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Abstract. Purification is critical in any chemical process. The removal of impurities will 
produce the product in better quality and high standard. In this study, a new type of 
monomer was prepared by condensation polymerization of alkali lignin (AL) and 
methacryloyl chloride (MAC). The effect of AL/MAC ratio and the purification of MAC were 
investigated. The physical and chemical properties of the product obtained which is lignin 
methacrylate (LMA) were characterized by Fourier Transformed Infrared spectroscopy 
(FT-IR) and Nuclear Magnetic Resonance (1H-NMR). The result reveals that the 
purification was successfully removed the hydroxyl groups from the stabilizer in MAC and 
it is found that all the hydroxyl groups are coming from AL. The single interaction between 
AL and MAC has successfully enhanced the product obtain which does show no hydroxyl 
groups. The 1H-NMR data also showed that the purification of MAC influences the outcome. 
The noise and impurities were eliminated after the purification of MAC, and more pure 
products were obtained. This new monomer (LMA) synthesis that can be further utilized 
for various applications. 

1. Introduction 
Paper and pulping industries produce a vast amount of by-products during the stage of its 
production. Lignin, being one of the by-products, is often considered as waste [1-4] and 
not having proper utilization. An estimated 50 million tons of lignin were generated every 
year [5-6] with less than 10% being satisfied exploited [3, 7]. Inappropriate disposal of 
lignin into the water source gave rise to an escalation in carbon oxygen demand (COD) [8-
11] as well as a contribution towards water pollution on the environment. The exploration 
of lignin is still the main topics of research even though it is reported lacking in the proper 
applications [12-14]. The majority of lignin are burned to produce fuel. Meanwhile, some 
industries utilize lignin to generate the steam, electricity, and heat [15-17]. Even though 
the fuel made provides more energy than cellulose, this activity will exacerbate global 
warming since carbon dioxide is released into the environment and will facilitate the 
pollution of air [13]. Recycling or modification of lignin into useful products is the best 
ways to minimize the waste and foster revenue for the industries [1].  

Lignin as the second largest polymer after the cellulose [18-20] is amorphous, 
polyphenolic and is a highly cross-linked polymer [1, 6, and 14]. Lignin is a three-
dimensional polymer, polymer with infinite molecular weights and high surface area [20-
22]. It is consist of 16-30% [5-6, 23] of the total biomass, and this percentage depends on 
the species and extraction methods. Lignin bonded to xylan (hardwood) and 
galactoglucomann (softwood) through covalent bonds [24-25]. The main advantage of 
lignin is that it is capable of withstanding extreme weather conditions, vigorous chemical 
reactions and it also has exceptional resistance to microorganism [25-26].  
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Nowadays the modification of polymer into value-added product seems to be more 
attractive to the scientists. The change of lignin can increase the number of functional 
groups and consequently, increases the specific chemical moieties [27-28]. The functional 
groups that initiated by lignin such as carboxyl, amine, hydroxyl, methoxyl and aldehyde 
introduce variations in the modification [14, 19, 29]. Besides that, lignin also reported 
having the ability to be as an adsorbent for metal ions removal [30]. Unmodified, modified 
and hybrid lignin show high capacity to remove metal ions such as lead, mercury, 
cadmium, copper, zinc, nickel, chromium, and cobalt [2-3, 5-23]. Though the lignin 
mechanism for the adsorption is still not well understood, the capability of lignin to adsorb 
the metal ions is even getting prominent considerations [5-6]. Up-to-today the discovery 
of lignin are shifted to more broadening and value-added products such as antibacterial, 
drug delivery, carbon fibre nanoparticles, epoxy resin, polyurethane foams and 
biodegradable film [26,31-34]. Lignin can also be used to replace commercial chelating 
agent since it is low toxicity, biodegradable, inexpensive and due to its continuous 
availability [24-25, 35-36].  

Lignin-based macro-monomer published in several articles. The macro-monomer can 
improve the chemical and physical properties of the lignin. Recently, many researchers 
have reported the synthesis of a macro-monomer with different types of lignin such as 
biobutanol lignin [37], organosolv lignin [38], and hydroxypropyl lignin [39-40]. The 
macro-monomer synthesis from lignin with methacryloyl chloride remains an attractive 
topic among researchers where the protocol to produce this specific type of monomer has 
been highlighted [41]. However, during their recent studies, it found that the chemical 
used have not undergone further purification.  

