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Abstract 

Mineral wool plays an important role in building material construction: as a traditional 

thermal building insulation and fireproof material, it is one of the best choices for 

providing a good lining, for the capability to adapt to the structure of the building, and for 

efficiency in fire protection. The traditional binder used in mineral wool is phenolic resin 

that makes mineral wool a reliable and efficient product. Despite that, the toxicity and 

health hazards of phenol and in particular formaldehyde are becoming more and more 

pressing, and the industrial production needs to focus on safer precursors. Several 

formulations of bio-based binders for mineral wool have been developed, taking into 

account the challenge of performing equally well as conventional binders. Even if the 

formulas are not produced completely with bio-based materials, also a partial use is 

already a step forward into the right direction - towards future biorefinery-based 

industries and knowledge-based bioeconomies in general.  
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Introduction 

Since phenolic resin was invented by Leo Hendrik Baekeland in 1907, launched with the 

iconic name of Bakelite, the product has started to revolutionize the plastic industry. The 

enormous field of applications goes from adhesives for wood and mineral wool, to the 

utilization for abrasive and friction passing through foundry and refractories functions. 

Phenolic resin is still one of the most important bonding agents with a ratio between 

cost and performance superior to most of the other polymeric resins (Pilato 2013). The 

two monomers - phenol and formaldehyde - react to give two different products, 

novolak-type and resole-type resins, depending on the pH and the formaldehyde/phenol 

ratio. These resins are mostly called PF resins. Urea is often used as extender, and the 

products then being called PFU resins. It acts as a formaldehyde scavenger and it 

improves the fire resistance. 

Phenolic resins used for the production of mineral wool are low molecular weight 

resoles, comprising mainly methylolated phenolic units, as shown in Figure 1. Mineral 

wool is used for the insulation of buildings: building insulation is the most effective 

solution to reduce greenhouse gases, improve energy security and economic 

competitiveness; furthermore, well-insulated buildings provide more comfort and better 

indoor air quality. An additional advantage of mineral wool is that it is used as a fire 

retardant in building construction (Iarc 2002, Jelle 2011, Villasmil et al. 2019). Thus, 

because of the social and environmental importance of insulation and mineral wool, 

industry and scientific research have started to study and develop novel binders that do 

not have the disadvantages of the phenolic resins.  
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The process for the production of mineral wool is shown in Scheme 1: the raw 

materials, which can vary from the different types of mineral wool (glass wool, slag wool 

or stone wool), are blended and transported to the smelter. Here, the temperature is set 

according to the raw materials in a range from 1100 °C to 1500°C, and then the molten 

material is poured into a spinner in case of glass or slag wool or onto a rotating wheels 

in case of stone wool. The material is fiberized while spun out from the holes of the 

spinner (spinning nozzle), with a diameter in the micrometer range. Then the binder is 

applied by spraying its precursor solution on the fibres. The binder has the function to 

join the fibres at their junction points. At the same time, the water in the solution 

evaporates and cools the fibres down. The uncured mineral wool is moved along by a 

conveyor belt into a curing oven (180°C-250°C), in which it is also being compressed. 

Eventually, the edges are trimmed, and the completely dried and cured mineral wool is 

cut transversally into the desired sizes for further piling or rolling up (Pilato 2013). 

Despite the phenolic resin showing very good properties and efficiency (high 

mechanical strength to prevent delamination, resistance to moisture, weather 

resistance, and excellent temperature stability), it is under discussion regarding issues 

that are gradually transforming the industrial production: health and safety issues and 

environmental concerns. The acute toxicity and the suspected carcinogenicity, 

respectively, of phenol and formaldehyde, their fossil origin and also the high vapor 

pressure of formaldehyde which may cause a relatively high amount of these chemicals 

being released into the environment, are the major reasons behind the attempts to find 

another suitable resin system (Iarc 2004, 2009, Yu et al. 1998, Zhang et al. 2009). New 

resin systems can be used to replace phenol formaldehyde resin in a large amount of 
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products, in particular as binders for mineral wool (shown in Figure 2). Since 2002 

Johns-Manville produces in Northern America glass wool (Taylor et al. 2001) with 

acrylic thermoset resins developed by Rohm & Haas (Arkens et al. 1999, Arkens et al. 

