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Fig.1 Principle of multi-mode ultrasonic inspection
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Fig.2 Illustration of composite repair specimen and multi-mode ultrasonic scanning
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Multi-Mode Ultrasonic Integrated Visual Inspection Technique for Composite
Repairs in Different Scenarios

LIU Feifei', WANG Bo’, LIU Songping"’, HAO Zhangcheng', YANG Yusen', ZHANG Lianwang'

(1. AVIC Manufacturing Technology Institute, Beijing 101300, China;
2. AVIC Xi’an Aircraft Industry Group Company Ltd., Xi’an 710089, China;
3. AVIC Composite Co., Ltd., Beijing 101300, China)

[ABSTRACT]

industrial field, the advanced non-destructive testing and evaluation (NDT & E) methods and techniques for composite

With the increasingly urgent repair demand brought by the extensive application of composites in

repairs have been highly concerned in the industry. At present, integrated visual NDT & E methods and techniques
suitable for different repair scenarios are lacking. A integrated visual NDT & E method based on the principle of multi-
mode ultrasound (MU) is proposed. The NDT & E requirements and features for composite repairs situ, off-location and
manufacturing scenarios were analysed. A MU visual NDT & E method for multi-repair scenarios was constructed. Typical
composite repair specimens were prepared. The regularity of ultrasonic signals and images from the composite repaired
areas and the visualized detection effect of the developed integrated MU method were revealed experimentally. The results
show that the geometrical topologies of the matrix, repaired zone and repaired edges in the composite body can be clearly
identified and quantitatively characterized based on the change characteristics of ultrasonic signals from the repaired
composites. Different ultrasonic modes have different visualized imaging effects and defect detection capabilities, among
which mono-pulse ultrasonic mode (M;) and asymmetric-frequency ultrasonic mode (M,) have the best visual imaging
quality and defect detection capabilities, while air-coupled ultrasonic mode (M) is obviously inferior to M, and M;. M, has
the most imaging details compared with M, and M,; M, and M; have the highest accuracy and resolution in detected defects,
the smallest surface detection dead-zone, and their sensitivities for detected out delamination and disbonding reach @3 mm.
The surface resolution of M, and M is smaller to a single ply thickness in composites (about 0.125 mm). The sensitivity of
M, for detecting delamination and disbonding is close to @6 mm. Thus, the integrated MU method and technique provide a
powerful and visualized quantitative NDT & E approach for composite repairs in different repair scenarios, and have been
applied well in practical inspection.
Keywords: Composites repairs; Multiple-mode ultrasonic integrated inspection method; Mono-pulse ultrasonics;
Asymmetric-frequency ultrasonics; Air-coupled ultrasonics; Non-destructive testing and evaluation
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Development of Science and Engineering Technology of Aviation Composite

Structural Repair
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YANG Hailong™?, ZHOU Jian>’
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2. Tsinghua-5720 Joint Research Center for Intelligent Repair Technology of Aerospace Composites (JCRC),
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[ABSTRACT]

Manufacturing defects in composite material structures and damage during service are inevitable,

therefore, conducting research on composite material repair science and engineering technology is of great significance

for ensuring the safe and reliable operation of advanced aviation aircraft throughout their entire life cycle. This article first

elaborates on the connotation of composite material repair science and engineering technology; Secondly, the development

direction of aviation composite material repair technology at home and abroad was sorted out, with a focus on analyzing

the scientific and technical problems of advanced composite material repair theory, process, design, testing, and evaluation.

The focus was also on the new cutting-edge repair design and technology of functional load-bearing integrated composite

material structures; Finally, the future development trends of composite material repair science and engineering technology

were discussed, providing reference for the research and application of intelligent and rapid repair technology for composite

materials in China.

Keywords: Aviation composite materials; Digital design; Quick repair; Functional structural repair; Artificial intelligence
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Table 2 Drilling test parameters

A= 4l Hin/ (t/min)
1 3500
2 4500
3 6000
4 8000
5 10000
6 6000
7 6000
8 6000
9 6000
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Table 4 Prediction results of maximum axial force drilled into defective laminates and axial force drilled to the defect (feature points B and C)

Eetii 23t PR

n/(r/min) S (mm/min) T /N
3500 500 84.109
4500 500 78.509
6000 500 70.109
8000 500 58.909
10000 500 47.709
6000 100 39.789
6000 300 54.949
6000 700 85.269
6000 900 100.429
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Fig.6 Flow chart of online identification algorithm for damage location
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Table 5 Drilling parameter settings of fixed and variable parameters
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Fig.7 Cutting force curves for fixed parameter and variable parameter drilling methods
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Table 7 Ultimate load of specimens with different delamination lengths before and after riveting
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60 5133.1 4943.4 4829.5 4968.5 4831.2 5071.9 5090.2 4997.8 2.2
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Fig.12 Compression load—displacement curves of specimens with varying delamination positions before and after riveting
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Table 8 Ultimate load of specimens with different delamination locations before and after riveting
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(a) N T1/4
I B
A 1 B 2
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12 5697.8 6110.5
3/4 5889.7 6024.1

3 S A 1 A 2
5842.3 6054.8 5994.1 6013.3
5796.8 5868.4 6290.6 5823.1
6158.7 6024.2 6065.9 6027.6

BIEEAE Z IE AR BB /N

HEAERCH %
A 3 FHIfE
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6024.1 6045.9 41.5
6364.5 6152.7 472
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Fig.14 Industrial robot automatic drilling and riveting repair system and modules
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Fig.1 Prefabricated components and DCB tensile test platform
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Table 2 Equivalent mechanical parameters of monolayer fiber laminate
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1271
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0.13 0.13
0.44 0.4
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910 835

89 86
117 109
108 108
82 89
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Fig.3 Schematic diagram of DCB finite element model
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Study on Impact of Self-Healing Agent Addition Methods on Interlayer
Toughness of CFRP Composites

TIE Ying, FAN Congjie, ZHANG Zhenzhen
(Zhengzhou University, Zhengzhou 450000, China)

[ABSTRACT] The effect of the addition method of thermoplastic poly ethylene-co-meth acrylic acid (EMAA) on
the interlayer toughness of carbon fiber reinforced polymer (CFRP) composites was studied using a combination of
experimental and simulation methods. Firstly, EMAA was made into thin filaments with diameters of 1.2 mm and 50-75
pum, and then added to CFRP composite materials by sewing and layering, respectively. The effects of EMAA addition
method and content on the type I interlayer fracture toughness and self-healing efficiency of CFRP composite materials
were studied by adjusting the suture spacing and layering density. The results show that the addition of EMAA significantly
increased the type I interlayer fracture toughness of CFRP composite materials, with improvements of 110% and 402%
achieved through stitching and layering, respectively. In addition, numerical analysis using the cohesive zone model (CZM)
further demonstrated that EMAA can enhance the type I interlayer fracture toughness of CFRP composite materials. After
thermal healing, double cantilever beam (DCB) tests were conducted again, and it was found that the interlayer toughness
of CFRP composite materials toughened by suture and layup was effectively restored, with repair efficiencies reaching 85%
and 105%.
Keywords: Carbon fiber reinforced polymer (CFRP); Poly ethylene-co-meth acrylic acid (EMAA); Mode I interlayer fracture
toughness; Toughening; Self-healing
(Btghi X %)
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Robot Automatic Drilling and Riveting Repair Technology and Equipment
for Aviation Delaminated Composite Structure

HU Junshan, MI Shiqing, ZHANG Shengping, KANG Ruihao, TIAN Wei
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT] In the new situation, composites are widely used in the manufacture of high-performance aircraft
structures, with the continuous improvement of the service range and service time of China’s new generation fighter aircraft,
it is increasingly urgent to improve the reliability and service life of the body composite components. With the background
of the unique application of automatic drilling and riveting technology in the field of military aviation maintenance, this
paper studied the drilling characteristics of the layered damaged component, built and developed the drilling force curve
prediction model and the damage interface recognition algorithm, realized the variable parameter drilling of the damaged
component, and detailed characterization of the static/dynamic performance of the layered specimen before and after the
damage repair. The reinforcement principle and damage repair tolerance of the drilling and riveting repair process are
expounded. At the same time, the drilling and riveting process and high-precision robot in-situ drilling and riveting repair
equipment for complex layered damage conditions of composite panels are developed, and a complete technical system and
intelligent equipment for lamination damage drilling and riveting repair of composite panels are formed.

Keywords: Composites; Delamination; Industrial robot; Automatic drilling and riveting; Integrated control
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Development and Application of Domestic Aerospace-Grade Composite
Hot Bonder Instruments

WANG Hairui, TANG Chao, LI Jinyang, YUAN Peiyu, XIE Zonghong
(Sun Yat-Sen University, Shenzhen 518107, China)

[ABSTRACT]

equipment developed in response to the call of “China’s high-end equipment localization alternative application”.

