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1. Introduction  

Among polymers, polyurethanes (PUs) stand out for their versatile properties 

and wide range of applications. They are used in the engineering, electronics, 

automotive, upholstery, construction and clothing industries [1–5]. Figure 1 

illustrates various applications of polyurethane. Their versatility has led to an 

increase in the size of the polyurethanes market, with its value growing from 

US$89.92 billion in 2023 to US$103.08 billion in 2024 [6]. Despite their 

widespread use, PUs raise concerns regarding their environmental and health 

impacts, and recyclability. PUs are mainly petroleum-based materials so their 

disposal usually ends up in waste incinerators or landfills [7]. This contributes 

to greenhouse gas emissions and environmental pollution [8]. Moreover, most 

of the monomers used in PU synthesis (e.g. isocyanates) are toxic, 

sometimes even carcinogenic or mutagenic [9–12]. The upward trend in the 

polyurethanes market is driven by the sustainability trend, which is reflected 

in the pursuit of energy efficiency in the construction industry, the 

automotive industry, and developments in the medical sector [13–18]. 
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Figure 1. The following examples illustrate the diverse applications of 

polyurethane. 

 

The production of polyols from natural raw materials has been widely 

described in the literature [19–22]. However, there is a lack of knowledge about 

isocyanates obtained from natural sources. Therefore, this thesis focuses on 

the synthesis of polyurethanes using isocyanates of natural origin. It has also 

investigated the modification of the trifunctional isocyanate to obtain cast 

polyurethanes. Furthermore, the synthesis of a phosgene-free isocyanate 

and the subsequent use of this isocyanate for the production of bio-based 

polyurethanes was explored. The study will investigate the influence of the 

bio-based substrates on the chemical structure, morphology and selected 

properties of the newly obtained bio-based polyurethanes. 
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1.1. Methods of polyurethane synthesis 

The history of polyurethanes began in 1849 when Wurtz first obtained an 

isocyanate - the primary component in the synthesis of polyurethanes. Then 

in 1947, Otto Bayer obtained the first polyurethane material [23]. Since then, 

polyurethanes have been obtained by the polyaddition reaction of aromatic 

or aliphatic isocyanates with hydroxyl-containing compounds (e.g. diols) [24]. 

Figure 2 shows the reaction scheme for the synthesis of polyurethanes. 

 

Figure 2. Schematic of the polyaddition reaction forming polyurethane from 

isocyanate and diol. 

Polyaddition processes can be carried out in solvents or directly in bulk. 

Depending on the chosen method, the desired performance properties of the 

final product can be achieved. The two most commonly used methods for the 

synthesis of polyurethanes are: one-step and two-step (which is also known 

as prepolymer method). Both are based on the reaction of diisocyanates and 

polyols in the presence of a low molecular weight chain extender. However, 

the one-step process involves mixing all the reactants simultaneously. 

Whereas in the two-step method, a prepolymer is first obtained by reacting 

a polyol with an excess of di- or polyisocyanate. This results in an NCO-

terminated chain which, in the next step, reacts with the functional groups 
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of the chain extender. The prepolymer method tends to be more precise, with 

less mass dispersion and a higher degree of phase separation than the one-

step method [25].  

The high availability of raw materials for the production of polyurethanes 

makes it possible to obtain products with a wide range of physical and 

chemical properties. Multifunctional monomers can be used to obtain 

branched and cross-linked structures, while bifunctional monomers can be 

used to obtain linear polymeric structures. Linear polyurethane structures 

provide good mechanical properties such as flexibility and toughness, while 

cross-linked structures improve chemical and thermal resistance but reduce 

processability and flexibility. Meanwhile, polymers with higher degree of 

cross-linking can exhibit better thermal stability and mechanical 

performance. The properties of polyurethanes are closely linked to their 

segmented structure. They consist of alternating hard and soft segments [26]. 

A schematic of the PU chain structure is shown in Figure 3. 

   

Figure 3. Scheme of a segmented polyurethane. 
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The soft segments are usually composed of polyols (e.g. polyether or 

polyester), which allow a certain degree of mobility due to their structure [27]. 

The hard segments, on the other hand, consist of an isocyanate and a chain 

extender [28]. The hard segments provide greater hardness, stiffness and 

abrasion resistance [29, 30]. Based on this, the properties of polyurethanes can 

be tailored: using longer-chain diols results in softer PU, while harder PU can 

be obtained by using low-molecular-weight polyols with high functionality or 

by significantly increasing the proportion of hard segments [31]. 

1.2. Petrochemical monomers  

Although polyurethanes have many benefits, a key problem associated with 

their use is the substantial consumption of petrochemical raw materials and 

the use of hazardous isocyanates [32, 33]. Fluctuations in the availability and 

price of crude oil may lead to challenges in its procurement, potentially 

limiting the production of monomers used in polyurethane synthesis. 

Moreover, the extensive use of fossil raw materials poses a significant threat 

to the natural environment. 

The most commonly used polyols in the synthesis of polyurethanes are 

polyethers and polyesters. Polyester polyols tend to be more expensive and 

more harmful [34]. However, the use of polyester polyols results in PUs with 

better abrasion, cut, and solvent resistance [35]. Meanwhile, polyether polyols 

remain flexible at low temperatures and have high resistance to UV radiation 

and water [36]. Examples of petrochemical polyols include: 

poly(tetramethylene ether) glycol (PTMG) polypropylene glycol (PPG), 

poly(ethylene oxide) (PEG) [37, 38], α,ω-oligo(ethylene-butylene adipate)diol 

(Polios 55/20) and poly(ethylene adipate) [39]. 

The second major component in the production of polyurethane is the 

isocyanate. Isocyanates can be divided into two main groups: aromatic and 

aliphatic. Aromatic isocyanates are inexpensive and provide good mechanical 

strength and reactivity. Unfortunately, they are prone to oxidation, which can 
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lead to yellowing and poorer weather resistance. Aliphatic isocyanates, on 

the other hand, lack an aromatic ring, giving them better weather resistance 

and UV stability. The main aromatic diisocyanates are toluene diisocyanate 

(TDI), which consists of the isomers 2,4-TDI and 2,6-TDI, and 4,4’-

methylenebis(phenyl isocyanate) (MDI). On the other hand, the most 

important aliphatic isocyanates are 1,6-hexamethylene diisocyanate (HDI) 

and isophorone diisocyanate (IPDI). HDI is mainly used in adhesives and 

coatings because of its resistance to yellowing when exposed to sunlight but 

is less reactive than TDI and MDI. TDI and polymeric MDI (pMDI) are the 

standard polyisocyanates used in polyurethane foam (PUF) formulations. 

pMDI is preferred for PUR due to its more homogeneous reaction kinetics and 

lowest vapor pressure, making it the safest to use. TDI, on the other hand, 

is used in open-cell polyurethane foams but is not suitable for cast PUR due 

to its inhomogeneous polymerization rate [40].  

The most commonly used isocyanates are listed in Table 1. Their market size 

indicates the scale of their use and therefore the potential risk they can pose 

to worker health and the environment if not properly controlled. 

Table 1. Examples of the most commonly used isocyanates, their structures 

and markets.  

