with that observed in aqueous-hydrocarbon systems
containing 1-butanol as the cosolvent and aqueous solutions of
sodium p-cymenesulfonate.? In this latter system a higher weight
fraction of cosolvent was needed to produce miscibility with the
alkylbenzenes than with the alkanes.

To determine whether the cosolvent n-butylcarbitol used in
the present study was responsible for this reversal, we deter-
mined phase-boundary curves for systems containing 1-butanol,
2.5 maqueous sodium salicylate solution, and a series of hy-
drocarbons, including four alkanes and the corresponding al-
kylbenzenes. The minimum weight percent of either n-butyl-

Table V. Minimum Weight Percent Cosolvent Necessary to
Produce Miscibility in 1:1 Weight Percent Mixtures of
Hydrocarbon and 2.5 m Aqueous Sodium Salicylate Solution

cosolvent
hydrocarbon n-butylcarbitol 1-butanol
hexane 39.6
1-phenylhexane 47.2 41.0
octane 67.5 43.0
1-phenyloctane 54.5 46.0
decane 72.6 48.0
1-phenyldecane 61.3 53.0
tridecane 79.0 57.6
1-phenyltridecane 62.5

carbitol or 1-butanol necessary to produce miscibility in 1:1
weight percent mixtures of hydrocarbon and 2.5 m aqueous
sodium salicylate solution is shown in Table V. As can be seen,
it requires a higher weight percent of n-butylcarbitol to produce
miscibility with the alkanes than with the corresponding alkyl-
benzenes, while the opposite is true when 1-butanol is the
cosolvent. Hence, it appears It is more important that the nature
of the cosolvent determines the relative miscibilities in these
aqueous-hydrocarbon systems than whether the protosurfactant
is a benzenesulfonate or a benzenecarboxylate.

In Table VI is shown a comparison of the minimum amounts
of either n-butyicarbitol or 1-butanol required to produce mis-
cibiiity in mixtures containing 1:1 weight fractions of toluene and



J. Chem. Eng. Data 1980, 25, 45-47 45

Table VI. Minimum Weight Percent Cosolvent Necessary to
Produce Miscibility in 1:1 Weight Percent Mixtures of Toluene
and 2.0 m Aqueous Solutions of Sodium Salicylate, Sodium
Benzoate, or Sodium Benzenesulfonate

wt %
cosolvent

n-butylcarbitol  31.8
n-butylcarbitol  35.1
n-butylcarbitol  36.0

aqueous solution cosolvent

sodium salicylate (2.0 m)
sodium benzoate (2.0 m)
sodium benzenesulfonate (2.0 m)

sodium salicylate (2.0 m) 1-butanol 37.5
sodium benzoate (2.0 m) 1-butanol 43.0
sodium benzenesulfonate (2.0 m)  1-butanol 53.7

2.0 maqueous solutions of sodium salicylate, sodium benzoate,
or sodium benzenesulfonate. These values were either de-
termined in the present study or are taken from ref 2 and 3.

Thus it is apparent that with either n-butylcarbitol or 1-butanol
a smaller weight percent of cosolvent is required to produce
miscibility of toluene and the aqueous solution when sodium
salicylate is the protosurfactant than when either sodium ben-
zoate or sodium benzenesulfonate is used. Moreover, with any
of the three protosurfactants n-butylcarbitol is a more efficient
cosolvent in promoting miscibility in 1:1 weight percent mixtures
of toluene and aqueous solution,

Hence, the cosolvent plays an important role in determining
miscibility relationships in systems containing an aqueous solution
of a protosurfactant and a hydrocarbon. Not only is the minimum
amount of cosolvent necessary for miscibility affected but so
are the relative miscibilities of alkanes and the corresponding
alkylbenzenes.

The role of the cosolvent in interfacial tension studies involving
hyrocarbon-cosolvent-aqueous surfactant systems has been
examined by many (see, e.g., ref 5). In such systems sharp
minima in interfacial tension occur as a function of the number
of alkyl carbon atoms (ACN) in the hydrocarbon. Cosolvents
of low molecular weight, such as 2-propanol, may shift the value
of the ACN of lowest interfacial tension, n,,, downward to lower
values (compared to ng, with no cosolvent present), while
cosolvents of higher molecular weight, such as 3-methyl-1-bu-
tanol, may have a large upward effect on n,,, In the interfacial

tension studies the presence of a benzene ring in the hydro-
carbon does not affect the value of n.,. Only the alkyl carbon
atoms are involved. Thus a system exhibiting a minimum in-
terfacial tension with decane also shows a minimum with phe-
nyldecane.® Nearly analogous behavior was observed in our
studies of miscibility in aqueous-hydrocarbon systems containing
1-butanol as the cosolvent and a sodium benzenesulfonate as
the protosurfactant. In those systems almost the same amount
of 1-butanol was required to produce miscibllity of the aqueous
benzenesulfonate solution and either hexane or phenylhexane.
Such behavior is, however, not observed in the miscibility studies
reported here. Comparison of the plots in Figures 3 and 4
reveals that in all cases considerably more n-butylcarbitol is
required to produce miscibility in 1:1 weight percent mixtures
of aqueous sodium salicylate solution and the series of alkanes
than with the corresponding series of alkylbenzenes. Hence,
whereas the presence of a benzene ring does not contribute
to the effective carbon number for minima in interfacial tension,
its presence has an influence on miscibility in the systems studied
here, the extent depending on the cosolvent used.
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Solubility of Carbon Dioxide in Molten Salts
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The solubllities of carbon dioxide in molten ZnCl,, ZnBr,,
SnCl;, and NaNO, were determined at 1 atm and
temperatures from 270 to 475 °C. By the simplified
elution method used In this work, solubillities of carbon
dioxide were able to be measured with the use of small
amounts of molten saits. The solubilities of carbon dioxide
slightly decreased with increasing temperature In this
temperature range.

Molten saits have recently been used as solvents, catalysts,
and/or reactants in organic and inorganic reactions such as the
chlorination of hydrocarbons and the desulfurization of waste
gas. For the investigation of the kinetics of these reactions,
physical properties of gases in molten salts, such as the solubility
and the diffusivity, are essential. However, there have been few

data of gas solubilities in molten salts (2, 3, 6, 7). Especially,
the solubility data of triatomic gases, such as CO, and SO,, are
very scarce.

In the present work, solubilities of carbon dioxide in molten
salts were determined with a simplified elution method at 1 atm
and temperatures from 270 to 475 °C. In this. temperature
range there is no reaction between carbon dioxide and moiten
halides and nitrates. The molten salts used were the halides
which showed some degree of association above the melting
point, such as ZnCl,, ZnBr;, and SnCl,, and the ionic nitrate,
i.e., NaNO3.

Experimental Section

The experimental apparatus is shown in Figure 1. A stainless
steel crucible, used as an absorption and elution chamber, was
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