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in the unit and stirred for 1 hr to bring the phases
to equilibrium. The mixture was allowed to scttle
for 30 min. and the two phases were collected sepa-
rately, weighed and analysed. Phenol was esti-
mated by bromination method* after extraction
with ethyl ether and fixing it with 10 per cent
sodium hydroxide. Sodium salicylate was esti-
mated by titration with barium hydroxide and
water by Dean and Stark method>. y

Results and Discussion -

The data are presented in Tables 1 and 2 and
Fig. 1. While plotting the binodal curve, it is
assumed that sodium salicylate solution behaves
as a single component. This supposition has been
proved to be valid by previous workers® with sys-
tems where aqueous solutions have been used as
solvents. In the present study, it was found by
analysis that the composition of the solvent was

sodium salicylate solution was added, turbidity
resulted, which on further addition of the solvent
disappeared. \When more of the solvent was added,
turbidity reappeared. The points corresponding
to the first appearance of turbidity and its disap-
pearance gave rise to a convex loop touching the
equilibrium curve at the lower concentrations of
phenol and resembling a -hysterisis loop. Small
quantities- of solid got separated on the first addi-
tion of sodium salicylate solution, perhaps due to
salting out phenomenon. Such phenomena of solid
and liquid phase region have been reported with
systems containing inorganic salts and water as
components in ternary systems’. The liquid after
removal of solid by filtering was clear and homo-
geneous. Although island type of curves have been
reported in the literature, this cannot be considered
to be an island type as it is surrounded by homo-
geneous phase on all sides®. :

the same in both the phases in equilibrium.

The solubility data showed two curves —one
of the ordinary bite type and the other a closed
loop (Fig. 1). In the aromatic-rich phase, when

TABLE 1 — SOLUBILITY DATA FOR PHENOL-2-METHYL
NAPHTHALENE-AQUEOUS SODIUM SALICYLATE (54%)
SYSTEM — AQUEOUS PHASE :

(Temp., 30°C.; values are in wt %)

Phenol a-Methyl Sod. Phenol a-Methyl Sod.

naph- sali- naph- sali-
thalene cylate thalene - cylate
2-50 0-10 97-40 33-00 12:20 54-80
3-70 0-30 96-00 35-50 16-20 48-30
11-50 1-30 87-20 36-12 18-27 45-61
12-80 1-50 85-70 36-45 37-87 25-68
14-95 1-72 83-33 36-60 36-00 2740
15-70 1-80 82-50 36-67 20-37 42-96 x x x . = se%
17-69 2-45 79-86 3710 22:16 40-74 . % 40 0 © 30 06 0
21-05 3-44 75-51 37-50 23-90 38-60 NAPHTHALENE <aucyLATE
2841 748 6411 3780 2620 36-00 Fig. 1 — Solubility and equilibrium diagram for phenol-
2-methyl naphthalene-sodium salicylate system at 30°C.
TABLE 2 — SOLUBILITY DATA — ORGANIC PHASE
(Temp., 30°C.; values are in wt %)
First turbidity Clear point Second turbidity
Phenol . a-Methyl Sod. Phenol a-Methyl Sod. Phenol a-Methyl Sod.
naphtha-  salicylate naphtha- salicylate naphtha- sali-
lene lene . lene cylate
6019 93-65 0-33 —_ - -_ 6-003 93-42 0-58
10-52 81-02 8-46 — — — 10-32 79-50 10-18
19-28 78-86 1-86 — — — 18-91 78:34 2:75
23-00 76:30 070 22-80 75-00 2:20 22-40 74-50 310
23-80 75-90 0-30 23-40 74-50 210 23-39 74-45 2:16
24-28 74-90 0-82 2379 73-10 311 23-70 73-00 3:30
24-50 7478 072 23-86 72-85 3-29 23-78 72-57 3:65
2475 75-10 015 24-15 73-25 260 24-09 73-00 291
28-90 70-10 1-00 28-36 68-74 290 27-80 67-36 4-84
30-48 69-40 2-12 29-94 66-10 3-96 28-81 63-60 7-59
31:82 67-50 068 30-66 65-10 4-24 29-28 62:10 862
35-10 62-40 2-50 34-50 61-30 4-20 31-70 56-30 12-00
43-10 56-00 0-90 41-00 53-30 570 34-65 4515 20-20
48-95 50-41 0-64 48-10 46-00 590 - — -
53-38 4562 1-00 52-50 42-50 5-00 - - -
68-16 28-77 3.07 — —_ —_ —_ — -
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equation, log

The formation of the closed loop could be ex-
plained to be due to the phenol picking up the water
preferentially, which results in the throwing out of
some of the solid sodium salicylate. On further
addition of the aqueous solvent, the precipitated
solid gets into solution, resulting again into a single
phase.