Name Structure Market 

Volume 

4,4’-

methylenebis 

(phenyl 

isocyanate) 

MDI 

 

US$ 56 

billion in 

2024 to US$ 

80 billion by 

2033 [41] 



   

 
34 Joanna Brzoska, M. Sc. 

 

Name Structure Market 

Volume 

Isoprene 

diisocyanate 

IPDI 
 

US$ 8.89 

billion in 

2024 to US$ 

23.46 billion 

by 2031 [42] 

Toluene 

diisocyanate 

2,4-TDI 

2,6-TDI 

 

US$ 5.1 

billion in 

2024 to US$ 

8.47 billion 

by 2033 [43]  

 

1,6-

hexamethylene 

diisocyanate  

HDI 

 

 

US$ 10460 

million in 

2024 to US$ 

11370 

million by 

2030 [44] 

 
4,4′-Methylene-

bis(cyclohexyl 

isocyanate) 

HMDI 
 

US$ 31.87 

billion in 

2023 to 

US$53.48 

billion by 

2032 [45] 

Furthermore, the industrial production of isocyanates is based on the use of 

phosgene, a highly toxic chemical that can be fatal in excessive doses [46–48]. 
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As a result, the use of isocyanates has been restricted by the REACH 

Regulation. The purpose of the Directive was to supplement and amend the 

Registration, Authorisation and Restriction of Chemicals (REACH) Regulation 

for diisocyanates.  

Regulation 2020/1149 on diisocyanates was introduced in two stages: 

• from 24 February 2022, diisocyanates could only be placed on the 

market in concentrations of less than 0.1% by weight or if information 

on mandatory training for their safe use was provided. From 24 

August 2023, a training statement will be required on the packaging. 

• after 24 August 2023, diisocyanates can only be used industrially at 

concentrations below 0.1% by weight or after users have received 

mandatory safety training. Training must be documented and 

repeated every 5 years and suppliers must provide materials in the 

official language of the country of supply [49]. 

Against this background, the development of bio-based products for 

sustainable polyurethanes has been the focus of both research and industry. 

Bio-based products include vegetable oils such as corn, soybean, castor, 

rapeseed, and sunflower oils, as well as polysaccharides, polyhydric alcohols, 

fatty acids, and their derivatives [50]. In line with sustainable development, 

the use of renewable bio-based carbon feedstocks offers a reduced carbon 

footprint and improved Life Cycle Assessment (LCA). This means that more 

and more of the materials of the future will come from biomass [51]. 

1.3. Monomers and examples of bio-based polyurethanes 

1.3.1. Bio-based and zero-emission monomers 

The diversity of polyurethanes comes from the selection of raw materials, 

synthesis methods and monomer sources, leading to significant differences 

in their structural and functional properties. Currently, a wide range of 

monomers with diverse properties is available on the market. Bio-based 

equivalents of petrochemical substrates are also gradually becoming 
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accessible. For instance, significant progress has been made in the production 

of polyols from natural raw materials. They can be obtained from various 

vegetable oils, including soybean, castor, and palm oils [52–54]. One study 

described the synthesis of a bio-polyol from soybean oil using ionic liquids 

through a ring-opening reaction of epoxidized soybean oil with glycerol as 

the nucleophile [55]. In an alternative study, polyol was synthesized from 

coconut oil using a solvent-free polycondensation method [56]. This polyol was 

subsequently combined with petrochemical isocyanate pMDI to produce 

naturally superoleophilic foam with inherent hydrophobic properties [57]. 

Scientists at Anhui Agricultural University have developed a way to use luffa 

seeds, which are considered agricultural waste due to their bitter taste. Luffa 

seed oil was used as the raw material and an epoxidation process was 

employed to obtain two types of polyols using diethylene glycol and methanol 

as ring-opening agents. These polyols and the petrochemical isocyanate 

(MDI) were then used to produce viscoelastic polyurethane foams [58]. The 

production of a cardanol-based bio-polyol is also known. The process involves 

a dual epoxidation of the phenolic -OH group and terminal unsaturation, 

forming cardanol monoglycidyl ether. This is followed by a ring-opening 

reaction, and the obtained bio-polyol is used in polyurethane formulations 
[59]. These are just a few examples of how to obtain naturally-derived polyols. 

In the Scopus database, a search for the phrase “bio-polyol” OR “bio-based 

polyol” returns almost 600 documents. There are also many commercially 

available bio-based polyols that are already widely used in industry. 

Commercially available natural polyols include: BiOH Polyols (Cargill), UPT 

240 Premium (Polylabs), EMEROX 14050 (Emery Oleochemicals), Velvetol 

(WeylChem International), Priplast 3294 (Cargill), Lupranol Balance (BASF) 

and many others [60–65]. 

Simultaneously, isocyanates are produced mainly by the reaction of amine 

with phosgene, as shown in Figure 4. As mentioned earlier, phosgene is a 

toxic gas that was used as a chemical weapon during World War I. Its 

additional drawback lies in the fact that it is colorless and has a relatively 
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mild odor, making its toxicity particularly insidious [66]. Furthermore, 

isocyanate degradation releases harmful substances such as diamines and 

hydrogen cyanide. These challenges have stimulated the search for 

sustainable, phosgene-free, bio-based alternatives, focusing on the 

development of isocyanates from renewable resources such as vegetable oils. 

Although alternative phosgene-free methods of producing isocyanates are 

known, Saunders and Slocombe described various approaches to isocyanate 

synthesis as early as 1948 [67]. The most widely used methods include the 

Curtius, Hofmann, and Lossen rearrangements. The Curtius rearrangement 

was developed to some extent by Schroeter who prepared various 

isocyanates by treating acid chloride with sodium azide and heating the 

product in a benzene solution [68, 69]. Curtius subsequently used this reaction 

to obtain ethylene diisocyanates, but he prepared a diazide by treating 

substituted succinic hydrazides with nitrous acid [70]. 

 
Figure 4. Preparation of isocyanate by reaction with phosgene [71]. 

 

Figure 5 shows the Curtius rearrangement mechanism in which acyl chloride 

derived from a carboxylic acid is treated with sodium azide to produce an 

acyl azide intermediate which is thermally decomposed to form an 

isocyanate. The isocyanate can be isolated or further reacted with various 

nucleophiles to give amines, carbamates, or ureases [72]. Acyl azides can 

alternatively be synthesized through the direct reaction of carboxylic acids 

with diphenylphosphoryl azide. This method has the advantage of avoiding 

isolation of the acyl azides, which are generally explosive [73]. 
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Figure 5. Mechanism of Curtius Rearrangement. 

 

Isocyanates can also be obtained by Hofmann rearrangement (Figure 6), but 

this reaction often leads to undesirable by-products, such as ureas, which 

reduce yield and purity. 

 

 
Figure 6. Mechanism of Hofmann Rearrangement. 

 

In the Lossen rearrangement (Figure 7), the hydroxamate ester is converted 

to an isocyanate. In contrast, this synthesis is limited by the difficult 

availability of hydroxamic acids and the competing formation of self-

condensation by-products [74]. 

 

 
 

Figure 7. Mechanism of Lossen Rearrangement. 

 

The literature discusses the use of the above methods with various reactants 

and reaction conditions. The most commonly described method for the 

synthesis of isocyanates is the Curtius rearrangement. Hojabri et al. 

described the preparation of a linear aliphatic diisocyanate from a fatty acid 

by Curtius rearrangement. Saturated diacids were prepared by ozonolysis of 
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oleic acid to the corresponding aldehyde product. The aldehyde was then 

purified and oxidized to the desired acid product. The diacid chloride was then 

reacted with sodium azide to produce the saturated diacyl azide. The 

diisocyanate was then obtained by rearrangement with 68% yield and 97% 

purity [75].  

