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Abstract

This work aimed to valorize Date Palm Wastes (DPW) by the extraction of lignin and its application for polymeric membrane modification. 

Lignin was extracted from five types of DPW (date palm kernel, leaflet, pedicel, palm frond, and fibrilium) using the Klason method. 

Following DPW characterization, we remark the highest amount of extractives content in the leaflet sample (10.07 %) and the lowest in 

the fibrilium sample (6.51 %). The ash content ranged from 1.56 % for fibrilium to 7.96 % for palm frond. After extraction, the lignin yield 

was in the range of 22–32 %. The extracted lignins were characterized by Infrared and Ultraviolet–visible spectroscopy. All extracted 

lignins provide a high concentration of (-OH) group. Besides, both syringyl and guaiacyl are present in the extracted lignins with a slightly 

more syringyl unit. The extracted lignins were added to the polymeric solution, prepared from waste plastic, to produce membranes. 

These membranes showed improved hydrophilicity marked a decrease in the contact angle of 28 % when the  lignin concentration 

increased from 0.125 to 0.5 %. In addition, the membrane porosity increased with the use of the extracted lignins as an additive.
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1 Introduction
The oasis of Gabes (Tunisia) is the unique marine oasis 
located along the Mediterranean coast and one of the last 
such oasis in the world. This coastal oasis is home to more 
than 510,000 palm trees [1]. According to Chandrasekaran 
and Bahkali [2], date trees produce large quantities of 
Date Palm Wastes (DPW). Based on one estimate, each 
date palm tree produces about 20 kg of dry leaflet yearly. 
Other wastes such as date palm kernel represent an aver-
age of 10 % of the date fruits [2]. Another estimation was 
quantified the annual DPW to 35 kg per date palm [3] and 
approximately the amount of wastes in the coastal oasis 
of Gabes is around 20,000 tons annually (153,000 tons 
annually in Tunisia). Given the availability of this DPW 
in large quantities, it can be used as a cheap and feasi-
ble substrate for its transformation into valuable products 
and consequently the reduction of environmental pollu-
tion. Many uses of this DPW can be envisaged. Among 
which food and agriculture uses including the composting 

of these waste to produce organic fertilizer [4], the use of 
this waste as biofuel to prepare food, and as animal feed. 
In other context, DPW is incorporated in a cement matrix 
to increase its thermal insulation. As a result, the thermal 
insulation increased by 77 % with the addition of 5 % of 
DPW to the cement [5]. This DPW have promising appli-
cations since it is composed mainly of cellulose (30.2 %), 
hemicelluloses (14.8 %), lignin (26.4 %), and other com-
pounds that could be used in many processes [6]. Cellulose 
can be considered as the most abundant natural polymer on 
earth. It can be used in water retention and as a suspension 
stabilizer in many industries such as food, pharmaceuti-
cals, and cosmetics. In addition, it can be transformed into 
high-value products, polymer composites. Lignin is the 
second most abundant polymer from plants after cellulose. 
It acts as natural glue that links cellulose and hemicellu-
lose. It has a omplex polymeric structure and the potential 
to produce chemicals with high value [7–10]. In general, 
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the extraction of lignin from DPW can be done by differ-
ent methods, such as the Kraft method and the Organosolv 
method [11]. Hochegger et al. [12] studied the influence of 
the reaction temperature on lignin properties, they found 
that when the temperature was maintained at 187 °C, the 
obtained lignin has high content of phenolic hydroxyl 
group. But, when compared content of phenolic hydroxyl 
group in Kraft lignin to Organosolv lignin, the Kraft lignin 
presents the highest content  [11]. When Kraft lignin was 
compared to Organosolv lignin, the lignin extracted by the 
Organosolv method showed a predominance of syringyl 
and guaiacyl units but the Kraft lignin has better thermal 
stability  [13]. Besides, the Organosolv lignin was sulfur 
free, which in contrast is still present in the Kraft lignin. 
To use simple, cheaper, and faster extraction method of lig-
nin from DPW, Klason method was selected since it meets 
these requirements. Also, the Klason method is considered 
as a robust technique for extracting lignin from DPW [6]. 
Besides, the Klason method allows to obtain higher lignin 
yield and the obtained lignin has elevated higher heating 
values [14]. Many uses of lignin can be distinguished such 
as the use of lignin as a precursor for the production of 
biofuels  [6]. Also, lignin can be used as corrosion inhib-
itors [15]. The fields in which lignin can be used are dif-
ferent such as adsorption, food pharmaceutical, compos-
ites, cosmetic industries, and membrane preparation [16]. 
The preparation of polymer membranes from natural mate-
rials or waste is an emerging area of research [17, 18]. Many 
studies have focused on this area. Among these studies, 
Park et al. [19] have developed a thin-film composite from 
sustainable resources such as waste recycled polymers, 
plant-based monomers, and green solvents. The membrane 
obtained exhibits excellent performance compared to that 
prepared with toxic reagents.

