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Development of high-performance thermoplastic resin-based composites:
materials, processes and applications

CHAO Congcong', ZANG Zhiyi, TONG Haibin’, YAO Jianan’, ZOU Ke', WANG Chengbo’,
ZHANG Daijun®, LIU Gang"”’, CHEN Xiangbao'

(1. Institute of Advanced Technology and Equipment, Beijing University of Chemical Technology, Beijing 100029, China; 2. Center
for Advanced Low-dimension Materials, Donghua University, Shanghai 201620, China; 3. The Sixth Military Representative Office
of the Airborne Equipment Department in Beijing, Beijing 100013, China; 4. AECC Beijing Institute of Aeronautical Materials,
Beijing 100095, China)

Abstract: High-performance thermoplastic resin-based composites have shown broad application prospects in the aviation
manufacturing technology due to their excellent mechanical properties, environmental resistance, chemical resistance, recyclability,
and rapid molding. In recent years, with the accelerated commercialization of high-performance thermoplastic resins such as
polyphenylene sulfide(PPS) , polyetherimide(PEI) , and polyaryletherketone( PAEK) , the related prepregs and molding
technologies have been continuously optimized, promoting the industrial application of such materials. This paper systematically
reviews the current development status of high-performance thermoplastic resin-based composites, focusing on their material
systems and commercialization progress, prepreg preparation, advanced manufacturing technology and application. It proposes key
development directions for high-performance thermoplastic resin matrix composites, in order to provide reference for personnel in

engineering and technical fields such as aerospace, and promote the innovative development and application of high-performance
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Table 1 Characteristics of high-performance thermoplastic resins
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PPS ~ PEEK PEKK LMPAEK PEI
Property Methods (Fortron”  ( Victrex ( Kepstan” ( Victrex (Ultem™
0320) PEEK 450G ) PEKK 7002) 103 PWD) 1040P )
T/ C ISO 11357 280 343 338 303
Tensile strength/MPa ISO 527 90 98 114 91 90
Tensile modulus/GPa ISO 527 3.5 4.0 3.9 3.8 3.0
Flexural strength/MPa ISO 178 145 165 168 146 150
Flexural modulus/GPa ISO 178 4.2 3.8 3.9 32 3.0
Izod impact strength/ (kJ-m ) SO 180/IA 2.6 8.0 5 7.6
T/ C ISO 11357 90 143 162 156 217
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Fig. 2 Development chart of commercial high-performance thermoplastic resins
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Table 2 Performance of commercialized high-performance thermoplastic prepregsm’451
oot (LB I T o o
TC1225)
0° tensile strength/MPa ASTM D 3039 2020 2000 2070 2410
0° tensile modulus/GPa ASTM D 3039 134 131 138 135
90° tensile strength/MPa ASTM D 3039 39 90 86
90° tensile modulus/GPa ASTM D 3039 10 10.2 10
0° compressive strength/MPa ASTM D 6641 1100 1100 1360 1300
0° compressive modulus/GPa ASTM D 6641 117 117 124 124
90° flexural strength/MPa ASTM D 7264 68 152
0° flexural strength/MPa ASTM D 7264 1930 2000
Interlaminar shear strength/MPa ASTM D 2344 96.5
In plane shear strength/MPa ASTM D 3518 82 138 186 152
In plane shear modulus/GPa ASTM D 3518 3.5 5 5.7 4.3
Open-hole tensile strength/MPa ASTM D 5766 386 448
Open-hole compressive strength/MPa ASTM D 6484 267 324 310
Compression after impact/MPa ASTM D 7137 216 352 338 310

2015

Victrex launches AE250
prepreg

K3 PAEK JSIBPERR ALK R A
Fig. 3 Diagram of the development process of PAEK thermoplastic prepregs
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Table 3  Properties of domestic CF/LMPAEK thermoplastic prepreg
Property Methods Domestic Domestic HS6/ EW110C/
T700/LMPAEK T800/LMPAEK LMPAEK LMPAEK
0° tensile strength/MPa ASTM D 3039 2456 2997 1169 317
0° tensile modulus/GPa ASTM D 3039 143 174 65 18
90° tensile strength/MPa ASTM D 3039 70 73 345
90° tensile modulus/GPa ASTM D 3039 10 9 18
0° compressive strength/MPa ASTM D 6641 1208 1382 1260 408
0° compressive modulus/GPa ASTM D 6641 125 149 61 23
90° compressive strength/MPa ASTM D 6641 179 182 398
90° compressive modulus/GPa ASTM D 6641 10.6 9.8 23.6
0° flexural strength/MPa ASTM D 7264 1695 1461 1247 425
0° flexural modulus/GPa ASTM D 7264 143 133 48 22
Interlaminar shear strength/MPa ASTM D 2344 90 90 83 63
In plane shear strength/MPa ASTM D 3518 71 68 68 71
In plane shear modulus/GPa ASTM D 3518 4.6 3.5 4.0 32
Open-hole tensile strength/MPa ASTM D 5766 479 509
Open-hole compressive strength/MPa ASTM D 6484 310 310
Compression after impact/MPa ASTM D 7137 348 370
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(a)single-tape winding head; (b)vessel winding head; (¢)annular winding head
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Research progress in resistance welding technology of thermoplastic composites

YE Lu"?, ZHANG Daijun”’, LIJun'’, LI Fuping', CHEN Xiangbao"

(1. AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. National Key Laboratory of Advanced
Composites, Beijing 100095, China )

Abstract: Thermoplastic composites( TPCs) have exhibited immense potential in aerospace applications, attributed to their
exceptional toughness, weldability, recyclability, and efficient processing cycles. However, the manufacturing of complex structures
is hindered by the high melting points and viscosities of their constituent resins. Resistance welding, leveraging Joule heating to
induce interfacial melting and bonding, emerges as a viable alternative to mechanical fastening and adhesive bonding. This review
delves into the fundamental principles underlying resistance welding, strategies for optimizing key process parameters, recent
advancements in heating elements, and large-scale welding techniques, such as sequential and continuous resistance welding. The
findings indicate that optimizing process parameters and improving heating elements can significantly enhance joint strength. To
achieve engineering application of resistance welding technology, further research should be focused on process stability, reliability
of welded joints, large-scale welding, and other issues.