Curtius rearrangement has also been used to obtain aromatic diisocyanates 

from lignin-derived phenolic acids. Syringic/vanillic acid was reacted with 

α,ω-dibromoalkanes in the presence of sodium hydroxide in water to give 

α,ω-diacids. Using a Weinstock modification of the Curtius rearrangement, 

the α,ω-diacids were converted to α,ω-diacyl azides. The α,ω-diacyl azides 

were then dissolved in dry toluene and slowly heated to 80 oC, followed by 

continuous heating for 8 hours to form diisocyanates by thermal Curtius 

rearrangement. The synthesized diisocyanates were solid, which the authors 

considered to pose a low inhalation risk [76]. 

Another publication used the Curtius rearrangement to obtain diisocyanates 

from succinic anhydride and isosorbide or isomannide. A two-step Curtius 

rearrangement was carried out with the use of sodium azide in a variety of 

organic solvents. It was found that the efficiency of thermal conversion of 

diacyl azide to diisocyanate was insensitive to temperatures in the range of 

45-140 oC, but depended on the chosen solvent. Toluene was found to be the 

optimum solvent. The diisocyanate was obtained from isosorbide with a yield 

of 60%. The diisocyanates obtained had a low vapor pressure and were 

therefore expected to pose a minimal inhalation hazard. The use of bio-based 

succinic anhydride allowed the production of products with 100% green 

carbon content, eliminating the use of petroleum-derived reagents [77]. 

Curtius rearrangement was also applied to an alternative process for the 

production of aliphatic and aromatic isocyanates from fatty acids derived 

from algal biomass. In this implementation, flow chemistry was used for the 

preparation and conversion of intermediates, providing greater process 

safety. The process involves the preparation of acyl azides from hydrazines, 
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which are then rearranged by Curtius to form isocyanates. Using flow 

reactions, it was possible to obtain isocyanates without isolating the explosive 

azides. The primary aliphatic hydrazides were found to give the highest 

yields. Secondary aliphatic hydrazides gave aromatic-like yields and tertiary 

aliphatic hydrazides gave the lowest yields. This confirms that steric effects 

play a significant role in the conversion to isocyanates [78].  

Curtius rearrangement is considered to be one of the cleanest and most 

efficient methods of synthesizing isocyanates. However, its development has 

been limited due to safety concerns associated with the presence of inorganic 

azides. 

An alternative to inorganic azides is the diphenylphosphoryl azide (DPPA) 

reaction, which provides an efficient and safe method of synthesizing 

isocyanates from carboxylic acids. This reaction avoids the isolation of 

potentially explosive inorganic azides, which greatly improves the safety of 

the process. Furthermore, DPPA's single-step reaction makes it more 

economical and efficient and DPPA itself is a stable, non-explosive liquid 

reactant that is easy to store and use. These properties make the DPPA 

method a convenient and safe approach to the synthesis of isocyanates [79, 

80].  

Another approach to fatty acid-based isocyanate synthesis was described by 

Cayli and Kusefoglu in 2008. In the first step of the synthesis, the triglyceride 

was brominated by reaction with N-bromosuccinimide. In the second step, 

the brominated product was reacted with AgNCO to convert it to isocyanate. 

The reaction was carried out on soybean oil triglycerides and the yield 

increased with increasing amounts of AgNCO. AgNCO is an expensive 

substance, but the by-product AgBr can be fully recovered and used to 

regenerate AgNCO, so the authors expect a reduction in synthesis costs [81]. 

Researchers have also explored an innovative approach to creating more 

environmentally friendly methods for synthesizing hexamethylene-1,6-
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diisocyanate. They achieve this by selectively converting a renewable 

feedstock, methyl 2,5-dimethylenofuran dicarbamate (FDC), into 

hexamethylene-1,6-dicarbamate (HDC). A key challenge addressed in this 

work is the efficient ring-opening and deoxidation of FDC while preserving 

the methyl carbamate functional groups. The authors’ report an optimized 

catalytic process for the conversion of FDC to HDC, achieving over 99.9% 

conversion using a 7 wt% Pt/Nb₂O₅ catalyst in a water-ethanol solvent 

system. This process yielded 2-hydroxy-hexamethylene-1,6-dicarbamate 

(HHDC) (61.0%) and HDC (12.5%). HHDC is identified as a novel compound 

that can either serve as a precursor for HDC or facilitate the introduction of 

functional groups for specialized applications. The process described 

contributes to the drive for sustainable HDI production, reducing dependence 

on fossil fuels, reducing environmental impact and aligning with global green 

growth strategies [82]. 

Until recently, the most well-known, commercially available isocyanates were 

Tolonate X FLO 100 and 1,5-pentamethylene diisocyanate (PDI) and its 

trimer. However, new alternatives to petrochemical isocyanates such as 

dimeryl diisocyanate (DDI), ethyl ester L-lysine diisocyanate (LDI) and 

isophorone diisocyanate (IPDI) have emerged over the past two to three 

years. The structures and green carbon content of the above bio-based 

isocyanates are shown in Table 2. 

DDI is an aliphatic diisocyanate that can be used to produce polymers 

containing active hydrogen compounds. DDI is bio-based and can be used in 

a wide range of applications including elastomers, adhesives, sealants and 

coatings [83]. 

The PDI is available on the market in two versions: the aliphatic diisocyanate, 

marketed by Mitsui Chemicals, and the PDI trimer, marketed by Covestro. 

PDI synthesis involves biotechnological and chemical processes to convert 

starch into 1,5-pentane diamine (PDA). The product is then reacted with 

phosgene to produce an isocyanate. PDI is used as a curing agent for 
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polyurethanes. It has excellent resistance to weathering, scratching and 

chemical treatment [84]. 

LDI is an aliphatic, asymmetric diisocyanate with an ethyl ester side chain 
[85]. LDI is used to make biocompatible materials, including polymers that can 

be used in medical applications such as implants, wound care materials, and 

controlled drug release systems. 

Tolonate™ X FLO 100 consists of hexamethylene isocyanate allophanate with 

PEG as the side chain and the biotechnology part is a palmitic acid moiety. 

The product is partially bio-based and has a low viscosity that is suitable for 

use in polyurethane coatings [86]. 

VESTANAT® IPDI eCO (isophorone diisocyanate) is a cycloaliphatic 

diisocyanate with two reactive NCO groups of different reactivity, allowing 

the formation of low viscosity prepolymers. According to the manufacturer, 

its low viscosity reduces VOCs and its methylated cyclohexane structure 

ensures compatibility with resins and solvents. The product is a liquid and is 

suitable for light stable, weather-resistant polyurethanes with good 

mechanical and chemical properties [87]. 

Table 2. Examples of commercial bio-based isocyanates, their structure, and 

green carbon content. 
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Name Structure 

Green 

carbon 

content 

[%] 

Dimeryl 

Diisocyanate 

DDI 

 

 
 

85.5 

 

STABiO™ 

1,5-

pentamethyl-

ene 

diisocyanate 

PDI 

 
67 - 70 
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Name Structure 

Green 

carbon 

content 

[%] 

 

 

Desmodur® 

CQ N 7300 

PDI-trimer 

 

70 

ethyl ester L-

lysine 

diisocyanate 

LDI  

80 

Tolonate™ X 

FLO 100 

 

32 
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Name Structure 

Green 

carbon 

content 

[%] 

VESTANAT® 

IPDI eCO 

 

75 

 

Moreover, less than three years ago, BASF announced a launch of Lupranat® 

ZERO, the first completely greenhouse gas-neutral aromatic isocyanate. 

