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Supplementary Fig. 1 Influence of PVA solution of different solids content on

viscosity at 25 °C.
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Supplementary Fig. 2 Influence of UF adhesive of different solids content on viscosity

at 25 C.
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Supplementary Fig. 3 Photographs of the insolubility rate of PSFA after soaking in
water, acid (pH 1) and alkali (pH 13) for one day before heat treatment.
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Supplementary Fig. 4 Photographs of the insolubility rate of PSFA after soaking in
water, acid (pH 1) and alkali (pH 13) for one day after heat treatment.
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Supplementary Fig. 5 DSC curves of PSFA before and after heat treatment.



—— After HT

‘ —— Before HT

Intensity (a.u.)

Supplementary Fig. 6 XRD patterns of PSFA before and after heat treatment.
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Supplementary Fig. 7 FTIR spectra of PSFA before and after heat treatment.
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Supplementary Fig. 8 UV-vis spectra of PSFA before and after heat treatment.
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Supplementary Fig. 9 Raman spectra of PSFA before and after heat treatment.
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Supplementary Fig. 10 (a) Dry shear strength of single-lap joints using PSFA by
different treatments. (b) Stress-strain curves of single-lap joints using PSFA by

different treatments.
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Supplementary Fig. 11 Photographs of dry single-lap joints failure of PSFA under

different treatment conditions.
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Supplementary Fig. 12 (a) Photographs of PSFA single-lap joint treated with WA
immersed in cold water. (b) Photographs of PSFA single-lap joint treated with WA+HT

immersed in cold water.






Supplementary Fig. 14 Flowchart of the cyclic testing procedure.
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Supplementary Fig. 15 (a) Tensile strength of PSFA. (b) Stress-strain curve of PSFA.
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Supplementary Fig. 16 Stress-strain curves of beech single-lap joints.
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Supplementary Fig. 17 (a) Photographs of poplar single-lap joints during cyclic
testing. (b) Bonding performance of poplar single-lap joints. (c) Stress-strain curves of

poplar single-lap joints. (d) Failure modes of poplar single-lap joints.
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Supplementary Fig. 18 Stress-strain curves of pine single-lap joints.
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Supplementary Fig. 19 Shear strength of beech single-lap joints under multiple

"soaking in hot water-drying" cycling tests.
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Supplementary Fig. 20 Stress-strain curves of bamboo single-lap joints.
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Supplementary Fig. 21 (a) Photographs of poplar single-lap joints using PVC. (b)
Bonding performance of poplar single-lap joints using PVC. (c) Stress-strain curves of
poplar single-lap joints using PVC. (d) Photographs of failure of poplar single-lap joints
using PVC.



Supplementary Fig. 22 Photos of PVC after water activation.
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Supplementary Fig. 24 Schematic illustration of the preparation process for plywood
testing samples using PSFA.



Supplementary Fig. 25 (a) Dimensions of plywood shear strength test samples. (b)
Photo of testing sample of plywood.
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Supplementary Fig. 26 (a) Wet bonding performance and (b) Stress-strain curves of
PSFAs under different PVA molecular weight. PVA 0599 (Mw = 20,000-25,000),
PVA 1099 (Mw =40,000-50,000), PVA 1599 (Mw = 60,000—70,000), PVA 1799 (Mw
= 70,000-80,000), and PVA 2099 (Mw = 85,000-95,000). The wet strengths of PVA
0599, PVA 1099, PVA 1599, PVA 1799, and PVA 2099 are 0.56+0.21 MPa, 1.49+0.16
MPa, 1.58+0.17 MPa, 1.63+0.21 MPa, and 1.26+0.06 MPa, respectively.



azi b 21
—110°C — 200°C
—140°C  — 230°C

§ — 170°C

=14r E 141

5 I s

S 2

= o)

7] =

T 07 w07

=

0.0 110°C  140°C 170°C 200°C 230°C 0'00 1 2 3 4 5
Strain (%)

Supplementary Fig. 27 (a) Wet bonding performance and (b) Stress-strain curves of
PSFAs under different hot-pressing temperatures. The wet strengths of PSFA at hot-
pressing temperatures of 110°C, 140°C, 170°C, 200°C, and 230°C are 0 MPa,