2001, Arkens et al. 1999, Lofton 1995) wherein the polymeric carboxylic acids are 

crosslinked with alcohols. This alternative binder is, although formaldehyde-free, still 

based on fossil resources. 

While the industrial research is still largely focusing on systems based on fossil-based 

chemicals, the scientific research focuses more and more on biopolymer systems: new 

binder formulations have been invented, but not all of them are alternative resins that 

are both phenol-free and formaldehyde-free. The biopolymers most used for binder 

applications are lignin, functionalized lignin and lignin-derived compounds, starch, sugar 

and refined carbohydrates, also proteins and cardanol. Some of them seem to be not 

suitable for mineral wool binders, for easy biological degradability, high viscosity, low 

water resistance, limited availability, or low reactivity, so the raw material needs further 

alteration, purification and/or chemical modification. Overall, the thermal stability, the 

viscosity and the moisture resistance are the important discriminators among the newly 

developed adhesive system. In fact, the phenolic resin has the big advantage of being 

resistant to moisture and water, so that the mineral wool can be stored and used 

outside without any loss of its performance for a long period of time. The resin shows 

also good thermal stability after curing and gives good mechanical properties to the final 

products which remain constant even in an environment with a high level of humidity. In 

addition, phenolic resin is not a suitable matrix for the growth of mold or bacteria. The 

viscosity in solution, which is an important parameter for the production since the binder 
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needs to be sprayed onto the mineral wool fiber mat, can be adjusted easily in the 

formulation by changing the water content. Since the binder is not coating the entire 

fibre, but is needed only at the fiber junction points, it must be able to flow to these 

spots, and this makes it essential to have a binder solution with relatively low and easily 

tunable viscosity. 

Patents about alternative binder for mineral wool have increased during the last fifteen 

years and show a lot of industrial activities towards phenol-free and formaldehyde-free 

resin system, even if only some of them are genuinely derived from bio-based sources. 

Most of the inventions use both fossil fuel resources and bio-based materials, and 

materials from renewable resources in the inventions comprise mostly starch and 

carbohydrates, lignin and its derivatives as well as proteins. This mini-review will 

address those (partly) renewable binders for mineral wool which have found - or are 

about to find - entry into industrial production. Scientific studies without practical 

relevance are not covered.   

 

Lignin-based binders 

Lignin is one of the most abundant biopolymers on earth, and also one with the largest 

hidden potential in the biorefinery world (Lettner et al. 2018, Sir David King et al. 2010). 

Natural lignin is a cross-linked phenolic polymer, originating from three primary 

phenylpropane monomers: para-coumaryl, coniferyl, and sinapyl alcohols, containing 

zero, one, and two methoxyl groups, respectively (see Figure 3).  
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Native lignin is characterized mainly by β-O-4-aryl ether bonds. Due to the complex 

structure of the starting lignin and the significant structural changes that occur in the 

different pulping or extraction processes, the characterization of the product lignins, so-

called “technical lignin”, has been a major research topic over the past few decades 

(Adler 1977, Berlin et al. 2014, Boerjan et al. 2003, Crestini et al. 2017, Glasser et al. 

1974). Conversion of technical lignin to value-added products or highly pure compounds 

is more challenging than in the case of other biopolymers, due to the complexity of its 

structure, its presence in complex and hard-to separate process liquids (“black liquor” 

from the pulping industries, see Figure 4), in many cases the content of sulfur, its 

tendency of condensation, and the tempting easiness of its energetic use. (Azadi et al. 

2013, Cao et al. 2018). In Scheme 2, one of the methods for isolation of lignin from 

black liquor is showed (Öhman et al. 2005).  

