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The separation and fractionation of lignosulfonates was studied using the fol-
lowing aliphatic amine-organic solvent systems: dodecyl amine, dioctyl amine and
trioctyl amine dissolved in 1-butanol, 1-pentanol, methyl isobutyl ketone, 1,2-di-

chloroethane or cyclohexane.

The degrees of extraction were close to 100 %. By carrying out the extraction in
several steps it was possible to achieve fractionation of the lignosulfonates ac-
cording to molar mass. This fractionation can be influenced by altering the amine-

solvent system.

The lignosulfonates of spent sulfite liquors form a
potentially valuable source of chemicals for use
as emulsifying and dispersing agents or as starting
material for synthesizing other chemicals. How-
ever, in order to be able to use these lignosulfo-
nates they should be obtained in a pure state and
in suitable fractions according to molar mass.

Extraction with liquid ion exchangers such as
aliphatic amines dissolved in a water-immiscible
organic solvent could be suitable for this pur-
pose.!?

In most of the studies reported the organic sol-
vent has been an alcohol such as butanol,** bu-
tanol-benzene,’ or higher alcohols.® Melms &
Miihlberg’ have studied the effect of different
solvents and amines on the extraction of ligno-
sulfonates from beach spent sulfite liquors. They
found that the more polar the solvent the higher
was the degree of extraction. Values of 80...90 %
were reported. They also found that primary
amines were more efficient than secondary and
the tertiary amines were the least suitable. Fi-
nally Hiamala et al.® have patented an extraction
method using methyl isobutyl ketone as the sol-
vent. The degree of extraction reported was
99 %.

*To whom correspondence should be addressed.
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In the work done so far very little attention has
been given to how the nature of the amine, the
solvent and the amine-solvent combination af-
fects the degree of extraction and the fraction-
ation of lignosulfonates according to molar mass.
In this report we concentrate on the influence of
these factors using, as a model substance, pu-
rified lignosulfonate. We were able to show that
fractionation is indeed both very solvent-depend-
ent and dependent on the structure of the amine.
It is thus possible to control the fractionation by
choosing a suitable amine-organic solvent combi-
nation.

Experimental

Reagents. The following amines, all obtained
from Merck-Schuchardt, were used: dodecyl
amine (DOD), dioctyl amine (DIO), trioctyl
amine (TOA). The solvents used were: 1-butanol
(BUT) from BDH, 1-pentanol (PEN) from
Merck-Schuchardt, methyl isobutyl ketone
(MIK) from Fluka, 1,2-dichloroethane (DCE)
and cyclohexane (CYH) both from Merck. All
these reagents were analytical grade. Other sol-
vents such as chloroform, trichloroethylene, to-
luene and carbon tetrachloride were also tried
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Table 1. Composition of the sodium lignosulfonate.

component weight-%
lignosulfonates 97.200
carbohydrates 1.077
formic acid 0.002
acetic acid 0.016
sodium 2.282

but phase separation was found to be too difficult
in all cases.
The sodium lignosulfonate, which was used as

a model in the extraction experiments, was pu-
rified by ultrafiltration at Rauma-Repola Ltd,
Rauma. Its composition is given in Table 1. The
molar mass distribution as determined by gel
chromatography was:

>40000
23.5%

>20000
40.9 %

>100000 >5000
59.0% 72.5%

Extraction procedure. The chemical reactions oc-
curing during the amine extraction are (bars de-
note species in the organic phase; LS-lignosulfo-
nate):

preparation of liquid ion exchanger: R3—N+HCI 2 R,NH*CI” €))
extraction: R;NH*Cl-+Na*(LS)" 2 R,NH*(LS)"+Na*Cl- ?2)
back-extraction: R,;NH*(LS)"+Na*OH~ & R,;NH*OH +Na*(LS)"~ 3)

The corresponding procedures were:

1. Preparation of the liquid ion exchanger
(amine hydrochloride): Equal volumes of a solu-
tion of 0.05 M amine in an organic solvent and 1
M HCI were shaken for 5 min. The organic phase
was washed twice with distilled water to remove
excess HCL.

2. Extraction: Equal volumes of liquid ion ex-
changer and lignosulfonate solution were mixed
in a beaker for 5 min at room temperature using a
magnetic stirrer. The phases were separated by
centrifugation for 30 min at 6000 rpm.

3. Back extraction: The organic phase was
back-extracted with 1 M NaOH using the same
procedure as for extraction. The water phases
from both extraction and back-extraction were
washed twice with the solvent to remove excess
amine, the water phase was then evaporated to
dryness to remove the solvent. Thereafter water
was added to make up the original volume of so-
lution.

Analytical methods.The lignosulfonate concen-
tration was determined spectroscopically by
measuring the absorbance at 280 nm using a
Beckman Acta M VI spectrometer. (The average
absorption coefficient for the lignosulfonate was
13.2 dm* g! cm™'). The distribution of molar
mass of the lignosulfonates were measured by gel
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chromatography using a 50 cm long and 1.5 cm
diameter column. The lignosulfonates were elu-
ted from Sephadex G-75 with 0.25 M sodium
chloride solution. The rate of elution was 30
ml/h. The chromatograms were recorded by
measuring the transmittance of the effluent at
280 nm with a LKB flow-through UV-detector
UVICORD 4700.

