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ABSTRACT 

This paper is given an analysis of the use of technical lignins for creating new binding materials that meet the 

current level of foundry requirements. The reasons that restrain their use are discussed. Their objective (based on the 

physical nature of the material) and subjective (based on commercial benefits) origins are shown. Prospects for the use of 

technical lignins are considered, for example, the use of technical lignosulfonates (the main representative of the family of 

technical lignins on the markets of binders). The place and role of lignin-containing materials in the general view of the 

thematic focus of research on the synthesis of new binders, namely the creation of binders on a biopolymer basis, are 

investigated. The reasons for the relevance of this direction, based on ensuring a full cycle of environmental safety of 

production, from sanitary and hygienic working conditions in production to ensure the free biodegradation of production 

wastes are revealed. Examples of successful implementation of technological processes for producing castings based on 

technical lignosulfonates through the use of methods of high-energy mechanical action are given. 
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INTRODUCTION 

Technical lignin is a product of the 

delignification of plant raw materials, which can be any 

plant tissue, from wood to seaweed. In a plant cell, this 

material is invariably present in different states, 

performing the function of a bond that ensures the overall 

strength of the structure [6]. For this reason, during 

processing, it is generated as a by-product, usually in the 

form of waste. The scale of the problem is such that in 

1992. The International Lignin Institute was established in 

Lausanne (Switzerland). 

According to the data [1] is generated annually in 

the world from 40 to 50 Mill. Tons of technical lignin, 

which disposal is substantial difficulties and has not to 

date management solutions. 

The countries with the largest forest resources, 

are the main producers of technical lignin. The leader in 

this process is the pulp and paper industry. According to 

estimates in [2, 3], the controlled volumes of the annual 

composition of this product, in various forms of its 

presentation (liquid sulfite, technical lignosulfonate, 

hydrolyzed embryo, etc.) range from 4-5 million tons. 

According to experts, it will increase The volume of 

processing plant raw materials, it is expected that by 2050. 

This indicator will increase by 50-60% [1, 4], in this 

regard, the question of reasonable disposal of lignin waste 

will be acute in the near and the future.One of the 

promising areas for the rational use of lignin is the use of 

its modifications as binders in the casting foundry. 

 

Purpose of the Research 

To evaluate the possibility of establishing on the 

basis of technical lignosulfonate binders that meet the 

modern requirements of the foundry industry. 

 

Solutions Perspective 

Technical lignosulfonates (TLS) are a 

modification of technical lignin widely and traditionally 

presented in the markets of binders. They are a large-

tonnage waste when processing wood into sulfite 

cellulose. This material has traditionally been used in 

various industries, including in the production of castings, 

as a binder. General scheme for the formation of lignin 

products and (TLS) production, in the process of 

processing wood is shown in Figure-1. 
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INITIAL RAW MATERIALS 

CHOPPED WOOD 

Content of components: 

1) cellulose, up to 70%   , 2) lignin, up to 30%. 

SULFITE PULPING  

CHOPPED WOOD X COOKING ACID 

PRODUCTS  

Main product 
Large-tonnage by-product 

 

 

 

 

Sulfite lye 

Sulphite - alcohol stillage

CELLULOSE 

PAPER 

ALCOHOL 

Sulphite - yeast stillage Feed yeast 

TECHNICAL LIGNOSULPHONATES (TLS): 

liquid (TLS L), solid (TLS-S), powder 

 

RATED QUALITY INDICATORS THE ACTUAL STATE OF 

LF QUALITY BY THE 

INDICATOR OF SPECIFIC 

BINDING ABILITY 

(CONVERSIONED ON THE 

PERCENTAGE OF BINDER 

IN THE MIXTURE) 

0,03- 0,05 Мpа/% 

A similar indicator of the actual state of quality for resin binders: 0.5 - 1.0 MPa  %  

№ NAME OF QUALITY INDICATORS OF TLS OF BRAND 

"A" 

Quantitative 

characteristic 

1 Mass fraction of dry substances,%, not less 47 

2 pH of an aqueous solution, not less 4,4 

3 Ultimate tensile strength of dried samples of 

technological samples (5% TLS + 3% clay) in absolute 

terms, MPa, not less 

 