0.08+0.03 MPa, 0.39+£0.04 MPa, 1.63+0.21 MPa, and 1.15%£0.07 MPa,

respectively.
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Supplementary Fig. 28 (a) Wet bonding performance and (b) Stress-strain curves of
PSFAs with different thickness. The wet strengths of PSFAs with thicknesses of 40um,
60um, 80um, and 100um are 0.78+0.26 MPa, 1.63+0.21 MPa, 1.39+0.48 MPa, and

0.55+0.04 MPa, respectively.
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Supplementary Fig. 29 (a) Stress-strain curves of wet bonding performance of

plywood. (b) Wet bonding performance of plywood.
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Supplementary Fig. 30 Photo of wood breakage rate of wet shear strength of plywood.



a 21 b 25

—— acid — water
E 20 — ethanol —— glycol
= 1471 o
B L 1.5}
e =3
5] Py
& ]
) L0t
S07F »
el
c
@ 0.5F
i - 0.0 L L .
0.0 acid water ethanol glycol 0 2 4 6 8
Strain (%)

Supplementary Fig. 31 (a) Bonding performance and (b) Stress-strain curves of
PSFAs bonding performance after soaking in different solvents for one day. The
bonding strengths of PSFAs after soaking in acid, water, ethanol and glycol for one day
were 1.13+£0.10 MPa, 1.79+0.03 MPa, 1.49+0.20 MPa, and 1.55+0.04 MPa,

respectively.
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Supplementary Fig. 32 (a) Bonding performance of UF. (b) Stress-strain curves of UF

bonding performance.
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Supplementary Fig. 33 Failure mode of poplar single-lap joints using UF.
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Supplementary Fig. 34 (a) Bonding performance of PSFA after storage for 1 year. (b)

Stress-strain curves of PSFA bonding performance after storage for 1 year.
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Supplementary Fig. 35 Failure mode of poplar single-lap joints using PFSA after

storage for 1 year.



Supplementary Table 1. Different treatment of PSFA and their corresponding names.

Wlth?m Yvater With water activation
activation
Without
heat treatment Control WA
ereat HT WA+HT

heat treatment




Supplementary Table 2. Wet shear strength comparison of PSFA with other reported

green biomass adhesives.

Wet shear
Adhesive type Adhesive name strength Refs.
(MPa)
SM-20%PM 1.02 £ 0.02 1
Soybean SM/PAE/SD/Zn 1.09 £ 0.05 2
adhesive
SM/BEP-10 0.89 + 0.04 3
EPL/SM 1.02 £ 0.07 4
- 2 o/ _
ngn{n SPI-MAL2.0% 1.29 £ 0.09 5
adhesive Cu
FPL 1.20 £ 0.05 6
SWA-N 1.10 £ 0.21 7
Starch GMA graft
adhesive starch adhesive 1.00 +0.09 8
SCA-50% 0.83 +0.14 9
WPUGI1.5 1.06 10
HDPE film 1.46 £ 0.11 11
Solvent-free
adhesive
EVA film 0.91 + 0.08 12
PSFA 2.25 +0.12 This

study




Supplementary Table 3. Comparison of PSFAs with UF resins and MDI adhesives in

terms of green advancement.

PSFAs UF MDI
Resources Biomass Fossil fuels Fossil fuels
Starting . Urea and Aniline, Phosgene,
materials Bioethanol Formaldehyde and Formaldehyde
Toxicity Nontoxic Toxic Toxic

Biodegradability Biodegradable Non-biodegradable Non-biodegradable

Biocompatibility Biocompatible Non-Biocompatible Non-Biocompatible




Supplementary Table 4. Cost comparison of PSFA with UF (Urea-formaldehyde
adhesive), MDI (Methylene diphenyl diisocyanate) and SB (Soybean adhesive).

Adhesive Price Amounts Cost
(USD-ton™) (g'm2) (USD-m2)

PSFA 130013 70 0.09

UF 200 320 0.06

MDI 200015 200 0.40

SB 56016 350 0.20




Supplementary Table 5. Comparison of transportation cost and safety between PSFA

and existing commercial biomass adhesives.

Adhesive

Solid content

Transportation cost

Safety

(%) (Relative ratio, %)
PSFA 100 100 Safe
UF 50-60 167-200 Unsafe
MDI 100 100 Unsafe
SB 15-40 250-667 Safe




Supplementary Table 6. Comparison of storage time between PSFA and existing

commercial biomass adhesives.

Adhesive Storage time
=365 days
PSFA
(>1 year)
UF 10-30 days

120-180 days

MDI (3—6 months)

SB <30 days
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