Chinese version hot bonder for aviation grade composites is a national composite material repair

According to the research progress of hot bonders at home and abroad, combined with the development and application
requirements of equipment, six key points in the development process of domestic hot bonders, such as maintenance
applicability, temperature parameters, vacuum degree, control technology, man-machine interaction and reliability were
studied. This paper introduces the development process of a domestic heat repair instrument by selecting the equipment
index, designing the operation interface layout, constructing software structure and program running logic. Domestic hot
bonder has formed a series of products, including single-zone versions, dual-zone versions and multi-functional versions,
and the product performance indicators have met and exceeded similar foreign products. The domestic hot bonder adopts
a full Chinese graphical interface, which is easy to operate. The multi-functional version of the product integrates two
functions of composite bonding repair design and repair implementation, which supports the efficient calculation and
acquisition of composite repair design scheme under the field environment, and provides technical support and equipment
support for the frontline technicians to carry out the in-situ repair of aircraft composite structural damage. After the
preliminary assessment and application by the air force maintenance factories, troops and colleges, the domestic hot bonder
can completely replace the foreign hot bonder products.
Keywords: Aircraft maintenance; Composite bonded repairs; Localization equipment; Hot bonder;
Repair analysis and design system
(T * %)
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Fig.7 Replacement repair of composite bonded structures with removable adhesives
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Review on Composite Repair Technologies and Repairability

LIU Xuanyi, WANG Juntao, ZOU Pengcheng, TANG Jun, XING Suli, CHEN Dingding
(National University of Defense Technology, Changsha 410000, China)

[ABSTRACT]

As a key technology in modern engineering field, the damage repair of composite materials in service

is very important to ensure the long-term reliability and economy of the materials. The repair technology of composite

materials is directly concerned with the performance recovery after the damage of materials or structures, and the

repairability is the problem of how to reduce the difficulty of repair in the design and manufacturing stage of materials and

structures. In this paper, the characteristics, technical development, shortcomings and problems encountered in engineering

applications of traditional processes such as patching repair, digging repair, glue injection repair and mechanical connection

repair are reviewed. The principle and progress of external and intrinsic self-healing composite materials and the

technological development of deadhesive adhesives for replacement repair are also summarized from the perspective of

composite materials and their structural repairability. Finally, the main technical difficulties that need to be overcome in the

study of repair technology and repairability of composite materials are summarized.

Keywords: Composites; Repair technology; Repairability; Material systems for repair; Repair technology; Self-healing
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AALIEEE/C | AdbEtEh | BARSEUm
0.5 5.51
1200 1 4.04
2 4.45
0.5 3.79
1350 1 6.46
2 5.81

5 pm

(a) KEfL

10 pm

6

AP 28UGPa | A RKR | HHE/GPa
1.47 0.93 1.36 +0.21
1.44 0.80 1.31+0.38
1.32 0.85 120 +0.31
1.62 0.89 1.45+0.39
1.68 0.89 1.21+0.25
1.23 0.94 1.13+0.30

10 pm

(g) 1350 C4 k2 h

ORI ARk )2 IS B 3 i A e,
LT A BN AR PH Y 28 far B /DN, AT (A5
21 A5 . T R 2, 1200 C
FALE TR 2R A8 S B i
AT A 58 R ) 98, 1350 CEL)E
AU A AN, DL S A 2K 2
B A R T AR D 5 P o
2.5 AR BN/SIC REH) SiC 4

S FRIRLHET O

R TR )R EA S A
2 11 W 24 % B3R =, X U 7 BN/SIC
RIZHY SiC £-4E7E 1200 “C AT 1350 C
BT R AT 1 R T AE, 25 58 0L
Kl 6. HIE 6 (b) F1(c) A I, BN/
SiC ¥ JZ1E 1200 °C 4 AL [a] A i
1 h B, VR )2 5 R 2 1 557, R 1 8
HH I R0V, 21 4 %) W 24 2 3008 7
W2 — A e XS, O A AR A

10 um

#TE BN/SIC 3B M SIC FHEFWATRRIET ORI
Fig.6 Fracture morphology of SiC fibers coated with BN/SiC coatings before and after oxidation

20244655678 552000] - Bt RERAR 95



L

SPECIAL TOPIC

IR, AR IR 2 S e 8] AT
DLBA S AOAE R, AR AR R . R
H NEBY BN R 2 7E il R 25 i
PErEA N S U S8 BN 2 547
A2 G455, TR VE R T H
S, 1200 C4EAL 2 h 5 (E
6 (d)), )25 NIBEF Y456 AT,
PE I — LT AR RS AL BRI
1350 CEAL 0.5h 5 (6 (e)), A1y
ATEACBIG ., R0k A IR
HEALYD; EAb L h S ARG
EARGTHE (6 (f)), MUk
BLET HEWT 24110 2R, 1350 C4
fk2 h )5, i Bffﬁﬂﬁ%ﬂ?%)? ISV EE35'S
HEARFENGREZE, 454 BN/SIC
%E%&EE’J%@EMR, FHED)
7t R T T 2 R S
W, % &, 7 BN/SIC 14 )2 1Y &1 4
AL I W 24 5 B 2 A PR
THoL: 1200 CEALG IR Z - F4E2
[i] {4 2 Bt B S LB T BT L T 2
1350 CHAML)E , A K HAE0ES |

AL ST ISR A
3 Zig

(1) BN/SIiC % JZ27E 1050~1350 °C
AL BEE A AR RIS TN, BN/SIC
WAL, 2R A E AR
fL S LA YT 1 AR

(2)BN/SIC ¥ )2 7E 1050~1350 C
AR IS A SI0, FIV Y SiICLO,.
BNJ/SIC JZ7E 1350 CE AL 2 h )5, 14 2
Kot b, AP N SiC £F4Em
HE

(3) 7 BN/SIC IR)Z7E 1200 C
F1 1350 CEAL)G, £F i 1 5 5%
IR, 1200 CEALE LT 4E R 3L
VMR 2 A7 4 2 0] B SE R S Lk
Ffis 1350 C A AL 125 4 35005 N
Ay BHRLL

& % X #

[11 XU, B sl TR, 4. Elis sk
T 25 4 19 SIC/SICH 4 BHMOWL 45 44 15 7k
AELY. FATRELTZ, 2020, 50(6): 48-54.

96 Wiz MEHEA - 202445 678 55 2010]

LIU Hu, YANG Jinhua, CHEN Zimu, et al.
Microstructure and properties of SiC,/SiC composite
fabricated by melt infiltration process[J]. Aerospace
Materials & Technology, 2020, 50(6): 48-54.

21 XVE, mate, i iz L3
HELESIC/SIC B A BHRHE 2 T2 K AT 5t
[3]. iz ilEH A, 2017, 60(16): 90-95.

LIU Hu, YANG lJinhua, JIAO Jian.
Preparation and application prospect of continuous
SiC,/SiC composites for aero engines[J].
Aecronautical Manufacturing Technology, 2017,
60(16): 90-95.

3] XU, ate, FIGR, 4. oM
K FHHLFHSIC/SICH & bR *}H&w& PEREN
RPFFTHER[I]. AR TR, 2018, 46(11): 1-12.

LIU Hu, YANG Jinhua, ZHOU Yiran, et
al. Progress in coupon tests of SiC,/SiC ceramic
matrix composites used for aero engines[J]. Journal
of Materials Engineering, 2018, 46(11): 1-12.

[4] BRUIEG, 230, BOgS, 45 Ftim
JEXE A E T LB AL A 2T AR RS SRR i 2
TP EHERE IS ML), A 4 Jm bR TR,
2022, 51(2): 645-650.

CHEN Mingwei, LUO Wendong, QIU
Haipeng, et al. Effect of interfacial layer on
the properties of near-stoichiometric ratio SiC
fiber reinforced SiC composites[J]. Rare Metal
Materials and Engineering, 2022, 51(2): 645-650.

[S] ZOK F W, MAXWELL P T,
KAWANISHI K, et al. Degradation of a SiC-SiC
composite in water vapor environments[J]. Journal
of the American Ceramic Society, 2020, 103(3):
1927-1941.

[6] ST, S5, B, 45 S )2 %
CVI-mini SiC/SiC & &kt 1 £ M RE 3 1)
[7]. MR T R, 2021, 49(7): 71-77.

ZHAO Wengqing, QI Zhe, LU Xiaoxu, et al.
Effects of interphases on mechanical properties
of CVI-mini SiC/SiC composites[J]. Journal of
Materials Engineering, 2021, 49(7): 71-77.

(71 WK, i, B, 45, SiC/sic &
B MR A S T AR 8 B 5T AR K e AL
FERRER 2R, 2021, 49(7): 1446-1456.

YANG Huiyong, XU Bin, CHEN Dian, et
al. Development on oxidation resistant interphase
of SiC/SiC composites[J]. Journal of the Chinese
Ceramic Society, 2021, 49(7): 1446—-1456.

[8] DAIJ W, HE L M, MU R D, et al.
Tensile properties and failure mechanism of the
SiC/SiC minicomposite with multi-layered (BN/
SiC), interfacial coatings at room temperature[J].
Journal of Composite Materials, 2022, 56(9):
1379-1390.

[9] DAIJ W, HE LM, MU R D, et al.

Oxidation behavior and damage mechanism of
SiC,/SiC minicomposites with multilayered (BN/
SiC), interfacial coatings at 1200 “C[J]. Composite
Interfaces, 2023, 30(1): 1-19.

[10] CULGY,LUORY, WANG LY, et
al. Mechanical properties evolution of SiC/SiC
composites with a BN/SiC multilayer interface
oxidized at elevated temperature[J]. Applied
Surface Science, 2021, 570: 151065.

[11] A4, WG, 5597, 45 BN FIBN/
SICHR JZ=XF SICET 4 B 22 437 A1V RE 14 5% 1) B
PRATRI]. AR TR, 2023, 51(2): 152-159.

JIAO Jian, ZHAO Wenqing, QI Zhe, et
al. Effect of BN and BN/SiC coatings on tensile
properties and failure behavior of SiC fiber
monofilament[J]. Journal of Materials Engineering,
2023, 51(2): 152-159.

[12] LU Xiaoxu, JIANG Zhuoyu, ZHOU
Yiran, et al. Effect of BN/SiC multilayered
interphases on mechanical properties of SiC
fibers and minicomposites by PIP[J]. Journal of
Inorganic Materials, 2020, 35(10): 1099-1104.

