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Abstract

Polystyrene, as a widely used but difficult to degrade thermoplastic material, faces problems such
as poor interfacial properties and weak mechanical properties in its recycling and reuse. In this
study, modified bamboo fibers were used to enhance the mechanical properties of recycled polysty-
rene, providing a reliable approach for the high-quality regeneration and utilization of polystyrene.
The surface modification of natural bamboo fibers is achieved through a combination of AGET-ATRP
graft modification and coupling agent modification. A series of recycled polystyrene composites with
different bamboo fiber contents were prepared, and the materials were characterized and their me-
chanical properties were studied. The research results indicate that modified bamboo fiber can sig-
nificantly enhance its interfacial bonding with recycled polystyrene. Compared with the composite
material prepared by unmodified bamboo fiber, modified bamboo fiber improves the tensile strength
and bending strength of recycled polystyrene matrix composite material. However, the addition of
bamboo fiber can lead to a decrease in the impact resistance of composite materials. Compared with
the composite material prepared by modified bamboo fiber, the impact resistance of the composite
material prepared by unmodified bamboo fiber decreased more significantly. This indicates that
modification technology can effectively overcome the compatibility barriers between natural fibers
and non-polar matrix materials, demonstrating good reinforcement effects and application pro-
spects.
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Figure 1. The preparation principle of macromolecular initiators
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Figure 2. AEGT-ATRP graft polymerization of isoprene
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Figure 3. SEM images of of BF before and after modification and composite brittle sections (a) is the original bamboo fiber,
(b) is the bamboo fiber grafted with isoprene, (c) is the bamboo fiber modified with coupling agent KH570, and (d) is the
brittle section of the composite material containing 5% modified bamboo fiber
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Figure 4. Infrared spectra of raw bamboo fiber (a), bamboo fiber macromolecular initiator (b), and AEGT-ATRP graft pol-
ymerized bamboo fiber (c)
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Figure 5. Infrared spectra of bamboo fiber before and after modification with coupling agent KH-570
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Figure 6. Effect of unmodified bamboo fiber content on the tensile strength and Young’s modulus of composites

6. REMMAHE S ENE SRR HEE R KR ERR N

K 7 e AT AR RS I R LA MR AR PERE RIS I . W DUE Y, BB AT AT 4R I i 4k
HEN,  SARGR S S B, FETTETUEBTRE D BOY 20% 0 B A R T B R (30.45 MPa), R AREUETT AT 4]
FEE BRSSPI REL(8.12 MPa)f) 3.75 %, MuRRCRIEF WL, TRIRRRAT Aot 5 5e
ARG IR SRR OGRS IS St AT YE TR IR BN, AT AR RICR IR L0 R P 2y
HUERLS, BVEJa P Es &L, RO — g — 8K, DLW A E S AR R L REAS 214 =
BEE TP UE BN ST, TR E R, AERED DA RIS RS T HE
ISR ZAR SRR A e AN S 4, SN IS &, 3500 T AR RSB, RS T 2 S MR
RSREZ . R EMEIY REE AR e NG AN, ek BT A 4e gDy 20% 1 i, 5
HILFIR K HEEE RN R KmE T2,

31 F 2800

30 L - —" 12600

29 | 4 2400
[ |

28 |- / — 2200

w| . a L H2000 &
I 1 1800 =2
. %

25 | A 1600 =
L . =4

-

24 L '/ 1400 X
23 + %I

2 8
-|
0

Fr SR (MPa)

1200

1000

1 R I R I R 1 R I R I 800
5 10 15 20 25 30

BT LY SR (%)

Figure 7. Effect of modified bamboo fiber content on the tensile strength and Young’s modulus of composites
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Figure 8. The effect of unmodified BF content on the bending strength and modulus of composites
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Figure 9. The effect of modified BF content on the bending strength and modulus of composites
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Figure 10. The influence of bamboo fiber content on the impact strength of composites

B 10. M4 ENE SRR TR

4. g

(1) 12 AGET-ATRP J5 9 RENIK IR 1 5 % A2 AT 21 R0 (1 5E [ ek, Fi2 F BT KH-570 2K
XATEYE SR, AR T AT R4 S RIS R A A S T A A

(2) BPEARER R L XS (RIS A 20 BB AR PR REAN 25 i PERE 230 T RAF RIS MR . I T 4 4
JF R 20% 1IN Ak, R AR SR EE IR £ K (30.45 MPa), SEARECMENT £ 4 [FIRE S5 B R A bR 92 5(8.12
MPa)f] 3.75 1%, HEGRACRARF W o AR DT o PE ERE A 1T 21 4 & il K T B

(3) SMEREN A RBMIRTH T LT 4k 5 ISR 2R I S &5 1, B MRS Wi Ecr 5, AT 4F 460 1
B5], UEREWSIRTIT A4 SRR S As &

EL£mAB
WA B R 2RI 2RI H (S202311527076), 51FE 4 B Rk 4 X Ik & 55 4301 H (20251170380)
SE K

(1] kAR, & AT R G SR SR FEE ()], Al TR 244, 2006, 22(10): 252-256.

