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Abstract 

Currently, the plastics industry including polyurethanes is based on the use of petrochemicals. 

For this reason, scientists are looking for new types of renewable resources for the substitution of 

petrochemical substances. This work aims to evaluate the effect of polyethylene glycols (PEG) with 

different molecular mass impact on properties of bio-based polyols synthesized via biomass 

liquefaction of cellulose. To date, research has mostly focused on the use of different biomass sources, 

but the area of bio-polyols synthesis with PEG with various molecular weights has not been explored 

in depth. For this reason, polyols were synthesized using PEG with a molecular weight in the range of 

200–600 g/mol. Depending on the type of liquefaction solvent, the bio-polyols showed a hydroxyl 

value of 519–652 mgKOH/g, a viscosity of 0.736–1.415 Pa∙s, and a water content below 1%. 

Observed difference may be related to change of reactivity of the PEG chains caused by steric 

hindrance of longer chains and the difference in the amount of reactive OH groups. These findings add 

substantially to understanding of the influence of liquefaction solvent molecular mass on the 

properties of new bio-polyols and those of polyurethane materials. 
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1. Introduction

In recent decades, because of the increase in environmental awareness and noticeable

environmental degradation, the area of ecology in polyurethane (PU) manufacturing has attracted 

increasing attention 1,2. Currently, for the manufacturing of the PU materials, manufacturers are mainly 

using large amounts of petroleum-based resources, such as isocyanates, polyester/polyether polyols, 

chain extenders, and additives 3,4. The large-scale use of petroleum-based resources is leading to the 

depletion of fossil resources, environmental pollution, and accelerated global warming. For these 

reasons, scientists are looking for new methods to replace petroleum-based resources in the polyurethane 

industry 5. Among these methods, the most attention is given to the processing of natural substances into 

useful semi-products which can be used as substitute for petrochemical polyols. The most popular 

natural substances used in such processes is castor oil 6,7, soybean oil 8,9, rapeseed oil 10,11, mustard seed 

oil 12,13, cellulose 14,15, lignin 16,17 or wood and its derivatives 18–20.  

One of the commonly used processes for biomass transformation into polyols is the biomass 

liquefaction, which relies on cleavage of long biomass chains to low molecular valuable chemicals. This 

process can be divided to indirect liquefaction and solvent liquefaction 21. The indirect liquefaction 

begins with the transformation of biomass into syngas, which is used for the synthesis of full-value 

products. A more interesting process in terms of the polyurethane industry is solvent liquefaction, which 

directly transforms biomass into liquids in the presence of proper liquefaction solvent and catalyst 21,22. 

The process of solvent liquefaction is also known as solvothermal liquefaction, because it is mainly 

conducted at elevated temperatures from 120 to 250 °C in normal pressure. This process is based on the 
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solvolysis reaction between biomass and polyhydric alcohols (liquefaction solvents) that causes the 

decomposition of the biomass structure 5. The most important substances that are commonly used in this 

process include different purity glycerol and poly (ethylene glycol) (PEG) with different molecular 

mass23. The described reaction takes place with the use of a catalyst. The most common catalysts used 

in this process include strong acids, including sulfuric acid 24,25 and p-toluenesulfonic acid 26,27, strong 

bases, including sodium hydroxide 28,29, and ionic liquids. Due to the number of possible reactions 

between the reaction components, the resulting liquid product which may be called bio-polyol is a 

mixture of compounds rich in hydroxyl groups. The synthesized polyol is mainly composed of glycols, 

glycerol derivatives (e.g. condensed glycerols), ethers, carbohydrate derivatives, esters, acids, and water 
30. Based on the scientific literature, the potential pathway of conducted reaction and examples of 

reaction products are presented in Fig. 1 18,23,31. Excess of water in the polyol composition may be 

removed by drying at elevated temperature with reduced pressure 32. Moreover, in the literature, it is 

possible to find methods for separating bio-polyol into fractions due to the differences of solubility. 