This work aims to valorize the DPW (date palm ker-
nel, palm frond, leaflet, pedicel, and fibrilium) by lignin 
extraction using the Klason method. Then, the extracted lig-
nins were characterized by FT-IR and UV-vis. To the best of 
the authors' knowledge, this is the first study on the appli-
cation of Klason lignin, obtained from DPW, as an additive 
to waste low-density polyethylene (LDPE) for membrane 
preparation by inversion phase process. The effects of add-
ing lignin on membrane characteristics will be presented.

2 Materials and methods
2.1 Materials
In this work, we used five DPW. These wastes are date palm 
kernel, leaflet Pedicel, palm frond, and fibrilium (Fig. 1).  

The samples of this DPW were grounded using laboratory 
grinder (FW-135, Tester Co., LTD, Tianjin, China) to obtain 
uniform size. To eliminate long and medium fibers, the par-
ticle size distribution was performed using a set of standard 
sieves. These used sieves had openings among 420–1000 μm 
(35 and 16 mesh). Particles larger than 1000 μm and lower 
than 420 μm were not considered for tests.

2.2 Characterization of the used DPW
The characterization of the used DPW involved deter-
mining the ash content, moisture content, density, soluble 
extractives as well as holocellulose content. 

We determine the ash content in the DPW according to 
the ASTM D2866-94 [20]. The moisture content is deter-
mined following ASTM D2216-98 [21]. The density of 
DPW was evaluated based on the ISO 8962 using a pyc-
nometer [22]. To determine of the soluble extractives, the 
TAPPI T212 om-98 standard was followed. The method 
presented by ASTM D1104-56-78 (1985) for the determi-
nation of holocelluloses was used [23]. 

2.3 Extraction of lignin
The used method to extract lignin is the Kason method. This 
method is composed of two major steps. One is to remove 
the extractives from the DPW (Fig. 1), while the other is 
to treat the residue obtained by sulfuric acid. In the first 
step, we have used the TAPPI methods- T 204 cm-97 [24]. 
In this method, we extract DPW samples with ethanol–
benzene to make them extractive-free (waxes, oils, res-
ins, gums). In this case, we avoid the presence of these 
extractive materials in the extracted lignin which, causes 
an overestimation of Klason lignin content and may 
influence the quality of the produced lignin. A  sample 

Fig. 1 Samples of Date Palm Waste used in this work: (a) date palm 
kernel, (b) leaflet, (c) pedicel, (d) palm frond and (e) fibrilium

(b) (c)(a)

(d) (e)
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of 5 ± 0.001 g of DPW (150–250 µm) was extracted with 
150 ml of ethanol-benzene (1/2 v/v) for 5 hours with a min-
imum boiling in a Soxhlet. The residue of the extraction 
was washed with ethanol to remove benzene. This residue 
was extracted by the addition of 400 mL of hot water in 
a water bath for three hours. Therefore, the residue was 
filtered, washed with ethanol, dried at 105 ± 3 °C for one 
hour, cooled in a desiccator, and weighed to determine the 
percentage of extractive in each sample of DPW. Then, 
this DPW sample free of extractive was treated with 72 % 
H2SO4 at 37 °C for two hours. The obtained mixture was 
diluted with water to 3 % H2SO4 , and then boiled under 
reflux for 4  hours. The hydrolyzed residue was filtered, 
dried in an oven at 105 ± 1  °C for one hour and cooled 
in a desiccator and weighed. The yield of lignin produc-
tion (h) was determined by Eq. (1).

η = ×
m
m
lignin

waste

100, 	 (1)

where mlignin is the weight of the obtained lignin (g), and 
mwaste is the weight of the sample of DPW (g).