Lupranat M 70 R is designed to produce MDI polyisocyanurate panels and 

rigid polyurethane foam in the construction industry. In addition, BASF has 

set itself the ambitious goal of reducing greenhouse gas emissions by 25 

percent by 2030 compared with 2018 [88]. BASF emphasizes that its product 

is of renewable origin, but does not specify what percentage of the final 

product is of natural origin (therefore not included in the table above). 

These examples show what has already been achieved in the field of bio-

based isocyanates and highlight the importance of further development. To 

make significant progress in this area, both the scientific community and 

industry should work closely together, sharing knowledge, resources and 

experience to meet the challenges of sustainable development. 

1.3.2. State of the art of fully bio-based polyurethanes 
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Although there are some reports on fully bio-based polyurethanes and their 

potential applications, they are still relatively few in number compared to 

traditional fossil-based polyurethanes. Many challenges remain in optimizing 

synthesis processes and finding suitable renewable raw materials that can 

offer comparable performance and durability to their traditional counterparts. 

Below are examples of scientific studies on the production of bio-based 

polyurethanes. 

 

Researchers at the University of Montpellier synthesized a series of 

polyurethanes (PUs) using polyisocyanates and polyols with a high green 

carbon content. The study focused on PUs derived from the following 

isocyanates: L-lysine ethyl ester diisocyanate (LDI), pentamethylene 

diisocyanate trimer (PDI), and partially bio-based hexamethylene 

diisocyanate (HDI) allophanate. The polyols employed included castor oil and 

polypropanediol. The PUs were synthesized via two distinct approaches: a 

one-step reaction or a prepolymer method. The resulting thermosetting 

polymers exhibited glass transition temperatures ranging from -41 to +21 °C 

and thermal stability up to 300 °C. The green carbon content of the PUs 

varied between 50% and 95% [14]. 

 

Okay et al. obtained a bio-based, non-toxic polyurethane film using cellulose 

extracted from Luffa cylindrica and ʟ-lysine diisocyanate ethyl ester segments 

via step-growth polymerization. The obtained film exhibits improved 

hydrophobicity, thermal properties, and biodegradability [89]. In another 

study, biodegradable polyurethanes based on cholic acid (CA) and l-lysine 

ethyl diisocyanate were synthesized by growth polymerization. The effects of 

different monomer molar ratios on the wettability, thermal properties and 

biodegradability of PUR were investigated. The results showed that higher 

concentrations of LDI resulted in increased hydrophobicity, better thermal 

stability but lower biodegradability of PUR. Polyurethanes with the lowest LDI 

ratio degraded faster, suggesting their usefulness in biomedical applications, 

such as drug delivery and tissue engineering [90].  
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An interesting approach was taken by researchers at the University of 

Pittsburgh, who obtained peptide-based poly(urea-urethanes) and tested 

their ability to support cell growth in vitro. This polymer consisted of lysine 

diisocyanate and glycerol and decomposed into the non-toxic components: 

lysine, glycerol, and ethanol. The authors concluded that this polymer has 

the versatility of polyurethanes without the toxicity of other urethane 

degradation products and could therefore be useful in biomedical applications 
[91]. 

 

The effect of catalyst and NCO/OH molar ratio on bio-based polyurethane 

properties has also been investigated. A series of polyurethanes with and 

without catalysts (DBTDL) were prepared from a castor oil-based polyol and 

a partially bio-based aliphatic isocyanate (Tolonate X FLO 100). The PUs had 

various NCO/OH molar ratios including 0.9:1, 1.1:1, 1.3:1 and 1.5:1 [92]. 

Another researcher also used Tolonate X FLO 100 to synthesize bio-based 

polyurethanes, using transesterified castor oil as the polyol. The 

polyurethane was obtained by a one-step bulk polymerization process. The 

products obtained differed in the NCO/OH ratio, which was 1:1, 1.2:1 and 

1.4:1. The results showed that as the NCO/OH molar ratio increased, the 

thermal stability of the samples and the tensile strength increased, while the 

elongation decreased [93]. 

 

The performance of PU coatings obtained with petrochemical HDI or PDI bio-

based isocyanate (Desmodur eco N 7300) was compared in a study by Samyn 

et al. It was shown that the performance of both protective coatings was 

similar or even better when the bio-based isocyanate was used. The use of 

bio-based coatings resulted in shorter drying times and higher hardness. 

Gloss, chemical resistance, and mechanical resistance were similar. Due to 

better PDI hydrophobicity, the bio-based coatings had better resistance to 

QUV aging [94]. 
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The use of bio-based diisocyanate DDI in the synthesis of thermoplastic 

polyurethanes (TPUs) has also been reported. Fully bio-based TPUs have 

been developed using 2-heptyl-3,4-bis(9-isocyanatononyl)-1-

pentylcyclohexane, isosorbide (ISO), and 1,4-butanediol (BDO). TPUs with 

five different hard segment contents were obtained, ranging from 0 to 20 

wt% based on the ISO content. The study showed that it is possible to replace 

fossil raw materials with biomass materials. The obtained materials are 

promising due to their properties, which can be tailored by the appropriate 

concentration and nature of the hard segments [51]. 

 

More et al. proposed the conversion of fatty acid derivatives into 

diisocyanates using a phosgene-free and environmentally friendly method. 

They used castor oil derivatives to synthesize two diisocyanates via a 

diacylhydrazide intermediate in high yield and purity. The obtained 

isocyanates were then reacted with commercially available fatty acid-based 

diols to obtain bio-based polyurethanes. The materials obtained showed 

semi-crystalline to amorphous behavior and good thermal stability [95]. 

 

Although fully bio-based polyurethanes offer a promising alternative to 

traditional fossil-based materials, their development still faces many 

challenges. Further improvements in synthesis processes and the search for 

suitable raw materials for the production of bio-based PUs with similar 

properties to conventional PUs remain crucial. It is also necessary to make 

the production of bio-polyurethanes more cost-effective and accessible to 

meet the growing market demand. 

 
1.4. Summary 

 

Bio-based polyurethanes offer a promising solution to global challenges by 

reducing dependence on fossil resources and minimizing environmental 

impact. Their synthesis relies on bio-based monomers, in particular 
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renewable polyols and isocyanates. While significant progress has been made 

in the development and application of bio-based polyols, the field of naturally 

derived isocyanates remains under-explored and represents a critical area 

for future research. 

 

The incorporation of bio-based monomers into polyurethane synthesis holds 

great promise for the creation of functional materials, including 

biodegradable foams, elastomers, and protective coatings. Furthermore, 

advancements in bio-based polyurethanes play a key role in reducing 

greenhouse gas emissions throughout the material life cycle, while promoting 

economic and environmental sustainability. 

 

Isocyanates are fundamental reactants in the synthesis of polyurethanes, but 

their conventional production is based on the reaction of amines with toxic 

phosgene or its derivatives. This process raises serious environmental and 

safety concerns, such as the management of reaction by-products. Although 

compounds such as diphosgene or triphosgene (BTC) are considered safer 

alternatives, their use remains controversial due to associated risks [96, 97]. 

Although diphosgene is a liquid, its toxicity is comparable to that of phosgene. 

Diphosgene was originally used as a chemical weapon during the First World 

War. BTC is a solid at room temperature, but its vapour pressure is 

sufficiently high to generate toxic concentrations. Additionally, effective 

monitoring of these substances remains challenging. Consequently, handling 

diphosgene or triphosgene may be even more complex than using phosgene 

alone.  