[13] DAIJW,HE LM, XU Z H, et al.
Oxidation behavior of SiC,/SiC minicomposites
with multilayered (BN/SiC), interfacial coatings
under humid environment[J]. Journal of Materials
Engineering and Performance, 2022, 31(12): 10343—
10353.

[14] HIJIKATA Y, YAGUCHI H,
YOSHIKAWA M, et al. Composition analysis
of SiO,/SiC interfaces by electron spectroscopic
measurements using slope-shaped oxide films[J].
Applied Surface Science, 2001, 184(1-4): 161-166.

[15] BUET E, SAUDER C, POISSONNET
S, et al. Influence of chemical and physical properties
of the last generation of silicon carbide fibres on
the mechanical behaviour of SiC/SiC composite[J].
Journal of the European Ceramic Society, 2012,
32(3): 547-557.

[16] MA XK, YIN X W, CAO XY, et
al. Effect of heat treatment on the mechanical
properties of SiC,/BN/SiC fabricated by CVI[J].
Ceramics International, 2016, 42(2): 3652-3658.

[17] PATEL A, SATO E, TAKAGI T, et al.
Effect of oxidation on the bending fatigue behavior
of an advanced SiC/SiC CMC component at 1000 °C
in air[J]. Journal of the European Ceramic Society,
2022,42(10): 4121-4132.

B Hfd, WE5E 5L T B 1
IS AR
(F#% 117 W)



High-Performance Fiber %‘lﬂfﬁngﬁ

IR AT, BT, . GILPIShaR 4 2k B KBTI JE[T]. A& Hl i3 K, 2024, 67(20): 97-105.
WANG Xiangyu, CAO Weiyu, WANG Bin. Research progress on electrochemical surface moditication of carbon tiber[J].
Aeronautical Manufacturing Technology, 2024, 67(20): 97-105.

BAFENRAERANAARTHRE

EFE EEFE L E W

(1. TR ITRFANAIELSMHE R EE LT, L7 100029;
2. AT L R FHL LR TS o THF L EELEZT, L7 100029;

3. %P5

[HEE ]

FAFR B RA A S, LT 100088)

B RR B A Y 5 B O A AR Z R 09 R m M SR T R AR BT SRS ) F AR R KA. AL FIS AR A

—FP A RO AL R B B T R, AR AT A ARG SR AR P RR TR A 2GRN, AR TS
kAT BT T %k, BT AL, AT B A VAT IS, 5ok A Yo ba b R @B AT AR PO A AR B R, 5F
Xt R WA FAS AR AR A Y e R AT Aoy ST T

KEBIR) : AR AT 4 AL S R\ B ARREOR s B A EIS IR B A A K|
DOI: 10.16080/j.i1ssn1671-833x.2024.20.097

s
T, BT 6 TR B
ARRARURBFEEAHHRE

TERE,

T 2T 24 B R s AR SR
JIPEERE, LS AR T T A
TIRERFIE , PRI AR ET 24 b 1 i 1A
(8 et 525 BB 2 R T s
KIS REIR  scid iz  Tolk g

LN SR NEERE R R e R e
P PR TR AR OT R,
YR SR H R, S EULE
BB It v, 2T GEXS A i 2
PRAGIEIEIEZS , il 26 A9 52 5 A4 RHE
AL B85 P R 52 38 Aif I ) e A 21 4
LA H R A S TR BT R 3
R ET 4E 52 5 FORH TR RE A4 R T
Wit o PRI, %o 1 1 sk 2T 46 5% vl iF
1A B Ao AT 3 5 fge 21
AESGRNEHEAR A PSS &, O P T
SEEMRERER)SCHE

fReT AT AL B 2T AR
AL AL A A TR A B
IR N REST L R IR s & Horp
R A T A SR G G AR IR
AL 5 T i S0 ARAR T 3 ik B
o WA B AR AR R T Ao
T ) — ol LAy 82 BAH 4 5 i LI
JEE PP PR AR D A, Rl B
SRR AT - B, A FL i o
R T AR A, (R AT 4R R

0 2 A AR AR BN, DT ) AT P
)2 U F REA

FL A 2 08 1 1 S — Tl 7 58 A
B AT IR T A S Tl Ak
AT BB, B T T A
P 1k 21 A SR T A A TS T L A
Shy 2 5 AT 5 i A B T 1Y
KT 2 AT S 2 i A
1 I B 21 4 1) £ U 525 bR
i3 E v B e B DD R, B
LR R AR . A SCE A
9T AT AR R AERR 2T 4k Ak 2 SE R HL
B 5k K N A O RIS R
Xif ) T 1 L AR 2 A A T T T 1)
T 2T 4 3 1 LAk 2 4 R 5 FL b 2R 0T
FREE 7 1) (I8 SR AT T 1 40
) TS | X sk £F 2 3% i el Ak 2 1B
i ) 2 T e RIVAR 52 T 0 2R 4 T T 4
FrfEe,

1 AR ERAHTHE
T NI 1 Rl 21 4 AE 22 i Ak
20244555678 52000] - B RIE A 97



L

SPECIAL TOPIC

A B LB B, e R B R K
FfkFE b Y 2l A s, R
PR D - ] 5 i A A T AR AR AR
SEAA R E SR R P, st
il Ik B SR IE K | ik B P 3 A ] A
R LT A T T AR
1.1 BUESUNEHRR

T AE Ok, BWIF 5T N B3R ik £F 4 3%
AT 19 H Ak 27 S8 A LB g T AH DG 1)
W5t Fu % W FEmFsE PR T U
(NH, ), SO, 5 NH,HCO, {E } Hi fi%
R AN ) S Al s R AT , sz v
v /(1

(NH, ),SO, &%

H,0—2H'+2e +[0] (IEPEE)

(1)

NH,HCO, &% .

OH —OH - (Hid%)+e  (2)

o 0 M A H AT B R A
5t 1) A Ak 1, BRIk (NH, ) ,SO, 78 &
X T v B B AT 4 0 A AL AR T
NHHCO, ¥ #f-, R4 X —#L3E, i
— ¥ T NH,HCO,— (NH, ),SO,
T B B B 4 A o e A o £ A ot
Tt 3, 7R Br A b v,
NH,HCO, HLfiff 7™ A= (138 A A0 e £F
Y Fe 1w R T A TR A A, A
PL (NH, ) ,SO, 1E by H fift i 1) — Bt 4
A rF R ol e g A T T T AT AR
k. uat R, B AL AbFE
Ja R A S B E R, O/C A\
1.7% 45 755 5] 17.6%, FIr i 4 i £ 4
AR ZE B UIRE (ILSS ) ik
2|7 93.1 MPa, fH# Tk £F A M-
F% 27.3 MPa £t T 241%. Bauer
A UVRL IR T R T R S RO R
R ET AEAE TR IR IR BT P 1 L Ak 24 4
RAT 225, TERRET 4E iy AL R
A B o, B3 HL g = A 1 O, T LA
LT 4 R TSR AR, H A TR B
THFWRER S, ERIAER TR
FOIE B S B B - Rl K A AR AR H,0,,
HAr e A AR B PR SR )RR a
o R B S AER . W
2, M H i TV VRO HL0, I HL

98 Wiz A - 202445 678 55 2010]

A2 FAE s TR I, B 5 K i
MR Z RS H R, e T R EF
Ay EAL, X —HUBA B R T 2
HYR I A5 A

HLAL BB T ZE R 21 4k 3R 1
I E M 3 AU E fig T4 s 2R 1
TRPEAL, H A A = AR B AR AR AR
TR AR A P 2 P R 5 AR A R
fift ¥ A X £F R h R AR . Li
A OV S R, Bk 2T 4 BH B SR AR AR R
FHL 37 9% B Ao g B, ik SEM UL 2|
TABERENING, SRR
AL S0 R AT 5 1 Rl T R, X
T2 PR AR A 7= A ) R S A o i )
Ve R i — 20 kA AR R HE i
CO, i 45 %, Li 4 " 7¢ NaOH 7,
PEIREE N X £F 4t 11 Ak 2= 4 Ak,
PE T R A AT G G S5 s
T2 5B L AR PR AILEE, TR
i I WP AEAE R B OH B T,
T B AR F 4 FH T 9 3R T e )i - ¢
B, I AT DL AH 4B i 1 & A
INF AT AR A AR I I B 55 ke 2
7. WREFEAE b A b R b 3R
A 882 A A T R B B AR N
T H LI O, (B I 2 AR AR
MK B B4 . Zhu 25 UV F ST % B,
TERAb2= R AL e 4 B R £ 4
TR ik I 52 02 X R 3R 1T A 55 )2 7
AAbt b R4 T B E)ZE, I OH
S5 B HL A O AR v A A B 2T 4
RIS B A s 2T, A
T BT 4 2 2K

FHL AL % | R Ak 2 Ak 3 (] A
PRI 2R 350 Il Z0 80 SR AT — 2 R B 5%
M, SAARAEAE U RS TR R L
JEE A BT R 2T A R T 25 A A 5, BF
SELAE RN, R AL I L L
47 1.0 mA/em® B, Bk £F 4k 3 1 1 55
SR IR AR /DN R R AR v A
2.0 mA/em® 5 3.0 mA/em? B R 2F 4
I T 25, R AR A
B HRHA VL FIANRE L BRx g
AL a1 FR . XOEH TR
A v FL T B A A AT e R T R

AERIZA 2 BGRB8 R
I, HL RO (2% B o i ATl
IRE A SR A5H v, DRI 003 R AfE LA
2 BB o Qian 55 " FERF ST
R B LA o S IR T A3
JE WA AE “JCTE RN, RV 2T 4 3
TET 0 ) A IS LA i B P e, ST
JEEARE T AR il S 21, B 5
B2 BRI AR e Al A
SO 2T o 3% I HELRE JRE A, AR A0
Li” 5 Qian'™ 45 A B 5L R W, 75
FL AL A SRR , A o 2 Wy By
ZIWE Pl 2 (i Bk 27 2 2 T 1) TR 7215
SN M, I HAE AR A
TEATER R RE R
12 BUFESREFTESNA
PEAFSRAN D 2 0 Al 48 AL
LT T BIBERGHE . Meng 45 1
KBS IE R G s Ao
RIRTERBRIIKZT4E (CNF ) #EATH
P S A, HR B A R A 2
JiR e X—TJiES BT et 4K i
A PRI, T B ARt T A J it
Jok e L AR PR S48 o b i e 27

(b) 3.0 mA/em?