The tieline data are also shown in Fig. 1.
These data were also correlated by the methods of
Branker ¢ al.?, Bachman!?, Othmer and Tobias!?,
Hand® and Dryden!3. The plots obtained by the
first and third correlations are shown in Figs. 2
and 3. These and other plots except that obtained
by Dryden’s method!® were linear, lending further
support to the assumption that sodium salicylate
solution behaves more as a single component.

The plait point for the system determined by
conjugate method of interpolation and extrapola-
tion, Sherwood’s method! and distribution curve
method' showed 36-0 per cent phenol concentra-
tion in all the cases.

Conclusion

1. The phase boundary diagram for the system
phenol-aqueous sodium ~ salicylate (54 per cent
wt/vol.)-a-methyl naphthalene exhibits two types

TABLE 3 — EQUILIBRIUM Data

(Temp., 30°C.; values are in wt %)

Aqueous phase Organic phase

Phenol a-Methyl Sod. Phenol «-Methyl Sod.
naph- sali- naph- sali-

thalene cylate thalene cylate

3-353 0047 96-6 1936 97665 0-399

11-70 290 854 7999  91-481 0-520
17-55 2:45 80-0 11-35 88-00 065

18-23 2:00 79-77 13-50 8496 1-543

24-00 4-22 71-78 15-81 870 1:965
2846 7-00 64-54 20-21 77-00 2:74
35-03 14-97 50-00 2376 71-08 5:16
37-21 22-74 40-05 3241 58:39 920

of curves, one the ordinary bite type curve with
two liquid phases and the other a small convex
loop with a solid and liquid phase, typical of certain
systems containing water and inorganic salt.

2. The equilibrium data for the bite type curve
show a plait point with 36-0 per cent phenol con-
centration and the tie-line data fit with most of
the empirical relationships.
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Nomenclature

zp4 = wt fraction of phenol in aqueous phase

2p0 = wt fraction of phenol in organic phase

2M4 = wtiractionof a-methyl napthalene in aqueous phase
x2M0 = wt fraction of a-methyl naphthalene in organic phase

xs4 = wt fraction of sodium salicylate in aqueous phase
C,, Cy= constants .
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LABORATORY STUDIES ON SOLVENT EXTRACTION
OF LOW-TEMPERATURE TAR OILS BY AQUEOUS
SODIUM SALICYLATE

By P. RAJ, M. A. KHALEEL AKMAL, Y. V. SUBBA RAO, S. MOINUDDIN AHMED*
and R. VAIDYESWARAN

The use of aqueous saturated sodium salicylate for the extraction of tar acids from a low-temperature tar fraction
is discussed. Solubility and equilibrium data for the system:neutral oil-tar acids-aqueous sodium salicylate
when plotted on a ternary diagram showed two types of curves: an ordinary bite type and another a loop con- .
taining solid and liquid phases. The tie-line data agree with most of the empirical relationships reported in the
literature. The plait point for the system had a tar acid concentration of 47%. The results have been com-
pared with the earlier data for the system: phenol-a-methylnaphthalene-aqueous sodium salicylate.

Introduction

Several solvents have been tried for the recovery of tar
acids from coal tar oils.?*2 The use of aqueous salt solutions
of organic acids has attracted attention in recent years. A
plant based on sodium phenolate solution is in operation at
the industrial complex based on lignite at Neyveli® for the
extraction of phenols from the low-temperature tar fraction
boiling up to 220°. Work has been carried out on the use of
aqueous salt solutions in this laboratory and the use of
aqueous sodium salicylate and sodium benzoate was covered
in a patent.* In an earlier communication, the solubility and
equilibrium data of a-methylnaphthalene-phenol-aqueous
saturated sodium salicylate were reported, the former two
being considered typical of the components found in tar oil.®
In the present paper similar data for the system: tar acids—
neutral oil-aqueous sodium salicylate are presented and the
suitability of aqueous sodium salicylate is discussed.

Experimental
Materials

The light tar obtained from low-temperature carbonisation
of a meta-lignite coal in the Lurgi-Spuel gas pilot plant in
operation at the laboratory was distilled in a pot still and the
fraction boiling between 175 and 230° was used for the ex-
traction studies. The tar content of the fraction was 409, and
the neutral oil content was 609 including 0-4 % of tar bases.

For the solubility and equilibrium studies, the neutral oil
and the tar acids (including the bases which were present in
negligible amount) were separated by conventional methods
from the tar oil fraction by the scheme shown in Fig. 1.

Sodium salicylate (B.P. Rhodia, France) was used for the
preparation of 549 (w/v) aqueous sodium salicylate, (270 g
of sodium salicylate dissolved in water to make up a solution
of 500 ml) (n}0 1-4375). The same solution was used for
solubility, equilibrium and extraction studies. This con-
Centration represented the saturated solution at 30°. Other
concentrations were also prepared in a similar manner.