 

0,6 

Вязкость условная, с –
Плотность, кг/м , не менее

Figure-1. Schematic diagram of the production of technical lignosulfonates and their quality indicators. 
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Objectively, TLS-based binders do not meet the 

current level of requirements, which consists in meeting 

the following requirements: 

a) do not have sufficiently high strength properties 

inherent in a resin binder (Figure-1). 

b) have unstable properties, which manifests itself in 

sharp (up to 30% of the nominal values) fluctuations 

in the properties of the material of different batches 

from one manufacturer, and the inconsistency of 

properties in the case of switching to the purchase of 

material from another manufacturer, as well as the 

dependence of properties on seasonal temperature 

fluctuations; 

c) has insufficient thermal stability, limited to the 

temperature range of 300-3500C
0
; 

d) foundry cores/molds based on them are characterized 

by high hygroscopicity; 

e) technologies for their application require thermal 

curing, which increases energy consumption and 

lengthens the production cycle. 

The importance of bonding materials in casting 

should be noted. The use of binders in various 

technological production processes is associated with the 

need to solve many different issues that lie not only at the 

level of technology but also in the field of economics, 

ecology, labor safety, etc. type of material. The technical 

component of this problem is determined by the 

complexity and variety of processes in which the bond 

participates at the stages of its life cycle since it is exposed 

to various influences and undergoes multiphase 

transformations from a bulk liquid (usually) the state of 

gasification during thermal destruction at the casting stage. 

molds in the foundry. 

In the foundry, bonding materials are a defining 

component of the technological process, since the quality 

of the casting depends on the state of their quality, and 

therefore the final performance of the foundry. 

The disadvantages of lignin-containing binders 

were mentioned, but they have a set of positive properties 

that are not mentioned. According to these indicators, they 

significantly exceed the existing imported resin binders: 

 

a) the sources of raw materials for their production are 

domestic enterprises [3,7,8]; 

b) the cost of lignosulfonate binders is incommensurably 

less than liquid TLS for resin materials [2,9]; 

c) technologies based on them are environmentally 

friendly: during transportation, use, and disposal 

[7,10,11]; 

d) simplicity during storage: they do not require special 

regimes; they have a long shelf life [7,10]; 

e) domestic foundries have many years of positive 

experience in their use [7]. 

To understand, the significance and prospects of 

using lignin products, it is advisable to analyze the main 

trends in the development of foundry binders. 

Binders, based on technical lignin, can be 

attributed to the biopolymer group of binders, which are 

traditionally and especially actively developed by the 

countries of the European Union [12, 13]. The reason for 

the activity is associated with the tightening of 

requirements for sanitary and hygienic working conditions 

in foundries and the overall environmental safety of 

foundries. This is reflected in the materials regulating this 

aspect of their functioning [14], and strengthened in the 

directive of 2010. [15], which strictly regulates the use of 

phenolic resin materials, which account for 90-95% of 

modern foundry binders. This is due to numerous studies 

that have revealed the negative impact of these materials 

on the health of production personnel [16], and the 

population living in areas where enterprises are using 

these materials [17, 18]. 

The specified directive [15] assumes the complete 

elimination of such resin binders from the technological 

production cycle. This led to research aimed at finding 

alternatives. In particular, compositions are proposed 

based on protein materials [19], based on starch [20], 

waste of various industries [21, 22]. Their common 

disadvantage is the limited raw material base in 

combination with the high initial cost of individual starting 

components (starch), in this regard, binders based on 

technical lignin, in particular on TLS, could compensate 

for these disadvantages. 

 

Let's Consider Lignin-Containing Materials as a Basis 

for Creating New Foundry Binders 

By its genesis, lignin performs the function of 

bonding individual elements of plant tissue and ensures 

the tightness of cell walls, and due to the pigments in it, it 

determines the shade of lignified tissue. It is located in the 

nodes of the intercellular space and in the cell walls, 

providing a strong adhesion of cellulose fibers. This 

positioning leads to the provision of strength - "wooding" 

of plant tissue. 

The lignin polymer is formed at the stage of 

growth - lignification of the plant, after the formation of 

the plant cell in the intercellular space and directly in the 

cell wall itself. 