In this present study, we investigated the effect of chemicals purification and the ratio 
of lignin to a methacryloyl chloride and its influence onto the lignin segments. To the best 
of our knowledge, this goal has never attained yet. The monomer is synthesis similarly to 
the previous studies with some minor modifications [41]. The monomer produced is then 
characterized portrayal by using Fourier Transformed Infrared spectroscopy (FT-IR) and 
Nuclear Magnetic Resonance (1H-NMR). The results show that noise and impurities 
successfully removed in the monomer produced after the purification of the chemicals.  
 
2. Experimental 

2.1. Materials  
Alkali lignin (AL), triethylamine (TEA), tetrahydrofuran (THF) and methacryloyl chloride 
(MAC, 97%) were supplied by Sigma-Aldrich Korea Ltd. All this chemical were utilized 
without any purification. Prior used for the synthesis of lignin methacrylate, MAC was used 
with and without purification.  
 

2.2. Preparation of lignin methacrylate (LMA) monomer 
First, 0.1 g of lignin was dissolved in 40 mL THF. Then, 100.0 g of TEA was added under 
continuous stirring. Next, 100.0 g of MAC solution was added dropwise into the solution. Upon 
completion, the flask was immediately sealed, and the esterification process was performed at 
room temperature for 24 h. Then, the resultant TEA salt precipitate was separated using the 
filtration process, and the remaining THF solution was turned into a concentrate via the 
evaporation process. The resultant residue was dissolved in chloroform and an aqueous amount 
of sodium hydrogen carbonate. After that, water was used to rinse the remaining salts and 
methacrylic acid from the synthesized salt.  

Finally, the final product was dried over magnesium sulfate and was evaporated under 
vacuum for 24 h. The resulting product was labeled as LMA monomer. Two different mass ratios 
of lignin and MAC were studied in this experiment which is 1:100 and 1:200. Besides, the 
purification effect of MAC on the lignin framework also was investigated. 
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2.3. Physico-chemical characterisation 
Fourier Transform Infrared (FT-IR) measurements for all samples were recorded in the 
range between 4000 and 400 cm-1 by the spectrometer (Spectrum GX, Perkin Elmer). 1 mg 
of sample was mixed with 100 mg of KBr pellet during the preparation. The FT-IR spectra 
were then set to the transmission mode, and the analysis was performed at resolution 2.0 
cm-1. The nuclear magnetic resonance (1H-NMR) spectra for LMC were recorded by a 
nuclear magnetic resonance spectrometer (Varian NMR Systems 500MHz) using DMSO-d6 
as the solvent. For the 1H-NMR, the samples of LMA (100 mg) was dissolved in 0.5 ml of 
DMSO-d6 for analysis of purposes. 

3. Results and discussion 
3.1. Characteristics of purified and unpurified methacryloyl chloride (MAC) 

The interaction of MAC and lignin was investigated by the studies on the purification effect 
of MAC. The reaction scheme of LMA synthesis is shown in Fig.. 1. 

Fig. 1. The reaction scheme for the synthesis of lignin methacrylate  
 
Fig. 2 showed the FT-IR spectra of the standard and purified MAC. At a band of 3200–3500 
cm-1 regions, the conventional MAC spectra (a) had absorption peaks at 3460 cm-1, which 
is assigned to OH stretching band. Meanwhile, the purified MAC spectra (b) shows that the 
stretching band of the hydroxyl group was disappeared. The appearance of new peaks in 
this region at 3552 cm-1, 3479 cm-1 and 3420 cm-1 were assigned to the methyl group (-
CH3) of MAC segments. Also, we noted that the peak intensity at 1617 cm-1 bending mode 
of the carbonyl group of MAC segments became stronger and more apparent as compared 
to that of with FT-IR spectra in (a). This evidence implied that the OH group of 
monomethyl ether hydroquinone segments successfully removed from MAC by the 
distillation process. After the purification, it found that all the hydroxyl groups are coming 
from AL and not from the MAC. The 1H-NMR spectra for purified MAC in DMSO-d6 shown 
in Fig. 3. 
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Fig. 2. Comparison of FT-IR spectra of a) conventional and b) MAC with purification. 
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Fig. 3. 1H-NMR spectra of alkali lignin 

3.2. Characteristics of lignin methacrylate (LMA) by FT-IR spectroscopy 
FT-IR spectra of lignin methacrylate prepared at a mass ratio of 1:100 and 1:200 between 
lignin and MAC were compared and used to confirm the presence of the MAC segments in 
the lignin framework. 
 