 

The development of alternative methods of isocyanate production that 

bypass the use of phosgene has emerged as a critical priority in future 

materials. This was the primary reason I explored the chemical modification 

of a multifunctional isocyanate and sought to synthesize bio-based 

isocyanates as monomers for developing innovative bio-based polyurethane 

materials. 
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Isocyanates of natural origin are an innovative group of compounds that can 

be derived from raw materials such as vegetable oils or fatty acids. For 

example, fatty acids or their derivatives can be converted into isocyanates 

by Curtius rearrangement. However, such bio-based monomers still face 

technological barriers: low reactivity, variable purity and limited availability 

on an industrial scale. 

 

The polyurethane industry faces numerous challenges, including not only the 

development of alternative bio-based monomers, but also improving their 

economic and environmental performance. The industrial synthesis of bio-

based monomers requires adapting the apparatus to specific reaction 

conditions and ensuring precise temperature control. The use of azides also 

presents challenges, as they are highly reactive and demand strict safety 

measures. Scalability and process optimization are crucial for the large-scale 

implementation of these technologies. 

 

The adoption of sustainable monomer synthesis technologies has the 

potential to significantly decrease the environmental impact of polyurethane 

production while unlocking novel application possibilities for these materials. 

Progress in this field is essential for developing innovative materials with a 

minimized environmental footprint and addressing the growing global 

demand for sustainability. However, a number of technological and safety 

challenges need to be overcome before they can be synthesized on an 

industrial scale, particularly with regard to scaling up the process, controlling 

reaction conditions and optimizing production costs. 
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AIM AND SCOPE OF THE RESEARCH 
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2. Aim and scope of the research work 

2.1. Aim of research 

The aim of this dissertation was to develop and investigate methods for the 

synthesis of polyurethane materials with an increased content of naturally 

derived raw materials. This approach is in line with the current efforts of the 

chemical industry to reduce the use of fossil fuels and limit carbon dioxide 

emissions. Special attention was given to isocyanates, a key component in 

polyurethane synthesis, whose innovative modifications and alternative 

preparation methods are of great interest to both science and industry. In 

particular, it focused on: 

• Synthesis and modification of bio-based isocyanates as key 

components in the synthesis of polyurethanes. 

• Evaluation of the impact of the renewable raw materials used 

on the chemical, mechanical and thermal properties of the 

polyurethanes obtained. 

2.2. Scope of research 

Polyurethane due to their mechanical, insulating, and chemical properties, 

are used in various sectors such as construction (e.g. insulating foams), 

automotive (e.g. flexible structural components), and medicine (e.g. 

biomedical materials). Isocyanates, due to their high reactivity, play a key 

role in the chemical industry, especially in the synthesis of polyurethanes. In 

the context of the increasing demand for sustainable raw materials and the 

reduction of the environmental impact of chemicals, the development of new 

environmentally friendly approaches for the synthesis of isocyanates and 

polyurethanes is important.   

The following research objectives were accomplished in this study:   

1. Synthesis of urethane prepolymers 
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Urethane prepolymers have been obtained by using a commercially available 

bio-based diisocyanate in which 32% of the carbon is derived from biomass. 

These prepolymers provided intermediates for the further synthesis of 

polyurethanes. The results of these studies are described in the publication 

Eco-friendly ether and ester-urethane prepolymer: Structure, processing and 

properties. 

2. Triisocyanate modification 

A modification of a commercial PDI-trimer in which 70% of the carbon was 

derived from biomass was carried out. The aim of this research was to 

increase the content of renewable feedstock in polyurethane materials while 

maintaining their thermal properties, with ongoing efforts to optimize their 

mechanical performance. These studies are presented in the publication A 

green route for high-performance bio-based polyurethanes synthesized from 

modified bio-based isocyanates. This work was the basis for patent 

application number P.446662, which discloses the modification of a 

trifunctional isocyanate to produce a cast polyurethane with increased green 

carbon content. 

3. Phosgene-free isocyanate synthesis 

A method for the phosgene-free synthesis of isocyanates using dicarboxylic 

acids was developed. This alternative approach makes the process safer by 

eliminating toxic phosgene and reduces the environmental impact by using 

bio-based substrates. Curtius rearrangement was used to obtain 1,4-

diisocyanatobutane (BDI) and bio-based 1,8-diisocyanatooctane (ODI). 

Details of the synthesis are presented below, as a publication about these 

materials has not yet been published (submitted to a journal). 

a. Synthesis of 1,4-diisocyanatobutane (BDI) 

Adipic acid (20 mmol, 2.92 g) was dissolved in dry THF 50 ml under argon 

atmosphere and diphenyl phosphorazidate (DPPA) (44 mmol, 12.1 g). 
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Resulted solution was cooled to 0°C and triethyl amine (44 mmol, 6.11 ml) 

was added. Reaction mixture was stirred and cooled for 1 h, and additional 

1h at room temperature. Solvent was removed under reduced pressure using 

water bath temperature <40°C. Residue was dissolved in ethyl ether (100ml) 

and washed with water (3 x 25ml) and brine (1 x 40ml). Solution was dried 

with magnesium sulfate and filtered. Volatile solvents was removed under 

reduced pressure and the residue was dissolved in dry toluene (30 ml). 

Resulted solution of hexanodioyl azide was decomposed at oil bath (100°C) 

through 1h. Toluene was removed under reduced pressure.  

 

Scheme 2.1. Conversion of adipic acid to acyl azide and then acyl azide to 

1,4-diisocyanatobutane via Curtius rearrangement. 

NMR data: 1H NMR (CDCl3): δ 3.39 (t, 4 H, 3JHH = 6 Hz, CH2); 1.72 (quintet, 

4 H, 3JHH = 3 Hz, CH2);  
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On the basis of 1H NMR, the main product is contaminated with 17.5% DPPA 

although the purity was high enough for further procedures. 

b. Synthesis of 1,8-diisocyanatooctane (ODI) 

Sebacic acid (99% purity) (78 mmol, 15.93 g) was dissolved in dry THF 

100ml under argon atmosphere. Resulted solution was cooled to 0°C and 

triethyl amine (162 mmol, 22.5 ml) was added followed by slow addition of 

DPPA (30’) (156.2, mmol 44.32 g). Reaction mixture was stirred and cooled 

for 1 h, and additional 1h at room temperature. Solvent was removed under 

reduced pressure using water bath temperature <40°C. Residue was 

dissolved in ethyl ether (100ml) and washed with water (3 x 40ml) and brine 

(1 x 40ml). Solution was dried with magnesium sulfate and filtered. Resulted 

solution of decanedioyl azide was slowly decomposed at oil bath (40°C) 

through 12h. Volatile solvents was removed under reduced pressure, the 

diisocyanate was purified by vacuum distillation.  
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Scheme 2.2. Conversion of sebacic acid to acyl azide and then acyl azide to 

1,8-diisocyanatooctane via Curtius rearrangement. 

NMR data: 1H NMR (C6D6): δ 2.46 (t, 4 H, 3JHH = 6.5 Hz, NCH2); 0.91 

(quintet, 4 H, 3JHH = 6.5 Hz, CH2); 0.80-0.70 (bm, 8 H, overlapped, CH2);   

 

On the basis of 1H NMR, main product is contaminated with 13% DPPA 

although the purity was high enough for further procedures. 
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4. Synthesis of bio-based polyurethanes 

Based on the prepolymers and isocyanates obtained, bio-based 

polyurethanes were synthesized with green carbon contents ranging from 

44% to 100%. The obtained materials were tested for their mechanical 

properties, thermal properties, and chemical resistance to evaluate their 

application potential in different industries. Part of the work has been 

described in the papers The influence of bio-based monomers on the 

structure and thermal properties of polyurethanes and A green route for high-

performance bio-based polyurethanes synthesized from modified bio-based 

isocyanates. Additionally, the desmodur-based materials are the subject of a 

patent application P.446662. 

