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Performance Regulation of Thermosetting Polyurethanes
Using the Bio-based Chain Extender Furandimethanol
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Abstract: The replacement of petrochemical-based chain extenders with bio-based alternatives is
essential for driving the polyurethane industry toward green and sustainable development. In this study,
the bio-based chain extender 2,5-furandimethanol (FDM), castor-oil-based polyol 1750 (COP-1750), and
polymeric 4,4'-diphenylmethane diisocyanate (PMDI) were employed as raw materials. By comparing
the systems formulated with the petrochemical aromatic chain extender hydroquinone di(/-hydroxyethyl)
ether (HER) and with no chain extender, the effects of bio-based and petrochemical-based chain extenders
on the performance of thermosetting polyurethanes were systematically investigated. The thermosetting
polyurethane synthesized using FDM (TS-PU-FDM) exhibited tensile strength, flexural strength, and
compressive yield strength values of 60.36, 66.14, and 58.25 MPa, respectively, outperforming both the
HER-based (TS-PU-HER) and chain-extender-free (TS-PU-CK) polyurethanes. Compared with TS-PU-
HER and TS-PU-CK, the tensile strength of TS-PU-FDM increased by 34.31% and 147.57%, while the
flexural strength increased by 16.45% and 25.00%, respectively. After immersion for 21 days in 5 wt%
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H,S04, 1 wt% NaOH, deionized water, and seawater, the tensile strength of TS-PU-FDM remained above
97% of its original value. These results demonstrate that FDM, as a bio-based aromatic chain extender,

can effectively replace the petrochemical aromatic chain extender HER, providing a green and sustainable

chain-extending alternative for the future development of bio-based thermosetting polyurethanes.

Keywords: Bio-based chain extender; Furandimethanol; Thermosetting polyurethane; Mechanical

properties; Acid-alkali resistance
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Table 1 Composition of raw materials for different TS-PU networks

PMDI/COP-1750/Chain extender

Sample m(PMDI) (g)  m(COP-1750) (g) ~ m(HER)(g)  m(FDM) (g) (molar ratio) R®
TS-PU-CK 30.00 38.16 - - - 1.05
TS-PU-HER 30.00 30.53 4.05 - 5/4/1 1.05
TS-PU-FDM 30.00 30.53 - 2.61 5/4/1 1.05

 R: molar ratio of isocyanate groups (— NCO) to hydroxyl groups (— OH)
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Figure 1

Synthetic route to different TS-PU networks
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Figure 2 (a) Fourier transform infrared spectra and (b) locally amplified infrared spectra in the range of 1600~1800 em ! of

different TS-PU networks
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Table 2 Area fractions of the fitting peaks of free C = O and associated hydrogen bonds of C = O in TS-PU different networks

Free C=0 H-bonded C=0
Sample = " r M, Sy
Wavenumber (cm ™) Peak area (%) Wavenumber (cm ™) Peak area (%)
TS-PU-CK 1734 16.84 1706 83.15 4.93 0.83 0.17
TS-PU-HER 1724 22.79 1700 77.20 3.38 0.77 0.23
TS-PU-FDM 1733 12.89 1704 87.10 6.75 0.87 0.13

 r: degree of hydrogen bonding of the carbonyl group
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Figure 3 (a) Photographs of different TS-PU networks after immersion in various solvents at 25 °C for 48 h; (b) Gel mass

fraction of different TS-PU networks in EA, AC, EDC, and PhMe
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Table 3 Gel mass fraction of different TS-PU networks in

various solvents

Sample ogpc (%) wgpa (%) ®gac (%) @gpnme (%)

TS-PU-CK  95.82+1.75 97.40+2.85 91.77x1.64 97.76+1.64
TS-PU-HER 97.91£2.42 96.80+1.82 90.61£2.75 99.06+2.75
TS-PU-FDM 99.23+1.54 99.49+1.58 95.11+1.48 99.87+1.48
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Figure 4 (a) TG and DTG curves of TS-PU-CK; (b) TG and DTG curves of TS-PU-HER; (c¢) TG and DTG curves of TS-PU-FDM;
Different thermosetting polyurethane networks of (d) storage modulus curve; (e) loss modulus curves; (f) loss factor curves (WLR
denotes the mass loss rate during this stage)