Methods
Extraction

The tar distillate and the aqueous sodium salicylate of
appropriate concentration were shaken in a separating

Tar from low-temperature carbonisation of coal
Distillation‘Lin pot still
Fraction boilirtg at 175-230°
Extraction with 10% aq.NaOIH (1:1-5) in separating funnel

{ {
Extract (aqueous layer) Raffinate
Extraction with petroleum Water wash
ether (1:1)
|
{ b
Petroleum ether- Petroleum ether-
soluble portion insoluble portion .
Neutralisation Neutral oil

with dil. H,SO,

¥
Evaporation of Extraction with

solvent benzene
Removal of benzene
under vacuum
1 i
Neutral oil Crude tar acids

Fig. 1. Scheme for the separation of neutral oil and crude tar acids
Jrom the tar dil fraction

funnel at 28 +2° for ~ 5-6 min and allowed to settle for
20-25 min before the layers were separated. The extract and
the raffinate layers were analysed for crude tar acids and
neutral oil content by the following procedures:

Extract—An aliquot of the extract was re-extracted with
diethyl ether to remove the acids and the neutral oil. The tar
acids were fixed with 109} aqueous sodium hydroxide and
then freed by sulphuric acid. The tar acids were extracted
with benzene and then freed of solvent by vacuum distilla-
tion until of constant weight, finally weighed as dry, crude
tar acids. The other portion from ether extraction was
washed with water to remove all traces of alkali and dried
over sodium sulphate. The solvent was removed and finally
weighed for neutral oil content.

Raffinate—A portion of the raffinatc was washed with
water to remove any dissolved sodium salicylate and the
organic layer was extracted with 109 hydroxide to remove

*Present address: Department of Mines & Technical Survey, Fuels & Mining Practice Division, Ottawa, Canada.
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tar acids which were estimated as described above. The
neutral oil content was also determined as above.

Solubility data

The solubility data were determined by the turbidity end-
point method.® In the solvent-rich region (aqueous sodium
salicylate), mixtures of known quantities of tar acid and
solvent were taken in 100 ml stoppered conical flasks and
maintained at 30° for 30 min in a thermostat. Neutral oil
was added gradually from a burette until permanent tur-
bidity appeared. The composition of the ternary mixture
was calculated from the weight of the neutral oil added. In
the organic-rich region, solvent was added from the burette
to a mixture of known quantities of neutral oil and tar acid
and the turbidity was determined in a similar manner.

Equilibrium data

The equilibrium data were determined at 30° in an appara-
tus similar to that used by Smith & Bonner.” It consisted
of a glass-jacketted cylindrical unit (length 16 cm, i.d. 40 mm)
with a stirring arrangement. Water at 30° was circulated in the
jacket from a thermostat. Provision was made to withdraw
the sample by means of a stop-cock at the bottom. Mixtures
of known quantities of tar acid, neutral oil and solvent were
taken in the unit and stirred for 1 h to bring the phases to
equilibrium., The mixture was allowed to settle for 30 min
before withdrawing the two phases separately. The separated
phases were weighed and analysed for their compositions
according to the procedure described above. The sodium
salicylate content in the extract was estimated by weighing
the solid after evaporation of an aliquot of the extract
treated with ether to remove the tar acids and neutral oil.
The sodium salicylate content in the raffinate was estimated
by titration with barium hydroxide. The water contents in
the raffinate and extract were determined by azeotropic
distillation benzene by the Dean & Stark method.

The plait point for the system, determined by the con-
jugate method of interpolation and extrapolation, showed a
composition of 479 tar acids, 24%, neutral oil and the rest
aqueous sodium salicylate.

Results and discussion
Effect of concentration and solvent : feed ratio

In Figs 2 and 3 are shown the results of the effect of con-
centration of the solvent (sodium salicylate) and the ratio
of solvent: tar oil on the percentage recovery of tar acids and
their purity. The experiments were carried out in a separating
funnel in three stages. The respective quantity of solvent was
divided in a ratio of 2:2:1 and fed to each successive stage.
As the concentration was increased, the yield of tar acids in-
creased but the purity decreased. Pure (99-59) tar acids
could be obtained by the use of 109 sodium salicylate, but
the recovery was only 21%. When a saturated solution of
sodium salicylate was used, the recovery was 89 % but the tar
acids contained 109, of neutral oil. It can be seen from Fig. 3
that a solvent:feed ratio of 5:1 resulted in a satisfactory
product. Further increase in the ratio increased the recovery,
but affected the purity of the tar acids. The studies on solu-
bility and equilibrium data were carried out with a 5494 (w/v)
solution using a solvent : feed ratio of 5:1.