As per shown in Fig.s 4 and 5, the IR band appeared at 1725 cm-1 and 1637 cm-1. These 
bands assigned to C=O stretch which originates from MAC segments while –C=C- stretch 
from a vinyl group respectively. In the framework of LMA, it found the group of –C=O from 
MAC was present. The vinyl stretch together with ester group also observed at 1637 cm-1 
and 1298 cm-1 respectively. The vinyl group intensity at 3235 cm-1 increases meanwhile, 
the band at 3500 cm-1 for hydroxyl group was unable to be detected in both cases of LMA, 
which explains the occurrence of interaction between MAC within the lignin structure. 
These indicated that the LMA was successfully synthesized using esterification process.  
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Fig. 4. FT-IR spectra of lignin methacrylate (LMA) with the ratio (1:100 wt%) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. FT-IR spectra of lignin methacrylate (LMA) with the ratio (1:200 wt%) 
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The comparison of LMA with a different mass ratio of 1:100 and 1:200 using purified and 
unpurified of MAC investigated by using FT-IR analysis. Fig.. 6 shows that the peak at the 
range 1290 cm-1 representing ester group as a product of the reaction between MAC and 
lignin. The height of this product can indicate in the FT-IR spectra after purification 
process The LMA monomer formation verified by the absence of some characteristic 
signals of a hydroxyl group and the appearance of the double bond signals in the IR spectra. 
Besides that, it observed that in the LMA monomer, there are two indications of absorption 
bands which can show at 953 cm-1 (C-H bending of a vinyl group) and another one at bands 
at 1637 cm-1 (C=C stretching vibration). These two bands verify the formation of lignin 
methacrylate from the primary reaction between lignin and MAC.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. FT-IR of LMA with mass ratio 1:100 (a) and 1:200 (b) with and without purification 
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3.3. Characteristics of lignin methacrylate by 1H-NMR spectroscopy 
The interaction behavior between MAC and lignin structure analyzed by using NMR 
spectroscopy. Fig. 7 presents a comparison of the 1H-NMR spectra for lignin methacrylate 
of the different ratio of MAC with and without purification. Fig. 7 a (ii) and b (ii) show that 
the signals at 6.24 and 6.02 ppm were indicated the vinyl protons in the lignin 
methacrylate. However, the intensity of vinyl proton peak in spectra a (i) and b (i) is lower 
compared to that of lignin methacrylate with the purification of MAC. The peak at 1.93 
ppm for both ratios of lignin methacrylate show the presence of protons in the aromatic 
group from the lignin segments. Meanwhile, as for the lignin methacrylate without 
purification of MAC, the impurities can be detected at the region of 1.93 ppm as shown in 
spectra a (i) and b (i). The signal presence at 6.02 ppm (1H), 6.24 ppm (2H), 1.93 ppm (3H, 
-CH3) and 2.51 ppm (2H, -CH2) and 3.59-3.58 ppm (1H, -C-O-CH) prove the formation of 
lignin methacrylate (LMA). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 7. 1H NMR of LMA at mass ratio 1:100 (a) and 1:200 (b) with (i) and without (ii) 
purification of MAC 
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4. Conclusions  
A new monomer, lignin methacrylate (LMA) was successfully synthesized by the condensation of 
methacryloyl chloride (MAC) with alkali lignin (AL) in the presence of triethylamine (TEA) in 
anhydrous tetrahydrofuran under N2 gasses at room temperature. FT-IR spectra show that the 
purification of MAC is successfully removed the hydroxyl groups from the stabilizer (monomethyl 
ether hydroquinone). After the purification, we found that all the hydroxyl groups are coming 
from the AL segments and not from MAC solvent. The final product which is lignin methacrylate 
does not show any hydroxyl groups in the FT-IR spectra shows the reaction successfully enhanced 
by the individual response between AL and MAC. FT-IR spectra also indicate that vinyl group from 
MAC segments successfully interact with lignin structure for both ratio 1:100 and 1:200. However, 
the peak of the ester group detected with the purification of MAC. The LMA with a ratio of 1:200 
then was considered as the best parameter in the production of lignin methacrylate with the 
purification of MAC solvent. The 1H-NMR result provides evidence that the purification of MAC 
will reduce the noise and impurities when compared to the one in the case of without purification. 
Both results from FT-IR and 1H-NMR show that the purification of MAC is crucial and plays a 
significant role in the lignin segment during the synthesis of better LMA macromonomer. 
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