Fea  AS[E AL PR SR X 45 1 TGA Bl
Table 4 TGA data of different TS-PU networks

Residual weight at

Sample  Tys () WIR(%9)  Tai'(0)  WIR(A)  Typ'(0) WIRs(a)  Tus*(O) g
TS-PU-CK 185.2 11.5 185~265 48.1 265~395 33.7 395~800 6.5
TS-PU-HER 199.2 9.6 199~263 48.6 263~392 33.8 392~800 7.8

TS-PU-FDM 177.6 15.7 177~273 43.2 273~398 29.4 398~800 11.5

# T4,: thermal decomposition temperature range for this stage
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Table 5 DMA data of different TS-PU networks

Sample T, * (°C) E,y° (MPa) E' ¢ (MPa)
TS-PU-CK 84.3 2860.4 11.3
TS-PU-HER 99.9 5103.6 19.4
TS-PU-FDM 89.2 6794.5 17.0

a Ty: glass transition temperature; bEO: initial modulus?®!; ¢ £ storage
modulus of the DMA curve at T, + 30 °C, that is, the storage modulus of

(49.69+1.94) MPa 1 (52.53+2.33) MPa, 25 {51 & 43
1 4 (1927.80+87.65) MPa. (1439.40+182.82) MPa
F11(1459.62+106.86) MPa, TS-PU-FDM %% TS-PU-
HER 1 TS-PU-CK 25 i1 38 J& 43 51| $12 =5 16.45% Al
25.00%, &5 A5 3 I 52 751 33.93% F132.07%. 5
TS-PU-HER #f L., TS-PU-FDM 2§ #H 43 55 J %5 15
(#2), 8158 J17E TS-PU M & B &b 1 514538,
e B Ak X A A 1) 43— 14D S0 0 e ot R A Tt o
¥, HPULAZRE 708, [F AR BOE SRR PR A 2 B8 11
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Figure 5 (a) Physical parameters, (b) tensile in curves, (c) flexural stress-strain curves, (d) compressive stress-strain curves of

different TS-PU networks
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Table 6 Summary of mechanical properties of different TS-PU networks

Sample Tensile Tensile Te.nsile Flexural Flexural Fle‘xural Compressive yield ¢0mpre§sive
strength (MPa) modulus (MPa)  strain (%)  strength (MPa) modulus (MPa) strain (%)  strength (MPa)  yield strain (%)
TS-PU-CK  24.58+0.44  376.86+25.33  8.94+0.21 52.53£2.33  1459.62+106.86 6.98+1.39 46.07+0.16 6.78+0.43
TS-PU-HER  44.94+2.13 452.89+£36.52  11.00+0.12 49.69+1.94 1439.40+£182.82 4.65+1.12 54.13+1.68 6.59+0.40
TS-PU-FDM  60.36+5.21 518.20+24.63  14.67+1.17 66.14+3.65 1927.80+87.65 4.49+0.91 58.25+1.57 6.13+£0.09
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Figure 6 (a) Photographs of the samples during immersion; (b—e) Variation of tensile strength of the samples with immersion

time in different medias
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95 i MR S8 43 114 (6.13+0.09) % (6.59+0.40)% Fll
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Table 7 Resistance of different TS-PU networks to acid, alkali, water, and seawater

TS-PU-CK

TS-PU-HER TS-PU-FDM

The number of

Sample days of invasion Tensile strength Recovery Tensile strength Recovery Tensile strength Recovery
(MPa) percent (%) (MPa) percent (%) (MPa) percent (%)
- 0 32.60 - 43.06 - 60.97 -
5 wt% H,SO, 28.98 88.89 35.61 82.69 60.15 98.65
7 26.27 80.58 35.31 82.00 59.97 98.35
21 26.00 79.75 34.53 80.19 59.57 97.70
1 wt% NaOH 3 29.57 90.70 35.58 82.62 60.48 99.19
7 29.39 90.15 34.74 80.67 59.57 97.70
21 27.09 83.09 30.18 70.08 59.56 97.68
H,0 3 31.03 95.18 35.75 83.02 60.03 98.45
7 30.59 93.83 35.11 81.53 59.88 98.21
21 29.75 91.25 33.18 77.05 59.43 97.47
Seawater 3 30.34 93.06 37.44 86.94 60.78 99.68
7 30.22 92.69 35.05 81.39 60.73 99.60
21 22.07 67.69 34.71 80.60 59.65 97.83
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