Several types of technical lignins have been well studied to find a suitable precursor to 

substitute phenol in phenolic resole systems. Already in the sixties of the last centuries, 

the usage of lignin-extended phenolic binders to bind mineral wool was considered 

(Sarjeant 1965, 1966). The attempts were initially made for wood adhesives, and then 

later also for mineral wool binders, showing the potential of lignin (Wang et al. 2009) 

(Turunen et al. 2003). In most cases, the resin type is just a modification of a 

conventional phenolic resin with a certain percentage of phenol replacement with lignin. 

This is the case of the so-called “alkali-lignin” (technical lignin obtained from alkaline 

pulping techniques, the most prominent examples being kraft and soda lignin) used 

together with phenolic resin for mineral fibers mats (Ball 1962) and with PFU and 

dicyandiamide (Noll et al. 1969). In other examples, wheat straw soda lignin, sarkanda 
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grass soda lignin, pine kraft and organosolv lignin were used in replacement of phenol 

in 20% and 40% over the total phenol amount in the resin synthesis (Ghorbani et al. 

2016); also methylolated kraft lignin was used in the similar way (Ghorbani et al. 2018), 

but they were tested only on wood products. For systems without formaldehyde, lignin 

(22% in weight) was used with furfuryl alcohol and maleic anhydride for thermosetting 

furan resin production, although initially only used as a foundry binder or wood adhesive 

(Schneider et al. 2004). The substitution of phenol with lignin was then patented again 

for the case of mineral wool binders in recent years (Shibao et al. 2014), and a step 

further for an entirely phenol-free formulation was made. Ammonium lignosulfonate and 

other salts of lignosulfonic acid are the main protagonists in a patent for binders for 

mineral wool, applied together with carbonyl compounds, such as butylraldehyde, 

glyoxal, hydroxymethylfurfural, and vanillin: they are both phenol and formaldehyde-free 

formulations (Allais et al. 2016, Allais 2018).  

Lignin recovered from the hot-water extract of sugar maple has been used together with 

furfural as crosslinker/binder for glass fibers. The unpurified lignin was blended at 

different pH with or without furfural and cured at different pressure and temperature. 

The tensile test  for the strength evaluation was made on glass fibres strips. This kind of 

test on glass fibers is applied also in patent formulations, due to the impossibility to 

reproduce mineral wool production on a laboratory scale. The results show a 

mechanical strength for the lignin formulation alone at low pH and for lignin-furfural 

blends with a furfural content of 5%, 8% and 16%, of around 90% of the value of 

phenolic resin (Dongre et al. 2015). The preparation of the glass fibres strips for the 

mechanical testing is depicted in Scheme 3.  
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Furfural is also an interesting chemical for the biorefinery field (Eseyin et al. 2015), as 

one of the top value-added chemicals produced from biomass, and its formulations with 

lignin could be entirely bio-based. Organosolv and Kraft lignin are used as a curing 

agent in a formaldehyde-free formulation of phenolic resin based on phenol/5-

hydroxymethylfurfural (PHMF) through an alkylation reaction between the hydroxyalkyl 

group of lignin and the ortho/para carbon of the PHMF phenolic group (Zhang et al. 

2015): this blend is used for a fiber-glass composite. In Table 1 there is a overview of 

the lignin-resin formulations actually tested on glass fibres.  

Depending on the different biomass sources, the extracted technical lignins show very 

different structures and - consequently - properties (such as reactivity, thermal 

decomposition temperature, and char residue) which determine its suitability as phenol 

precursor or as partial replacement in phenolic resin systems for mineral wool. Lignin 

extracted from wheat straw had the greatest thermal stability and highest char yield of 

40% followed by flax fiber (39%), alfalfa (35%), and pine straw (29%) (Watkins et al. 

2015). One of the major issues in the substitution of phenol with lignin is the 

deterioration of the thermal properties (temperature of curing and stability). A better 

purification or a modification of the lignin feedstock before the resin synthesis will 

improve the chances of a far-reaching or even complete replacement of phenol. 