The genesis of lignin explains the specifics of its 

structure and multifactorial influence on the formation of 

the structure and chemical composition. This entails 

difficulties in the process of technological processing of 

plant raw materials, explains the impossibility of 

extracting natural lignin from plant tissue in its natural, 

natural state. For this reason, there is a distinction between 



                                VOL. 17, NO. 21, NOVEMBER 2022                                                                                                         ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2022 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                      1938 

"protolignin" - a substance found directly in the plant and 

material - a product formed as a result of a combination of 

technological influences on the delignification of plant raw 

materials. 

It should be emphasized that lignin is not 

produced purposefully according to rigidly established 

standards, but lignin-containing substances are obtained, 

which, as a rule, are a large-tonnage waste of various 

industries. This, in turn, predetermines the uncertainty of 

the chemical composition, polymolecular structure, and 

molecular weight distribution of the resulting lignin 

products. In the process of physicochemical action on 

plant tissue, regulated by the specific processing 

technology and the type of initial plant material, the 

molecular weight of lignin is transformed, due to a 

decrease several times, its chemical activity, consistency, 

and consistency change. properties change. 

Chemically, lignin is not an individual chemical substance 

but is a composition of aromatic polymers of a related 

structure. The true, empirical, or gross formula of lignin 

can be represented as C288H318O102 [24]. The general view 

of the lignin material can be presented in the form of a 

diagram - a structural formula (see Figure-2). Its structural 

elements are phenyl-propane units, i.e. structural units that 

are derivatives of phenyl propane. 

There are technical forms of lignin materials 

found on the market and therefore potential targets for 

further development: sulfate lignin, sulfite lignin, and 

hydrolytic lignin. It is these materials that can act as raw 

materials for the development of new competitive products 

for various needs. In this regard, lignin-containing 

materials are a typical representative of functional 

materials, a promising raw material for the development of 

new binders for foundry [25]. 

 

 
 

Figure-2. The structural formula of lignin [24]. 
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An Example of Implementation 
Let us consider high-energy mechanical action as 

a tool for improving the quality of technical 

lignosulfonates. High-energy mechanical treatment of 

liquid media at disintegrator units can be an effective tool 

for controlling their properties. It consists of high-energy 

mechanical action on liquid systems in a certain range of 

energies. It is used to change the quality indicators of these 

systems: increasing the reactivity, changing acidity, 

modifying the structure, etc. Sometimes this treatment is 

called mechanical activation. The most effective treatment 

of liquid media is colloidal systems with a wide range of 

molecular weights. 

Many types of organic binders are just such 

colloidal systems. In particular, these include technical 

lignosulfonates (TLS). The spread of molecular weights is 

in the range of 500 mass units to 5,00,000. Probably, by 

acting on TLS, it is possible to solve the problems of 

stabilizing their properties, increasing their reactivity, and 

hence improving the binding capacity, and, consequently, 

increasing the strength of molds and rods based on them. 

The results of a comprehensive study on the 

effect of high-energy mechanical treatment on 

disintegrator installations are shown in Figure-3. The 

effect of mechanical activation on: 

 

-  the bonding ability of TLS and its compositions 

-  change in the pH of the medium; 

- change in the molecular weight of the binder 

compositions. 

 

The final results of the study are shown in( 

Figure-3c). 

Established a general increase in binding capacity 

lignosulfonate binder compositions (Figure-3a). 

Mechanical activation likely facilitates the 

reaction of structure formation of the binder, due to the 

formation in the structure of the binder composition of 

chemically active, radical centers formed as a result of 

ruptures of molecular structures during mechanical 

treatment, as evidenced by an increase in the acidity of the 

solution (Figure-3b), which, apparently acts as initiators of 

polymerization processes. 

The technical characteristics of the experimental 

industrial disintegrator unit, on which the studies were 

carried out, are given in Table-1. The laboratory 

disintegrator unit is designed for processing fine-grained 

materials or liquids with gas purging. The installation 

allows for the activation and homogenization of the 

processed material during impact processing in the range 

of impact velocities of 30-400 m/s; investigates the 

processes of changing the consistency of suspensions; to 

process non-aggressive liquids. 

