B SALR B L BB AL A 27 U R B SR S B B R A
FIRIR A4 AT R e SR FaEE
Phenolic resins synergistically strengthened and toughened by hyperbranched polyamide-modified graphene

Li Jiongjiong, Yuan Ximing, Ke Jingying, Li Xiaona, L. ii Yan, Li Jianzhang

ElES'E

RN, A 44, WD, ARG, B 2%, . R SSRGS RE A S0 DI RS SR B B B AR R (D). L UM R i,
2025, 47(10):160-170. doi: 10.12171/].1000—1522.20250261

Li Jiongjiong, Yuan Ximing, Ke Jingying, Li Xiaona, L ii Yan, Li Jianzhang. Phenolic resins synergistically strengthened and
toughened by hyperbranched polyamide—modified graphene[J]. Journal of Beijing Forestry University, 2025, 47(10):160-170. doi:
10.12171/.1000-1522.20250261

TELRIRIE View online: https://doi.org/10.12171/5.1000-1522.20250261

AT ARG HA SCEE

Articles you may be interested in

DILGRIAR (DES) HUALBEHRREI R Z46HE (PVA ) RATAL B SR #1741

Deep eutectic solvent (DES) pretreatment combined with polyvinyl alcohol (PVA) impregnation to enhance and toughen bamboo

JEEAROL KA 2447, 2025, 47(8): 162-172. hitps://doi.org/10.12171/j.1000-1522.20250146
BT LA BT AR A ST T4 T

Fracture behavior of wood bonding interface based on fiber pull-out test

JemtAfoll K 2z27417, 2023, 45(6): 117-126.  https://doi.org/10.12171/5.1000-1522.20230054

S /R & W SR R R B LI A R (9 T 2 PR g
Mechanical properties of wood modified by montmorillonite/poly(ethyl glycol)/hyperbranched polyacrylate emulsion
JEEEAROE K2 A24 47, 2020, 42(12): 135-141.  https:/doi.org/10.12171/5.1000-1522.20200311

TR K AR E A B TR TR R ot vk ) 5 T 2 A SR RE

Wood scrimber preparation and its performance by roller—pressing resin impregnation method for recombinant units with high—

moisture content

JEEAL R 242447, 2025, 47(7): 167-176.  hitps://doi.org/10.12171/j.1000-1522.20250032
BB J57 3% 5 8 S A SR A IR TR 7L R 2 T eVl A= 5 4 1) RS R e P

Dimensional stability of fast—growing Populus cathayana modified with the compound of alkali lignin and hyperbranched polyacrylate

emulsion

JemtbRll K 22447, 2021, 43(11): 118-127.  hitps://doi.org/10.12171/1.1000-1522.20210268
A PRE B 2 HLT R A BB R P RE R S IR

Effects of epoxy resin doping on properties of geopolymer wood adhesive

sl K2 A24 47, 2024, 46(8): 15-24.  https://doi.org/10.12171/j.1000-1522.20240079


http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250261
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250146
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20230054
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200311
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20250032
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20210268
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20240079

418 E 10 I = # W x % ZF #K Vol. 47, No. 10
2025410 A JOURNAL OF BEIJING FORESTRY UNIVERSITY Oct., 2025

DOI:10.12171/3.1000—1522.20250261

MBSz L R PR T e L A £ I T EIE R IE B By Be 13 A

ZWW E&E4A MaE FR#H B R FaEFE
Q. B SERR R S TAR AR, YEJF P AT 210037; 2. ARV R AW 70 Be bR A0 27 AL 72T
TL75 B 210042; 3. AL ARl K2 BERE: AR 22, dEaT 100083)