1 SHEREEMERTERE SEM ER "
Fig.1 SEM image of carbon fiber surface

[12]

processed with high current density’



High-Performance Fiber %‘lﬂfﬁngﬁ

e kA A, FIHZ T il
WUCPE IR T 2 HA A R TR =
S K LM RR I ELVE AR B
Wb AL AE H A2 o T HoAA B
A% SRR B (R i TR

Xing % " BT T —Fhogr B e
fbeF A AL PR (] 3), S8 T %
Tk £F 4 3 1 HE AT B PR MR S AL 1B M
ZREERHBRREEN —E oS
HL A S K R VRO G KA 432 Bk
212 5 i IR A S 1 e R AT E
32 R O WY €% Y s 5 B 3 TS|
L R — B ) 2 ek Ay
A T I THE S | BERT AR AT 4 %
T 422 i 320 7R P SO, TR LR AL
2EEAL RN o TR T Y S YA
JE S 1 Bl D B 9 i 1) — G L e P
BTG AL VAR A R T
SIS A T e 2 B ) o R
Ao 3207 15 T il 4 i e e il 21 4 5
INE G 0 4 kA B AR B T TR AR L
R 32%, IFSS 515450 5 i tf LL 2
T 85%, [ RRET 24 (s it i 45
DTSR NEE T

Wu 45 USSR A AL HRL T 1 T
BRARAL GE 1 TO L HEL il V5 VRO B 4
AT AT AL~ S AR B, AT 5T 45 5
FHH R FNR ISR 48 O M Tt W R
L FEL R SO TN B0k 4T 4 A R A Tl
PEJG R FHBEIR R et I AR 1
W LT 4 | R ERNG A MR
ILSS i3] T 33.04 MPa, B RIER
MR T 157.9%., Wen 28 " i ik
T (B B ) Ak BB AT A 3 1T 1Y)
e, Jeil i i A A AL R AT R T
FIAE M E ReBIVE RN A5 , P
Tk L A B ) KHS50 Zb PR, A S0 w5
TR B I R LR P A
R4 4 | AW IR G M R TLSS
S TFSS 43 535 2| T 81.27 MPa
70.49 MPa, b F $22 FH AR IR0 Ak 2R 1Y
R T A 3 52 A MR =5 71.3% Al
61.2%.

FL b 2 S AR B A 1) T 1 8
HF AR5 T BT T ik £ 4 % 11 )

AR R IR . 2745 0 R LAk
SR A T — R B A BN A
TR AERET AN 4 P Kk
£T 2R I35\ FRL SR T R S
FL s, Bt b 220 B R T B ET 24 AR A

Tungsten ring G

(a) WBIE R K

Liquid membrane CNF

TR/, (A 2 LA A T A 2
LFAEWTROR AT AR [ i e e v e i
VAR L B PEALAL T BRET 4R R
RITESEE M . 207 i w3 G
T 50% L1, HEFRAAER F

1 Reciprocating motion

Wire electrode fixture

— . - -l 3 .
- i L R(?al—tlme
" image

Tungsten ring

I Liquid membrane

(b) BB S ERRET Ak 1Y
I H

(c) Fmbkid R P ONFER I b1 R 2 slon A
e AN RS RRE R A S, A A R R s S R
E 2 CNF BIZh&SREBN R "

Fig.2 Dynamic liquid membrane electrochemical modification of CNF""

(i~

Oil immersion

X

Selective oxidation

3 BAAEEMREARAKE "

Fig.3 Selective oxidation device for surface treatment of carbon fiber

(171

(a) 0.1 mol/L
4 AEBREKE TR e ™

Fig.4 Carbon fiber needle tips obtained with different electrolyte concentrations

2024455678 55201 - it RIEEIAR 99

(b) 4 mol/L

120]



L

SPECIAL TOPIC

TE BITERE, 7T THRET B
Zai % PV PR TR AT 2 A 1 L
M LAY, SR LA~ A A ROR F
1 BT HE LR T AR AU RE
i TR A R A
L PERE | SEAR L (7 RS LA B g v
HL 2 5B LB 2T 4 P B, JU G T
I FL S 1 S O il T BRSG

2 AR FEEHRIRRE

il 2T 2 114 L A 2 2 B AR R £T
Y5 | ATEMESEAE N SOV AV A5
T HL AR IOV R v it n e 3 ol PR
R AR I TR A, B8 HE
PR RA Y HAL AN K S5 2 T
HAFH SRR A2
2.1 BAFESEVEMR

T £ 4 2 T 28 W BRI LAk 22 4R
IR = et W REETEHE
BB, T 5 HAl — S I P % AR A2
IVRINE=E 9i: s milbIA0 =R 1 1E=E N =t
UK E | RIS BEAS S ARG Hh (0 2
AL PR A R AR AR AL R
PRI R A Shy i A 2 A 1) S g o7
Ko NG TR ) TR AR RV TR
HROE S A R B R T, DR Az B
W EL I 5 | I SR AR AR R T 4 J] ],
5 A A AT Al 2 RO 45 A B ik
LFUEF M, Fu s P T —Fh7E
o B R R 2T 2 R T L AL A — L
I = (DETA) R L, &l 5 s .
DETA %8 A (NH, ) ,S0, %
i ST LA AR T 22 (R, DT B4
i A B 21 4 % 1 L T B DETA LA
K AR AR RN 20T 45 1)
CPE IR 2T 4 5 0 H A B 2 S5 A L
EA S R e, O FLBRET i im
HELRE B2 A5 31 ) 25 i v, Sl YA AR TR
HLFE, T BURET 4 32 0 TC I 45 R 1 K
RN, BN KA AR R A
BESHNNER Yy BIA TR R TR
HE P DI HE 5k 41 4 5 30 S g =2 1]
By G R LT 4E | IR A RS
A HRHAY TLSS 42 5 5] 97.5 MPa, b
KA THAL AR R T 257.1%.

100 i hNEEAR - 2024455674 552010

PR 27 4 3R 18 5 | WG PR A 5
2R B AL R AP 98 oK 45
) AP A 2 I AR L Al B R Y B
X 1) Z —o AN, Chen % ™ i
it B A S R R AR E R A
MXene 44>k A ( Ti,C,T,) Jin L&A,
T B SC AR R AT e R T 5 | AR
FEPA, iR E Ak 2R A ) T il
MXene 9K 7 BACH AR o 20, an
6 . W54 R RY], MXene 44
KR 5] oA T 4T R m, 3% CF
P14 2R TEREDRE B, 48 = L S A i S0k i
BUMEG 5 ROR , [FI, MXene B M
B B2 ) BRES R A 1 AR e A
MRS E M Ry R, SRR
AR A S A 4R T 2 5 4
W R 0 A2 25 (o Ok 21 4 5 3R 41
RERE 7 A= 55 ) S RS R, 2240 3

[ h 21 4t / 31 W g 52 5 41 L TFSS
ST 123.86 MPa, LT 4k APk
PERT 33.5%. T4k, T MXene 44
KA B NS5 B A — e R T
A DMB R LR YR TG , 2 4 14
i B AR RS T T
AL FORBET 2 2 1 R AL e oA
PERFFE AR SRR LT 4 5 BRI 22 ]
MRS SR T U, AR
PEIEARZER R E AR R, oI LIRS
ZHA RIFAHAYER AR G sl
AR EEFGVE R AT 2
22 BUFERFAESNA
AL FEARCH & 2 R
PERE, W RO RN R
Wy a8 LAt A Rk P T B 41 A AN ) 1Y)
TIRE , 5 T3 P 1] ) R o, I AF K
I e 2T 44 S A 355028 R 1) E A AL FRL

--'4%0 CONH—R—NH,
=0 COOH Py, I ey
C—OH 2 LR
o -~ CONH—R—NH,
C—OH = . ~CONH—R—NH
C=0 Anodization| | COOH Grafting 2
C—OH
~COOH
YS" COOH _
c—o PN AN ;
~C—OH QU

Stage I ¥

COOH

o Stage [ 4

= =0 (
Anodization | -c_on 'OO
COOH e‘y

R: *CHzCHzNHCHQCHZ*

: = =2 |

HMCF | |- COOH = -CONHfRfNHZ:
: Grafting || .