These processes may allow for regeneration of used liquefaction solvents, and isolation of useful 

substances from solid residues such as cellulose nanofibers and nanocrystals 33.  

Depending on the parameters of the synthesis, the composition of the reaction mixture and the 

treatment undergone, the bio-polyols can find a wide range of applications. Additionally, the properties 

of the obtained bio-polyols allow their use during the reaction injection molding (RIM) and reactive 

extrusion which can be a very interesting process for bio-based materials manufacturing. On the other 

hand, these processes require a process understanding, control of the temperature, stress and residence 

time distributions along the extruder 34,35. Bio-polyols are most commonly used as substitutes for 

petrochemical polyols in the manufacturing of polyurethane foams. Usually, the amount of bio-polyol 

in such foam’s ranges from 10 to 30%, but it is possible to find research in which the authors prove that 

the addition of bio-polyol may be higher. Tran et al. 36 in their work provides a detailed description of 

the synthesis by liquefaction of macroalgae Saccharina japonica. The biomass liquefaction process was 

carried out in the mixture of crude glycerol and PEG300 and optimized by a change in catalyst loading, 

reaction time, and temperature. For the analysis of different reaction conditions author used response 

surface methodology and indicated that optimal reaction parameters are temperature of 160 °C, 4.25% 

catalyst loading, and time of 65 min. Synthesized polyol were used for the manufacturing of 

polyurethane foam. The PU formulation included 30% addition of bio-polyol. The impact of bio-polyol 

on polyurethane foam properties was investigated by thermogravimetric analysis, high-resolution 

scanning electron microscopy, and FTIR spectroscopy. The higher addition of bio-polyol during 

manufacturing of PU foams was proposed by Chang et al. 37. Authors synthesized foams with 100% 

content of bio-polyol from obtained by liquefaction of wheat straw in crude glycerol. In addition, the 

author used the addition of flame retardants to reduce the flammability of the manufactured materials. 

It should be emphasized that higher addition of bio-polyols may cause modification of foam structure 

and deterioration of mechanical properties and thermal conductivity of manufactured materials.  

Polyurethane foams manufacturing is not the only application of bio-polyols. These substances 

may be used during the preparation of polyurethane adhesives. Jiang et al. 3 offers a comprehensive 

review of the application of bio-polyol in wood adhesives. Juhaida et al. 38 in their research prepared 

bio-polyol by liquefaction of kenaf core and applied it in synthesis of polyurethane adhesive. Obtained 

adhesive was composed of synthesized bio-polyols: toluene-2,4-diisocyanate (TDI), 1,4-butanediol 

(BDO). As a catalyst of curing trimethylamine (TEA) was used. The authors tested glue bond integrity 

of the rubberwood laminates and assessed the quality of the bonding. It was observed that water present 

in bio-polyol caused generation of carbon dioxide (CO2) during adhesive curing what was the main 

reason of poor bonding strength of adhesive. 
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Figure 1. Possible reactions which may occur during the biomass liquefaction 
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Recent findings in development of materials with addition of bio-polyols have led to 

manufacturing of other types of polyurethane materials. These materials may include polyurethane 

resins 18, superhydrophobic polyurethanes 39, materials for energy harvesting 40,shape memory materials 

41, composites with addition of inorganic 42, and organic fillers 43,44. The most interesting of them may 

be polyurethane wood-composites, which may be alternative for commonly used polymer wood 

composites made of polyolefins. This approach was presented in our recent studies 45. In this paper, the 

authors demonstrated the preparation of bio-polyols by liquefaction of mixed wood wastes in three 

different liquefaction solvents. The temperature of the liquefaction process was 150 °C for 6 h. The 

obtained bio-polyols were characterized and used for the preparation of polyurethane materials. 

Manufactured materials were tested and the PU matrix with the best properties was used for the 

development of polyurethane wood composites (PU-WC). Composites with addition up to 70% of wood 

shavings were manufactured and tested.  