2.4 Characterization of the lignin samples
2.4.1 Fourier Transformed Infrared spectroscopy
We used in this work a Spectrum Two (PerkinElmer, USA) 
FTIR spectrometer with a deuterated tri-glycine sulphate 
(DTGS) pyroelectric detector. The spectrometer was 
equipped with a diamond Attenuated Total Reflectance 
(ATR) accessory. Spectra were recorded in the wavenum-
bers range of 450–4000 cm–1 by an average of 4 scans at a 
spectral resolution of 2 cm–1.

2.4.2 Ultraviolet (UV) spectrophotometric 
UV-visible spectra of the obtained lignin were achieved 
using UV-visible spectrophotometry with PG instruments 
T 80 spectrophotometer. The absorbance range was cho-
sen based on the work of Latif et al. [25]. For our case, we 
measured the absorbance within the 190–400 nm spec-
tral range using a 0.05 nm spectral resolution. Also, we 
kept constant the concentration of the sample in solution 
(1.5 mg of sample in 5 ml NaOH 2M) [26].

Based on the work of Jablonsky et al. [27], the amount 
in mmol/g of non-conjugated (N – conj), conjugated (Conj) 
and total of phenolic groups (Total) can be calculated by:

Non-conjugated phenolic hydroxyl (N – conj):

N conj
A A

cd
− =

+( )0 250 0 0595300 350. .
. 	 (2)

Conjugated phenolic hydroxyl (Conj):

Conj
A

cd
=
0 0476 350.

. 	 (3)

Total amount of phenolic hydroxyl (Total):

Total
A A

cd
=

+( )0 250 0 107300 350. .
, 	 (4)

where A300 and A350: absorbance at 300 and 350 nm, c: mass 
concentration (g l–1) and d: path length through the sam-
ple (cm).

2.5 Membrane preparation
Many configurations of membranes can be seen such as 
hollow fiber membranes or flat membranes [28]. In this 
study, we prepared flat membranes from a waste of low 
density polyethylene (LDPE) as described elsewhere [29]. 
In this case, the used chemical method for the mem-
branes preparation is the phase inversion in which we 
used as solvent the xylene and as anti-solvent the etha-
nol. Sigma Aldrich (Milan, Italy) supplied all these mate-
rials. The  polymeric solution was obtained from a mix-
ture of 10 % LDPE and 90 % xylene by heating at 110 °C 
for 2 h. To distinguish the effect of lignin on membrane 
properties, we added the obtained lignin in the range of 
0.125–0.5 % to the polymeric solution. The obtained poly-
meric solution was then casted on glass and we fixed the 
thickness of the casting at 400 µm. Then, we immersed 
the casted film in the anti-solvent bath composed of etha-
nol at 293 K. Due to this immersion, the inversion phase 
took place and the membrane was detached from the glass. 
After water washing, we dried the obtained membrane in 
an oven at 323 K overnight and then at 298 K for 24 h. 
We performed the membranes characterization to investi-
gate the effect of the lignin addition.

2.6 Membrane characterization
2.6.1 Membrane porosity
To elucidate the relationship between the addition of lig-
nin and the membrane porosity (ε), we determined the 
porosity of the prepared membrane using Eq. (5) [30].

ε
ρ

ρ ρ
% %,( ) = ( )

( ) +

−

−

W W
W W W

w d p

w d p d i
100 	 (5)

where is Wd the mass of the dry membrane (g), Ww is the 
mass of the wet membrane (g), ρp is the LDPE density 
(g cm–3) and ρi is the isobutanol density (g cm–3).
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2.6.2 Contact angle and SEM of membrane
The hydrophilicity or the hydrophobicity of the membrane 
can be assessed following the measurement of the contact 
angle. These measurements were performed with KRÜSS 
Drop Shape Analyzer – DSA25 and the determination 
of the contact angle was done using Advance software. 
The surface morphology observations of membranes were 
made using the SEM employing an XL30 device (Philips 
Co., Netherlands) operated at 25 kV accelerating potential.