Adsorption: | —COO™.."H:N—R—NH || % -COOH ;
Electrostatic interactions of H-bonds * A small amount of carboxyl __.*

B 5 AEAEFER HMCF RERNEE

Fig.5 Surface reaction mechanism of HMCF with different treatment methods

122]

O O
{ )—NH, { )—NH;
NaNO,. HCI NaNO,. HCI

p-Phenylenediamine O N MXene O
{ )—NH, { )—NH,

O O
CF MXene
Nanosheet

E 6

WETHE R TR MXene REZHIERER ™

Fig.6 Schematic diagram of the mechanism of MXene grafting on the surface of carbon fiber

23]



High-Performance Fiber %ﬁﬁngﬁ

e R AE R HAZ 8 T )2 K. I
T AR P R A A 5 T
A AR O A A B LT 4
HL A, FH T v 1 R T T R I AL IR A
WFFE 45 T F W, LT 4 Ak 2 ek B
g 0 Fe | 2% T A T 4 v, R T ik
LR YA KR B JZ TE R, A2 45
BTERA i Rm L RAYZEA
B R R P R ) R ELA
F EE L, BRI ABE BE B B TR A1
LR RS, T4 o T 4R R O
SV JH 1 A ME R 4T e 7R T PR L 3 R
i Jo7 1 BE o

Liu %5 P R 2 e/ b v ]
1A F 2 BE B 94 K 45 (MCNT ) #28L
BB L i 28, 5T R EF 4 / K
TFEE BRI FRIZE, S T RRET
Y /oK e 3 5 A MR R U
fig. WFoTLs R, MONT 285k
£F 2 3% T4 — J2 TE A 1 IR 285 4 i
LB, 57K UR AR 1) 2 fh T BUOR R A2

ThZEFMY MCNT JZ A E 7K
HEJ5T b v I 25 O B, RO Bl
L4k | R PEHEE AR AR R 5 I
TARUAER S SRR B
R, R 4 B PR BEL{EDX I A I 4
AN e I BU DR = A DA e
7 PR o BRATREER L BEME IR A 1Y
i Je LR AT BE-55 00 48 5 ) 7 Fi A
2R AR IR AT 5, BRET AR T FEA
MOCNT Ji7, A RHER IR R
R L P 255 1) S B, HC T A R
1A R P R AR AT R T
P, B EOASRE IR AT M

3 A4 FETIRHRHERE
AL DR BRI ET T,
VIR P 3 PR B S DR B A A ik
AR MIE N —Z 35082, N
PE R ARG M
3.1 HBUAZNRVIEHRR
AL AR M R 2R HE

A —E Y E AL 0 T
PR DR, X Fh ALY R % 2
v i i el A A ) S v e i S A
B2 , e F55 7 25 i T2 ] 25 U AR A i o
TELFLEZR T, DA T B 2T 2 A 0
RERFAE IR0 T2 &Rk, Li 45 B9
TE Tk R ER T3 W 0 B 2T 4 E 4T L Ak
S, R T HAERIPLE, Hifk
F R A B SRR Ry BE AR, (4 2T 2 2 1
PR B R E BB, B A AR R
CO, TE R H 5 H,0 4 i COy, I
HEmt s b e ca” g5,
[ CaCO, Tl 72 1 7 2 2T 4 R T A
] Y Al T 1 50 43 A 1 CaCO, T
B2, IR E R R, R
HURE B = HALB 2 4RI T2
R, 2 5K Je AR & AU E
Bt AT A 38 L 45 4 o Galyshev 4 27
DL T4 Jm Lt £ 4 52 4 b R P
RER H Y, R AL 2A DU S IR -
B EANGE A, LAY 8 R bt

13.10 —12.44
8 ----Load —Resistance | { | |1 8 ----Load —Resistance | | | ||
5 i ERIE H
i i E I :, £
6 43.05 2 6 ;
s g s 12.42 g
< 4r 3 < 4f 3
3 g . g
ki g3 E
2k 3.00 % oL %
~ R § ~
12.40
o EETLT XX ok
1 1 1 1 1 2.95 1 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
Time/s Time/s
(a) 0.2%AALPRBRET 4k (b) 0.2%KIMCNTH PR LT 2
""" Load — Resistance -0.88
sk gLl Load — Resistance
10.88 HIHH B
L or 5 ol 1086 2
Z N
E 2 3 g
g 4l 40.86 3 S 4 10.84 5
= e E g
CR z
2r s 2+ i Z
& P {082 8
40.84 RN
ok of i FeiRiy ¥ 13 ? (O ’ ¥
1 1 1 1 1 1 1 1 1 1 0.80
0 200 400 600 800 1000 0 200 400 600 800 1000
Time/s Time/s

(c) 0.4%ARKL PR 4k

(d) 0.4%MCNTHM 2T 4

7 BEHRMHETAERESMOBRAEKRES SFRIOHSE - B - rE Mg ™

Fig.7 Load versus resistance versus time curves of cementitious composites with different carbon fiber contents under cyclic loading

125]

20244655678 552000] - it BlE A 101



L

SPECIAL TOPIC

FHAY BT TE R 21 - 3R 1 ARAS T 34531
Si0, YIRYZ , Had o b B F v ()
it 2 B K DU ) e DU RR 2 B S
AT TR
3.2 BUERRFAESEA

Liu % PR a7 2 B TR ok
PERRAIKA (CNT ) 5 Ni (NO; ), 11
BIRW P AT A ERUR, B 2
EREATH CNT 7L Ak LA
HORE N BT |1 274 , AELT e
IR ZFL NI (OH ) /CNT ¥t
FZ, CNT BYfE7EfE# T Ni (OH ),
PEA TR A SR A I T s T , A T
HUA T SR AR DS AT e |
SN AR A R S e
HLFHAY Ni ( OH ),/CNT/CF &4 Hibk,
TR AR FH T R ER A H A A 3L, L2 A
HATHLHIANE 8 i

VAR, SRl 4k [ Jy b A4 R
SR A S0 DL L3R T = 5 1
i, DL B SR 4 B AR 21
ZEFE AT 12 KT, BN
CERVI A SR AT Y S R 2 |
H R SR AT A SR T A BT N
HE—AB R 2T 2 2 1T 9 R D 254
Sun % P I =850 ( MEL ) %484k
A SR T A YRRk it
H b 2E DU O B £ i R 1w . RS
gERELM, MEL il i n—n 3L4843 5
SRR 4 S SE A B I R AR VR
£ 2 et vl R A A BRI T B P

ST AT
AT KRR

Carbon fiber

NiOOH
Carbon fiber

SR AR B T ER: R R LR,
BN T 50 B S A fi e AR AL
A SO R B AR R Tk [
I ARk B0 EL A 130G S A o
TR AR S g ARG, E
A FRHAY ILSS 35 E] T 54.8 MPa, 4
PR PERHE R 40.9%, Xia 25 Y
3 3k P R AR T B 2 A A R 1T 1
SIUTRVRA AT B0 M T —Fh el
B EA SR R ek
SHYEERA, FEILEERE [ 4 AR
AL DR EZ AR TR I, T4k
A B ELA 5 S ) R DU AR,
N e A s AR e D
A, G0E 9 (a)~ () Fise 1% )77l
% 1 Li/CFC-GO = 4 B 76 41 i il
) FEHLAEEMALE Hh R B A S P
KA, Wk 9 (g) FR,

Chen %5 PV % FH # 1, 27 22 1 £
TR AR AT 4 N AR S JE R 3
I B AR BURR  J SAE B 9 K 4T 4
RIS UURR— R B AR b A
A E AL AT BRIRAE B L A
WRE PRI 2, 4 HL I RE
PR A8 T — R 27 R 4 [ S
HLA AN IFEas BRI R L itk 4
[#] 75 68 G FL 25 4 7E 48 10000 YR AIG 31
Jr AR RN 86% , 2R [R A S
s CV g LT AHIE, B 5
I A R AP RE LA R e
P o 2%l AR A BT RS

(b) a-Ni(OH),/CNT/CF
E 8 «-Ni(OH),/CF # 0-Ni(OH),/CNT/CF E3#&#J Ni(OH),/NiOOH 1535 #1 ] 1**
Fig.8 Ni(OH),/NiOOH phase transformation of a-Ni(OH),/CF and ¢-Ni(OH),/CNT/CF

128]

electrodes

102 LB EAR - 2024455674 552010

[Fl TAEHRLA, AN 10 111 s,

4 Z5ig

RS B T R A D i £ 43R
VTSP P — oA 8 T BE TERR T 4E
BRI S RIS 5 A )2 B
o it AL AL AR
R URR A T BT LATERRET e T
FIAT A EREM, $12 5 R L SRR
JEE , TR R £T AR, LA S
SRR EOICHIEAST S RIRCR . SR
H AT LA I 2T A ThT 1 452 0F
FEITEN A E— LA G R

(1) A ik fa P o 7, 1E
T AR h A3 Tz BRI HT (H
e B AR BCR AL BR T U 21 AR
Shkh K G AER S A

(2) Al sk il L 5 |
VERIfE/ N T W BUR ST AR K
A A A SOSTHERG, WT R AT 4 S 22 (1Y
DIRENE L o vy (9 S T 4, (EUR AL
WA 24 BE B RIOR AT R s

(3) AL DURBUE 3 WL T HL
A R Tt S5 AT, TR RE R P R I
5 HIE ) S5 o) BT AR AR R 2T e 35
Wb, 0k B A A R
I TR AR, DOBUZR W AR B 2T
HER M, 5 BRI TR Z AR 2 PR A T
FHSRHGALE .