Key words: thermoplastic composites; resistance welding; process optimization; resistance heating elements; large-scale welding
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Table 1 Pressure control method in welding process

Pressure control
Control method
mode

Advantages

Disadvantages

Constant pressure During the welding process, the

defects caused by pressure change

The final thickness of the welded
joint can be precisely controlled

method pressure of the weld stack remains
constant, while the displacement
changes dynamically according to
the welding process

Constant During the welding process, the

displacement displacement of the weld stack

method remains stable, while the pressure

changes dynamically according to
the welding process

The compaction control during the
welding process can better ensure
the welding quality. The pressure
remains stable throughout the
welding process, avoiding welding

The final thickness of the welded
joint cannot be precisely controlled.
During the welding process, the
resin may be extruded, forming a
“dry joint” , which can cause
fiber slippage and other issues
The pressure of the weld stack
during the welding process cannot be
precisely controlled. During the
cooling process, the pressure will
decrease, which may lead to a
decline in the welding quality
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Optimization of post-processing of PAEK composites based on
automated placement technology

WANG Chengbo'”, ZHANG Daijun”", GUAN Bowen'?, XIN Zhibo’, LIU Gang",
LlJun"’, CHEN Xiangbaol’z*

(1. Soft Materials Center, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. National Key Laboratory of
Advanced Composites, Beijing 100095, China; 3. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049,
China; 4. Institute of Advanced Technology and Equipment, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: : Poly(aryl ether ketone ) (PAEK ) thermoplastic composites exhibit exceptional impact resistance and possess significant
application potential in the aerospace industry. To address mechanical performance limitations of PAEK composites fabricated
through automated in-situ placement, this study systematically investigates the impacts of post-processing parameters-including
temperature, pressure and time-on pore elimination and mechanical properties. Utilizing the automated fiber placement, PAEK
prepregs are processed into laminates. A viscosity-pressure-time coupling model is formulated through differential scanning
calorimetry(DSC) , theological assessments and mechanical characterizations. The results demonstrate the model predicts
reasonably pore elimination across varying process parameters and the critical post-processing temperature is identified as 340 °C.

The pore elimination is facilitated rapidly due to low and stable resin viscosity at 340-360 “C. The post-processing pressure
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significantly influences pore removal efficiency, with a critical pressure of 0.7 MPa at 360 “C and requiring 60 min for complete pore

elimination. Higher pressures lead to only marginal performance enhancements. The time dependency of material performance

depends on pressure: at 0.7 MPa and 360 °C, full pore elimination is achieved within 60 min, whereas at 1.6 MPa, the required time

is reduced to 20 min. At 0.7 MPa, 360 °C and 60 min, the tensile strength, flexural strength and interlaminar shear strength are

2844, 1653 MPa and 103 MPa, respectively.

Key words: automatic placement; PAEK; composite materials; post-processing; process optimization
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Table 2 Viscosity-pressure mapping in the pore-free consolid-
ation process with post-processing time of 60 min
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Fig. 9 Curves of mechanical properties versus post-pro-
cessing temperature with post-processing pressure of 2.6 MPa
and post-processing time of 60 min
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Table 3 Time required for pores elimination under different
pressures

. Time required for pores
Post-processing pressure/MPa

elimination/min
0.1 287
0.7 41
1.1 26
1.6 18
2.1 14
2.6 11
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Vacuum-assisted in-situ annealing of CF/PAEK composites based on automated
placement technology

XIN Zhibo', JIANG Mengru', XIAO Han', ZHAO Wei', ZHANG Hanlin',
ZHU Yinxiao', YANG Fanghong2’3, WANG Chengb02’3, DUAN Yugangl*

(1. School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China; 2. Soft Material Center, AECC Beijing
Institute of Aeronautical Materials, Beijing 100095, China; 3. National Key Laboratory of Advanced Composites, Beijing 100095,
China)

Abstract: To address the challenge of inconsistent forming quality observed in carbon fiber-reinforced polyaryl ether
ketone( CF/PAEK ) composites during in-sifu automated fiber placement(AFP), this study introduces a vacuum-assisted in-situ
annealing( VIA) process implemented subsequent to layup. The study systematically examines the impact of VIA
parameters —specifically annealing temperature and holding time —on various aspects of CF/PAEK unidirectional laminates,
including temperature field uniformity, warpage deformation, porosity, crystallinity, and interlaminar properties. Experimental
findings reveal that the VIA process facilitates a uniform temperature field, mitigates crystallinity gradients, and progressively
diminishes warpage deformation with an increase in annealing temperature, ultimately achieving complete elimination of warpage.
Notably, when the annealing temperature surpasses the resin melting point, internal pores formed during the CF/PAEK prepreg or
AFP process undergo substantial reduction, resulting in a porosity level of merely 2%. Furthermore, the interlaminar performance

exhibits a remarkable enhancement, with an interlaminar shear strength(ILSS ) of 64.66 MPa—representing a 58.6% improvement


https://doi.org/10.11868/j.issn.1005-5053.2025.000059
https://doi.org/10.11868/j.issn.1005-5053.2025.000059
https://doi.org/10.11868/j.issn.1005-5053.2025.000059

44 o= M

B W

545 3

compared to specimens that have not undergone VIA treatment.

Key words: thermoplastic composite; automated fiber placement; in-sifu molding; CF/PAEK; vacuum-assisted in-sifu annealing
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Table 1 Mechanical properties of T800 CF/PAEK

Property Numerical value
0° tensile strength/MPa 2800
0° tensile modulus/GPa 160
0° compressive strength/MPa 1200
0° compressive modulus/GPa 140
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Fig. 2 Schematic of the vacuum-assisted in-situ annealing process
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Table 2 Preparation process parameters for VIA