Another issue is the reactivity of lignin, although the structure of lignin is quite similar to 

phenolic resoles. Depolymerization is one of the common treatments in order to 

enhance the reactivity (Zhang et al. 2016). G. Foyer et al. studied some of lignin-based 

aromatic aldehyde precursors (4-hydroxybenzaldehyde, vanillin, syringaldehyde) to 

functionalize them into bifunctional and reactive compounds, using bromoalkyl acetal 
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compounds or fluorobenzaldehyde. One of the synthesis methods in two steps consists 

of a graft reaction and a consequent deprotection of an aliphatic aldehyde group onto 

lignin-based aldehyde precursor. The aldehyde compound is then purified and the 

synthesis of bio-based and formaldehyde-free phenolic resins is done with phenol 

(Foyer et al. 2016, Foyer et al. 2016), as shown in Figure 5. Another treatment consists 

in generation of bio-oil from lignin by formate assisted fast pyrolysis (FAsP): a complex 

mixture of alkylated phenol compounds is obtained and used then to synthetize 

phenol/formaldehyde resins, and also a synthetic mimic oil of a further purified bio-oil 

extract is used to synthetize resin with formaldehyde (Vithanage et al. 2017). With this 

pyrolysis method, the monomers from lignin are rich in phenol and alkyl phenol 

compounds, without the methoxyl group, and with high molecular weight. 

 

Carbohydrate-based binders 

Carbohydrates are the main protagonists of today´s biorefinery research. The 

carbohydrates obtained from the biomass conversion are targeted as sources for the 

development of bio-based products as alternatives to those from the fossil-based 

refinery. Chemistry and technology of these processes are in the focus of cutting-edge 

investigations in the scientific research (Bozell et al. 2010). Also the carbohydrates from 

pulping industry, mostly cellulose but also hemicellulose, are envisioned as sources for 

biorefinery products. They are used in adhesive applications very often without any 

modification: the polysaccharide chain gives already a “polymer character” to the resin 

structure so that it does not need to be generated by condensation reactions, and the 
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carbohydrate offers highly reactive groups (hydroxyl groups and partly carbonyl or 

carboxyl functions), overcoming the problem of low reactivity of lignin.  

Saccharides, mostly starch and glucose, have been the biomolecules most widely used 

as building blocks for alternative binders described in mineral wool binder patents. The 

reducing aldehyde groups of the carbohydrate are more often employed as reactive 

groups than the hydroxyl groups. Depending on the molecular weight of the saccharide 

and its type (branched or linear, type of glycosidic bond) the number and reactivity of 

the reducing end groups is different. The dextrose equivalent (DE) number is specified 

in many patents (see Table 2 in Reference), in order to quantify the number of reactive 

aldehyde groups that are contained in a specific polysaccharide. The theoretical 

definition of the DE is given by (Rong et al. 2009): 

𝐷𝐷𝐷𝐷 =  
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

𝑀𝑀𝑀𝑀
 𝑥𝑥 100 

In which 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 is the molecular weight of glucose and 𝑀𝑀𝑀𝑀 is the number average 

molecular weight of the carbohydrate. In case of materials like sugar syrup or molasses, 

with a large polydispersity, the DE value gives an indication on the quantity of the active 

groups (in this case the reducing ends) involved in the reaction for the binder synthesis.  

Carbohydrate-bonded glass wool is commercially available since 2009: Knauf insulation 

produces mineral wool with a binder named “EcoseTM”. The binder consists of citric 

acid, ammonia, and dextrose (Jackson et al. 2007). Carbohydrate-containing materials 

such as sugar syrup, wood molasses, and glucose syrup are in the system for bio-

based mineral wool binders, used together with citric acid (the most used among the 

group of polycarboxylic acid crosslinkers), acrylic polymers, ammonia, and 
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organosilanes (Hawkins et al. 2017, Hawkins et al. 2014). Other formulations involve 

organic anhydrides and their corresponding acids (Hansen et al. 2006). Diethanolamine 

(DEA) and triethanolamine (TEA) are the most used alkanolamine that provide control 

of the pH and the viscosity of the binder. DEA in particular is mixed with the phthalic 

anhydride and the trimellitic anhydride to produce a component capable of reacting with 

glucose syrup or sugar syrup. As to polysaccharides, the most utilized are starch, 

maltodextrin, and dextrin. With regard to monosaccharides, the most commonly used is 

dextrose, but also xylose, and fructose; for the disaccharides, maltitol and maltose have 

been tested (Appley et al. 2010, Hawkins et al. 2014, Jaffrennou et al. 2014, Swift et al. 