DOI: 10.12677/ms.2026.164089 239 PR R


https://doi.org/10.12677/ms.2026.164089

Lipse 45

(2]
(3]
(4]

(5]

[10]

(1]
[12]

[13]

[14]

A, AL, REDCE. TG E A MR HORTE AU R A THUIR]. A#F Tolk, 2010, 24(3): 28-31.

XU, AT, EREE, 2. BREVAEMRE &MERT R R, PEEEL, 2018, 32(7): 10-20.

TREAE, FhEENS, bk, 2. e RIEYTEE SRS ook R R E AL, E SR, 2024,
31(5): 7-12.

IKEE, DUk, TR, 25 RGN RHIGENE MBI & 5N 7t ). TREERMNHA, 2023, 51(10):
179-185.

MRS FIME, BAEME, 5. ATA4E/40K Si0) Bt PUR RS S HLrERE[)]. TAEEPRIR Y, 2021, 49(9): 55-
59, 72.

wiE, i, B, % RIBRE P EE S EARIMCR T, FREEEIR, 2021, 39(3): 221-226.

FITYL, AT, NS, & BREAEDA4EE SM B R, TREERIN, 2019, 47(7): 151-155.

Fu, S.Y., Lauke, B., Méder, E., Yue, C.Y. and Hu, X. (2000) Tensile Properties of Short-Glass-Fiber- and Short-Carbon-
Fiber-Reinforced Polypropylene Composites. Composites Part A: Applied Science and Manufacturing, 31, 1117-1125.
https://doi.org/10.1016/s1359-835x(00)00068-3

BRI, KRR, HN, & REAEYILT 41 5E PLA/PBAT/PBS W] PR &M BT S HERR[T). 2 &R,
2024, 41(12): 6370-6385.
RHEEHE, FEHIEE, J&5, 5. WA %/ RARAEYR T GRS K S BRI, 2K, 2020, 49(2): 90-94.

Huda, M.S., Drzal, L.T., Mohanty, A.K. and Misra, M. (2008) Effect of Fiber Surface-Treatments on the Properties of
Laminated Biocomposites from Poly(Lactic Acid) (PLA) and Kenaf Fibers. Composites Science and Technology, 68,
424-432. https://doi.org/10.1016/j.compscitech.2007.06.022

WMiERIK, BLs¥, RSP, & T4 48058 55 58 CIR S A M B 1232 Re i 78 [T]. T RE A2 22 Bx = 4R (B R B hR),
2022, 34(2): 1-5.
Ku, H., Wang, H., Pattarachaiyakoop, N. and Trada, M. (2011) A Review on the Tensile Properties of Natural Fiber

Reinforced Polymer Composites. Composites Part B: Engineering, 42, 856-873.
https://doi.org/10.1016/j.compositesb.2011.01.010

DOI: 10.12677/ms.2026.164089 240 PR R


https://doi.org/10.12677/ms.2026.164089
https://doi.org/10.1016/s1359-835x(00)00068-3
https://doi.org/10.1016/j.compscitech.2007.06.022
https://doi.org/10.1016/j.compositesb.2011.01.010

	改性竹纤维增强回收聚苯乙烯复合材料的制备及性能
	摘  要
	关键词
	Preparation and Properties of Recycled Polystyrene Composites Reinforced by Modified Bamboo Fiber
	Abstract
	Keywords
	1. 前沿
	2. 实验部分
	2.1. 实验原料及主要药品试剂
	2.2. 主要仪器设备
	2.3. AGET-ATRP接枝改性竹纤维
	2.3.1. 竹纤维大分子引发剂的制备
	2.3.2. 异戊二烯单体通过AGET-ATRP接枝改性竹纤维

	2.4. KH-570硅烷偶联剂改性竹纤维
	2.5. 改性前后竹纤维与回收聚苯乙烯复合材料的制备
	2.6. 材料的结构与性能表征

	3. 数据处理与分析
	3.1. 材料的微观形貌
	3.2. 改性前后竹纤维的红外光谱分析
	3.2.1. AGET-ATRP接枝改性前后竹纤维红外光谱分析
	3.2.2. KH-570硅烷偶联剂改性前后竹纤维红外光谱分析

	3.3. 复合材料的力学性能分析
	3.3.1. 复合材料的拉伸性能分析
	3.3.2. 复合材料的弯曲性能分析
	3.3.3. 复合材料的抗冲击性能分析


	4. 结论
	基金项目
	参考文献