Taking into account the scientific articles, it can be concluded that polyol synthesized via 

solvothermal liquefaction can be successfully used as substitution of petrochemical polyols in 

polyurethane materials. As the polyols have crucial impact on the performance of PU materials, the 

impact of reaction mixture should be investigated. The available scientific literature offers a 

comprehensive overview of the impact of different substances on polyol properties. The approaches 

used have failed to provide detailed information on the influence of the molecular weight of 

polyethylene glycol (PEG) on the properties of the synthesized polyol. The chain length of polyethylene 

glycol may influence the course of the reactions during biomass liquefaction which affect chemical 

structure of obtained polyols, total amount of hydroxyl groups, viscosity and biomass conversion degree. 

These parameters influence the soft segments and modify its structure and properties. Furthermore, the 

structure of the soft segment affects the interactions with rigid and formation of hydrogen bonds, which 

may decide about the degree of microphase separation 46.  

As the properties of polyols have a huge impact on the properties of manufactured 

polyurethanes, this study aims to determine the influence of polyethylene glycols with different 

molecular mass on the course of biomass liquefaction process and bio-polyol properties. For this reason, 

biomass liquefaction of cellulose in the presence of glycerol and polyethylene glycols with different 

molecular mass (200 – 600 g/mol) were conducted. To control the course of the biomass liquefaction, a 

change of the hydroxyl value and biomass conversion was controlled. The obtained polyols were 

characterized by rheological studies and water content by Karl Fischer titration. To confirm the presence 

of significant functional groups, Fourier transform infrared spectroscopy (FTIR) was conducted. 

Moreover, the thermal stability of bio-polyols was determined by thermogravimetric analysis (TGA). 

Finally, the obtained bio-polyols were compared in terms of polyurethane materials manufacturing. 

2. Experimental 

2.1. Materials and characterization 

The characteristics of used materials and details about their suppliers are presented in the 

subsection SD1 in Supplementary Data File (SDF). Furthermore, the detailed description of applied 

research techniques is explained in Subsection SD2. Briefly, the course of biomass liquefaction and 

properties of the final product were characterized by the hydroxyl value, biomass conversion degree, 

water content by Karl Fischer titration, rheological studies, Fourier transform infrared spectroscopy 

(FTIR), thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC). All the listed 

research methods were performed in accordance with international standards (if applicable), and the test 

parameters and description of the apparatus were included in the Supplementary Data File.  

2.2. Two-step preparation of bio-based polyols 
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 The biomass liquefaction was carried out in the same way as in our previous studies 15,43. Two-

step cellulose liquefaction was conducted under atmospheric pressure in a three-neck reactor. The 

reactor was placed inside the heating mantle and equipped with a thermometer, condenser, and 

mechanical stirrer. The liquefaction solvent (50/50% weight mixture of glycerol and polyethylene 

glycols with different molar masses – PEG 200/PEG400/PEG600) was poured into the reactor. As a 

catalyst, 3% by weight sulfuric acid (95% purity) was added. The mass ratio of cellulose to the 

liquefaction solvent was 1:10. The first step of the reaction was carried out at 150 °C for 6 hours. The 

mixture was stirred at 150 rpm. To determine the properties of bio-polyols, the samples of the polyol 

were collected every hour. During the second step, the mixture was neutralized with potassium 

hydroxide and dried under reduced pressure for 2 hours. The final product was poured into an airtight 

container and placed in a dark and cold place. The schematic representation of the process is shown in 

Fig. 2.  