Polyurethanes obtained from BDI and ODI were prepared using a one-step 

process. The polyol was premixed with a chain extender and then the catalyst 

and isocyanate were added. The whole mixture was stirred for 60 seconds, 

degassed under vacuum for 30 seconds and then poured onto a hotplate at 

60oC. After cross-linking, the samples were placed in an oven at 80oC for 24 

hours. The impact of diisocyanate chain length on the polyurethane materials 

properties was studied based on spectroscopic and thermal measurements. 

Both types of bio-based polyurethanes demonstrated good phase separation. 

Notably, the degree of phase separation was higher in ODI-based 

polyurethanes, indicating a greater formation of hydrogen bonds within the 

urethane groups and an increased association of hard segments in ordered 

structures. Thermogravimetric analysis revealed a similar thermal 

degradation pathway for both polyurethanes, characteristic for segmented 

polyurethanes. However, ODI-based polyurethanes exhibited greater thermal 

stability, likely due to the higher molecular weight of their hard segments. 

Differential scanning calorimetry (DSC) results indicated the semicrystalline 

structure of the synthesized materials.  

The research focuses on exploring the possibility of increasing the proportion 

of renewable raw materials in the synthesis of polyurethane materials and 
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developing more environmentally friendly methods. The developed materials 

are in line with the current trend of green chemistry and enrich the existing 

knowledge of bio-PU. Research in this area is a contribution to the 

development of sustainable technologies that can have applications in a wide 

range of industries. 
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3. Scientific outputs 

 
 

 Article title Authors Journal 

1 

Challenges and recent 

advances in bio-based 

isocyanate production 

Joanna 

Niesiobędzka 

Janusz Datta 

GREEN CHEMISTRY 

IF = 9,8 

MNiSW points = 200 

2 

Eco-Friendly Ether and 

Ester-Urethane 

Prepolymer: Structure, 

Processing and Properties. 

Joanna 

Niesiobędzka 

Ewa Głowińska 

Janusz Datta 

INTERNATIONAL 

JOURNAL OF 

MOLECULAR 

SCIENCES 

IF = 6,2 

MNiSW points = 140 

3 

A green route for high-

performance bio-based 

polyurethanes synthesized 

from modified bio-based 

isocyanates. 

Joanna Brzoska 

Joanna 

Smorawska 

Ewa Głowińska 

Janusz Datta 

INDUSTRIAL CROPS 

AND PRODUCTS 

IF = 5,6 

MNiSW points = 200 

4 

The influence of bio-based 

monomers on the structure 

and thermal properties of 

polyurethanes 

Joanna Brzoska 

Janusz Datta 

Rafał Konefał 

Vaclav Pokorny 

Hynek Beneš 

SCIENTIFIC 

REPORTS 

IF = 3,8 

MNiSW POINTS = 

140 
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3.1. Niesiobędzka, J., & Datta, J. (2023). Challenges and recent 

advances in bio-based isocyanate production. GREEN 
CHEMISTRY, 25, 2482-2504.  

Article title Challenges and recent advances in bio-based 
isocyanate production 

Author's 
contribution 

My contribution was to conduct a comprehensive 
literature review on safer and cleaner isocyanate 
production methods. I was responsible for preparing 
the entire manuscript and am the author of all the 
tables and graphs in the publication. 

Percentage 
contribution 

Joanna Niesiobędzka                             70%                              
Janusz Datta                                            30%                                
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3.2. Niesiobędzka, J., Głowińska, E., & Datta, J. (2021). Eco-

Friendly Ether and Ester-Urethane Prepolymer: Structure, 
Processing and Properties. INTERNATIONAL JOURNAL OF 
MOLECULAR SCIENCES, 22, 12207.  

Article title Eco-Friendly Ether and Ester-Urethane Prepolymer: 
Structure, Processing and Properties 

Author's 
contribution 

I was responsible for preparing part of the manuscript. I 
co-led the syntheses of the materials and was partially 
responsible for their analysis. Additionally, I prepared the 
graphs and wrote the description of some of the research 
results (NMR, rheology). 

Percentage 
contribution 

Joanna Niesiobędzka                                           50%                                       
Ewa Głowińska                                                      35%                                                       
Janusz Datta                                                         15%                                                         
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(2024). The influence of bio-based monomers on the 
structure and thermal properties of polyurethanes. 
SCIENTIFIC REPORTS, 14, 29042.  

Article title The influence of bio-based monomers on the structure and 
thermal properties of polyurethanes. 

Author's 
contribution 

I was responsible for preparing a significant portion of the 
manuscript and conducting the synthesis of the materials 
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analysis and interpretation of FTIR, DSC, TGA, and TG-
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SUMMARY 

 
Polyurethanes are versatile polymers with widespread applications in various 

industries, including automotive, construction and medical industries. 

Traditional methods of polyurethane synthesis typically rely on petroleum-

based isocyanates such as toluene diisocyanate (TDI) and methylene 

diphenyl diisocyanate (MDI). However, the environmental impact of these 

fossil-based materials and the toxicity of their synthesis intermediates, 

particularly phosgene, have raised significant concerns. 

 

A promising alternative to traditional compounds is the use of bio-based 

equivalents. Bio-based isocyanates are derived from renewable resources 

such as plant oils, carbohydrates or lignocellulosic biomass. These sources 

provide a more environmentally friendly alternative while maintaining the 

desirable properties of traditional polyurethanes, such as flexibility, durability 

and abrasion resistance. In addition, the use of bio-based isocyanates 

reduces the carbon footprint of the production process, which is in line with 

the principles of green chemistry. An important process in the synthesis of 

bio-based isocyanates is the Curtius rearrangement. In this reaction, acyl 

azides are converted to isocyanates bypassing the need for phosgene. The 

Curtius rearrangement is particularly advantageous due to its relative 

simplicity and the potential to use bio-based starting materials. However, this 

synthesis has some drawbacks, namely the use of explosive azides, which 

makes obtaining larger quantities challenging. 

 
Due to the extensive literature available on the synthesis of bio-based polyols 

and polyurethanes derived from them, this thesis focuses on bio-based 

isocyanates and their application in polyurethane synthesis, since this 

area still requires further development. Therefore, in this study, various bio-

based polyurethanes were synthesized using two commercially 

available bio-based isocyanates and two isocyanates synthesized 

specifically for this work by the Curtius rearrangement.  
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A comprehensive approach to the application of bio-based isocyanates 

represents an undeniable novelty and challenge in this study. The thesis 

consisted of the following steps: 

 

1. Synthesis of urethane prepolymers using the bio-based isocyanate 

Tolonate X FLO 100 and two different bio-based polyols (Priplast 3294 

and Velvetol H2000).   

2. Synthesis of polyurethanes from the prepolymers obtained in step 1 

and a bio-based chain extender (Zemea PDO).   

3. Characterization and study of the properties of the prepolymers and 

polyurethanes obtained in steps 1 and 2. 

4. Modification of the commercial bio-based isocyanate Desmodur eco N 

7300 to transform it into a difunctional isocyanate with increased 

green carbon content.   

5. Use of the modified isocyanate from step 4 in the synthesis of 

polyurethanes with different polyols (both bio-based and 

petrochemical).   