Calibration of the gel chromatograms was per-
formed using the calibration method of Forss et
al’® and Stenlund."” We estimate the reproduci-
bility of our molar mass distributions to be +3 %.

Results and discussion

In the first part of the experiments the degree of
extraction of the sodium lignosulfonate was de-
termined using constant amine hydrochloride
concentration varying the lignosulfonate concen-
tration of the water phase. The results obtained
with the three amines are given in Table 2 (Dode-
cylamine hydrochloride is almost insoluble in
DCE and CYH). With some liquid ion ex-
changers a second organic phase, that is, a third
phase, formed during the extraction. This phase
was dark brown, sticky and difficult to separate
from the two other phases. It was back-extracted
together with the organic phase and dissolved
easily in alkali.
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Table 2. Dependence of the degree of extraction, E, and the distribution coefficient, D*, on the lignosulfonate
concentration, ¢,s. The extractant is a) 0.05 M TOA - HCI, b) 0.05 M DIO - HCI and c¢) 0.05 M DOD - HCI in

different solvents.

c/gdm=  BUT PEN MIK DCE CYH
E/% D E/% D E/% D E/% D E/% D
a) 50 960 24.0 940 157 580 1.38 700 233 98.0 49.0
100 820 456 660 1.94 550 1.22 580 1.38 810 4.26
200 475 0.90 390 0.64 385 0.63 415 0.7 500 1.00
300 327 0.9 270 037 303 043 347 053 340 034
400 263 0.36 200 0.25 260 035 280 0.39 250 0.33
500 204 026 158  0.19 210 027 224 029 204 027
b) 50 1000 100 o 900 9.0 1000 1000 o
100 980 49.0 820 4.56 750 3.0 99.0 99.0 97.0 323
200 925 123 640 1.78 500 1.0 975 39.0 595 1.47
300 800 4.0 470 0.98 473  0.89 880 7.33 463 053
400 615 159 360 056 373 059 703 237 348 053
500 476 091 284 0.39 292  0.41 56.4 0.89 274 038
¢) 50 1000 1000 o 98.0 49.0
100 1000 ® 900 9.0 98.0 49.0
200 990 99.0 729 270 790 3,76
300 987 740 562 1.29 740 285
400 818 4.48 431 076 623 165
500 770 335 355 055 506 1.02

*E = (Cs/cls) - 100 %; D = €,¢/Cs; €is & C s-concentration of lignosulfonate in organic and aqueous phase;

cls-original concentration in aqueous phase.

In the fractionation experiments the lignosul-
fonate was extracted from the water solution in
three steps: 25, 50 and 75 % extraction. The dis-
tribution of molar mass of the extracted ligno-
sulfonate was determined indirectly from the dis-
tribution of the lignosulfonates remaining in the
water phase of the extraction. The results are
given in Table 3, and can be compared with the
distribution for the original lignosulfonates given
in the experimental section.

From the data in Table 2 it can be seen that the
degree of extraction and the distribution coeffi-
cient increases in the order tertiary < secondary
< primary amine hydrochloride. This is due to
the fact that unsubstituted amines are able to
form intramolecular hydrogen bonds® and this in-
creases their extraction capacity.

In order to obtain a good comparison between
the physical properties of the solvents and degree
of extraction with the three amines Table 4 was
compiled. The data of this Table clearly show an
expected result, that there is no correlation be-

tween the relative permittivity of the solvent and
the degree of extraction. The E-values are the
same for the least polar cyclohexane and the
most polar butanol. This is contrary to the result
of Melms & Miihlberg,” who claim that the de-
gree of extraction decreases as the relative per-
mittivity of the solvent diminishes. On the other
hand other researchers, ie. Miiller & Diamond"!
have also found the same type of result as above.
It is evident that specific solvation processes af-
fect the phase transfer of the amine-lignosulfo-
nate complex as stated by Frolov et al.” It was
also found that the formation of a third phase in-
creases with decreasing substitution on the amine
nitrogen and also with decreasing polarity of the
solvent (Table 4).

The results of the fractionation experiments
(Table 3) can be qualitatively classified into three
categories depending on the composition of the
liquid ion exchanger. This classification is given
in Table 5. :

The fraction is dependent on the organic sol-
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Table 3. Distribution of molar mass of the unreacted lignosulfonate in the water phase of the extraction (in
percentage of total sample).