(4) 4R AL 2 B 1 7 5 122
e 2 24 3% I M 1 R 4TS 2 3
FT A2l X g 2 M R R R —
SE BT , PR IH e 4 il R ) 2 T
LA T 2

(5) H AT X i i e 2T 4 14
RIAEBTTIEMERERR, T 2T 4R
T RAAEYE AN 5 | ARIEE I EE
, FEFAERG , T2 A2

e Ab, HFTE TS A AL S 1
B AL DUREE T, R2F 2
INFTRI RS B, FBRET 4 A= 7 2 25
T ECREPEIAAAEA R . EHX L
IR, AR E B T 2 RIS OR 2t
— LA U 22 AL S
EETT I A o



High-Performance Fiber i%ﬁﬁgﬁ%

200 pm
(WAL

200:pm
W S

ok

500 pm’ 20 pum
] — [Fa .
(e) CFCULRZ 48 mAh/cm? (f) CFC-GOVLFIZA1-8 mAh/cm?
—— CFC
—— CFC-GO
S
N N
= &9 (f)
= -
® o—
[#9 (a) &9 (¢) %9 (e)
-0.4 L 1 1 1 I
0 2 4 6 8 10

Lithium deposition capacity/(mAh/cm?)
(g) UIBLEHE P CFC/LIFICFC-GO/Li~ HL it 1 FiL I il 2

9 FERMEHT CFC 5 CFC-GO RERBME B EIR F 515 EARFHE
Fig.9 SEM images of the surface and cross section of CFC and CFC-GO with different deposition conditions and the characterization of

corresponding electrode properties™”

—2mV/s 1.0r 120
4r—s5mv/s e
3_—10mV/s 0.8K —1A/g °,\=100
o —20mV/s _83 %g 8 w
g 2—50mV/s > 0.6 —{), g = | 25
< — 100 mV/s = —0.1A/g g 80 20 .
EN £ 04 0547 2 g 10 =
S ol £ ) o ~-10000 th
: =02 g a0 3
5 1k S -1
2| 0 = 20f 38
@) -02 0 02 04 06 08
3 X X X X X X 02 X h X X X X X Potential/V, X X
-02 0 02 04 06 038 0 100 200 300 400 500 600 700 0 2000 4000 6000 8000 10000
Potential/V Time/s Cycle number
(a) AFEFRHE T A RICVIIL (b) ANIFHL R T s i A Mg (c) 100 mV/sEHHER T A S IR PERE

10 FgREEBRETHFBLFEERE

Fig.10 Electrochemical performance of fiber-shaped all-solid-state supercapacitor”"

20244F 67 552080 - R hligsiA 103



SPECIAL TOPIC

& £ x o

(1] 80, sy, 5% 1 B BRETAERTAHA N
FHWFFEHERE[D]. 1L ZRAE T, 2021, 50(13): 46-47.

TAN Yuan, HAN Xiang, QI Xiaoyang.
Research and development on the technology for
carbon fiber[J]. Shandong Chemical Industry,
2021, 50(13): 46-47.

[2] i T, 2Rl & B 25 0R
FHRRET i 55 g T 2 T e b AR 3 R[], 3%
A, 2020, 49(7): 76-89.

HE Weifeng, LI Rongkai, LUO Sihai. Progress
in plasma surface treatment on carbon fiber for
composite material[J]. Surface Technology, 2020,
49(7): 76-89.

[3] BRI, BRNI, 28, 45, pkef ik
TR AR T R [J]. ARSI T, 2022,
50(1): 170-174.

HUANG Chunxu, CHEN Gang, WANG
Qifen, et al. Research progress of carbon fiber
surface modification technology[J]. Engineering
Plastics Application, 2022, 50(1): 170-174.

[4] k8L AP TR, % BNENE
FEfe A 4t r AL A= BOPE ML SR [D]. T REAT L,
2009, 40(8): 1349-1351.

ZHANG Min, ZHU Bo, WANG Chengguo,
et al. Study on the mechanism of polyacrylonitrile-
based carbon fiber surface modification[J]. Journal
of Functional Materials, 2009, 40(8): 1349-1351.

(5] TREAE, HAET, W R4 Rk
FEREFAEIM]. AbaT: =B Toll it 2018.

XU Lianghua, CAO Weiyu, HU Liangquan.

104 Wi EEAR - 2024455674 552010

—0°
cY =
5 1L —ooe
j=)
O o
_3 1 1 1 1 1 1
-02 0 02 04 06 038
Potential/V
(b) CVHliZk
4 —1 device
—2 device
—3 device

Current/(mA/cm?)
=)

2k
4}
0 05 1.0 15 20 25 3.0
Potential/V
() 20 mV/sfaHiHR T Bk
HLAPRCVITZE

Polyacrylonitrile based carbon fiber[M]. Beijing:
National Defense Industry Press, 2018.

[6] FUYP LUYK, YOU T, et al. Study
on multistage anodization for high-modulus carbon
fiber[J]. Surface and Interface Analysis, 2019,
51(8): 798-808.

[71 BAUER M, BERATZ S, RUHLAND
K, et al. Anodic oxidation of carbon fibers in
alkaline and acidic electrolyte: Quantification
of surface functional groups by gas-phase
derivatization[J]. Applied Surface Science, 2020,
506: 144947.

[8] sk, B R, sKAETE, A R
X PAN-HE B £T 2 L 1“7 i P S8R B 52 1 0],
FERIRLE 5 T2, 2004, 12(1): 24-28.

CAO Hailin, HUANG Yudong, ZHANG
Zhiqian, et al. Effect of the electrolytes on the
electrochemical treatment of the PAN-based carbon
fibers[J]. Materials Science and Technology, 2004,
12(1): 24-28.

[9] LI Z R, WANG J B, TONG Y J, et
al. Anodic oxidation on structural evolution and
tensile properties of polyacrylonitrile based carbon
fibers with different surface morphology[J].
Journal of Materials Science & Technology, 2012,
28(12): 1123-1129.

[10] LI HY, LIEBSCHER M, YANG
J, et al. Electrochemical oxidation of recycled
carbon fibers for an improved interaction toward
alkali-activated composites[J]. Journal of Cleaner
Production, 2022, 368: 133093.

(d) HERARAGI A

B 1l AEZHAETAEREESBRESREBR R CV g "
Fig.11 Photograph of fiber-shaped all-solid-state supercapacitor at different bending angles and corresponding CV curves

131]

[11] ZHU JH, CHEN PY, SUM N, et
al. Recycling of carbon fibre reinforced plastics
by electrically driven heterogeneous catalytic
degradation of epoxy resin[J]. Green Chemistry,
2019, 21(7): 1635-1647.

[12]  WIERSE, S5, £ 8. AR e
JRE FEL b2 b BTt T 41 3 18 45 # B St i

ERENALT]. RO R (A SRR, 2017,
43(1): 15-20.

HU Yufei, ZHANG Xuena, WANG Biao.
Effect of electrochemical oxidation with different
current density on the surface structure and
interface properties of carbon fibers[J]. Journal
of Donghua University (Natural Science), 2017,
43(1): 15-20.

[13] QIAN X, ZHI J H, CHEN L Q, et
al. Effect of low current density electrochemical
oxidation on the properties of carbon fiber-
reinforced epoxy resin composites[J]. Surface and
Interface Analysis, 2013, 45(5): 937-942.

[14] QIAN X, ZHANG Y G, WANG X F,
et al. Effect of carbon fiber surface functionality on
the moisture absorption behavior of carbon fiber/
epoxy resin composites[J]. Surface and Interface
Analysis, 2016, 48(12): 1271-1277.

[15] QIAN X, ZHONG J J, ZHI J H,
et al. Electrochemical surface modification of
polyacrylonitrile-based ultrahigh modulus carbon
fibers and its effect on the interfacial properties of
UHMCEF/EP composites[J]. Composites Part B:
Engineering, 2019, 164: 476-484.



High-Performance Fiber %ﬁﬁgﬁ

[16] MENG L C, ZENG Y B, ZHU D.
Dynamic liquid membrane electrochemical
modification of carbon nanotube fiber for
electrochemical microfabrication[J]. ACS Applied
Materials & Interfaces, 2020, 12(5): 6183—-6192.

[17] XING Y, DENG SY, FENG S L, et
al. Selective oxidation of carbon to enhance both
tensile strength and interfacial adhesion of carbon
fiber[J]. The Journal of Adhesion, 2020, 96(9):
873-882.

[18] WU B, ZHENG G, WANG R, et
al. Synergistic modification of carbon fiber by
electrochemical oxidation and sizing treatment and
its effect on the mechanical properties of carbon
fiber reinforced composites[J]. Journal of Applied
Polymer Science, 2019, 136(41): e48028.

[19] WEN Z P, XU C, QIAN X, et al.
A two-step carbon fiber surface treatment and
its effect on the interfacial properties of CF/
EP composites: The electrochemical oxidation
followed by grafting of silane coupling agent[J].
Applied Surface Science, 2019, 486: 546-554.

[20] o, MBS, TR, & FERET
BT BT AR Y vl Al 22 T kol U 1%
[J]. FEBHGEIC, 2016, 11(4): 418-420, 437.

PENG Ping, HAO Lifeng, WANG Q) et al.
Preparation of carbon fiber tips for scanning probe
microscope by electrochemical etching[J]. China
Sciencepaper, 2016, 11(4): 418-420, 437.

[21] ZAI X R, LIU A, TIAN Y H, et al.
Oxidation modification of polyacrylonitrile-based

carbon fiber and its electro-chemical performance

as marine electrode for electric field test[J]. Journal
of Ocean University of China, 2020, 19(2): 361—
368.

[22] FUYP,LIHX, CAOW Y. Enhancing
the interfacial properties of high-modulus carbon
fiber reinforced polymer matrix composites via
electrochemical surface oxidation and grafting[J].
Composites Part A: Applied Science and
Manufacturing, 2020, 130: 105719.