Group Annealing temperature/°C Holding time/min
ISC 0 0
VIA-260-15 260 15
VIA-260-30 260 30
VIA-260-60 260 60
VIA-280-15 280 15
VIA-280-30 280 30
VIA-280-60 280 60
VIA-300-15 300 15
VIA-300-30 300 30
VIA-300-60 300 60
VIA-320-15 320 15
VIA-320-30 320 30
VIA-320-60 320 60
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Fig. 3 Schematic of the vertical warpage height of laminates
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Fig. 4 Temperature curves of upper and lower surfaces of
laminates held at different annealing temperatures for 30 min
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Aging behavior of T800/polyaryletherketone(PAEK) thermoplastic composites

in hygrothermal environments
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Abstract: This study investigates the performance evolution of T800/polyaryletherketone(PAEK ) thermoplastic composites
subjected to hygrothermal aging conditions. By meticulously controlling the cooling rate, two distinct types of carbon fiber-
reinforced PAEK composites with varying crystallinities are prepared: CF/PAEK-CL (low crystallinity) and CF/PAEK-CH (high
crystallinity ) . These composites are then systematically examined for their moisture absorption behavior, thermal properties, and
mechanical performance in hygrothermal environments. Experimental results reveal that the water absorption of CF/PAEK
composites increases progressively over time, with CF/PAEK-CL exhibiting a notably higher moisture uptake rate due to its lower
crystallinity. Following hygrothermal aging, the glass transition temperature( 7, g) of all samples decreases, with CF/PAEK-CL
experiencing a specific reduction of approximately 5%. Thermal analysis further indicates that hygrothermal aging has a negligible
impact on the crystallinity of the materials, and notably, the high-crystallinity composite demonstrates superior thermal stability in

such environments. Flexural testing results demonstrate that hygrothermal aging has a limited influence on the flexural strength and
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modulus of CF/PAEK composites, underscoring their robust resistance to the detrimental effects of hygrothermal conditions on

flexural mechanical properties. This resilience ensures their long-term stability and reliability in harsh environments. The findings of

this study offer pivotal data and theoretical insights, paving the way for the application of CF/PAEK composites in demanding

service conditions.

Key words: hydrothermal aging; carbon fiber; polyaryletherketone (PAEK ) ; thermal properties; mechanical properties; crystallinity
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S 14 /N 24 SR FL B 23 ek A0 R BOHL
AR 7K 43 5 75 5 13 ABE RO L KAy E ARG
2 S ECRA YL IB AL, 1) 55 4 4t -k T 1
W2 71, Bl R A - R s T

CLf 2656 F PAEK K H 4 A bhRHE R i
G PEREAS LI BRSE . Sukur 2 BFSE T R4 4
T om B i ER B ( CF/PEKK ) &2 & B BHE s /K #4%
T4 F I REAS L . BRIE I, & 5% KLY
CF/PEKK % & # RHE 70 °C #ok b #4k 30 K5,
AR B | TS A5 R IR A B R 24 6.5% . 5.2%
Rl 4%, KA EEHGHLE AT o
e /SRR, | 25 4 R AR RS, [ B0 8 4L,
FWREE IR L . Sukur 2520 58— I RF 5T s 5 B
PEEK I 75 12 4 % Ak th 77 7 0K 45 o LA,
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1.1 SEIe#fY
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UKL, Fh v B Ry TR SR BN R 4R AL BRET 2
H AT R TR R 2T 2 IR A AT RS ) AE 7= 11 T800 Sl 21
Yk ; ¥ LR LT 235 2R 5 Bk ER ( CF/PAEK) 5[] Fil i
B IR AN AR B FlH2 4, BRI T
YT L2400 145 g/m’, WHRS B0 8020 39% .
1.2 XWAHE
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SR FHVASE T 5 8 1) 5 3 1 4 52 6 b RHZ AR
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200 mm) {9 7 BF, AR 5T A4 Bl 2 0 5
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MR AAL (LSVI-50T ) A 745 e Y o 78 il 2 2
o, B SOE R R R 300 °C, FRTE 0.5 MPa JE /)
T A&+ 30 min, B 53— 2 A= 360 C, IFTE
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MR KR A (8 C) PARN 7 2B HL 1 7 [ Ui, AR
PR EA R IEARES B E A A RHZ b, 72
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B RRLE M AR E o R p SR A 2 A TN, SR
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] e SR A = A7 A S R G, X A5
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210 18%) , B ARG 5 K 1 2 R AP i A
CF/PAEK-CH (%5 EEL N 37%) . TERHI R,
PREFRLIE R ) B BB AP 2 130 °C LUTF AR, %
IR EEAKT PAEK W AB B8 A AR R B . [k S
J2 6 AR i S B B 4 B 2 A AR R 43 B (55 +
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Z: 18 GB 1034—2008 i #E 7 1E #E fL AL B,
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52 E MR 25 S A Al T R 3R A 25 R A
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T 5 A i AR AR AH o
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EIEAE MRS 3 B b () Wi S e T o Y, DA
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B AR ARS 45 A EE (Xc)rer TEL 2 AR 3R J5 RS 1L, OF
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A AH G A XA Al T 9 T AR RS R A R 58
A5 ) PAEK FIEIIEIERIAS (AHO) S 130 /g™
woA R I 4 5 5348
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K B 7727 4 BT (Q800 ) 7E — 55 25 il 481 X
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R 50 mm SCPEES B, 7645 96 R R AT fE T
AR ShZS I . DMA IR A [ 2 A5 R A 2
T AT, SRR E N 1 Hz, JRIGSEE N 10 pm,
T 30~310 °C, FHEEE A 5 C/min,

KT REA BRI AL (5982-100 kN ) X} 42 &4
R 12 REREA TR . & A ARG 25 il e
X F% M ASTM D790 brifi #17 . CF/PAEK G #f
BHZE ARG 7K T YIEI AL 12.5 mm x 127 mm AR
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1o BB A s EAAR R ORI R RR
5 ity 5 B 1 =X (3) AT,

3PL
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Ko o A MR ; POAREIRER AT 5 LA S
bR G s o R
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K DM4P & s xR R T 4 A0 HT
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2.1 CF/PAEK £ & #HHE9R 45 1%

CF/PAEK & A M BFK 43 MR 0 38 5 B[] SF- 7 AR
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[ 7 T800/3K I7 B F AR IR LA 5 A BHEIR AR B P ) B LA T 55

RIIE KRR, 6 /2 Fick 55 @A, il
AL FE 1, BARE W R 22, AR FE 300 h ), 1
I8 3 IR M AR S, CE/PAEK-CL 1 CF/PAEK-CH
X5 o7 (A AR A5 29k 0.256% F110.156%

03t
g 02 CF/PAEK-CL
Y
=

01 CF/PAEK-CH

2 4 6 8 10 12 14 16 18
T1/2/h1/2
K1 CF/PAEK 25 FHRHIGE 2k
Fig. 1 The moisture absorption curves of CF/PAEK
composites

CF/PAEK-CL & 5 4 6 1) 10 1A 358 24 B 18 iy
T CF/PAEK-CH E & # k., XFh2: 5 5B A5 M4
A AR SRR LR B UIAIG . CF/PAEK-CL
B P 45 i B AR, L v TG R T IX 8K EL 1
5, ELTERE TR DX 3R B 2 e o i ™, 7 B ol
ZHKGr, BB R Y G 55—, BRIk
U4 R 25 5 S50 CF/PAEK-CL & & M B fE7E
BRI 1, T 27 e FIR s P ik R E0R

