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Abstract. In the article presented the data on the possibility of using 
crushed pine nutshell to extract methylene blue dye from aqueous 
solutions. In Russia, in Siberia, located up to 80% of the world's reserves 
of Siberian cedar pine. Up to 12 million tons of pine nuts can be acquired 
annually, when processed into kernels or cedar oil, pine nut shell is formed 
as a waste, representing 51-59% of the nut weight itself. Despite proposed 
technological options for usage of pine nutshells, the issue of disposal of 
this material has not been fully resolved. One of the alternative options for 
the disposal of pine shells is obtaining sorption material for the extraction 
of pollutants from aqueous media. To improve the cleaning efficiency, the 
pine shell was treated with 10% NaOH solution. It was found that 
processing pine nutshells with 10% NaOH solution for 5 minutes at a 

and an increase in the temperature of NaOH solution up to 97%. The 
recommended particle size of the pine nuts shell is less than 2 mm. 

1 Introduction  

The most environmentally sound technologies with high efficiency include methods of 
sorption wastewater treatment. The main criterion for choosing a sorption material for 
wastewater treatment is its sorption properties, porous structure and profitability. 

The most popular in the wastewater treatment from heavy metal ions are carbon 
sorbents, silica, peat, ash and other industrial wastes [1-19]. 

Different brands of activated carbons during sorption of heavy metal ions have a greater 
or lesser absorption capacity. The main factor, that determines the cleaning efficiency of the 
sorption method, is the pH value. At pH = 4, sorption maximum is reached, i.e. the process 
goes to the formation of hydrolysis products. Granulated activated carbon, saturated with 
nitrohumic acid, has a high absorption capacity towards to heavy metal ions. For the 

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons 
Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).

E3S Web of Conferences 126, 00075 (2019) https://doi.org/10.1051/e3sconf/201912600075
ICMTMTE 2019



treatment of wastewater from heavy metal ions at initial concentrations up to 10 mg / l, 
xanthates (dithiocarbamates) starch is promising sorption material. [8, 20].* 

Coals, acquired by burning solid plant waste from the food industry and hydrolysis 
lignin waste, have the ability to sorb heavy metal ions from solutions [21-26]. Sorption 
technologies are economically profitable on the condition for reuse of sorption material. 

After regeneration of the sorbents, highly toxic and highly concentrated extracts are 
formed, which needs to be additionally neutralized and due to that, the issues of the 
disposal of spent sorption material. Therefore, cleaning methods based on ion exchange 
using natural and synthetic materials that allow not only to extract recoverable metals from 
wastewater, but also to reuse wastewater in closed water supply systems are receiving more 
and more attention [5, 7, 10, 13]. 

2 Methods  

The authors of the article propose to use pine shells for the extraction of dye methylene 
blue (MB) from aqueous media (PN). 

In Russia, in Siberia, located up to 80% of the world's reserves of Siberian cedar pine. 
Up to 12 million tons of pine nuts can be acquired annually, when processed into kernels or 
cedar oil, pine nut shell is formed as a waste, representing 51-59% of the nut weight itself. 
[23]. As a result, the production of PN waste, according to estimates, is on average about 5-
8 million tons per year. The resulting biomass from the shell needs to be disposed, to obtain 
useful and valuable products, since PN - is a unique source of carbohydrate-mineral 
complex and various organic substances. The chemical composition of pine nutshells 
includes: fiber, fats and resins, proteins, essential oils, vitamins, coloring and tannins. Each 
year, experts offer new technological options for creating materials from any part of cedar 
pine. One of the alternative options for the disposal of pine shells is obtaining sorption 
material for the extraction of pollutants from industrial wastewater and drinking water. As 
well as in the production of vanillin and as colmatants and fillers for drilling fluids during 
the construction of wells. 

It should be noted, that the issues of large-tonnage PN utilization haven’t been resolved, 
and the accumulation of large quantities of PN, which is little susceptible to degradation 
processes under environmental conditions, can lead to the formation of dumps and the 
rejection of useful materials to agricultural land. 

PN contains a significant amount of lignin (an aromatic residue that is not hydrolyzable 
in 72% sulfuric acid), which, in the content of active functional groups, fully corresponds to 
native (natural) lignin. The required fraction of the material was selected by sifting. Sifting 
was performed in a "dry" way (sifted through a set of standard sieves manually) using a 
standard set of sieves: 0.5-1mm; 1-2 mm; 2-5 mm; 5-10 mm. 