[23] CHEN J, ZHAO Y, SUN M C, et
al. Functionalized carbon fibers with MXene via
electrochemistry aryl diazonium salt reaction
to improve the interfacial properties of carbon
fiber/epoxy composites[J]. Journal of Materials
Research and Technology, 2022, 19: 3699-3712.

[24]  VFFE R, HhACHE, PNV, S m
TRl R 2 0 e e P B T 24 Fh A P Ak 2 M
Hol e R AT ST (7). £ T2 A4, 2022, 43(11):
2855-2865.

XU lJiawei, HAN Yongkang, SUN Jiuzhe,
et al. Electrochemical properties and electric field
response of electrically grafted polyethyleneimine
modified carbon fiber electrodes[J]. Acta
Armamentarii, 2022, 43(11): 2855-2865.

[25] LIU XY, JIANG B, LIAO G, et al.
Research on the smart behavior of MCNT grafted
CF/cement-based composites[J]. Fullerenes,
Nanotubes and Carbon Nanostructures, 2021,
29(10): 844-851.

[26] LI H Y, LIEBSCHER M,
RANJBARIAN M, et al. Electrochemical
modification of carbon fiber yarns in cementitious

pore solution for an enhanced interaction towards
concrete matrices[J]. Applied Surface Science,
2019, 487: 52-58.

[27] GALYSHEV S, POSTNOVA E.
Electrochemical deposition of SiO,-coatings on a
carbon fiber[J]. Fibers, 2021, 9(5): 33.

[28] LIUY H, HUNG C H, HSU C L.
Electrochemical fabrication of carbon fiber-based
nickel hydroxide/carbon nanotube composite
electrodes for improved electro-oxidation of the
urea present in alkaline solutions[J]. Separation
and Purification Technology, 2021, 258: 118002.

[29] SUN T, ZHANG X Q, QIU B W, et al.
Electrochemical construction of amino-functionalized
GO/carbon fiber multiscale structure to improve
the interfacial properties of epoxy composites[J].
Materials Chemistry and Physics, 2022, 286: 126197.

[30] XIASJ,GUO Q, YUY N, et al.
Surface modification of carbon fiber cloth with
graphene oxide through an electrophoresis method
for lithium metal anode[J]. Carbon, 2023, 203:
743-752.

[31] CHENL,LIDP CHENLN, et al.
Core-shell structured carbon nanofibers yarn@
polypyrrole@graphene for high performance all-
solid-state fiber supercapacitors[J]. Carbon, 2018,
138: 264-270.

BIESE : BT 000, fER 2R I AP
7 6] e PERERRZT 20 S HAZ L

Research Progress on Electrochemical Surface Modification of Carbon Fiber
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(1. State Key Laboratory of Organic-Inorganic Composites, Beijing University of Chemical Technology,

Beijing 100029, China;

2. Key Laboratory of Education Ministry on Carbon Fiber and Functional Polymer, Beijing University of
Chemical Technology, Beijing 100029, China;
3. Central Research Institute of Building and Construction Co., Ltd., MCC Group, Beijing 100088, China)

[ABSTRACT]

The interface construction between high performance carbon fiber and composite matrix is the key to give

full play to the excellent mechanical properties of carbon fiber. As an effective method of surface modification of carbon

fiber, electrochemical modification has been widely used in the design and manufacture of carbon fiber composites. This

paper reviews the recent research progress on the modification of inert carbon fiber surfaces using electrochemical methods,

including electrochemical oxidation, electrochemical grafting and electrochemical deposition. Additionally, it explores the

future development prospects and directions for the electrochemical modification of carbon fiber.

Keywords: Carbon fiber; Electrochemical; Surface modification; Modification technology; Carbon fiber reinforced composites;
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20244655678 552000] - piarBlE A 111

1351

SBF

100

BHIY BB Z T

VT ARk, BE A s P R P B M AT
B PR B 3k i 3t AR i P
R JF , DA Rl it J32 2 e 5 55 1k i
i ( Low melting temperature poly
aryl ether ketone, LMPAEK ) W{{ %
R AL M RE BRI L 52 3 1A
25 LK e B U R OGE  F
LMPAEK FCJ it ifit B2 | ARG s 4Rt J32
IREE S SR JiSe A R T
ZBE O RARE T IBE L G R
WAV T 2R mvERE I &
HOBHE RS AN PR EE T I FE
WE BT,

Marathe 4§ "% 95 R 223K 3 T
PN T AR R Z VB AR ),
PRUEARTE 09 T 28O U5 )
A $ T 45 17 A1 SR 21 4 8 PAEK
BAEMEL K9 Fs. IR A4
Py PAEK S5 B ( C ey
BEEHARB L EFEL; Cya by
RWETR B 5 19 2548 BIHL
BV RE AR REFIEE S A R REHEA T T
WAL 5 XTLE AR IR, CopfE T A HLBR
BEJT AT Cppe, 1 AN A 5 1
ILSS 73 5 75 T Cyy 4 28% F1 142% 5
TEBERE B T OLT Cryp BB
& Cyppe 9 345, KR AE 2T ILSS
ST S5 R S PR RE Y T B

(b) R

135]



:g ;'@ SPECIAL TOPIC

1.25
]‘OOW
& ] 0.75

0 26 52 78 104 130
1301

781
521

1 um
R ool y

S QQ/\Q%QQ
chb ngb Qq“) N \Q‘o \\ﬁ) \'\'Q
(a) L WC-Co (b) 8 (a) HAXELW (c) F8 (a) HAXIEWY
LCSM#EE (um ) AR ENR

Q (\5 Q M N N
" PR SIS
(d) MBTLEWC-Co (o) E8 (d) BRIk (f) 8 (d) HhBIXIRY

LCSM#EEE (um) iR E %
AR

(g) E8 (f) O FfERER

8 FLIBMMITLIZN WC-Co % CCF-PEEK $ b T BB SRRk ER LR
Fig.8 Overall wear topographies of untextured and dimple-textured WC—Co after dry-sliding
against CCF-PEEK pin"”'

19 ¢ PAEKJJi . . 19 ¢ PAEK#Y
2 - SR WK ¢
=
e
— 7 T
= 8 MPa, ‘ ‘ 8 MPa, ‘ ok

-J

H4lY) M PAEKIE @ PAEKKYA 2B W BEIRZPTFEL Y B I
B9 A2LYILIE PAEK 8 S5+ RHH SREE
Fig.9 Flow chart for preparation of graphite fabric reinforced PAEK composites

112 Wiss & A - 20244E 55678 5 2010]

Y‘k\

i

138]

HZE (E 10 ).

Ftif5 , Sarath Kumar 25 B tisf
e LY B PAEK & 45 MR Rk 27
Y LUy 3 A AR R 2 A A EH L
PP RE FIEE B2 PEREIEA T T X L (3%
1), AJLAFE Y, CF/PAEK HIEEH R
T CE/A4&., CF/PAEK 1 ILSS It CF/

AR 43% , X PR SR ] I A

TWRA4E 41 5 PAEK (1) B4 L i
454, H CE/PAEK HH X't M ) 8 45
F T AE VLI X — 15 B0, anf&l 11
TNo X —WFFEHIL R T iE ST Y
K5 PAEK &2 4 A1 RHAH B 2 1
A MRHE BRI AR

TE IR A A2 AR 1) 4
FE AR R v 5 0 2 ) R 2
FECT AT RAEREE , X —EREE A AT
e 2 A A BHE R B R 5|
EE KA S, I, Pierik 45 “ A
JH PR ) Bk £ 4 38 5% PAEK TR HY
5T RS MZE - )2 EE R R, 52
TRl BEE A DRSS - R
Wi 7 () PR A LA A AE &0 X — 9T
AR T T 2B A X 4K A
R v e = A i TR e, o mT
PLR BB 5 1 52 6 b R EE SR 4 B
o BT i L . T EE R R rp
W B EE B 22 BILA, LA B A S B g
FHIRBE T I B 5224 1 BE ¥ TR AF 5T,
T VAR5 B 2R 490 M T R i S 4T Yk b i
LMPAEK & £ 4 BH i JEE #5224 1 g
YT LR g R

2 BRERER IR

PEI J& — i JC %2 I i 14 fig #4 0
HEREY, BA S B KA B AR
A7 BR300 T e | R PR
P, BRI T KA TR A A 1
Fokker 2> )% 1 TenCate 2> F [ Cetex
CF/PEL #iil i= £l i T Gulfstream 550
1 G650 "KM I e J22 45 44 R 7 ity BE
M, Al 12 s U9, PEI & JE 8 2
I FH A SR ), 2F 4 17 PEI L5
A APRHBE R TE i T AR IR R i g
P PERE AR AT e — A R ) A,



High-Performance Fiber %‘lﬂfﬁngﬁ

(EEBOAEf X 7 2 2F A3 ik
PEL S & WRHI BRI PR RERT S EAT)
AR I, Bijwe 55 ¥ 3
R, R DT AE S0 ik 2T
ALV R T7 L 2T AE LV Yok HE i PEL,
FFTAG Tk e i SR AR A )
RS BV RE, 25 R SR W), D7 e

Ae VY AE % PEI B R 5 M BE
IHHAT 0 E ), Y8 TS
PR, 2 G B PERE I AL T
AT o Bl , Rattan 45 5T 4
I, BB LT A ) 5 Hofh g 207 X
FIZUIAA L, S5 Y PEL & & 41 RHE.
A NS A EE A BE

40 24
35t o22r - Cigm
of =f -Cu

§ 25 +142% Tz 16k

S 201 - 14r

3 15 Enr
10F g1

x 8r
L o
5 %6
0 1 4 1 1 1
25 50 75 100
R HAT/N
(a) ILSS (b) R

B 10 ABLYEES AR ILSS FEERE

Fig.10 ILSS and specific wear rate of graphite fabric reinfoced PAEK composites

*1

138]