(a-1)
CF/PAEK-CL

500 pm

CR/RAEKSEH

— B, G AR5 A LR, DT S R
WA ERE . SHTE—PRE T CF/PAEK &
B ARG i B SR OO VIR G . SR A 2
S M BB R AT AT M A 2], CF/PAEK-CL & &4k
18t F CF/PAEK-CH & & # K, £ 75 3 £ 1 £L
B, AT #E— B REX —22 5%, 1] Image J 4K
Xf G 4T FL BSR4 A1, 45 5% i 78 CF/PAEK-CL
EAMERFLERE N 0.144% (18 2(a-1) ), 1 CF/
PAEK-CH & & A1 BHLBR %Y 0.054% (] 2(b-1) ),
X —2 S KB, CF/PAEK-CL & & RN TR AE
TETE Z2 (R FLBRZE AL, 33X FT R 7K 43 A 47 HBORT I B 4 3t
W25 A, I3 SO AN R % 5 T CF/PAEK-
CHE A MR, (EARER AR, 78 52hr TR 6l 1
N, AR 2 B — R A — A T TR ]
PP A B L, R R G A A A R 1 Ak
AN TR, AR B7 1L e 5 R R R B T
I;% l"ﬂ @[26-27] .
2.2 EFENIT CF/PAEK £ A HHEVERERI 22N
R T 2D AR B RN RS AL R B i
AEAR b B H 25 F T AR, X CF/PAEK & & 4 R #4
PEREIEAT RGHT. EIRIIREE P, RAE YIRS, &
JFE NP AL S AR IR BE (T,) PTRR R A= 354k, dx 8k
ALK R 2R e AR R, B’ 3 A
CF/PAEK & & #FEHE #1422 A6 1 5 1 #0022 £k ith

a-2)

CF/PAEK-CL

100 pm

(b-2)

CF/PAEK-CH

100 ym

2 CF/PAEK AR EHIIEH
(a)CF/PAEK-CL; (b)CF/PAEK-CH; (1 )fl&f%; (2) &t

Fig.2 Metallographic images of CF/PAEK composites (a)CF/PAEK-CL; (b)CF/PAEK-CH;
(1) low magnification; (2) high magnification
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Fig. 3 Thermal analysis curves of PAEK resin and CF/PAEK composites before and after hydrothermal aging
(a)CF/PAEK-CL; (b)CF/PAEK-CH

2o LA —RTHEIIAN, AT LA E &R Y T,
PR IEAL G CF/PAEK & & b RHG 45 i
HREARAE RIS T 1.

TEEALHTS CF/PAEK & AR RN SR
Thermal analysis data of PAEK resin and CF/PAEK
composites before and after hydrothermal aging

%1
Table 1

T/ C X /%
Category  {ntreated Hydrothermal Untreated Hydrothermal
CF/PAEK 150 143 18.2 19.3
-CL
CF/PAEK 161 159 36.6 35.1
-CH

RIS R R, MR B R B B =
SN T RERN Y Ty B BLF [, b CF/PAEK-
CL A AR MY Ty AR AL LRI 150 °C 2647 Bk 2 10 44
EALIE Y 143 °C 7ot , &A% 7 °C 724 5 CF/PAEK-
CH R Y T, Ay B TR, MRALBERTAY 161 °C 72
fikbE BB MEALT I 159 C 247, BRIk 2 ¢ &
£ X—BAE WK ARA AL, 1EL, R
s L, S5 X XK 708 i B — E 1 B R AR
I, B T, BRI

12000

© 10°¢ (a)

= 110000 &
o =
5 {8000 W
3 d g
=) — Untreate =)
e

g 10%¢ — Hydrothermal 6000 §
Q 14000 E
© %]
2 {2000 S

10°
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Temperature/'C

KB 4 BHREZETE CF/PAEK & &M BN T2 1 fg

SR, M ACHT G A AL 45 i B S AR
FERAE . Hirh CF/PAEK-CL I 1 45 i B 78 1 4
ZALTT G B A RS, CE/PAEK-CL & & MR 45 5
FEL AR W AR . X —45 R, {2
SRR TEE I X, T X285 G X ARSI A /N . 25
i DX R RRE T A BRI I AL S TR — 2 ) )
EVERESR AL T SR
2.3 EMEUIT CF/PAEK E & W RIFIEHF M
BE B 22N

A 15530 (DMA) SR 58 % ALt 72 4+
TR . & 4 %41 CF/PAEK
HAFRE SRR B AL HT S 10 PEih 28, BT
it (E) AR FER R (E") BE TR i A e a3
W H, BA PR R BE S B e G i A R Y
R, 7 EL TR RE (R AR DU Pl RS P S R A R e
2 fERA B[N CF/PAEK-CL 5 & B R, Bl
FRBETHES, T LAW) WLE BIAE T, L L, BT W)
B NRE, KRR SRR AR R A
IR g, s FHERis Sy . A, DMA 4
A S R, 7620 175 C B, CF/PAEK-
CL & A BB i REF 2 D I PRk BT, M2

6000

5
& 10°F (b) ©
= — Untreated 415000 %
w — Hydrothermal =
& {4000 Y
=] %)
> 3
B 10t 13000 3
5 g
(0]
g 2000 §
[e]
o 11000 ~

3
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Temperature/’C

(a)CF/PAEK-CL; (b)CF/PAEK-CH

Fig. 4 Dynamic mechanical properties of the CF/PAEK composite before and after hydrothermal aging
(a)CF/PAEK-CL; (b)CF/PAEK-CH
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T, KAL) CF/PAEK-CH & AR, T4 %
B, AFAEVR S, FERVTE T, DL b, BB R I
2B AL P )5, CE/PAEK-CL ¥ 5 3% 55
A0 E S WAL, 5 OR TR, CF/PAEK-
CH FEhE IR LA BS EVeAT I A8 L, X —
A RIRE S RE T 45 b 22 R UIAH G . KR
FABIF 5 25 SR 3¢ BH v & ot 32 1 bl i L IR
WK 2R, PSRy A3 2548 R 5 R D g HE S et A5 7K
SFARMEBIERY BRI R AN, SHFEE, f
FRE Yo FHEAELS 5 X380 1932 30 32 B R
IR FAE 53T R 1 ER A it AR 75 58 o R
DRI, SRG 2 i B R, LK MBI, axX
PR A 5 45 5 AR R IR T IR BE T REAS AR R
FaE HPERE, W IR 5 R A B AR AR 1L
R4 ASTM D7028 #5ifk, G Wit kLB 31k
W AR R R (T) W LLd 3 E7ith 2 i) 08 T B2 5
FRZERY)F 3 2 ., 5 DSC 45 R —24, CF/
PAEK-CL & &M EHEIR I Z AL G, HIFER 51 [)
IR A 3h, RARAL 12 ¢, [FEE, R
i) CF/PAEK-CH & & #4 BHu B 2 06 1) (1% U 7
WMFEN 7292 Co Xif—RIK RT3 PAEK
B LR 34, INITTRRAIR T S B BHY Tyo

