SY/ = A S Vol. 38 No. 4
294 Journal of Functional Polymers 2025 4F 8 A

XEHS: 1008-9357(2025)04-0294-15 DOI:  10.14133/j.cnki.1008-9357.20250410002

EHEERMENTSEREL . FEALSDRUARKRE

o, & , WRIRE, B4R, kAR
CrARXFMAFE TRFR, G0 THABRAT, T 4T 212013)

by

W OB RARAMBEAN—EXHAGAARS S THA, AL A AR e Rt T FH4EHN
R HmEZLFZRRAZ LR X E, ME DB AMRG kT AR L IRAR TR0 R
RZ, KB ARNEREALRELRRAGRHEA T S IR ARB, ATHSGZENAE
T RHE R HAH A R SRR T 00 A R B R, it x4 F 45 M A SAAE A 89T R AR IR
Wk E RS 6 R T MG B ALHUIR B B A4 P AR 69 % 8% 5 4] BT & M Ak 3K 5F 0B e A AR 1K
R MNATEEAEMAAEDERIEE RS B, X FEFTAERBAARAHH, AXERT
P TR AE S ok A2 R SRR AR S AR AL (R B s T kAL 7 B e AT R R, IF AR T eR R IS Rk
ARy WA T R,

EEIA: FOPeRhA R, Sihak; kil Ak 5 F %Gt

hESES: 069 XEAFRER: A

Research Progress on High Performance, Sustainable and Functional
Properties of Benzoxazine Resins

XIE Lin, LU Yin, YAO Zhenhao, SHENG Weichen, ZHANG Kan
(Institute of Polymer Materials, School of Materials Science and Engineering, Jiangsu University,

Zhenjiang 212013, Jiangsu, China)

Abstract: Benzoxazine resins, as a novel class of thermosetting polymer materials, have garnered significant attention from
both academia and industry due to their unique structural designability. With the rapid advancements in high-end
technological fields and the continuous enhancement of environmental awareness among humans, the future development
trend of benzoxazine resins is inevitably grounded in high performance and multifunctionality with a predominant focus on
sustainability. Our research team insist on the novel synthetic approach to benzoxazine molecules, aiming to explore the
relationship between the molecular structure, the curing mechanisms of thermosetting resin monomers and the resulting
material properties through the design and regulation of molecular structures and hydrogen bonding. We innovate high-
performance benzoxazine resin systems, develop methods for optimizing the performance of sustainable bio-based

thermosetting resins, and fabricate new benzoxazine-based functional materials. This paper reviews the recent progress made
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by our team in the high-performance enhancement, greening, and functionalization of benzoxazine resins, while also
projecting future research directions for this field.
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Fig. 1 Synthesis and application of PBZ resin
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hydrogen bonding in pHBA-a*¥); (c) Qualitative strength of hydrogen bonding in thiophene rich benzoxaiznes®®’!
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Fig. 3 (a) Thermal curing mechanism of ortho-amide benzoxazine®?; (b) Strutural formulae of ortho-Amide benzoxazine with trifluoromethyl,
alkynyl and siloxane functionalities
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Fig. 4 (a) Mechanism of atropisomerization in ortho-imide benzoxaizne®; (b) Different types of ortho-imide benzoxazine atropisomers!*”);

(c) Curing and post curing behavior of ortho-amide benzoxazine*'; (d) ortho-Imide benzoxazine containing norbornene and alkynyl[4]
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Table 1 Thermal and dielectric properties of ortho-amide and ortho-imide polybenzoxazine and polybenzoxazole

Polybenzoxazine and . . . & tan &
Sample T/C T/C Tys/C Ty1o/°C Y./% Ref.
polybenzoxazole (1 Hz~1 MHz) (1 Hz~1 MHz)
ortho-amide-

212 212 - - - - - [32]

poly(benzoxazine)

para-amide-

259 — — — — — — [32]

poly(benzoxazine)
poly(oTA-ta) 193 — 287 307 45 — — [35]
poly(pTA-ta) 233 — 298 353 42 — — [35]
poly(oTAc-ta) 204 — 296 341 55 — — [35]
Amide type poly(pTAc-ta) 229 — 299 329 44 — — [35]
poly(oTFA-ddm) 207 — — — — 3.19~2.84 0.032~0.019 [36]
cFPBO — 354 417 512 65 2.42~2.19 0.012~0.008 [36]
poly(Pp-apa) 220 — 337 383 50 3.06~2.72 0.014~0.005 [37]
PBO-Pp-apa — — 418 445 66 2.55~2.31 0.008~0.004 [37]
poly(Al-al-PDMS) 243 315 302 342 — 3.01~2.64 0.108~0.011 [38]
PBO-Al-al-PDMS — >400 393 445 — 2.52~2.13 0.056~0.008 [38]
poly(oHTI-a) 231 233 — — - - - [39]
poly(oHTI-ac) 179 276 396 — 62 — — [39]
poly(oHTI-ch) 245 198 — — — — — [39]
poly(oHTI-cy) 246 217 — — — — — [39]
poly(oMHI-a) 258 173 327 367 26 — — [40]
Imide type poly(oHHI-a) 254 180 340 375 28 — — [40]
poly(oHTI-a) 252 233 342 382 48 - - [40]
poly(oPP-a) 234 174 319 358 60 - - [40]
poly(BZaa) 223 265 - - - - - [41]
cPI — 308 410 515 70 — — [41]
cPBO — >400 511 567 71 — — [41]
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Fig. 5 (a) Structural diagram of flavonoid-based benzoxazine monomers containing intramolecular hydrogen bond; (b) Intramolecular
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Table 2 Thermal properties and flame retardancy of flavonoid-based benzoxazine resins

Flavonoid bio-based phenol Sample T/C  TJ/C Tys/C Ta1o/C Y/% HRC/(J-g'K') THR/(Jg"') Ref
poly(NAR-fa) 166 286 361 404 64 319 6.6 [66]
Naringenin poly(REs-fa-NARE-fa) 217 313 353 412 65 28.0 6.7 [66]
poly(BA-a-NARE-fa) 238 178 311 344 36 150.0 21.1 [66]
poly(API-fa)-1 189 295 301 429 63 225 11.2 [67]

Apigenin
poly(API-fa)-2 376 384 448 66 20.2 9.4 [67]
Chrysin poly(CHR-fa) 180 _ 335 366 48 433 7.4 [68]
Chrysin poly(CHR-ac) 184 248 327 350 57 18.5 52 [71]
Kaempferol poly(KAE-fa) 184 304 390 436 63 10.1 34 [72]
7-Hydroxyflavone poly(HYD-a) 213 213 331 360 54 65.0 9.6 [73]
Chrysin poly(CHR-a) 224 224 321 347 51 61.0 8.0 [73]
Apigenin poly(API-a) 266 266 390 438 62 11.4 22 [73]

Luteolin poly(LUT-a) 246 246 339 373 65 378 7.5 (73]
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