2016). In one of the patents, soy proteins are employed together with carbohydrates to 

form the binder system (Hawkins et al. 2014). Aldehyde-containing chemicals such as 

glyoxal and glutaraldehyde, are involved in some compositions. A synopsis of the 

mineral wool binders according to the type of carbohydrates involved is given in Table 2 

and in Figure 6 there is an overview of the carbohydrate structures. 

Starch is used both in modified or unmodified form; its utilization is known in fiber glass 

production even together with phenolic resin (Fargo 1977). Oxidized starch is 

crosslinked with a vinyl polymer (and sulfamate for flame-retardant properties) (Lörcks 

et al.); modified starch is also present in formulations involving citric acid, silanes, and 

polyvinyl alcohol (Hawkins et al. 2011, Pisanova et al. 2012). Genuine, unmodified 

starch is used in combination with acrylic resin and also with a crosslinking agent 

resulting from a reaction among maleic anhydride, glycerol and citric acid (Castro-

Cabado et al. 2016, Van Herwijnen et al. 2013). Nanoparticles of starch formed by 

reactive extrusion processing and embedded in a latex composition are mixed with 
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silane (tetraethyl orthosilicate, TEOS) for glass fiber binders (Tseitlin et al. 2017). In 

many binding systems, organosilane and silane coupling agent are employed to 

improve adhesion among the mineral wool fibers and the binder (Van Herwijnen et al. 

2005). Figure 7 shows the structure of the most common crosslinkers used in patent 

examples. 

 

Protein-based binders 

The potential of the other major class of biomacromolecules, the proteins, for bio-based 

binders has been recognized for long, following the early adhesive application of fibrin 

as surgical glue (Sierra 1993). Proteins have a hierarchical, complicate 3D structure. In 

many cases, the hierarchical structure requires modifications beforehand in order to 

expose amino or acid groups as binding sites for crosslinking. 

Proteins have found large usage in research and patents for wood adhesives and 

binders for other types of materials, such as concrete products, biodegradable plastics 

and composites. For example, whey protein (about 45% in weight) denaturated by 

elevated temperature is used together with polyvinyl acetate (PVAc) and polymeric 

methylene diphenyl diisocyanate (pMDI) for plywood adhesives (Guo et al. 2012), 

soybean flour denaturated by alkaline is used in solution with magnesium oxide and 

sulphate as a binder for concrete (Canti 2014). Soy protein is the most studied 

representative because of its high availability and low price as byproduct of the soy oil 

industry (Luo et al. 2015, Qi et al. 2016, Tian et al. 2018). One emerging protein as 

basis material is canola (Bandara et al. 2018).  
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Despite these applications, proteins are poorly used for mineral wool binders due to 

their low resistance in wet conditions and high viscosity during the preparation of the 

adhesives. Hydrolyzed proteins from wheat or soy or hydrolyzed proteins from animal 

sources can be also added as reinforcement of phenol (or resorcinol)-formaldehyde 

resins in combination with dimethylethanolamine (Van Herwijnen et al. 2010), forming a 

water-dilutable resin for binding inorganic fibers. This patent gave a first glance of the 

use of protein in mineral wool binders, although the formulation is not entirely bio-based. 