F2 B ILRTS CF/PAEK & A FRHAT o il
Table 2 Thermodynamic analysis data of CF/PAEK compos-
ites before and after hydrothermal aging

T/ C
Category

Untreated Hydrothermal
CF/PAEK-CL 152 140
CF/PAEK-CH 172 170

2.4 BEMEI CF/PAEK £ &+ £ phiEsEH0
A1)

Pt — BRI E R CF/PAEK 25 4R

1600
O Untreated @
@ 1400 r m Hydrothermal
S 1200F %
=
&, 1000
c
2 so0f
%]
T 600 |
>
5 400}
[
200
CF/PAEK-CL  CF/PAEK-CH

K5 JRIEZALHTE CE/PAEK & &8 k25 i fe

1% BE B 5 W, %} CE/PAEK-CL FI CF/PAEK-
CH PP L 25 (it 5 B 5 25 T ABS it dE A 7 6 LL 43
Bro B SR TIRHCEA TS L i s i BdE,
' CF/PAEK-CL & &M &1 245 58 B i 1162 MPa
AL E 1187 MPa i fy, ARMLIRIE 2% ik, &5
Mt i H 140 GPa A2 472816 % 141 GPa 247, 224k
R EAE 1%, CF/PAEK-CH & & Mk 75 i i B
i 1398 MPa & 4528 4L & 1429 MPa 24y, 7340 IR
2 2%, 75 dh A% i 145 GPa £ 47 28 {L & 146 GPa
fidy, AR E RREAE] 1%, RS W Fh CE/PAEK
BEMETE R ES v Re A — R EE Y
Ak, AHRE R AR AR B AN, PR I M B IR A
s, HLAEpHR A iR 22 v Y, R BB
Wi B ER

MR AL A5 R 1Y S A A A 2 R i — 2P
Yk T E G METER AR g R, & 6 R
1) 4 A Pl P T T S s 1 S T R S P OO 25 4
fE. B 6 v B AT LR 4R B SRR B <V AL
M1, BEES A BRSO O 4k A R, (B R
DB PR, X R R £ AR R 4R 10 55 V) 14
T RAWR, 51 & OO 2 WA IR 3 1 T 274k
T R, e B A R PN e & A R R AL
[, A WS S B 1Y 43 )2, X2 R A I8 PR
REWIVERSE, BHAE TR 402, BV i #im R
(Al 1) e ) e 24 R BRI IR, 3t 3% B R i 1l
7NV R 127 90 E= Wi 0 S 5 A 0 i 1
i B vy S B PEGF R IR B A G AR, R AR R
1 LS A MR A it B R AR R A
# . XF CF/PAEK-CL E &1k}, Hlr 2 fe R
W B B RRAE . R R R A E TR
IR, Wi 24 mT A 8 AR I 40 o0 B B, X
FHZA B BENE I — BB, IEZE R .
HHHZ T, CF/PAEK-CH & & #4228 H 5 B &,
P MEPE R A HIRR A 25 A5 T A 7, 4L
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-
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2100}
8ot
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Fig. 5 Flexural properties of CF/PAEK composites before and after hydrothermal aging (a)flexural strength; (b)flexural modulus
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Fig. 6 Micrographs of the specimens after bending failure
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Fig. 7 Micrographs of the specimens after bending failure following hygrothermal aging
(a)CF/PAEK-CL; (b)CF/PAEK-CH
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Magnetic-thermal-mechanical coupling simulation for induction welding process
of CFRTP stringer skin structure
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(1. College of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
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Abstract: Carbon fiber reinforced thermoplastic composite( CFRTP) is increasingly utilized in aerospace and automotive manu-
facturing sectors owing to its exceptional specific strength, strong toughness, and weldability. Induction welding stands as a pivotal
method for fabricating typical CFRTP components. However, the intricate interplay of magnetic, thermal, and stress coupling
during the induction welding process, along with its evolution and distribution characteristics, remains unclear, significantly
impeding the cost-effective, efficient, and high-quality production of CFRTP components. In this study, a magnetic-thermal-
mechanical coupling simulation model is developed for the induction welding of CFRTP stringer skin structures. This model is
employed to investigate the distribution and evolution patterns of the magnetic field, temperature field, and residual stress field. The
results show that under the influence of an alternating electromagnetic field, the magnetic field strength peaked at 1.45 mT in the
component’s edge region. Notably, the simulated magnetic, temperature, and stress field all exhibit significant edge effects, which
are intimately tied to the skin effect induced by high-frequency eddy currents. During welding, asymmetric and nearly elliptical high-
temperature zones emerge on both sides of the skin’s bottom, with temperatures in proximity to the stringer area notably higher than

those farther away. When the current frequency increases from 150 kHz to 250 kHz, the maximum stress of the induction joint
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increases from 637 MPa to 778 MPa, and the asymmetric stress concentration area at the welding interface expands accordingly. The

measured temperature field and stress results are in high agreement with the simulation outcomes, effectively validating the model’s

accuracy and applicability. This study offers theoretical backing for process optimization and quality control in the induction welding

of intricate CFRTP components.