 

Figure 2. Schematic representation of the two-step preparation of bio-based polyols 

3. Results and discussion  

3.1. Physical properties 

 To investigate the course of the biomass liquefaction the hydroxyl value and biomass 

conversion were examined before heating and adding catalyst and every hour during the 

reaction (it was considered that reaction starts (t0) when reaction mixture reaches 150 °C). The 

results of these tests are presented in Figs. 3. a) and b). The hydroxyl values of reagent mixtures 

and the final properties of polyols after neutralization and drying are presented in Table 1. As 

can be seen at Fig. 3a. the most significant change of hydroxyl value at first 3 hours of reaction 

can be notice for sample P_200 and P_400. This may be due to the higher amount of hydroxyl 

groups in the mixture which can undergo a reaction. For sample P_600, the presence of glycols 

with higher molecular masses causes higher viscosity of the system and causes possible steric 

hindrances. For these reasons, the reaction of biomass liquefaction may be slower. Moreover, 

the water content of the polyol has a significant impact on the hydroxyl value. During the 

process, water particles are the main by-product of the reaction. These particles affect the actual 

hydroxyl value, what may be particularly important for samples with a higher content of 

hydroxyl groups in the mixture of solvents. In addition, a temporary increase in the hydroxyl 

value during the reaction may be caused by the higher water content. This is especially 
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noticeable for longer reaction times when the viscosity of the mixture is higher and collecting 

of the by-product is more difficult. The hydroxyl value of synthesized polyols after 

neutralization and drying suggests the possible application of polyols in the production of rigid 

polyurethane foams and was 652 ± 26; 519 ± 20; 589 ± 19 mg KOH/g, for P_200, P_400 and 

P_600, respectively. The hydroxyl value of bio-polyols does not decrease in a monotonic 

manner, due to the abovementioned effects of reduced reactivity of samples with higher 

viscosity and higher water content. 

 Analyzing the degree of biomass conversion, it can be noticed that all liquefaction 

solvent mixtures provided over 90% biomass conversion at the end of reaction. The highest 

biomass conversion was noted for sample P_200 (BC = 94.3 ± 1.6 %). It may be due to a more 

intensive process of biomass transformation due to the reaction with shorter PEG chains. On 

the other hand, the sample coded P_600 (BC = 90.9 ± 1.1 %) sample is characterized by the 

lowest biomass conversion, which may be caused by the more intense formation of particles 

with a higher molecular weight or repolymerization of decomposition products into xylosides 

and glucosides 47. 

 
Figure 3. Hydroxyl value (a) degree of biomass conversion (b) of bio-polyols 

Table 1. The hydroxyl value before heating and the final properties of the obtained polyols after 

neutralization and drying 

Sample Hydroxyl value 

before heating 

[mg KOH/g] 

Hydroxyl value 

after neutralization  

[mg KOH/g] 

Biomass 

conversion 

[%] 

Viscosity  

[Pa∙s] 

Water 

content 

[%] 30 °C 50 °C 

P_200 926 ± 31 652 ± 26 94.3 ± 1.6 0.736 0.187 0.82 ± 0.11 

P_400 781 ± 18 519 ± 20 91.4 ± 0.8 0.790 0.195 0.67 ± 0.04 

P_600 751 ± 23 589 ± 19 90.9 ± 1.1 1.415 0.359 0.64 ± 0.09 

3.2. Rheological properties 

As the viscosity is a crucial parameter for the further application of biopolyols in the 

manufacturing of polyurethane materials, the rheological properties were tested at two 

temperatures T1 = 30 °C and T2 = 50 °C. The results of this study are shown in Fig. 4. and  

Fig. 5. The analysis using the study results of the Herschel-Bulkley model is presented  

in Table 2.  
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Figure 4. The flow curves in different temperatures of synthesized polyols 

Analyzing course of flow and viscosity curves for all polyols it can be noticed that the 

shear stress and viscosity decrease with increasing temperature of measurement. This effect 

may be due to the supply of energy to the system, which increased macromolecules mobility 

and changed the intermolecular spacing 48. The maximal value of shear stress was observed for 

polyol samples at T1 = 30 °C. The shear stress and viscosity at T1 is the highest for polyol P_600 

(τ = 272 Pa), what may be caused by higher viscosity of used PEG 600. Moreover, it can be 

observed that the shear stress and viscosity of P_200 (τ = 149 Pa) and P_400 (τ = 142 Pa) polyol 

are comparable. This effect may be caused by higher degree of reaction of the components with 

shorter chains of PEG and reduced viscosity of such compounds. At T2= 50 °C the shear stress 

of all polyols was reduced significantly to 53, 28, 25 Pa for P_600, P_400 and P_200 

respectively. The same effect was observed for viscosity of synthesized polyols, which 

decreased for all samples from 1,415; 0,790; 0,736 Pa∙s to 0,359; 0,207; 0,187 Pa∙s for P_600, 

P_400 and P_200, respectively. 