 The poured density of PN was determined by calculating the ratio of the mass of the 
material to the occupied volume; the pH of the aqueous extract was determined using a pH 
meter brand I-500. True density was determined by the pycnometric method. Losses during 
calcination were determined by calculating the ratio of the difference in the weight of the 
crucible with the sample before and after calcination to the mass of the initial sample.  

 The concentration of MB in the solutions was determined by the photocolorimetric 
method using the construction of a calibration graph. The cleaning efficiency was judged 
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by the change in the optical density of the MB solution after the contact with PN. For this 
purpose, weighed material was used with a mass in the range m = 0.25-1.0 g, particle size d 
= 1.0-2.0 mm, which were added to flasks with a methylene blue solution V = 100 ml. On 
the LS-110 mixing device, the contents of the flask were shaken for 20 minutes, then the 
solutions were filtered through the paper filter «Blue Ribbon» TU6-09-1678-95, and 
measured optical density of the filtrate on a photocolorimeter KFK-2-UHL4,2 GOST 
15150-  

The cleaning efficiency (E, %) was calculated by the formula: 

                                                         1 – 2 1 ·100                                                 (1) 

where 1 – initial dye concentration in wastewater, mg/l; 2 – residual dye concentration in 
purified water, mg/l. 

3 Results and Discussion 

Due to the fact that PN contains a certain amount of cedar oil, the surface of the material 
has hydrophobic properties. This prevents the penetration of the aqueous solution into the 
PN particles and makes the MB extraction process ineffective. To degrease the surface of 
the PN particles and to increase their hydrophilicity, PN was treated with a 10% NaOH 
solution for a specified time. After treatment, the material was washed until neutral, dried 
and used to clean model solutions.  

Next, the concentrations of the MB solution before and after purification were 
compared. The research results are presented in Fig.1 

 

 

Fig. 1. The dependence of the cleaning efficiency (E, %) from the mass of the initial PN and PN 
treated with NaOH 

A comparison of the graphs (Fig. 1) shows an increase in the solution cleaning 
efficiency from 85% to 88.75% in the selected mass interval of the added initial PN. 
Treatment of the same mass of PN with the 10% NaOH solution for 5 minutes at a 
temperature of 250C gives an improvement in cleaning efficiency from 87.4% to 93%. 
The graph of the dependence of the cleaning efficiency from the contact time PN with the 
model solution MB (Fig. 2) shows that the rational contact time is 20 minutes, the cleaning 
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efficiency E = 88%, a further increase in the contact time up to 50 minutes leads to an 
improvement in the cleaning efficiency up to E = 90%. 

 

Fig 2. The dependence of the cleaning efficiency (E, %) from the contact time of the initial PN with 
-2,0mm) 

The graph of the dependence of the cleaning efficiency from the temperature of the 
model solution MB (Fig. 3) shows that the highest cleaning efficiency is observed at the 
temperature t = 20 ± 10 ° C (E = 88%), a further increase in temperature is impractical. 

 

Fig. 3. The dependence of the cleaning efficiency (E, %) from the temperature of the model solution 
-2,0mm) 

The graph of the dependence of the cleaning efficiency from the particle size PN (Fig. 
4) shows that the highest cleaning efficiency is observed for fractions with particle sizes of 
0.5-1.0 mm and 1.0-2.0 mm. 
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Fig. 4. The dependence of the cleaning efficiency from the particle size of the PN (Cinitial=20 
1(0,5-1,0mm); 2(1,0-2,0mm); 3(2,0-

5,0mm); 4(5,0-10,0mm) 

An increase in the duration and increase in the temperature of alkaline treatment of 
RMS leads to an improvement in the cleaning efficiency (Fig. 5). 

 

 

 

 

Fig. 5. The dependence of the solution cleaning efficiency from MB from the processing time (a) and 
the temperature of the alkaline solution (b) 
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It can be seen on presented results, that an increase in the processing time of the 
material from 5 to 30 minutes leads to an increase in the cleaning efficiency from 87 to 
96%, and an increase in the temperature of the alkaline solution improves the cleaning 
efficiency to 97% 

4 Summary 

Thus, in the article was studied the possibility of improving the efficiency of 
cleaning solutions from methylene blue with the pine nutshells treated with a 10% 
solution of NaOH. It was determined, that maximum efficiency of a methylene 
blue solution with an initial concentration of 20 mg / dm3 when treated with an 
alkali solution for 30 minutes is 96%, and an increase in the temperature of an 
alkaline solution to 80 ° C allows to achieve a cleaning efficiency of 97%. The 
recommended particle size of pine nutshells is less than 2 mm. 
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