3 Results and discuss
3.1 Raw material characterization
Fig. 2 summarizes the chemical composition and the phys-
ical properties of the five samples of Date Palm Wastes, 
which are date palm kernel, palm frond, fibrilium, leaflet, 
and pedicel. Fig. 2 (a) showed the ash content in DPW, which 
is the amount of inorganic substituent present in the carbon. 
As noticeable, the values of ash are between 1.86 ± 0.2 % for 
fibrilium and 4.58 ± 0.02 % for pedicel. For the date palm 
kernel we obtained a value of 2.58 ± 0.4 % which is higher 
than that obtained by Salomón-Torres et al. (1.42 %) [31]. 
According to Li  et  al.  [32], less quantity of ash in DPW 
contributes to a high yield of lignin. In our case, due to the 
lower ash value in fibrilium and palm frond (1.86 ± 0.2 %, 
1.96 ± 0.3 %) their lignin yield may be the highest.

Moreover, the values of moisture content in the DPW 
have been depicted in Fig. 2 (b). As seen, a significantly 
higher moisture content was observed in palm frond and 
fibrilium. The lowest moisture content was from the leaf-
let (4.3 ± 0.52 %) which was significantly lower than the 
date palm kernel and pedicel. The value of the moisture 

content in date palm kernel is 4.43 ± 0.09 %, which is near 
the lowest value of the range [3.1 %, 12.5 %] presented by 
Hossain et al. [33].

The values of DPW density were presented in Fig. 2(c) 
The density of date palm kernel is 1090  ±  9.75  kg  m–3 
which is the highest value of the five DPW samples. The 
obtained density value of date palm kernel is similar to 
that obtained by Kolawole et al. [34] which is 1140 kg m–3. 

Fig.  2  (d) showed the holocellulose composition of 
these five samples. The holocellulose content of the sam-
ples ranged from 55.21 ± 2.1 % for pedicel to 67.29 ± 5.4 % 
for fibrilium. Nevertheless, it can be noted that holocel-
lulose content in fibrilium is relatively high when com-
pared to holocellulose content in other samples. The high 
content of holocellulose in fibrilium is also observed by 
Almi et al.  [35] and Bousdira et al.  [36]. For the case of 
the holocellulose content in date palm kernel, the obtained 
value which is 61.7  % is lower than those obtained by 
Bouchelta et  al.  [37]. According to the obtained results, 
the content of holocellulose in the DPW is compatible with 
the reported holocellulose content in hardwoods and soft-
woods [32]. This content of holocellulose in the DPW was 
higher which allows easier lignin extraction [38].

According to Pecha and Garcia-Perez [39], extractives 
include fats, phenolics, resin acids, waxes, and inorganics. 
Fig. 2 (e) shows the extractives contained in the five DPW 
samples. The highest value of extractives was obtained 
using the leaflet sample, which is 10.07 ± 0.74 %. Similar 
levels of extractives, of the analyzed DPW, were presented 
by Chaari et al. [40], Senthil Kumar and Yaashikaa [41], and 
Jabli et al. [42]. Some authors have found that extractives are 

Fig. 2 Evaluation of (a) Ash content, (b) Moisture, (c) Density, (d) holocellulose and (e) extractive in the Date Palm wastes

(a) (b)

(c) (d) (e)
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known to change the properties of lignin [39]. According 
to Demirbaş et  al.  [43], the extracted lignin from differ-
ent parts of softwoods and hardwoods differ slightly in 
composition such as the degree of carbon–carbon linkage 
between phenyl groups and methoxyl substitution. Also, 
the lignin content in hardwoods, softwoods, and non-wood 
influences positively the higher heating value [44]. Based 
on the finding of da Silva et al. [45], which found that high 
extractive content increases its higher heating value and 
the quantity of the extracted lignin from DPW.

3.2 Yield of lignin production 
Fig. 3 presents the obtained lignins by the Klason method 
and from five types of DPW. These lignins were weighed 
and the biopolymer production yield was calculated. 
Fig. 3 presents the evolution of this yield with the DPW. 
According to this figure, the lignin yield is ranged between 
22 and 32 %. We noted that date palm frond has the high-
est lignin content with a mass yield of about 32 %. Similar 
results have been reported by other authors, where the lig-
nin yield was in the range of 21.70–35.89 % [6].