FEEE: (B 89 15H 0 1% G By BE R IR (PO BTt IR AN AL, 58 A2 SRk XE AU R ST AT, AT 50 32 4L W5 A= 0 10 36 5 711
JE R, B DA ST R RS 1 AT SR AR 40K (HGNP) AR B B8 5T, 78 PF 34K P @ A HL-TEHL AL N 4, RFER T
HGNP 34 R IR 1tk e S M RIPE LA . (7535 1 St 4 i SO SR I 3Lt B B B4 S8 A 9K v (GNPO B 42 ]
# HGNP, 88 )5 i id 75 201 W i v 51\ ST AL SRR AS 1 A7 SRR 4Ky, 11l 4% HGNP SCPERYREM IR o 25 G AR B 1)
JEE A5 R P« 285 T LA B b e B T T 3 3R AT, 43 T /S [R) HGINP 25 x4 I 2 A (0 S i KA, - e B EL 804 568 39 990 14/ FE AL
filo [£55R JHGNP B s b A 14 e 2 40 1 5 35 42 7, 24 HGNP RINEN 0.15% W), SSeMEA i 10 J06 285 Th 2 Sl s S iy s by
JIEFT GNP 2tk PF 1 1.72 f5 0 2.06 %, T ik 7K 75 52 A SE PF ) 1.15 MPa 42712 1.65 MPa. iX—ff At EZ A
TSR R R T GNP fEW B4 B3 S 40 8 PR 1 B £ B A A BLAR KA DL -TENL R AL 4544,
B RAREHE T NAR 3 R B R B R AR SRR, S RCR ALY e, SEBLED PRI . (4510 IR SO R 1 1% 48 PF 4
REBIIE 5 5 oD R AL AR, s R ER A PF AR AR IR VAR AR L T (7 B, sk AT R TE AR . Rk
A DR S AN A, R AR B PR A AR R AR

KHEIE: MM RPE); A SIGA0K R (GNP); B RIBE I GHL-ToHLAR AL Btk e smE

FESES: TQ323.1; TQ327.3  NHFERE: A  XEHS: 1000-1522(2025)10-0160-11

SISCART : BN, 527544, BT, 5. B SO SR R T Be A SR AR ) (RIS S S B A IR (0] AL st hRalk R 5244k, 2025,
47(10): 160—170. Li Jiongjiong, Yuan Ximing, Ke Jingying, et al. Phenolic resins synergistically strengthened and toughened by
hyperbranched polyamide-modified graphene [J]. Journal of Beijing Forestry University, 2025, 47(10): 160—170.

Phenolic resins synergistically strengthened and toughened by hyperbranched
polyamide-modified graphene
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Abstract: [Objective] Conventional phenol-formaldehyde (PF) resins suffer from poor impact toughness
and a limited ability of strengthening and toughening simultaneously. Inspired by the adhesive proteins of
mussels, we introduced hyperbranched polyamide-modified graphene nanoplatelets (HGNP) as a toughening

unit and constructed an organic-inorganic hybrid network within the PF matrix. The goal was to clarify the
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mechanism of HGNP on the bonding performance and toughness of the resin. [Method] Hyperbranched
polyamide was covalently grafted onto graphene nanoplatelets (GNP) to obtain HGNP. Then, the resulting
HGNP was then dispersed in neat phenol-formaldehyde resin to produce the modified adhesive. Gel time,
bond strength, debonding work, and fracture surface morphology were used to quantify the effects of HGNP
loading on resin performance and to elucidate the underlying toughening and strengthening mechanisms.
[Result] The HGNP-modified phenolic resin exhibited a marked increase in bond-line toughness. With only
0.15% HGNP, the fracture work of the modified adhesive was 1.72 times of neat PF and 2.06 times of GNP-
filled PF, while boil-proof shear strength rose from 1.15 MPa to 1.65 MPa. This gain stems from the
hyperbranched coating that disperses the platelets uniformly and builds multiple interfacial links, enabling
efficient energy transfer/dissipation and micro-crack arrest, thereby delivering simultaneous strengthening
and toughening. [Conclusion] This work overcomes the long-standing trade-off between strength and
toughness in PF resins, offering a simple, efficient and readily scalable route to high-performance adhesives
for plywood and particle-board production. The hyperbranched topology can be further tailored and the
strategy extends to other brittle thermosets.

Key words: phenolic resins (PF); graphene nanosheets (GNP); hyperbranched polyamide; organic-inorganic

hybridization; toughness; bonding strength
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