Some binding systems are however being produced, additionally to the one with 

carbohydrate and soy protein mentioned above (Hawkins et al. 2014): soy protein 

isolate and a primary or secondary poly-amine compound are crosslinked for a 

fiberglass binder (Miele et al. 2007). The inter- and intra-molecular hydrogen bonds of 

the protein structure are disrupted by the use of plasticizers, such as hexanediols, 

glycerol, butanediols and other polyols. These compounds improve the molecular 

mobility at high temperature, but they also reduce the glass-transition temperature, 

partially reducing the strength of the binder. In order to give more stiffness after the 

curing, lignin, calcium carbonate and silicates are added. The formulation also includes 

organosilane.  

 

Cardanol and cashew nut shell liquid-based binders  

Another class of biopolymer that raised interest for the replacement of phenol in mineral 

wool binders are cardanol and cashew nut shell liquid (CNSL). CNSL is an agricultural 

by-product, a non-edible and non-toxic oil. It contains phenolic moieties with an 
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unsatured 15-carbon side chain, such as anacardic acid, which represents the major 

fraction, cardanol, methylcardol and cardol (see Figure 8). Among these moieties, 

cardanol is the one that can be most easily extracted and further used, and that 

consequently raised most interest (Das et al. 1998, Kobayashi 2017, Ng et al. 2017). 

Cardanol can be used as natural phenolic resource, directly for polymerization 

reactions, or as modified polyol in thermosets and other polymeric formulations. It is 

obtained with high degree of purity by thermal treatment of CNSL followed by 

distillation: the decarboxylation of the anacardic acid yields cardanol with around 90% 

purity (Caillol 2018). 

The effects of modification of CNSL and cardanol on phenolic resins are well known 

(Mahanwar et al. 1996) (Natarajan et al. 2013) (Balgude et al. 2014) (Shukla et al. 

2014) (Loureiro et al. 2017). Corresponding applications as adhesives for plywood 

panels with a 20% replacement of phenol (Papadopoulou et al. 2011), or adhesive for 

brake pads composites, in formulations containing methanol, formaldehyde and 

diethylenetriamine, (Wahyuningsih et al. 2017) were developed. The lower reactivity of 

cardanol, due to steric hindrance by the alkyl chain, was overcome through a 

modification: vinylated cardanols and vinylated cardol from hydrogenated and distilled 

CNSL are used as adhesive and coatings with lower viscosity than conventional phenol-

based resin (Pinto et al. 2016). In one patent, cardanol is used together with boron 

compounds in a modified phenolic resin for glass fiber composites (Shen 2013).  

The utilization of cardanol and its derivatives for binding glass or mineral wool is still not 

in the focus of scientific research, and only few patents (Pinto et al. 2016, Shen 2013) 

have been presented with optimized formulations derived from CNSL. 
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Conclusion 

The replacement of phenol and formaldehyde in resin formulations and the 

development of new adhesive system derived from bio-based materials is a current 

challenge that researchers and industries meet with great enthusiasm. This is of course 

also true for the specific application of binders for mineral wool. The biorefinery products 

generally attract more attention because of their emerging prospects, but the challenges 

are the technological requirements and better ways for purification and modification. 

The utilization of technical lignins gets a big push from its bulk availability and the price 

of the raw material: a plethora of research is going on about its analysis to understand 

better structure-property-application relationships, and chemical modifications to 

enhance the reactivity. Many ideas will probably result in patents - and hopefully 

products - in future. Carbohydrates have a “smoother” chemistry, which allows them 

being employed more readily in binding systems, in particular starch. However, the 

competition with utilizations in food and feed continues to raise ethical issue about the 

use of starch, maltose and dextrose – to name but the most prominent representatives - 

in adhesive systems. Proteins and cardanol have both vast potential, which however is 

still concealed, so that more studies are needed which in particular should address 

viscosity and reactivity matters. 