 

Table-1. Technical data of the laboratory disintegrator unit DU. 
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Mechanical processing provides the alignment of 

the molecular weight, as a result of the destruction of the 

largest molecular clusters, which leads to the 

homogenization of the poly-molecular composition of the 

binder composition (Figure-3c). 

In the general case, the effect of high-energy 

mechanical treatment on highly dispersed colloidal 

systems leads to an increase in their strength 

characteristics by a factor of 2.2 (Figure-3a). 

Thus, the use of UD technologies can be effective 

for increasing the bonding capacity of TLS. 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure-3. Study of changes in the properties of binding compositions based on TLS as a result of 

mechanical activation, where, compositions based on: 

1 - TLS; 2 - TLS SA: a) change in binding ability; b)  change in the acidity of the pH-solution; 

c) change in molecular weight. 

 

As a result of the research, it was found that 

exposure to TLS leads to the following results: 

Activation of the structural components of the 

binder - its acidity changes due to the breaks of oligomeric 

TLS chains, active centers, free radicals appear, which can 

act as centers of initiation of reactions in the binder; 

dispersion of its phases, their modification - a change in 

the molecular weight distribution occurs, the binder passes 

into a metastable state, which increases the ability to 

control its properties; an increase in the reactivity of the 

material being processed, which is explained by the high 

functionality of the TLS oligo-molecule and opens up 

opportunities for the formation of spatial network 

polymers during structure formation, which, integrally, 

will significantly increase the viscosity index of the 

binder. 

Studies have shown that the use of high-energy 

processing of TLS (over 4g), calls for an increase in the 
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stability of properties, apparently, this is achieved due to 

the structural rearrangement of molecular aggregates at the 

nanoscale. The consequence of this is the improvement of 

some technological indicators: binding capacity, viscosity, 

and wettability, which significantly improves the quality 

of casting processes. 

Such processing allows us to identify certain 

stable and repetitive patterns and draw the following 

conclusions: 

 

a) There is a general tendency to increase the binding 

capacity of organic foundry binders during their 

disintegrator processing. This is typical for binders 

such as TLS, Universal core binders, and resid oil 

production. The bonding capacity of TLS increases by 

20-25%. 

b) An increase in the binding capacity of mechanically 

activated TLS is explained by their transfer to a met 

stable state, with increased reactivity, due to the 

appearance in the structure of the material of radical 

active centers initiating polymerization processes. 

c) The low energy intensity of mechanochemical 

activation in UD devices predetermines the prospects 

for the use of high-energy mechanical treatment of 

LSTs to improve their technological properties, but 

most importantly, to increase the strength 

characteristics of the binder. 

d) The considered TLS processing method is 

environmentally friendly. 

CONCLUSIONS 

Thus, the use of high-energy mechanical 

processing of TLSs makes it possible to improve their 

quality (stability, strength, manufacturability), and thereby 

reduce the content of expensive and environmentally 

hazardous components of the binder complex of the 

mixture, for example, phenolic resins or oil binders. The 

environmental friendliness, simplicity, and efficiency of 

the proposed technique predetermine the prospects for its 

application in the foundry. 

There is a general tendency to an increase in the 

binding capacity of organic foundry binders during their 

disintegrator processing. This is typical for binders such as 

TLS, Universal core binders, and resid oil production. The 

bonding capacity of TLS increases by 20-25%. 

An increase in the binding capacity of 

mechanically activated TLS is explained by their transfer 

to a meta-stable state, with increased reactivity, due to the 

appearance in the material structure of radical active 

centers initiating polymerization processes. 
The low energy intensity of mechanochemical 

activation in UD devices predetermines the prospects for 

the use of high-energy mechanical treatment of TLSs to 

improve their technological properties, but most 

importantly, to increase the strength characteristics of the 

binder. 

The considered TLS processing method is 

environmentally friendly. 

The presented results of the development of a 

foundry binder based on technical lignin (TLS) allow us to 

talk about the technological possibility of creating binder 

materials based on lignin materials that can successfully 

compete with the now widely used synthetic resins on a 

phenolic basis. Lignosulfonate materials can be considered 

as a typical example of resource-saving technology and 

rational use of secondary raw materials produced from a 

renewable natural resource. 
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