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Fig. 1 Flow chart of graphene oxide synthesis
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Fig. 3 Optical photographs of PBO fiber (a)before and after coating; (b)Raman spectroscopy;
(c)TGA test results of PBO fibers before and after graphene oxide coating
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Fig.4 (a)XRD pattern and (b)Raman spectrum of graphene oxide before and after thermal reduction
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Fig.5 In situ micro-tensile stage and diagram of single fiber stretching
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Fig. 6 (a)the environment humidity control system; (b)calibration curve of humidity sensors
2 HRE5ITiE

PBO &7 12— A7 3G 4y, A v 6 B (9 281 5 2 36 1 55 7 3R il 7 R 1 2 B A
[l PBO o 43 FLA (1 2% P WP 53— 8 40 g G B 0 5 14 ) 2 P R v 11 ARG e T2 i st
TORUEE SRS R il 5 X 2 PBO 27 2 K A7 88 0 Uk J2= DoV £ 24 E A7 iz i 25 A 52 36 L AR A 1 R g - 10 722 il 2%
WA 7 ) o Ik X 7 Cad B - 78 T2 A A 2 M B R AT UL T LAAS: B 2F 2 Y S PR AR L I 2 4F
iz M W BRI INE L X 15 26 IV 7 H) 9 SR AR DRI e DR 7 T3 (L BRI O 7 48 ) W 245 B FRATTSE i T 3 Fhef



54 B M . A7 R VA T RN SR TR O MR T 4 AR MR R T PR R 449

1 B A R BT SR B L 25 SR 1R 7 (b) (o TR ISR BT AR L H b 4l PBO £F 2 1) SR AR i AT 3k (51, 4
+£7.7) GPa, Wi FE A5 (1. 34+0.4) GPa, GO W2 PBO &4 oY s M8 i 4 = 80 (73. 7£7. 9
GPa, Wi3dsm BE IR 3 7 (2. 54£0.2) GPa, WrAsh B JL-F 2 B IREF4E 0 2 f%. GO IRZ W ER_FA T 4n
FIEPERE XN GO A& EUE REA A ILHE ~ 85 PBO 1 3% e 2% 35 R0 55 75 34847 5o A A AR
A DAAR 3 A ) T A8 GO 2 57K, ATk 2 R 7 48 vh RS, GO B 40K 25 44 7T LU #b PBO &1 4 3%
TR £ B/ N R B 55 FL BT Sk ol g B RE FRE AL TR ek 3t 07 £F 4k g 2 bR . M IRATAE GO TR 2 gl AL sg Bk
B, 2F 4 i 5 PR AR e AT 45 B (80. 34, 5) GPa, Wi s Al 42 = ) (2. 6£0. 3) GPa., GO IRZEX} PBO
LR YR 1 2E M R AR TH R IS T LN 28 B GO W2 R E GO MR B P 3k 24. 7 GPa B9 (HIL F 2 HE
B G FEZ ST AT S A TE MG W B, TS5 4k 1 Sy 2 s sl B 0 78 GO h] AR S8 BR 2544 L fig
i RO A A M )2 () D A A 553 1% B T 28V T S T B 5 ) A1 B 2 2 I %, DT A 280 i 280 2 2
[E] (9 8% L AT — 20 4R T PBO SRR Aa e e 5y 2 tene . &l 7 ) B, AT 04 107 g - g A il 26 A AE —
FE B AT HOE R RS e — A Al R gl A — g R A MG, T A SRR AR
JE U 7 R JRE RN 43 A1 34 S PR AR R R T 23 5 W £ Y ) AR R R . H =L s AR B R £ A 25 R v R S e L
ARENLME . RS A —E IR 2E R R GO 1Y ) 2 38 5 508 S B PR 58 T 1Y % b B T
TCRE M