 
Figure 5. The viscosity curves in different temperatures of synthesized polyols 
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Despite the fact that the course of the curves seems to be linear (Newtonian behavior of 

fluid), the results analysis of the obtained by Herschel–Bulkley model shows that the flow index 

(n) is slightly higher than 1. This may demonstrate the shear thickening behavior of the obtained 

polyols 33. Moreover, the reduction of the consistency coefficient is associated with a decrease 

in the viscosity of the mixture. It should be noted that the Herschel–Bulkley model had the 

highest value of the stability index (R), which indicates a high degree of fit. Moreover, in case 

of all samples τ0 = 0. This means that none of the obtained prepolymers has yield stress. 

Table 2. The Herschel-Bulkley linear functions for synthesized polyols 

Sample Function τ0 (Pa) μ (Pa sn) n (-) R 

P_200_30°C y = 0 + 0,5910 ∙ x1,0417 0 0,5910 1,0417 0,9995 

P_200_50°C y = 0 + 0,0802 ∙ x1,1624 0 0,0802 1,1624 0,9977 

P_400_30°C y = 0 + 0,6285 ∙ x1,0435 0 0,6285 1,0435 0,9997 

P_400_50°C y = 0 + 0,0968 ∙ x1,1455 0 0,0968 1,1455 0,9987 

P_600_30°C y = 0 + 1,2707 ∙ x1,0205 0 1,2707 1,0205 0,9997 

P_600_50°C y = 0 + 0,2243 ∙ x1,0900 0 0,2243 1,0900 0,9992 

Where: y – shear stress; x – shear rate; τ0 – yield stress; μ – consistency index; n – flow index; R – stability index. 

3.3. Gel permeation chromatography (GPC) 

The molecular weight of synthesized polyols is a crucial parameter for future application 

of polyurethane materials. The impact of liquefaction solvents on the molecular weight of 

polyols was tested by gel permeation chromatography (GPC). It should be noted that the actual 

values of the molecular weights may differ from the actual values. This effect has been widely 

described in the literature 49. For this reason, GPC was conducted only for comparison of the 

obtained polyols. The results of this test are presented in Table 3. The GPC curves of 

synthesized polyols are shown in Figure S1. in supplementary data file.  The Mn of polyols was 

3837; 4365; 4536 g/mol for P_200, P_400, and P_600, respectively. Similar results were 

obtained by Meng et. al. 50. It can be noticed that the average molecular weight decreases with 

the use of PEGs with shorter chains. The correlation between molecular weights of samples is 

surprising because the differences between the samples are smaller than it was predicted. It may 

be caused by the above-mentioned differences between the degree of conversion, reactivity and 

the presence of spherical hindrances 51. Moreover, the polydispersity of synthesized polyols is 

around 1.050, indicating that their molecular weight distributions are very narrow 52. This may 

be caused by long time of reaction which allowed for higher conversion degree of used 

substrates.  

 

Table 3. The results of gel permeation chromatography 

Sample Mn [g/mol] Mw [g/mol] PDI 

P_200 3837 4049 1,055 

P_400 4365 4555 1,043 

P_600 4536 4793 1,057 
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3.4. Chemical structure characterization (FT-IR) 

Fourier transform infrared spectroscopy was used for the identification of functional 

groups present in the synthesized polyol and is presented in Fig. 6. The curves for the substrates 

used are shown in Figure S2. in supplementary data file. The characteristic wide stretching 

vibration band of the hydroxyl groups is visible at 3150 – 3550 cm-1. The peak located at 3000 

– 2800 cm-1 is related to the stretching vibrations of the C-H groups which are present in the 

CH3, CH2 or CH groups. The signal in the region range of  

1715 – 1750 cm-1 is be associated with C=O stretching vibration of carbonyls, which may arise 

from the presence of levulinians and furfurals generated during reaction of biomass chains with 

liquefaction solvent 26,53.  

