
Vol.:(0123456789)1 3

Waste and Biomass Valorization 
https://doi.org/10.1007/s12649-018-0352-4

ORIGINAL PAPER

Valorization of Kraft Lignin of Different Molecular Weights 
as Surfactant Agent for the Oil Industry

Nacarid Delgado1,2  · Fredy Ysambertt3 · Gerson Chávez2 · Bélgica Bravo2 · Danny E. García4,5,6 · Jorge Santos1

Received: 15 February 2018 / Accepted: 22 May 2018 
© Springer Science+Business Media B.V., part of Springer Nature 2018

Abstract
After cellulose, lignin is the second most abundant biopolymer in the vegetable world. Since lignin is a natural phenolic 
polymer, there are a variety of potential products obtainable by its chemical modification, including surfactants. In this 
regard, lignin is of great interest because represent a byproduct of pulp industries for papermaking; however, this byproduct 
can be harnessed for obtaining aromatic derivatives of industrial interest. In this work, alkali lignin derivatives of different 
molecular weights were synthesized from lignin fractions from Pinus caribaea obtained by ultrafiltration. Lignin and lignin-
fractions were modified with succinic anhydride (SA), and dodecyl-succinic anhydride (DSA) under microwave heating. The 
reaction was monitored by Fourier Transform Infrared Spectroscopy. The surface activity of lignin, and lignin-derivatives 
was evaluated through surface tension measurements, while the stability of suspensions and emulsions was evaluated by the 
volumetric separation method. The lignin fractions, and the esterified derivatives were obtained in very short reaction times 
(90–110 s) using a mixture of acetonitrile/ethanol. The lignin-derivatives showed higher surface activity in comparison to 
the neat lignin. Derivatives prepared from the lower molecular weight fraction by using DSA showed the best emulsify-
ing properties. Lignin-derivatives also showed significant dispersing properties in comparison to a commercial dispersant 
(lignosulfonate). The best dispersant properties were obtained from the higher molecular weight ultrafiltered lignin fraction 
esterified with SA.
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Statement of Novelty

We successfully synthetized bio-based surfactants by using 
lignin fractions of different molecular weights modified with 
succinic anhydride and dodecylsuccinic anhydride, in a one-
step reaction.

Introduction

The main source of fuels and chemicals is provide by the oil 
industry. However, is necessary to explore alternative strate-
gies for the conversion of biomass, abundant and renewable, 
into added-value sustainable chemical products.

Lignin, as well as cellulose and hemicellulose, are the 
main constituents of lignocellulosic biomass. After cellu-
lose, lignin is the most abundant macromolecule in nature. 
Such heterogeneous biopolymer consists of phenylpropane 
moieties linked mainly by ether linkages, and comprise phe-
nolic hydroxyls, aliphatic hydroxyls, methoxyls, carbonyls, 
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carboxyls and sulfonates functionalities [1]. To this base 
several functional groups from lignin provide active centers 
for chemical and biological interactions [2], highly desirable 
for the developing of bio-based products.

In the process of manufacturing cellulose pulp for the 
production of paper, lignin is considered a by-product. 
The amount of lignin extracted from pulp manufacturing 
operations is ca. 70 million tons per year. Less than 2% 
is recovered, mainly in the form of lignosulfonates or as 
lignin derived from the Kraft process [3, 4]. In general, 
lignin extracted from pulp and paper operations is burned 
for energy recovery and regeneration of pulping chemicals. 
However, its abundance in nature could potentially solve 
the problem of the rapidly depleting resources if it was suc-
cessfully translated into a renewable resource or valorized 
to higher value materials [5].

One of the most promising industrial applications of 
lignin is as a renewable surfactant. Although that lignin from 
black liquors is not a conventional amphiphilic molecule, 
typical lignin contains both hydrophilic phenolic/aliphatic 
hydroxyl groups and lipophilic carbon backbone, which 
suggests a special affinity to polar and nonpolar phases. 
Therefore, it owns great potential to be used as a surfactant. 
However, a certain modification step is often necessary to 
control its amphiphilicity and solubility [5]. Depending on 
the specific application, the surface activity of the lignin can 
be modified by derivatization. Variating of the functional 
groups composition via grafting with polar or nonpolar func-
tionalities significantly change the hydrophilic-lipophilic 
balance (HLB).

Recently, many scientific investigations have been con-
ducted on lignin to control its amphiphilicity so that the 
resultant lignin can be applied in the field of dispersion 
[6–10] and emulsification [11–13] as bio-based surfactants.

The usages of lignin in the oil industry are widely docu-
mented [14, 15]. The most extensively used lignin-based sur-
factants are lignosulfonates, hydrophilic anionic compounds 
obtained from the liqueur of the sulphite pulping process. 
Application ranging from the deflocculation of clay particles 
in drilling muds, to the extraction of heavy and extra-heavy 
crude oils of asphalt. In addition, another application com-
prises the stabilization of oil–water emulsions.

Despite the potential of application of lignin and lignin-
derivatives, one of the major limitation is associated to the 
high polydispersity. The fractionation of lignin in low-poly-
disperse fractions is highly desirable for industrial applica-
tions. A useful technique for lignin fractionation is based on 
ultrafiltration (UF) by using different molecular weight cut-
off [16–20]. The fractionation procedures become crucial for 
the production of more uniform lignin-fractions.

The main objective of this work was to evaluate the emul-
sifying or dispersing properties of commercial Kraft lignin 
derivatives synthesized from lignin-fractions of different 

molecular weights obtained by ultrafiltration. The chemi-
cal modification was carried out with succinic anhydride 
(SA) and dodecyl-succinic anhydride (DSA) assisted by 
microwave in a short reaction time. The physicochemical 
properties of lignins, lignin-fractions, and lignin-derivatives, 
in terms of emulsifying/dispersing behavior, are reported.

Materials and Methods

Ultrafiltration of Lignin

Pine (Pinus caribaea) alkali kraft lignin (AL), isolated by 
acid precipitation (pH = 3) from the black liquor of Smurfit 
Kappa Company, San Felipe, Venezuela, was used. The frac-
tionation was performed in a tangential UF module made of 
stainless steel, operating in a semi-continuous mode, and 
using a tubular ceramic membrane of α-alumina (nominal 
pore size: 15 kDa) [21].

The procedure was developed by Rojas et al. [17] for the 
fractionation of black liquor from the kraft process. Alkali 
lignin solution dissolved in 0.1 M NaOH (Merck, 99%), was 
pumped through the 15 kDa membrane from a tank at 25 °C 
(P = 2 bar). The permeate and retained membrane currents 
were treated with HCl (Riedel-de Haën, 37%) to precipitate 
the lignin, which was then separated by centrifugation, dried 
at 50 °C (24 h) and kept in a desiccator for further analysis. 
The UF scheme is shown in Fig. 1.

Chemical Modification

Alkali lignin, and lignin-fractions obtained by UF (F1AL 
and F2AL) were both reacted with succinic anhydride (SA, 
Riedel-de Haën, 99%) or n-dodecylsuccinic anhydride 
(DSA, TCI 98%) (Fig. 2). Reactions were carried out in a 
microwave oven (Panasonic, Japan, max. power 1200 W, fre-
cuency 2.45 GHz, temperature control 80 °C). The reaction 
conditions in term of solvent, time of reaction, and amount 
of the acylating agent were optimized in previous studies 
[22].

Briefly, 100 mg of lignin or ultrafiltered fraction was 
mixed with anhydride (2.0 mmol SA or 1.12 mmol DSA) 

Fig. 1  Ultrafiltration of alkali lignin with 15 kDa ceramic membrane
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