(a) -
3.01 4EPBOLT4E 1 GOUR#EPBOLT4E { &GO # PBOLT 4t
2.5
T
2.01 |
o |
By |
=
= 151
|U 1 :.’.f'.
0.5 Y
0.0 4 . v . - 4 - T T T T T T T
000 001 002 003 004 000 001 002 003 004 000 001 002 003 004
A A Wi A%
(b) )
# (51.4+7.7) GPa € & e AR RGO AT 4t
/TN 3 ; gl 214 GOmRAS S L™
6 Illr.-’ \ (73.7£7.9) GPa 6 SEETEE (25:‘:(]2)(}}1{1 (2.8£0.3 )fsPa
/ (1.320.4) GPa N |
£4.5 Z
= 4 i 44 OB
= ;.." = /
2 21
0 / = T — :. i - 0 =1 AN ! N
20 30 40 50 60 70 80 90 100 110 00 05 10 1.5 20 25 30 35
Bi/GPa 0% /GPa

& 7 4l PBO 21 4k J S Ak A 8200 I 2 R0 SE M 32 Bk Sk A7 8293 1R )2 PBO £F4E 1Y () 1 J1-)w A8 il 2k 5
(b) SfbEA 2 e 3 H 7 B s (o Wi B et v [l
Fig. 7 (a)stress-strain curves; (b)statistical histograms of elastic modulus; (c)statistical histograms

of breaking strength of pure PBO fibers and GO-coated and covalent crosslinked GO-coated PBO fibers
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Fig. 8 (a)stress-strain curves of twisted PBO fibers and non-uniformly coated PBO fibers; (b)schematic and

optical images of twisting PBO fibers; (c)schematic and optical images of non-uniformly coating PBO fibers
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Fig. 9 Stress-strain curves of (a)pure PBO fiber and (b)covalent crosslinked GO coating modified PBO fiber

under different humidity; (c)strength retention rates of pure PBO fiber and covalent crosslinked GO coating
modified PBO fiber at 50% RH and 80% RH; (d)diagram of hydrophilic graphene oxide with abundant

oxygen functional groupst®; (e)schematic of PBO fiber hydrolysis
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Fig. 10  (a)stress-strain curves of PBO fiber modified by rGO coating under different relative humidity;
(b) strength retention rates of PBO fibers, GO coated and rGO coated PBO fibers at 50% RH and 80% RH
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Anti-aging behavior of graphene-coated poly(p-phenylene

benzobisoxazole) fibers in the humid environment

WU Songmei', XIAO Junhua?*, WANG Guorui?
(1. Department of Textile and Garment, Anhui University of Applied Technology, Hefei 230011, Anhui, China; 2. CAS Key Laboratory
of Mechanical Behavior and Design of Materials, Department of Modern Mechanics, University of Science and Technology of China,

Hefei 230027, Anhui, China)

Abstract: Poly(p-phenylene benzobisoxazole) (PBO) fibers have garnered significant attention due to
their exceptional mechanical properties, high thermal stability, and flame resistance, demonstrating
broad application prospects in aerospace, transportation, and new energy sectors. However, the aging
behavior of PBO fibers in humid environments severely compromises their long-term service
performance, limiting their development and application in high-tech fields. Therefore, enhancing the
anti-aging properties of PBO fibers under humid conditions remains a critical challenge. In this study,
the protective effect of graphene coatings on PBO fibers in humid environments was investigated using
single-fiber micro-tensile testing. The results indicate that PBO fibers undergo hydrolysis in humid
environments, leading to a reduction in Young’s modulus and tensile strength. While coating PBO
fibers with covalently cross-linked graphene oxide significantly enhances their mechanical properties,
it fails to improve their moisture resistance. Further, the reduction of covalently cross-linked
graphene oxide through high-temperature pyrolysis yields reduced graphene oxide with a dense layered
stacking structure and excellent hydrophobicity, effectively improving the anti-aging performance of
PBO fibers. The reduced graphene oxide-coated PBO fibers exhibit a strength retention rate of nearly
98.2% at 50% relative humidity and up to 96.4% at 80% relative humidity.

Keywords: PBO fiber; reduced graphene oxide; mechanical properties; single fiber stretching;

humidity; aging