3.3 Chemical structure of the extracted lignin 
from DPW
FTIR of the five samples of the lignin extracted from DPW 
and the lignin purchased from Sigma were presented in 
Fig. 4. The FT-IR spectra are for each extracted lignin from 
DPW. These spectra are different only in terms of band inten-
sities. Moreover, in the spectra of several samples, some 
bands are missed, weak, medium, or intense in the same 
region. The obtained lignin spectra highlight two important 
regions, such as the bands of the region 3400–1800 cm–1 and 
bands from 1800–800 cm–1 which is the region of fingerprint 
attributed primarily to syringyl and guaiacyl structural units, 
but also to other functional groups. Fig. 5 shows a great sim-
ilarity in the region between 3400 and 1800 cm–1. All spectra 
showed a large band, around 3350 cm–1, due to the stretch-
ing vibration of hydroxyl groups (OH) bonded to hydrogen. 

This large band indicates that for all studied samples, the lig-
nin structure contains a high concentration of the group OH. 
Latif et al. [25] indicated this same finding. In addition, the 
stretching vibrations of the aromatic C-H valence in meth-
ylene, methoxyl, and methyl groups were observed, in all 
samples, between 2800 and 3000  cm–1. However, a peak 
with weak intensity for the lignin obtained from fibrilium 
and leaflet was observed. For the case of Sigma, pedicel, and 
palm frond, a peak with moderate intensity was obtained. 
Furthermore, only the peak of lignin obtained from date palm 
kernel have a strong intensity, which indicates that the lignin 
structure would contains a high concentration of monomers 
than the other four samples. This can be correlated with a 
large number of syringyl units. The 1800–800 cm–1 "finger-
print" containing various bands at the following wavenum-
bers: 1700 cm–1, 1600 cm–1, 1510 cm–1, 1460 cm–1, 1424 cm–1, 
1356  cm–1, 1275  cm–1, 1215  cm–1, 1160  cm–1, 1115  cm–1, 
1030  cm–1, 850  cm–1, and 810  cm–1. The peak assigned to 
unconjugated carbonyl stretching can be shown in all studied 
samples around 1700 cm–1. The peaks have small intensity 
values for fibrilium and palm frond, and moderate intensity 
for the other samples which means that the unconjugated car-
bonyl group is present in lignin at a low to moderate inten-
sity. The stretching vibration of the aromatic ring in lignin 
showed converged peaks with weak intensity for palm frond 
at 1607 cm–1 and for fibrilium at 1604 cm–1, and moderate 
peak intensity for the other samples. This same observation 
was noted for the peaks around 1510 cm–1. These bands pro-
vide a means of recognizing the aromatic structure of lignin. 
Fig. 5 showed that the lignin extracted from date palm kernel 
has more aliphatic CHx groups with respect to the aromatic 
CH groups. For the other samples, the aliphatic content of 
CHx is slightly higher than that of aromatics [26]. Moderate 
intensities peaks showen at 1460 cm–1 for all obtained sam-
ples, except pedicel, date palm kernel, and lignin from Sigma 
revealed strong intensities peaks. This band was assigned to 
C-H deformations in syringyl derivatives. 

Bending vibration of OH in phenolic bonds have an 
absorption peak only for date palm kernel (at 1359 cm–1) and 
lignin from Sigma (at 1369 cm–1). This means that the pheno-
lic group (-OH) disappears in the majority of lignin samples 
due to the probability of the formation of free radical inter-
mediates from the site of the phenolic group (-OH) which 
consumes these groups and configures the ether bonds [46]. 
The bands at 1270 cm–1, assigned to guaiacyl ring breath-
ing, C-O stretch in lignin, C-O linkage in guaiacyl aromatic 
methoxyl groups. Fig.  4 showed convergent peaks values 
with strong intensity for fibrilium sample (at 1267  cm–1) 
and sigma sample (at 1264  cm–1). Furthermore, moderate Fig. 3 Lignin mass yield as a function of Date Palm Waste
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intensity can be seen for the leaflet sample at 1271  cm–1. 
According to Fig. 6, all the studied lignin exhibited a ratio 
of syringyl to guaiacyl (S/G) up to 87 %, which is the same 
things presented by Safou-Tchiama et al. [47]. The obtained 
lignins from DPW are composed of significantly more 
syringyl units than the lignin from sigma. In addition, the 
(S/G) of the obtained lignins were almost twice as high as 
the S/G of the sigma lignin. The pedicel and sigma samples 
showed convergent peaks with strong intensity at 1215 and 