Key words: thermoplastic composite materials; magnetic-thermal-mechanical coupling simulation; temperature field; stress field;

magnetic field; induction welding
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Table 1 Details of materlal propertles for air, induction coil, and mica plate
Material Relative. . ConducEiI\/ity/ Relative dielectric ~ Thermal flondlilctivity/ Density/ | Speciﬁc}lleat glapacity/
permeability (S:.m ) constant (Wem K ) (kgem”) (J-kg K )

Air 1 0.01 1 1.4
Induction coil 1 5.998x10’ 1 400 8700 385
Mica plate 1 2.01x10" 6 0.5 2900 830
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Table 2 Detailed parameter values of CFRTP thermal expansion coefficient

-1

Vi v, EJ/GPa E,/GPa He Hm a/K u /K /K
0.6 0.4 230 89 0.2 0.28 5.5x10° 0.232 1.08x10°° 3.07x10°
Notes: V;is the fiber volume fraction; V,, is the matrix volume fraction; Eyis the fiber Young’s modulus; £, is the Young’s

modulus of matrix; u;is the fiber Poisson’s ratio; u,, is the Poisson’s ratio of matrix; a is the matrix thermal expansion
coefficient; u is the Poisson’s ratio of laminated panels; a; is the coefficient of thermal expansion in the fiber direction; o, is the
coefficient of thermal expansion perpendicular to the fiber direction.

F 3 FNTTH CFRTP S R Hr S b 4 i) Ja 14 B 41
Table 3  Attribute details of induction component and CFRTP stringer skin structure
Thermalll . Thermal Specific heat .. . Relative
. expansion  Density/ .. . Conductivity/ Relative . .

Material coefficient/ (g - o) conductnj:ty/ L capaclty{l L (Sem™) permeability dielectric

! (Wem K ') (Jekg <K ) constant
Induction component a,=a, 1.53 k=54 1387 0,=4000 1 4

a,=ay k=54 ,=4000

0,=0 k.=0.5 0,=0.33
CFRTP stringer skin  a,=a; 1.53 k=5.4 1088 0,=4000 1 3.7
structure a,=ay k,=0.5 0,=0.33

0,=0, k.=0.5 0,=0.33
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Table 4 CFRTP elastic matrix parameter details( elastic constants/GPa)
Dy, Dy, Dy; Dy, Dy, Dy, Dyy Ds;s Dgs
141.34 3.35 3.35 10.25 2.83 10.25 4.52 295 452

Notes: Dyj, Dy, D3, Dy, Dy, Dsz, Dy, Dssand Dgg are the elastic coefficients of the laminated board in the 11, 12, 13,

22, 23, 33, 44, 55 and 66 directions, respectively.
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Fig. 8 Distribution of temperature field in CFRTP joints

(a)temperature field of the overall structure; (b)temperature distribu-

tion on the central longitudinal section; (¢ )temperature distribution on the right side surface; (d)temperature distribution on the
left side surface; (e)temperature distribution on the upper surface; (d)temperature distribution on the bottom surface
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Fig. 9 Temperature evolution curves at different positions of CFRTP joints

(a)different points on the induction component;

(b)different points on the side of the vertical stringer
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Fig. 10 Stress distribution of CFRTP joint  (a)stress field of the overall structure; (b )stress distribution on the central longitud-
inal section; (¢ )stress distribution on the upper surface; (d)stress distribution on the bottom surface;
(e)stress distribution on the left side surface; ( f)stress distribution on the right side surface
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Fig. 15 Simulation results of stress field of CFRTP stringer under different current intensities  (a)/=60 A; (b)/=70 A;
(c)I=80 A; (d)I=90 A; (e)I=100 A; (f)comparison of maximum stress values on the stringer under different currents
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Fig. 16 Simulation results of stress field of CFRTP skin under different current frequencies
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Fig. 17 Simulation results of stress field of CFRTP joint beam under different current frequencies
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Surface activation of aluminum alloy on its resistance welding
performance with CF/PEEK composites

CHEN Shunxin, XU Renxin’

(School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070, China)

Abstract: The resistance welding process of 7075 aluminum alloy(7075AA) and carbon fiber reinforced polyether ether
ketone( CF/PEEK) is optimized through the activation of the aluminum alloy surface and its subsequent integration with a
thermoplastic layer. A microgroove network is fabricated on the aluminum alloy surface using laser treatment, which notably
augmented the mechanical coupling with the polyetherimide(PEI) thermoplastic layer. In contrast, the bonding effectiveness of
sandblasted and untreated samples are inferior. Surface analysis conducted via Fourier transform infrared spectroscopy (FT-IR ) and
X-ray photoelectron spectroscopy( XPS) reveal the formation of Al—O—Si bonds and a silane coupling film transition layer, both
of which fortified the interface. In the resistance welded joints, incomplete bonding between the sandblasted/laser-etched aluminum
alloy and the PEI layer lead to debonding of the thermoplastic layer, which emerge as the predominant failure mode. The single lap
shear strength(LSS) of the sandblasted joint is 10.47 MPa, whereas the LSS of the laser-etched joint attains 15.35 MPa. Following
silane treatment, the bonding of the PEI thermoplastic layer is markedly enhanced, resulting in an LSS of 19.03 MPa for the laser-
etched and silane-treated joint—a 23.97% increase compared to simple laser etching. At this juncture, the cross-section of the joint
exhibites characteristics indicative of heating element fracture, with the failure mode transitioning to interlayer fracture.

Key words: 7075AA; CF/PEEK composites; surface plasticization modification; reinforced thermoplastic layer; resistance welding
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Welding material Welding method LSS,,.x/MPa Reference
6082AA and CF/PEEK Friction welding 6.7 [20]
6063AA and CF/Epoxy Resistance welding 10.5 [21]
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Application of machine learning technology in field of aviation materials

1,2,3,4*

HE Xuan', SONG Peng”**", KONG Dehao’, HUANG Taihong'”, LI Qing'

(1. Faculty of Materials Science and Engineering, Kunming University of Science and Technology, Kunming 650093, China; 2. Facu-
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Abstract: The machine learning technology has broad prospects in the field of aerospace materials and plays an important role in
material selection, design, and optimization. Firstly, a brief discussion was made on the advantages and potential of machine learning
technology in the aerospace field, outlining the technological developments, algorithm categories, features, and limitations. The
conventional or potential applications of machine learning in scientific exploration, especially in complex material data formats, are
introduced. Secondly, the research status of machine learning in aviation materials is mainly focused on, discussing the recent
progress in utilizing machine learning to assist in the research of high-temperature alloy materials, high-strength structural materials,
thermal protection coating materials, as well as functional and smart materials. The strategies and methods of machine learning-
driven aviation material research are elucidated. Finally, the challenges encountered in machine learning-assisted aerospace material
research and development are examined. Facilitating the transformation of aerospace material research towards the fourth paradigm
of data-driven materials science necessitates efforts in promoting the open sharing of data resources, integrating domain knowledge

and physical laws more deeply into machine learning models, and ensuring feature consistency across different data types.