 
Figure 6. FT-IR spectra of polyols 

The peak around 1450 cm-1 is associated with in-plane bending vibrations of C-H groups 

and and peak at 1350 cm-1 is associated with deformation vibrations of this groups 24. The 

absorption band around 1250 cm-1 may be associated with C-O-H bending vibrations of CH2OH 

groups in the side chains of polyols. Moreover, C-O-C stretching vibrations may be attributed 

to the strong adsorption band around 1090 cm-1 54. Another strong adsorption band around  

1040 cm-1 may be attributed to vibrations of C–O–C ether groups in structure of cellulose and 

its derivatives and polyethylene glycols and which suggest that obtained polyol is polyether 30. 

The main difference between the curves of synthesized polyols is noticeable at the height of the 

adsorption bands of the hydroxyl groups around 3150 – 3550 cm-1, stretching vibrations of the 

C-O-C at 1090 cm-1 and vibrations of the ether groups (C-O-C) at 1040 cm-1. It may be due to 

the use of various liquefaction solvents in each reaction mixture that caused slight changes in 

the structure of the polyol chains. Moreover, functional groups resulting from the analysis 

corresponds to the structures proposed at Fig 1. which confirms the assumed reaction course. 

3.5. Thermogravimetric analysis (TGA) 
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 As the structure of each polyurethane segments has huge impact on the thermal stability 

of polyurethane materials, the thermogravimetric analysis was conducted to determine the 

impact of liquefaction solvent molecular weight on decomposition process of synthesized 

polyols. Fig. 7. and Fig. 8. shows a considerable difference in weight loss and weight loss rate 

curves of thermal decomposition of synthesized polyols and used components. The curves of 

reaction mixture before liquefaction process are presented in supplementary data in Fig. S3 and 

Fig. S4. Moreover, the most important parameters of thermal degradation are presented in Table 

4. It was considered that T5% would be the best determinant of thermal stability for all substrates 

and products due to the presence of water particles in all substances. It was determined that 

lowest thermal stability has glycerol (T5% = 135 °C). The degradation temperature of PEG with 

different molecular masses is higher and it increases from 154 °C; 246 °C; 301 °C for PEG 200, 

PEG 400 and PEG 600, respectively. The thermal stability of polyols increases with use of 

polyethylene glycols with higher molecular masses and T5% of polyols samples is 160; 169; 167 

°C for P_200, P_400 and P_600, respectively. The T10% of obtained polyols is comparable, but 

T50% is noticeable higher for samples synthesized PEG with higher molecular masses. This is 

due to the greater thermal stability of the polyol composed of PEG segments with longer chains. 
 

 

Figure 7. TGA curves of bio-based polyols and polyethylene glycols 

 Analyzing the thermal degradation rate of polyols and used components it can be noticed 

that all basic components show one step degradation, but depending of type of used PEG, 

obtained polyols shows two (P_200 and P_400) or three (P_600) main steps of degradation 

process. In addition, significant difference between thermal decomposition of mixtures before 

reaction and obtained polyols can be noticed. This proves that reaction between used substrates 

occurred. A small degradation step at temperature ca. 100 °C can be assigned to presence of 

moisture in synthesized polyols. The first step of degradation at Tmax1 = 210 °C may be 

attributed to the degradation of glycerol and glycerol derivatives, which are present in the 

structure of synthesized polyols. This was confirmed by research conducted by Hejna et al. 55, 

where temperature of degradation of condensed glycerol was similar to obtained results. This 

degradation step is more noticeable for P_200 sample, as the PEG 200 degradation temperature 

is close to maximum of this peak (PmaxPEG200 = 242°C). The second step of degradation 
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around Tmax2 = 300°C may be attributed to the degradation of oligomeric chains which are 

composed of glycerol/glycerol derivatives, PEG units, and cellulose derivatives generated 

during biomass liquefaction (levulinians, etc.).15 The third degradation step 

around Tmax3 = 380°C may be associated with degradation of the longest chains of PEGs chains 

and possible condensation products of PEG particles. This degradation step is the most 

noticeable for P_600 as this sample consists the highest amount of PEG with longer chains. 