1211 cm–1 respectively. This peak was assigned to the C-O 
stretching in syringyl unit. The aromatic C-H deformation 
of syringyl unit at 1110 cm–1 showed peaks with strong inten-
sities for all studied samples. This indicates its strong con-
centration of the syringyl in all samples. A strong signal was 
observed at 1030 cm–1 for all studied lignin samples. This 
band was related to the C-O stretching of syringyl unit of 
lignin which has a high concentration in all samples of lig-
nin [48]. The C-H bending of syringyl unit was seen at bands 

Fig. 4 FT-IR spectra of (a) date palm kernel, (b) leaflet, (c) pedicel, (d) palm frond (e) fibrilium, (f) sigma

(a) (b)

(c)

(f)

(d)

(e)
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between 800–835 cm–1. These bands have strong intensity 
values for all lignin samples. This is due to the fact that the 
extracted lignin from the used DPW present a higher amount 
of syringyl units which corresponds to the bands recorded 
data showing maxima at 1600, 1460, 1110, and 1030 cm–1. 
Similar results were obtained by Popescu et al. [26]. 

3.4 UV visible characterization of the extracted lignin 
from DPW
Fig. 7 showed the UV-Vis spectra of the extracted lignin 
from the DPW. The occurrence of the maximum absorp-
tion at around 200 nm, in these UV spectra, corresponds 
to the aromatic ring of the lignin structure. The bands with 
maxima in the range between 220–240 nm were assigned 
to the methoxylated phenol ring [25].

Based on these spectra, the position and the inten-
sity of the peak reflect the contents of the syringyl and 
guaiacyl within the obtained lignin. According to Safou-
Tchiami et al. [47] and Šurina et al. [49], syringyl has its 
maximum absorbance around 270–275  nm and guaia-
cyl approximately at 277–285  nm. The absorbance lev-
els, at the peak positions of syringyl and guaiacyl, for 
the obtained lignin showed little difference. This implies 
that our obtained lignin samples, from DPW, contain both 

Fig. 6 Ratio of syringyl signal to guaicyl signal (I1325/I1263) of the 
obtained lignin FT-IR spectra

Fig. 5 Ratio of aliphatic signal to aromatic signal (I2930/I1510) of the 
obtained lignin FT-IR spectra

Fig. 7 UV-Vis spectra of (a) date palm kernel, (b) leaflet, (c) Pedicel, (d) palm frond, (e) fibrilium

(d)

(a) (b)

(c) (e)
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syringyl and guaiacyl and with a just over syringyl unit. 
The UV absorption bands are in accordance with FTIR 
results in which the content of syringyl and guaiacyl units 
are present in lignin extracted from fiber. This result was 
in concordance with literature results  [26]. The lignin 
absorption from 300 to 400 nm is due to the aromatic ring 
bond conjugated with carbonyl groups [49]. 

The amount of non-conjugated, conjugated, and total 
phenolic hydroxyl groups are calculated according to 
Eqs.  (2)–(4). As seen, the amount of non-conjugated 
phenolic ranged from 0.018  mmol  g–1 for palm frond to 
0.572  mmol  g–1 for date palm kernel. The same trend 
was observed for the total content of phenolic hydroxyl 
groups. Thus, the raw material influenced both the num-
ber of individual groups (non-conjugated and conjugated) 
and consequently the total amount. The obtained value 
of the total amount of phenolic hydroxyl groups for the 
date palm kernel was almost equal to the value presented 
by Hattalli  et  al.  [50]. For the other raw materials, the 
obtained values for the total content of phenolic hydroxyl 
groups were lower than that presented by Šurina et al. [49].

3.5 Effects of extracted lignin on membrane properties
3.5.1 Effects on contact angle
Fig. 8 (a) shows the evolution of the water contact angle with 
the lignin percentage. As remarked, for all prepared mem-
branes the contact angles are greater than 90°, therefore 
our membranes can be considered as hydrophobic. In addi-
tion, when the percentage of lignin in polymeric solution 
increases, a decrease of the contact angle of all prepared 
membranes is observed which induce a decrease of the 
hydrophobicity of membranes. The same evolution of mem-
brane contact angle with lignin percentage can be observed 
in the study done by Yong et al. [51]. This decrease of the 
hydrophobicity of membranes with the increase of lignin 
content can be ascribed to the presence of abundant hydro-
philic functional groups in the extracted lignin from the 
DPW. These hydrophilic functional groups are principally 
the hydroxyl groups, evidenced by the FT-IR peaks with 
high intensities at wavenumbers around 3350 cm–1 (Fig. 4). 
Using the UV-vis measurements, the extracted lignin from 
date palm kernel contains an amount of total phenolic 
hydroxyl more than the other lignin's. The hydrophobicity 
of the obtain membranes, prepared with lignin, are consid-
erably reduced with a decrease of the contact angle from 
126.9° to 90.9° when the lignin percentage is increased 
from 0.125 to 0.5 %. This evolution may be explained by 
the fact that the lignin migrates to the interface polymeric 