Key words: machine learning; aviation materials; superalloys; thermal barrier coatings; structure and performance prediction
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Table 1 Machine learning models for aluminum alloy performance prediction and its prediction accuracy[

72-79]

2

2

Property Prediction model R Property Prediction model R

Yield strength GWO-ELM 0.9662 Stress-strain BST 0.9986
MGWO-ELM 0.9804 NN 0.9997
ELM 0.3958 GPR 0.9997
LR 0.71 Bending strength CNN 0.9629
KNN 0.723 RFR 0.9273
ANN 0.92 ANN 0.9341

Tensile strength C2P 0.93 Hardness LSSVM-RVM 0.9126
LSSVM-RVM 0.9712 ELM-RVM 0.8849
ELM-RVM 0.9633 SVM-RVM 0.8979
SVM-RVM 0.9584 LR 0.958
GWO-ELM 0.9857 KNN 0.96
MGWO-ELM 0.9805 CNN 0.9673
ELM 0.7102 RFR 0.8821
LR 0.914 ANN 0.9541
KNN 0.947 SVM 0.93
ANN 0.88 DT 0.9
GRNN 0.9967 RF 0.95
SVR 0.9828 GBT 0.94

MLR 0.6823
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Fig. 5 Application of machine learning method based on image data in thermal barrier coating
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Research progress in functionally gradient composite materials

LI Wenzhi*, HE Zhiping, CAO Yaoqin

(China Helicopter Research and Development Institute, Jingdezhen 333001, Jiangxi, China)

Abstract: With advancements in material technology, a surge in research and development has been witnessed for various high-
performance materials, including metamaterials, each possessing unique functionalities. However, meeting the demands of high
performance has rendered the application of a single material insufficient for achieving the required interface mechanical and
functional integration properties. Functionally gradient composite materials have emerged as a pivotal breakthrough to address this
issue. This paper introduces the application background, as well as the research and application status of functionally gradient
composite materials in foreign countries. Furthermore, based on the prevalent issues in the domestic engineering field concerning
functionally gradient composite materials, the challenges faced in their utilization are highlighted. When compared to international
advanced levels, the development of functionally gradient composite materials in China encounters three major hurdles. Firstly, the
preparation process remains relatively underdeveloped, impeding large-scale engineering applications. Secondly, due to the scarcity
of performance evaluation methods, there is an urgent necessity to establish a coupled functional evaluation system. Thirdly, there is
a scarcity of proprietary intellectual property rights pertaining to material design and simulation methods, coupled with the absence
of a comprehensive database. Consequently, material design still largely relies on the experience of designers. Lastly, suggestions for
the future application and development of functionally gradient composite materials are proposed.

Key words: functionally gradient; composite materials; research progress
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Fig. 1 Structure diagram of typical functionally gradient composite materials "

(a)structure of discontinuous gradient

functional composite materials; (b)structure of continuous gradient functional composite materials;
(¢)composition/constituent; (d)arrangement; (e)distribution; (f)dimension; (g)orientation; (h)interface
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Table 1 Main preparation methods of functionally gradient composite materials” "’
Species Vapor phase method Liquid phase method Solid phase method Other methods
Preparation Chemical vapor deposition, Centrifugal casting, Powder metallurgy, Self-propagating high-
method physical vapor deposition,  gel injection molding, spark plasma sintering ~ temperature synthesis,
thermal spraying, precipitation, plasma spraying,
surface reaction cast molding, electrodeposition
slip casting,
electrophoretic deposition,
directional solidification
Material type Film/Coating Block Block Film/Coating
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Table 2 Application classification of functionally gradient composite materials

[6, 15-19]

Application

No. Material type Requirements

1 SiC-SiC Corrosion resistance and
hardness

2 Al-SiC Hardness and toughness

3 SiC,/Al-alloy Thermal resistance and
chemical resistance

4 E-glass/epoxy Hardness and damping
properties

5 Al-C

6 Al-SiC

7 SiC,/Al-alloy High melting point, low
plasticity and high hardness

8 Carbon and glass fibers

9 Glass/Epoxy

10 TiAl-SiC fibers
11 Be-Al

12 AlO5/Al-alloy Good thermal and corrosive

13 Carbon/Bismaleimide

14 Carbon/Epoxy Lightweight and good
damping properties

15 SiC,,/6061 Hard and toughness

16 Al-alloy/CNT Light weight and high
stiffness

Combustion chambers

Combustion chambers

CNG storage cylinders, diesel engine pistons

Brake rotors, leaf springs

Drive shafts, hubble space telescope metering truss assembly,

turbine rotor, turbine wheels

Flywheels, racing car brakes

Motorcycle drive sprocket, pulleys, torque converter reactor,
shock absorber

Propulsion shaft

Cylindrical pressure hull, sonar domes
Composite piping system, scuba diving cylinders

Floats, boat hulls, wind tunnel blades, spacecraft truss
structure, reflectors, solar panels, camera housing

Rocket nozzle, wings, rotary launchers, engine casing

Drive shaft, propeller blades, landing gear doors, thrust
reverse ( heat exchanger panels, engine parts )

Helicopter components viz.rotor drive shaft, mast mount,
main rotor blades

Racing bicycle frame, racing vehicle frame

Artificial ligaments, MRI scanner cryogenic tubes,
wheelchairs, hip joint implants, eyeglass frames, camera
tripods, musical instruments
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Fig. 2 Preparation of Waspaloy alloy YSZ gradient composite material using laser selective melting technology[24
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(a)schematic diagram laser selective melting technology; (b)cross section of waspaloy alloy YSZ gradient composite material
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Advances in research of titanium matrix composites

YANG Bao"”,  WANG Chunfeng', ZHANG Zeyu', YU Han', FU Zhenpo', ZHANG Hui’

(1. Shaanxi Steel Group Hanzhong Iron and Steel Co., Ltd., Mianxian 724207, Shaanxi, China; 2. National Engineering Research
Center of Continuous Casting Technology, Central Iron & Steel Research Institute, Beijing 100081, China )

Abstract: This article provides an overview of the latest research status and application prospects of titanium/titanium alloy
composite materials, highlighting their advantages in high specific strength, lightweight properties, thermal stability, and wear
resistance, which position them as crucial materials in high-tech sectors such as aerospace, military equipment, and medicine. It
summarizes research outcomes demonstrating the steady enhancement of mechanical properties, wear resistance, and thermal
stability of titanium matrix composites through the addition of reinforcing phases. The review also reveals advancements in various
processing technologies that have improved the grain structure and performance of these composites, while pointing out that
challenges persist regarding the stability of these materials under high temperature and pressure conditions, as well as the bonding
strength at interfaces. These issues necessitate the optimization of reinforcement distribution, bonding methods, and the exploration
of novel composite systems. Furthermore, the combination of surface nanotechnology with digital simulation offers new avenues for
optimizing the properties of titanium-based composites. Interface reinforcement and thermal stability research are identified as
pivotal for future developments. Ultimately, the essay underscores that the enhancement of titanium-based composite properties and
innovations in processing technologies are central to realizing their extensive application in extreme environments. This dual focus
also constitutes the direction for pushing the boundaries of composite material performance even further.