6. Investigation of the properties of the polyurethanes obtained in step 

5.   

7. Synthesis of BDI and bio-based ODI isocyanates via Curtius 

rearrangement using diphenylphosphoryl azide as a safer alternative 

to sodium azide.   

8. Synthesis and characterization of polyurethanes based on BDI and 

ODI, together with bio-based polyols and a bio-based chain extender. 

 

Various methods were used to characterize the obtained products. Fourier 

Transform Infrared Spectroscopy (FTIR) and Nuclear Magnetic 

Resonance (NMR) were employed to determine the structure of the 

monomers and products. Differential Scanning Calorimetry (DSC), 

Thermogravimetric Analysis (TGA) and Dynamic Mechanical Thermal 

Analysis (DMTA) were used to investigate their thermal and 
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thermomechanical properties. Rheological measurements provided 

information about the viscosity and behavior of the products and monomers. 

The crystalline structure of the products was determined using Small and 

Wide-Angle X-ray Scattering (SWAXS) or X-ray Diffraction (XRD) 

techniques. 

 

As part of the thesis, materials characterized by green carbon contents 

ranging from 44 to 100% were obtained. The dissertation presented three 

different approaches to the use of bio-based isocyanates:  

a. Use of the bio-isocyanate as supplied by the manufacturer (Tolonate 

X FLO 100);  

b. Modification of the isocyanate by changing the isocyanate 

functionality and increasing the green carbon content of the final 

product (Desmodur Eco N7300);  

c. Synthesis of an isocyanate by Curtius rearrangement (BDI and ODI). 

 

All of the above isocyanates were successfully used in the synthesis of bio-

based polyurethanes. The materials obtained had an increased green carbon 

content, making them an interesting alternative to commercially used 

polyurethanes, in line with the principles of sustainability. In addition, an 

isocyanate with 100% green carbon content was obtained by phosgene-free 

synthesis using the Curtius rearrangement. 

 

All the polyaddition reactions carried out gave fully reacted polyurethanes, 

as confirmed by structural studies. The materials obtained were characterized 

by good thermal stability in the range of 237 oC to 299 oC. This stability is 

sufficient for most typical applications of polyurethane materials. However, 

their mechanical properties, such as tensile strength, were not competitive 

with their petrochemical counterparts. All the materials obtained showed 

similar degradation curves, mostly two or three step degradation, depending 

on the substrates used. The degradation curves observed were typical for 

polyurethanes. Depending on the substrate used, the polyurethanes were 
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characterized by an amorphous or semi-crystalline structure. The amorphous 

structure was exhibited by samples based on a modified trifunctional 

isocyanate and on Tolonate X FLO 100. The rest of the samples were 

characterized by a semi-crystalline structure. All the obtained bio-based 

materials were totally or partially transparent.  

 

The developed methods for the synthesis of bio-based polyurethanes provide 

a solid basis for future research into bio-based isocyanates. Although 

isocyanates have been known as raw materials for many years, good 

alternatives to their petrochemical counterparts remain unexplored. The 

results presented in this thesis provide a comprehensive literature 

review of bio-based isocyanates, supplemented by newly obtained 

materials.  

 

The research represents a significant contribution to polyurethane chemistry 

and fills a gap in the use of bio-based isocyanates. It provides incontrovertible 

evidence that it is possible to obtain an isocyanate with 100% green carbon 

content using a phosgene-free method. This approach is innovative and in 

line with sustainability requirements. 

 

However, the polyurethane industry still faces many challenges, such as 

improving the mechanical properties of bio-based polyurethanes. 

Nevertheless, it is important to note that as consumer awareness grows and 

the world evolves, the industry is also moving toward green alternatives to 

traditional polymer materials. Development in this direction is undeniably 

important and necessary. This thesis, based on 4 papers published in JCR-

listed journals, will be an important contribution to the further development 

of the field. 
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Termoplastyczne elastomery poli(estro-uretanowe) otrzymywane z 

udziałem bio-glikolu poddane dwukrotnemu przetwórstwu. 

ELASTOMERY, 161-171.  
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Patent: 

1. Janusz Datta, Paulina Parcheta, Izabela Zagożdżon, Joanna 

Niesiobędzka, „Sposób otrzymywania lanych poliuretanów o obniżonej 

palności”, Pat.245940. 

Patent applications: 

1. Paulina Parcheta-Szwindowska, Janusz Datta, Joanna Niesiobędzka, 

„Bio-poli(estro-etero)uretany i sposób ich otrzymywania”, application 

number: P.443832. 

2. Joanna Niesiobędzka, Janusz Datta, Ewa Głowińska, Paulina Parcheta-

Szwindowska, „Lany poliuretan o zwiększonej zawartości węgla 

pochodzenia biologicznego i sposób jego otrzymywania”, application 

number: P.446662. 

Research internships: 

1. Research traineeship organized by Netzsch (20.02 - 22.03.2023). 

2. Research internship at the Institute of Macromolecular Chemistry 

Czech Academy of Sciences in Prague (1.09.2022-30.09.2022). 

Participation in research projects: 

 

1. WEAVE-UNISONO, project entitled “Sustainable polyurethanes "from 

the cradle to the grave" using enzymes” No. DEC -

2023/05/Y/ST8/00076. 

Awards: 

1. 1st place in the competition for the best poster at the "Przemysł 

Chemiczny" Conference organized by SITPChem in Warsaw. 

2. Gold medal at The INTARG International Trade and Economic 

Innovation Fair 2022 for invention: „Sposób otrzymywania lanych 
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poliuretanów o obniżonej palności”, authors: Janusz Datta, Paulina 

Parcheta-Szwindowska, Izabela Zagożdżon, Joanna Niesiobędzka, 

Patent application in the Polish Patent Office (PPO) with the number 

P.434425. 

3. Special award from the World Invention Intellectual Property 

Associations for the invention: „Sposób otrzymywania lanych 

poliuretanów o obniżonej palności”, authors: Janusz Datta, Paulina 

Parcheta-Szwindowska, Izabela Zagożdżon, Joanna Niesiobędzka, 

PATENT application at the Polish Patent Office (PPO) with patent 

number P.434425.). 

 

Scholarships: 

1. Minigrant Faculty of Chemistry (2021, 2022, 2023, 2024), Gdansk 

University of Technology. 

2. 10.2023 – 09.2024 - Francium Supporting Outstanding Doctoral 

Candidates – scholarship of the IDUB program. 

3. 10.2022 – 09.2023 - Francium Supporting Outstanding Doctoral 

Candidates – scholarship of the IDUB program. 

 

Oral presentations at national and international conferences: 

 

1.  Brzoska, J., Głowińska, E., Parcheta-Szwindowska, P. & Datta, J., 

Prepolimery uretanowe otrzymywane z zastosowaniem bio-

substratów – synteza i charakterystyka (Bio-based urethane 

prepolymers - Synthesis and characterisation), X Kongres Technologii 

Chemicznej, Politechnika Wrocławska, Wroclaw, Poland, 11-14 May 

2022. 

2.  Brzoska, J. & Datta, J., Effect of different bio-based raw materials 

on processing and thermal properties of urethane prepolymers, XI 

International Scientific-Technical Conference „Advance in Petroleum 

and Gas Industry and Petrochemistry", The Department of Chemical 

Technology of Oil and Gas Processing, Lviv Polytechnic National 
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University, Lviv, Ukraine, 16 - 20 May 2022. 