Solubility and equilibrium data
Tables I and II show the solubility and equilibrium data
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for the system:tar acids-neutral oil-aqueous saturated sodium
salicylate and the data are plotted in a ternary diagram in
Fig. 4. When the binodal curve was plotted it was assumed
that aqueous sodium salicylate behaves as a single component,
the reasons for which have been explained in the previous
paper.®

The same type of data were obtained as in the case of
phenol-a-methylnaphthalene-aqueous sodium salicylate.® An
ordinary bite-type curve and a closed loop were observe_d-
The separation of small quantities of solid near the organic-
rich phase was noticed and resulted in the first turbidity. The
turbidity point normally represents a composition which lies
on the boundary of the binodal curve. In the present system,
near the solid-liquid loop, a first turbidity point lying on tpe
left-hand portion of the loop was noted. The turbidity dis-
appeared with further addition of the solvent and the mixture
corresponded to a point on the right-hand side of the loop.
This was denoted as the clear point. The homogeneous
mixture became turbid with continuing addition of the sol-
vent, and the point corresponded to a composition on .the
main binodal curve. This formation of two turbidity 13.01_f1ts
and a clear point was observed with mixtures containing
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TABLE 1
Solubility data
Organic-rich phase
First turbidity Clear point Second turbidty Solvent-rich phase
Crude - Crude . Crude Crude
tar Neutral Agq. sodium tar  Neutral Aq.sodium tar - Neutral Agq.sodium tar  Neutral Agq.sodium
acids oil salicylate acids oil salicylate acids oil salicylate acids oil salicylate
548 9400 0-52 — - — — —_ —_ 493  94-30 0-77
13-10 84-60 2:30 —_ — —_ —_ — —_ 10-14 8910 0-76
21-59 77-61 0-81 —_ — — — —_ — 1877  79-51 172
25-00 73-60 ‘1-41 —_— —_ —_ — — —_ 27710  68-25 4-05
3415 63-65 2:20 —_ — —_ — — — 32:42 622 5.38
39-95 57-50 2-55 — — —_ - — — 41-20 45-8 13-0
g R s - - D D D &8 oEs iy
. . . — — —_ —_ — —_ 48- 26 .
50-10 46-90 3-00 — — — — — — 860 8 43
53-10 43-30 3.50 — —_ — — — —
56:90 39-20 3-90 —_ _ —_— —_ —_ —_
57-30 39-20 3-50 —_— — — —_— — —
61-60 33-40 500 51-50 30-63 1287 49-80 2678 23-42
63-61 34-80 1-60 58-50 28-10 13-40 48-25  23-20 28-55
66-60 27-61 579 60-80 25-80 14-12 46-40 1921 34-30
71-90 22-54 5-56 64-20 20-59 15-21 41-90 13-35 44-75
73-10 19-34 7-56 6560 17-30 17-10 39-80 1048 49-72
75:60 16-58 7-82 6795 14-92 17-13 36-61 8-05 55-34
78-20 86 9-40 73-80 773 18-43 — — —
TABLE II
Equilibrium data
Aqueous phase Organic phase
Crugle Neutral Aq. sodium Crude Neutral Aq. sodium
tar acids oil salicylate tar acids oil salicylate
8-00 1-10 90-90 22-38 77-25 0-37
11-20 0-80 88-00 33-11 64-78 2-11
14-58 1-50 73-90 36-60 62-00 1-40
17-55 2-01 80-44 40-80 56-50 3-70
27-41 4-50 69-00 47-00 50-03 3-00
30-82 5-50 63-68 51-60 45-00 3-40

Temperature, 30°c; values in wt.-%

Crude tar aclds
0,100

Neutral oil Aq.sodium salicylate

AQ.SODIUM SALICYLATE ,wte

Fig. 4. Solubility and equilibrium diagram for the system: crude tar
acids-neutral oil-aqueous sodium salicylate at 30°C

~ 55% and more of tar acids. With mixtures containing
40-55 9 of tar acids, the clear point coincided with a point on
the main binodal curve but the solids found in the loop
disappeared and the liquid separated into two layers. This
phenomenon can be explained in the same way as before,®
i.e., it is due to the tendency of the tar acids to pick up water,
a portion of the water from the solvent being taken up by the
tar acids, resulting in salting-out of the solid, as the solvent
was already a saturated solution. Such phenomena have
been reported with systems containing inorganic salts and
water as components in ternary systems.® The area of the bite
curve as well as the loop was greater in the present case than
with pure compounds.

The tie-line data were correlated by the method of Branker
et al.,’ Bachman,!® Hand!'* and Dryden.!?> The plots were
linear except for those based on Bachman. The slopes of the
tie lines were different from those with pure components.
These inclined towards the solvent apex while the tic lines
with pure components tended to incline towards the
a-methylnaphthalene apex. Thus, for any particular feed with a
particular solvent :feed ratio, the purity of the tar acids with
respect to the neutral oil content was less in the present
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