solution/non-solvent during the phase inversion process. 
In this case, the density of the hydroxyl groups (hydrophilic 
groups) in the surface membrane increases which leads to 
the improvement of the membrane hydrophilicity [51].

3.5.2 Effects on membrane porosity
To elucidate the effects of adding the extracted lignin 
on membrane, porosity measurements were performed. 
In Fig. 8 (b), the obtained results show an improvement of all 
membrane porosity with the increase of the lignin percent in 
prepared membranes. These results are in line with the find-
ings of Vilakati et al. [52]. This evolution can be explained 
by the fact that the addition of lignin, which plays the role of 
porogen in membrane preparation with the phase inversion 
process, generates more macrovoids in membrane sub-layer 
and consequently increases the membrane porosity [51].

(a)

(b)

Fig. 8 Effect of lignin percentage on (a) membrane contact angle, 
(b) membrane porosity
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The SEM images of cross-sections for fractured sam-
ples of the prepared membranes are shown in Fig. 9 (a)–(e). 
As seen, the variation of the lignin concentration in poly-
meric solution affects the structure of the cross-section 
of the waste LDPE/lignin membrane. When we have 
increased the lignin concentration from 0.125 % to 0.5 %, 
the number of macrovoids in the membrane sublayer 
increased too, and the pore size rises with the lignin con-
centration in the polymeric solution. In addition, the pre-
pared membranes are asymmetric. In fact and according 
to Fig. 9 (f), the top side of the membrane surface is dense 
but the bottom side is porous.

4 Conclusion
The present study includes the extraction of lignin from 
different DPW that are date palm kernel, leaflet, Pedicel, 
palm frond, and fibrilium using Klason method. Before 
the extraction of lignin, the raw material was analyzed. 
The results show that the content of holocellulose in the DPW 
was higher (55.21 %–67.29 %) which allows the extraction 
of lignin to be faster. Besides, we obtained less quantity of 
ash in fibrilium (1.86 %) and palm frond (1.96 %). For the 
case of the extractive ingredients (waxes, fats, resins …), the 

lowest percentage was for fibrilium (5.91 %), and the high-
est percentage was for leaflet (10.07 %). After extraction, 
the maximum lignin yield production was in palm frond 
(31.63  %) and the lower yield was in leaflet (22.54  %). 
The extracted lignins were characterized using FT-IR and 
UV-Vis. FT-IR characterization showed that the hydroxyl 
group appears in all lignin samples with high concentra-
tion. Also, and for all the extracted lignins, the content 
of aliphatic groups is a  little bit higher than the aromatic 
groups. UV-Vis analysis shows that extracted lignins from 
DPW contain both syringyl and guaiacyl and with a slightly 
more syringyl unit. When the extracted lignins was added 
to a polymeric solution, modifications in membrane char-
acteristics were remarked. Due to the numerous hydroxyl 
groups in the extracted lignins, we can notice an improve-
ment of the hydrophilicity of the membrane, also a decrease 
of the contact angle by 28 % when the lignin concentration 
increased from 0.125 to 0.5 %. Besides, an increase in the 
membrane porosity after the incorporation of the extracted 
lignins can be remarked. In the following work, these mem-
branes will be used to treat oily wastewater and to see the 
effect of adding extracted lignin from DPW on the effi-
ciency of membranes for this treatment.

(a) (b) (c)

(d) (e) (f)
Fig. 9 SEM image of the cross-section of waste LDPE/Lignin membranes (a) 0.125 %, (b) 0.1666 %, (c) 0.25 %, (d) 0.375 %, (e) 0.5 % (×10000) and 

(f) 0.5 % (×1000) lignin concentration
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