Liquid ion Molar mass Liquid ion Molar mass
exchanger exchanger

>40 000 >20000 >10000 >5000 >40000 >20 000 >10 000 >5000
DOD - HCI-BUT DIO - HCI-MIK
25% extracted 19.2  35.1 54.8 71.2 25% extracted 33.7 470 614 738
50 % " 11.4 25.7 486 68.6 50 % " 40.5 52.9 614 725
75 % " 0.7 6.9 16.0 31.2 75 % ” 50.8 61.5 79.7 76.2
DIO - HCI-BUT TOA - HCI-MIK
25 % extracted 21.1 395 594 73.4 25 % extracted 32.9 51.1 696 814
50 % " 12.3 244 450 66.7 50 % " 45.2 61.5 736 81.1
75 % " 1.3 10.7 270 52.8 75 % " 934 986 100 100
TOA - HCI-BUT DIO - HCI-DCE
25 % extracted 22.0 39.7 62.2 77.0 25% extracted 28.8 49.7 66.0 775
50 % " 15.6 31.7 519 695 50 % ” 52.5 69.5 76.7 873
75 % " 5.0 109  26.1 45.0 75 % " 61.3 78.4 87.4 91.9
DOD - HCI-PEN TOA-HCI-DCE
25 % extracted 7.6 205 496 75.5 25% extracted 259 468 68.4 82.1
50 % " 19.8 40.3 639 819 50 % " 53.3 78.5 91.9 97.8
75 % " 272 493 71.5 86.5 75 % " 98.8 98.7 100
DIO - HCI-PEN DIO - HCI-CYH 100
25% extracted 7.0 25.1 50.1 79.9 25% extracted 29.8 48.7 699 815
50 % " 11.3 248 423 58.8 50 % " 41.2 63.5 79.1 88.0
75 % " 259 423 61.2 74.6 75% ” 65.3 78.1 83.4 96.9
TOA - HCI-PEN TOA-HCI-CYH
25% extracted 0.8 162 346  53.1 25 % extracted 32.4 51.4 705 829
50 % " 36.1 54.5 69.6 80.6 50 % " 39.2 618 78.4 86.9
75 % " 51.9 722 740 85.2 75 % ” 76.1 818 922 97.4
DOD - HCI-MIK
25% extracted 175  33.5 53.9 72.3
50 % " 12.8 276 4641 64.2
75 % ” 0.2 18.9 53.9 81.9

Table 4. Degree of extraction, E, (calculated for an initial lignosulfonate concentration of 10 g/dm?®) obtained
with amines using different organic solvents with the physical properties indicated (relative permittivity, density
and solubility in water). Formation of a third phase is indicated by a “+"-sign.

solvent amine TOA-HCI DIO-HCI DOD-HCI
E/% E/% E/%
3 o/gcm® sol.%
(H,0)
BUT 17.8 0.809 6.8 82.0 98.0 100.0
PEN 13.9 0.814 2.7 66.0 82.0 90.0
MIK 13.1 0.978 1.9 55.0 75.0(+) 98.0(+)
DCE 9.9 1.24 0.9 58.0 99.0(+)
CYH 2.0 0.779 0.05 81.0(+) 97.0(+)
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Table 5. Summary of the results of the fractionation

experiments.
category 1 category 2 category 3
(high molar mass (low molar mass  (no
lignosulfonates  lignosulfonates fractionation)
extracted first)  extracted first)
DOD - HCI-BUT DIO - HCI-MIK DOD - HCI-PEN
DIO-HCI-BUT TOA-HCI-MIK DIO - HCI-PEN
TOA-HCI-BUT TOA-HCI-PEN
DIO -HCI-DCE
DOD-HCI-MIK  TOA-HCI-DCE
DIO-HCI-CYH
TOA-HCI-CYH

vent except in the case of methyl isobutyl ketone.
The order of fractionation changes with polarity
of the solvent. With butanol, the most polar one,
the high molar mass lignosulfonates are extracted
first. With pentanol no fractionation occurs and
with the least polar solvents dichloroethane and
cyclohexane, the low molar mass lignosulfonates
are extracted first. This result is valid in par-
ticular in the case of the secondary and tertiary
amine salts. For the primary amine salt no such
conclusion can be drawn due to the limitations
set by its solubility in the solvents studied.

The results obtained clearly show that the ex-
tration-fractionation process is complicated and
depends on several factors such as solvation ca-
pacity and other physical properties of the or-
ganic solvent, intramolecular hydrogen bonding
in the amine and amine-lignosulfonate complex,
association and interfacial tension between the
phases. Most probably the amine-lignosulfonate
complex is formed in the aqueous phase and is
then transported by diffusion into the organic
phase. It is possible that the amine salt reacts
with all lignosulfonate ions independent of their
size but only some of the complex molecules

EXTRACTION OF LIGNOSULFONATES

formed are transferred into the organic phase de-
pending on whether thermodynamic or Kinetic
factors are controlling the process.

Finally it should be mentioned that experi-
ments with spent sulfite liquors were done using
the same liquid ion exchangers and the degree of
extraction was found to be of the same order of
magnitude as reported above.

It is evident that extraction experiments such
as those reported here, while giving information
about the best extraction procedure for practical
spent sulfite liquors, do not answer the question
of what the mechanism of the process is. We
therefore intend to continue this research by
treating the organic phase as a liquid membrane
and using an external electric field to regulate the
transport of amine-lignosulfonate complex,
across the interface. This should give better
mechanistic information and it may also be pos-
sible to achieve commercially interesting im-
provements in the extraction process.
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