INE RIS . CF/ 3R E . PAEK #1 CF/PAEK S & #1189 ILSS FiEHRZ=E ¥
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FE ILSS/MPa JEHR/ (% 10°mm’ - N7 - mm™)
HEM = 7.29
CF/ #4, 26+0.8 6.19

PAEK — 5.44
CF/PAEK 38+0.5 4.95

(c) CFRA%R
1
Fig.11 SEM images of worn surfaces
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High-Performance Fiber %ﬁﬁggﬁ

Progress of Friction and Wear Properties of Continuous Fiber Reinforced
High-Performance Thermoplastic Composites

LI Mengjiao', ZHANG Daijun’, LIU Gang"”, YE Lu’, YANG Fanghong’, YAO Jianan'
(1. State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Materials Science and
Engineering, Donghua University, Shanghai 201620, China;
2. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
3. Institute of Advanced Technology and Equipment, Beijing University of Chemical Technology, Beijing 100029, China)

[ABSTRACT] With the rapid development of aviation and aerospace manufacturing technology, high-performance
thermoplastic composites have received more and more attention and applications. Their application parts and scope also
expand from non-load bearing to secondary load-bearing and then to the main load-bearing structure, from static to moving
parts. The working environment tends to be diverse. For example, friction and wear problems exist in some moving parts,
which put forward higher application requirements for high-performance thermoplastic composites. This paper focuses
on the study of friction and wear properties of continuous fiber-reinforced high-performance thermoplastic composites,
composites based on poly etherether ketone (PEEK), poly aryl ether ketone (PAEK), polyetherimide (PEI), polyphenylene
sulfide (PPS), etc., and their latest research progress. Expects to provide a reference for the application research of
continuous fiber-reinforced high-performance thermoplastic composites under friction working conditions and to provide
an opportunity for their use in aerospace applications. It is expected to deliver a reference for the research on the application
of continuous fiber-reinforced high-performance thermoplastic composites under friction conditions and to provide data
accumulation and theoretical guidance for their practical application in the aerospace field.
Keywords: Continuous fibers; Thermoplastics; Composites; Friction; Wear

(Difh * %)

(E#% 96 )

Oxidation Behavior of BN/SiC Coatings and Properties of SiC Fibers at
High-Temperature

ZHAO Wenqing"’, QI Zhe"? LU Xiaoxu"?, YANG Rui"’, JIAO Jian"’
(1. Surface Engineering Institution, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China;
2. National Key Laboratory of Advanced Composites, AECC Beijing Institute of Aeronautical Materials,
Beijing 100095, China)

[ABSTRACT] BN/SiC coatings were deposited on the surface of SiC fibers by chemical vapor infiltration (CVI) process,
and the physicochemical properties of the surface coatings and the fibers were further investigated by characterization
techniques in a high-temperature oxidation environment. The fibers coated with BN/SiC coatings were treated at
1050—1200 °C for 0.5—2 h in air environment. The morphology, structure and composition of the oxidized BN/SiC coatings were
characterized by scanning electron microscopy (SEM), X-ray diffractometer (XRD), nano-scanning Auger (AES) and X-ray
photoelectron spectroscopy (XPS). The mechanical properties of SiC fibers coated with BN/SiC coatings after oxidation
were evaluated by tensile strength of monofilament. The results show that the BN/SiC coatings are not completely oxidized
and still have the ability to protect the internal SiC fibers. Through further analysis of the experimental data, it is found that
the main failure mechanisms of the fibers attached to the coatings after oxidation at 1200 “C and 1350 °C are different, with
the former being the formation of gaps and pores between the coatings and fibers, and the latter being the production of
oxides and their cracks.
Keywords: SiC fibers; BN/SiC coatings; High-temperature; Oxidized product; Monofilament strength
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Table 2 Introduction to different laser welding methods
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Key Technologies and Application Progress of Thermoplastic Composite in

Civil Aircraft Structures

QIN Tianliang', XU Jifeng"?, GUO Jin', LIANG Zhiguo’, XU Yan’, REN Xuechong’
(1. Beijing Key Laboratory of Civil Aircraft Structures and Composite Materials, COMAC Beijing Aircraft Technology

Research Institute, Beijing 102211, China;

2. Taiyuan University of Technology, Taiyuan 030024, China;

3. National Center for Materials Service Safety, University of Science and Technology Beijing, Beijing 100083, China)

[ABSTRACT]

High-performance thermoplastic composites have great potential for structural weight reduction

because of their excellent performance in impact resistance and damage tolerance. Due to its weldability in processing,
thermoplastic composites are recyclable and reusable, which is an important way to achieve the green development of
aviation structure and contribute to the reduction of aviation carbon emissions. This work summarized the key technologies
in the application of high performance thermoplastic composites such as prepregs technology, molding technology, welding
technology as well as automation equipment and processing. The development status of thermoplastic composite structure
researches for civil aircraft were reviewed. The main influencing factors, development trend and application prospective
of these key technologies were analyzed. According to the characteristics of manufacturing process of thermoplastic
composites, the applicable objects of different manufacturing processes were analyzed, and the suggestions for the process
selections of thermoplastic composite main structures of civil aircraft was proposed.
Keywords: Thermoplastic composites; Civil aircraft materials; Prepregs technology; Molding technology; Welding technology
(T * %)
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Research Progress and Technical Difficulties in Over-Molding of

Thermoplastic Composites

BI Ran', YAO Jianan', HAO Jie’, OU Qiuren’, HU Nan’, LIU Gangl’3
(1. State Key Laboratory for Modification of Chemical Fibers and Polymer Materials, College of Materials Science and

Engineering, Donghua University, Shanghai 201620, China;

2. Aerospace Institute of Advanced Materials & Processing Technology, Beijing 100074, China;

3. Institute of Advanced Technology and Equipment, Beijing University of Chemical Technology, Beijing 100029, China)

[ABSTRACT]

In recent years, thermoplastic composites have been gradually used in aerospace, marine equipment,

transportation, and other fields because of their excellent mechanical properties, environmental resistance, and recyclable

potential. They can be prepared by various forming processes. Among them, overmolding, which is a unique molding

process for thermoplastic composites can combine the prefabricated parts with the injection molding process. Due to the

diversity of its structure and material design, process flexibility, it has gradually attracted wide attention from researchers.

Based on the whole process of overmolding, this paper will introduce its research progress, including material system,

manufacturing and pre-treatment of prefabricated parts, injection molding, post-treatment of structures, as well as the

numerical simulation means and combined application methods involved in this process, and analyze the current process

difficulties and future development direction.

Keywords: Thermoplastic composite; Over-molding; Lightweight; Process optimization; Numerical simulation
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Table 1 Commonly used thermoplastic matrix materials and their properties in CFRPCs-AM "

g R/ POAFSREE, | R | AR . JE Rl TR
REW (g/em’) MPa GPa GPa R (/10 min)
PLA 1.26 4.6 2.25 2.392 170 2~36
ABS 1.05 50 2.1 2 170 0.6~15
PA 1.1 60 22 0.84 211~265 15~75
PEEK 1.4 90 3.6 3.7 340~344 4~49.5
% 2 3D $TED CFRPCs B 8k
Table 2 Mechanical properties of 3D printed CFRPCs
W | Rk Yot ?ﬁﬁiﬁarﬁ/ %ﬁ@ﬁ%/ ”%Hﬁiﬁarﬁ/ %%ﬁﬁ/ %ﬁ
Epoxy | CGF SRR AEL 43% 272.51 8.01 299.36 8.35 [47]
TRBUNEL 4.04% 31 4.16 — —
PA CKF | 1A%k 8.08% 59 7.38 — — [48]
B4 10.1% 83 9 — —
PLA CCF — 80 — 59 — [49]
ABS CCF 434 10% 147 — 127 — [50]
PEEK | CGF | {ABUr%k48.45% | 730.21 30.83 — — [51]

TE: CCF NELLREFYE ; CGF NELLB IS LT 4 ; CKF Mi%%E Kevlar 274k,
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Current Situation and Application Prospect of Additive Manufacturing of
Continuous Fiber Reinforced Thermoplastic Composites

GE Zengru, LIU Jianguang, PENG Junyang, ZHANG Jiazhen
(Beijing Key Laboratory of Civil Aircraft Structures and Composite Materials, COMAC Beijing Aircraft
Technology Research Institute, Beijing 102211, China)

[ABSTRACT]

field due to their advantages of lightweight, high specific strength, and high modulus. However, its manufacturing cost

Continuous fiber reinforced polymer composites (CFRPCs) have been widely used in the aerospace

has always been high, and the emergence of additive manufacturing technology has opened up new directions for the
design and manufacturing of high-performance, low-cost complex composite structures. This study reviews the design
changes, material systems, and process progress brought about by the additive manufacturing technology of CFRPCs, and
analyzes the performance defects of CFRPCs in extrusion molding additive manufacturing. Further analysis was conducted
through relevant literature on the relationship between extrusion molding additive manufacturing process, microstructure,
and performance, providing a reference direction for improving the performance of additive manufacturing CFRPCs.
Furthermore, this article summarizes the typical applications and future prospects of additive manufacturing of CFRPCs.
Composite additive manufacturing will continue to play an important role in the application of composite materials in
aerospace field.
Keywords: Additive manufacturing (AM); Material extrusion; Continuous fiber reinforced polymer composites (CFRPCs);
Process—microstructure—performance; Aerospace
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