We hope that this review will provide an overview on current attempts to use bio-based 

binders in mineral wool production, and might support young researchers to find their 

way through the sometimes labyrinthine literature in this research area. 
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Figure 1: Main components of the phenolic resin: the highest percentage is represented 

by the trimethylol phenol. 
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Figure 2: Mineral wool used for the insulation of pipelines.  
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Figure 3: Monolignols, the “building blocks” in the biosynthesis of lignin. The three units 

react in enzymatically induced radical reactions to form the lignin polymer. 
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Figure 4: Bottles of black liquor and the resulting isolated lignin (Kraft lignin). 

  



23 
 

 

 

Figure 5: Two-step synthesis of an aldehyde-functionalized compound, and its use for 

the phenolic resin synthesis, as described in (Foyer et al. 2016). 
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Figure 6: Overview of the carbohydrate starting materials used in potential binder 

formulations. 
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Figure 7: The most common crosslinkers for carbohydrates in patent claims (from top 

left to bottom right): citric acid, diethanolamine, triethanolamine, tetrahydrophthalic 

anhydride, trimellitic anhydride and maleic anhydride. 
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Figure 8: Main components of cashew nut shell liquid (CNSL). 

  



27 
 

 

Scheme 1: Production of glass wool, one type of mineral wool.  
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Scheme 2: Process for separation of lignin from black liquor (“LignoboostTM”). 
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Scheme 3: Preparation of glass fibres strips with cured adhesive blend for mechanical 

testing (see also (Dongre et al. 2015)). 
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Table 1: List of different types of lignin used with further components to obtain resin 

formulations, tested on glass fibers. 

 

  

Type of technical lignin Range in % 

(weight) 

Crosslinker(s) Reference 

Ammonium 

Lignosulfonate 

95 - 60 Hydroxymethylfurfural (Allais et al. 

2016, Allais 

2018) 

60 Glucose and 

diammonium phosphate 

(Allais et al. 

2016, Allais 

2018) 

Sodium/Calcium/Magnesi

um Lignosulfonate 

80 Hydroxymethylfurfural (Allais et al. 

2016, Allais 

2018) 

Lignin from hot-water 

extract of sugar maple 

95-84 Furfural (Dongre et al. 

2015) 

Organosolv/Kraft Lignin 10-40 Phenol-

hydroxymethylfurfural 

(Zhang et al. 

2015) 



31 
 

Table 2: List of carbohydrate-based mineral wool binders, based on the examples 

reported in the patents. 

Type of 

carbohydrate 

DE value 

(range) 

Range in % 

(weight) 

Crosslinker(s) Reference 

maltodextrin 9 - 14 40 - 95 citric acid and acrylic 

polymer 

(Hawkins 

et al. 2017) 

Dextrin and 

maltitol mixture 

15 12 - 62 citric acid and sodium 

hypophosphate 

(Jaffrennou 

et al. 2014) 

sugar or glucose 

syrup 

50 - 85 73 DEA and trimellitic 

anhydride 

(Hansen 

2016) 

25 - 100 50 citric acid and ammonia (Jackson 

et al. 2007) 

30 60 - 95 DEA, trimellitic 

anhydride and 

tetrahydrophthalic 

anhydride 

(Hansen et 

al. 2006) 

not 

specified 

50 - 95 soy protein (Hawkins 

et al. 2014) 

 > 0.85 85 ammonium sulphate (Appley et 

al. 2010) 

 not 

specified 

73 - 96 citric acid and ammonia 

(triammonium citrate) 

(Swift et al. 

2007) 

Starch > 2 10-95 acrylic resin or maleic (Castro-
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acid/anhydride, and TEA Cabado et 

al. 2016) 

not 

specified 

35 - 95 polyvinyl alcohol or 

glyoxal and maleic 

anhydride 

(Pisanova 

et al. 2012, 

Van 

Herwijnen 

et al. 2013) 

modified starch not 

specified 

not specified citric acid, sodium 

hypophosphate, and 

silanes 

(Hawkins 

et al. 2011) 

oxidized starch not 

specified 

> 30 sulfamate and vinyl 

polymer 

(Lörcks et 

al.) 

starch 

nanoparticles 

(latex) 

not 

specified 

not specified TEOS (Tseitlin et 

al. 2017) 
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