 

Poster presentations at national and international conferences - 

presenting author: 

 

1. Brzoska, J., Smorawska, J., Parcheta-Szwindowska, P., Głowińska, 

E. & Datta, J., Bio-based polyisocyanate modification towards 

monomers for polyurethanes, 15th Conference on Thermal Analysis 

and Calorimetry, PTKAT and Gdansk University of Technology, 

Zakopane, Poland, 8 – 12 September 2024. 

2.  Brzoska, J., Głowińska, E. & Datta, J., Synteza oraz właściwości 

poliuretanów otrzymywanych z wykorzystaniem biopochodnego 

modyfikatora (Synthesis and properties of polyurethanes prepared 

using a bio-based modifier), Przemysł Chemiczny, SITPChem, 

Warsaw, 5 – 7 December 2023. 

3. Brzoska, J., Głowińska, E., Parcheta-Szwindowska, P. & Datta, J., 

Influence of bio-based isocyanates on the structure and properties of 

polyurethanes, 8th International Seminar on Modern Polymeric 

Materials for Environmental Applications, Cracow University of 

Technology, Kraków, Poland, 17 – 19 May 2023. 

4. Brzoska, J., Głowińska, E., Parcheta-Szwindowska, P. & Datta, J., 

Synthesis and characteristics of polyurethane foams obtained from 

bio-based monomers, The Silesian Meetings on Polymer Materials 

POLYMAT 2022, CMPW PAN, Zabrze, Poland, 17 March 2022. 

5. Głowińska, E., Brzoska, J., Machniak, M. & Datta, J., Charakterystyka 

alifatycznych bio-poliuretanów otrzymywanych z wykorzystywaniem 

modyfikowanego epoksydowanego oleju sojowego (Characterization 

of aliphatic bio-polyurethanes obtained using modified epoxidized 

soybean oil), X Kongres Technologii Chemicznej, Politechnika 

Wrocławska, Wroclaw, Poland, 11-14 May 2022. 

6. Brzoska, J., Głowińska, E., Parcheta-Szwindowska, P. & Datta, J., 



 

 
165 Joanna Brzoska, M. Sc. 

 

Pianki poliuretanowe otrzymywane z bio-prepolimerów etero-

uretanowych – struktura i właściwości (Polyurethane foams obtained 

from bio-prepolymers of ether-urethane - structure and properties), 

63. Zjazd Naukowy Polskiego Towarzystwa Chemicznego, Polskie 

Towarzystwo Chemiczne, Lodz, Poland, 13 – 17 September 2021. 

 

Poster presentations at national and international conferences - co-

author: 

1. Habaj, J., Parcheta-Szwindowska, P. Brzoska, J. & Datta J., Synthesis 

and characterization of poly(ester-ether urethane)s obtained with the 

use of natural origin monomers, XII International Scientific-Technical 

Conference “Advance in Petroleum and Gas Industry and 

Petrochemistry, The Department of Chemical Technology of Oil and 

Gas Processing, Lviv Polytechnic National University, Lviv, Ukraine, 20 

- 24 May 2024. 

2. Kopczyńska, K., Kordyzon, M., Brzoska, J., Parcheta-Szwindowska, 

P. & Datta J., Transparentne elastomery poliuretanowe - wpływ 

struktury chemicznej na charakterystykę termiczną materiałów 

(Transparent polyurethane elastomers - Influence of chemical 

structure on the thermal properties of materials), Zastosowanie 

Sprzężonych Metod Analizy Termicznej w Badaniach Materiałów, 

NETZSH, Gdansk, Poland, 15 – 16 February 2023. 

3. Kopczyńska, K., Parcheta-Szwindowska, P., Kordyzon, M., Brzoska, 

J. & Datta, J., Bio-based polyester polyols for green polyurethane 

materials, The Silesian Meetings on Polymer Materials POLYMAT 2022, 

CMPW PAN, Zabrze, Poland, 17 March 2022. 

4. Głowińska, E., Machniak, M., Parcheta-Szwindowska, P., Włoch, M., 

Brzoska, J. & Datta, J., Bio-polyurethanes obtained with the use of 

modified epoxidized soybean oil – synthesis and selected properties, 

XI International Scientific-Technical Conference „Advance in 

Petroleum and Gas Industry and Petrochemistry", The Department of 
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Chemical Technology of Oil and Gas Processing, Lviv Polytechnic 

National University, Lviv, Ukraine, 16 - 20 May 2022. 

5. Włoch, M., Datta, J., Głowińska, E. & Brzoska, J., Glikolizat pianki 

poliuretanowej jako modyfikator właściwości mieszanek i 

wulkanizatów na bazie kauczuku naturalnego (Polyurethane foam 

glycolysate as a modifier of the properties of mixtures and 

vulcanizates based on natural rubber), X Kongres Technologii 

Chemicznej, Politechnika Wrocławska, Wroclaw, Poland, 11-14 May 

2022.  

6. Czapiewski, M., Parcheta-Szwindowska, P., Brzoska, J., Głowińska, 

E. & Datta, J., Bio-poliole poliestrowe otrzymywane z zastosowaniem 

mieszaniny bio-kwasów dikarboksylowych – synteza i charakterystyka 

(Polyester bio-polyols obtained with a mixture of bio-dicarboxylic 

acids - synthesis and characterization), 63. Zjazd Naukowy Polskiego 

Towarzystwa Chemicznego, Polskie Towarzystwo Chemiczne, Lodz, 

Poland, 13 – 17 September 2021. 

7. Głowińska, E., Parcheta-Szwindowska, P., Brzoska, J. & Datta, J., 

Influence of the bio-based hard segments structure on the thermal, 

viscoelastic and mechanical properties of thermoplastic polyurethane 

elastomers; 17th International Congress on Thermal Analysis 

Calorimetry, Polish Society of Calorimetry and Thermal Analysis, 

Krakow, Poland, 29 August – 2 September 2021. 

8. Baranik, R., Kasprzyk, P., Koziński, P, Bagiński, F., Zagożdżon, I., 

Brzoska, J., Parcheta-Szwindowska, P., Rohde, K., Głowińska, E., 

Włoch, M. & Datta, J., Effect of different flame retardants on the 

thermal resistance and selective properties of the polyurethane 

elastomers; X International Scientific-Technical Conference „Advance 

in Petroleum and Gas Industry and Petrochemistry", The Department 

of Chemical Technology of Oil and Gas Processing, Lviv Polytechnic 

National University, Ukraine, 18 - 23 May 2020. 
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Scientific research cooperation: 

1. Institute of Macromolecular Chemistry, Polymer Materials and 

Technologies, Czech Academy of Sciences, Prague, Czech Republic 

2. Department of Inorganic Chemistry at Gdansk University of 

Technology, Gdansk, Poland 

3. Department of Organic Chemistry at Gdansk University of Technology, 

Gdansk, Poland 

Activities to promote science: 

1. Co-organizer of science and technology shows as part of the Baltic 

Science Festival in 2021–2024. 

2. Participation in the organization of the 15th Conference on Thermal 

Analysis and Calorimetry (2024) in Zakopane. 

3. Participation in the organization of the conference „Zastosowanie 

sprzężonych metod analizy termicznej w badaniach materiałów” 

(2023) in Gdansk. 

4. Member of the scientific club "TechPol”. 

5. Participation in Gdansk Tech open days and during high school visits 

at the department. 

6. Representative of GUT at the scientific stand as part of the 'Zdolni z 

Pomorza' project. 

7. Member of the Doctoral Students' Self-government for the 2020/2021 

term. 

 