These differences in the decomposition of synthesized polyols may influence the thermal 

stability of manufactured materials. We predict that materials manufactured with addition of 

more stable polyols will have higher thermal stability than others.  

 

Figure 8. DTG curves of bio-based polyols and polyethylene glycols 

Table 4. Results of thermogravimetric analysis of bio-based polyols 

Sample Different % mass loss in 

temperature [°C] 

Tmax1 

[°C] 

Tmax2 

[°C] 

Tmax3 

[°C] 

Char residue after 

test [%] 

5% 10% 50% 

Glycerol 135 156 206 221 - - 0.97 

PEG 200 154 175 235 242 - - 2.63 

PEG 400 246 271 330 339 - - 1.77 

PEG 600 301 326 380 394 - - 5.45 

P_200 160 180 258 214 299 392 4.52 

P_400 169 189 301 209 306 388 6.86 

P_600 167 187 333 210 - 375 4.13 

 

4. Conclusions 

In this article, we have described the influence of the molecular mass of polyethylene 

glycols (PEGs) on the properties of the synthesized polyols. Three different polyols were 

synthesized by biomass liquefaction in the mixture of glycerol and PEGs with a molecular mass 

of 200–600 g/mol. The research conducted shows substantial differences between polyols 

synthesized using different liquefaction solvents. 
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The research shows that synthesized polyols are characterized by a hydroxyl value in 

the range of 589–652 mg of KOH / g, and increases with decrease of the PEG chain length. 

These values suggest a possible application of synthesized polyols in the manufacturing of rigid 

polyurethane foam. For all used PEGs, the biomass (cellulose) conversion ratio was over 90%, 

what indicates high efficiency of process and incorporation of biomass derivatives into the 

structure of the polyol. Moreover, the biomass conversion ratio is higher for samples with use 

of PEGs with lower molecular mass, which may prove better reactivity of shorter PEG chains 

with cellulose. Rheological studies showed that the viscosity of polyols increases with 

molecular weight of PEG. All samples were non-Newtonian fluids, which were the best fit for 

the Herschel–Bulkley model. The analysis of results demonstrated that all synthesized polyols 

show weak shear thickening behavior. Gel permeation chromatography showed that the average 

molecular weight of polyols decreases with the use of PEGs with shorter chains and was 3837; 

4365; and 4536 g/mol for P_200, P_400, and P_600, respectively. The differences between the 

samples are smaller than it was predicted. This may indicate that the reaction proceeds to the 

moment when the final molecular weight is reached and then the process slows down. Fourier 

transform-infrared spectroscopy identified functional groups which are present in the 

synthesized polyol. These functional groups coincide with the predicted reaction products of 

cellulose and used liquefaction solvents. Thermogravimetric analysis of samples showed 

substantial differences between the decomposition processes of polyols. The thermal stability 

determined by T5% showed that polyols synthesized using PEGs whit longer chains have 

higher thermal stability than others. This may have huge impact on degradation process of 

polyurethane materials. 

The data presented here highlight the importance of the liquefaction solvent molecular 

weight on the properties of polyols synthesized via biomass liquefaction. Moreover, it 

emphasizes the importance of selecting an appropriate solvent in the biomass liquefaction 

process to obtain a highly valuable product, which may be used in industry. This approach may 

allow the biomass liquefaction process to be designed to obtain polyols with specific properties, 

which may be modified by amount and length of PEGs. Future studies should investigate the 

possible application of synthesized polyols in the manufacturing of rigid polyurethane foams 

or other polyurethane materials. 
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