Key words: TMCs; mechanical properties; reinforcing phases; additive manufacturing; surface nanotechnology; digital simulation
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Effect of laser scanning speed on macroscopic morphology and microstructure of
TA1S alloy fabricated by selective laser melting

LEI Yang'?, CHEN Bingging, YAN Taigi’, WU Yu', QIN Renyao', SUN Bingbing'

(1. Welding and Plastic Forming Division, AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China; 2. Wuhan
National Laboratory for Optoelectronics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Titanium alloys are widely used in the fields of aviation, aerospace and marine due to their excellent strength, weldability
and plasticity. This study focuses on a near-o titanium alloy Ti-6.5A1-2Zr-Mo-V(TA15) , fabricated by selective laser
melting(SLM) technology. The impact of laser scanning speed on the macroscopic morphology and microstructure of the TA15
alloy is investigated using a range of analytical methods such as confocal laser scanning microscopy(CLSM) , optical
microscopy(OM ), scanning electron microscopy(SEM ), X-ray diffraction(XRD) and energy dispersive spectroscopy (EDS ). The
results show that variations in laser scanning speed significantly influence the forming quality of the alloy. Specifically, higher
scanning speeds induce discontinuous fluctuations in the melt pool and irregular surface undulations, whereas lower speeds promote
porosity formation at the cross-section. Initially, an increase in laser scanning speed enlarges the size of the martensite structure,
followed by a decrease, accompanied by a gradual reduction in martensite hierarchy. Low or high laser scanning speeds cause local
cracks on the alloy surface, where elemental depletion and enrichment are observed. These findings demonstrate a direct correlation

between laser scanning speed and alloy forming quality. These results provide valuable insights for optimizing the process
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parameters and strategies of SLM for TA15 alloy, thereby facilitating its further promotion and application.

Key words: selective laser melting; TA15 alloy; laser scanning speed; microstructure
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Fig. 1 Three-dimensional surface morphology of TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f)1400 mm/s

Bl 2 s AR E T, SR IR
e BRI 0 SLM BUJE TA15 &4 iR ke
RS, WE 2(a) BR, S#EOCH R EE N
800 mmy/s Fif, #f i e vl W/ E BRIE AL 0 A . (5
Fifi 25 380G 1 4 7 & 900 mmy/s, TALS 441k

FEF T R EAUR (] 2(b) ) o FEE O F
B i 900 mm/s #2175 £ 1300 mmy/s, TALS &4 FE
REFIR TG D RIS AER, FLBRBRFAA SR A AE HL
H—aERERm(E 2(c)~(e)). HTILBER
TeiE FE 10 pm PUT, 7] B82S OB H 3 R S 30K



134 o= M

LRI ¢

45 %

JERE R A N IIGIESE AL TALS oK, 7
B U1 U s T U RE SR 9 NTITRS 355§ a2 N17 5 S o
PEERRIAAAE, S RBRA AT 252 2IFHLAT, SLM

AL A0 1 1 ¥ 0 0 A PR B DX TR 0k B A
FIKNIE, A2 A FLBRICIE BRTE, N IR SO
AR R, BORALBA AT 1 AT — e R

(a) 800 mm/s (D) 900 mm/s () 1100 mm/s
+—pore
[
Pore P / Flume
ore
v l Crack
150 pm 150 pm 150 pm
(d) 1200 mm/s (€) 1300 mm/s () 1400 mm/s
Flume Adhered powder
~
Pore
Crack
Adhered powder Flume
Pore
150 pm 150 pm 150 pm

—_— Flume

Fl 2 ANEBEOCHMEET SLM WE TALS 54iFERFEEES (a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s;
(d) 1200 mm/s; (e)1300 mm/s; (f) 1400 mm/s

Fig.2 Surface morphology of TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f) 1400 mm/s
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Fig. 3 Internal cross-sectional defects of TA15 alloy samples fabricated by SLM at different laser scanning speeds
(a)800 mm/s; (b)900 mm/s; (¢)1100 mm/s; (d)1200 mm/s; (e)1300 mm/s; (f) 1400 mm/s
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A first-principles study on influence of elemental doping on mechanical properties
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Abstract: The mechanical properties and thermodynamic stability of nickel-based single-crystal superalloys are largely dependent on
the charateristics of the precipitated phase interface. In this work, density functional theory(DFT) is utilized to investigate the
influence of alloying elements, specially Co, Cr, Mo, W, Re and Ta, on the mechanical properties of y-Ni/y’-Ni;Al interface.
Following a convergence analysis to the optimal computational model, our findings reveal that Re and W exhibit the most significant
strengthening effects within both the y and y' phases. Notably, Re stands out for its substantial enhancement of

Young’s modulus(27 GPa and 11 GPa) and shear modulus(16 GPa and 6 GPa) in the y and y' phases, respectively, while Ta
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demonstrates a unique proficiency in augmenting the bulk modulus of 21 GPa and 14 GPa in the y and y’ phases, respectively.

Analysis of interfacial tensile properties indicates that the Re-doped system exhibit the highest ideal tensile strength( approximately

25 GPa) and deformation energy(approximately 1.84 J - m*) . Furthermore, the strengthening impact of alloying elements on

interface tensile properties diminishes in the order: Re > W > Cr > Mo > Ta > Co > undoped. Analyses of differential charge density

and density of states reveal that the strengthening mechanisms of theses alloying elements are attributable to the augmentation in the

chemical bonding strength between doped atoms and their nearest-neighbouring host atoms. Electron orbital characteristics indicate

that these alloying elements contribute to retarding interfacial fracture by maintaining local structural stability. A series of results

provide ideas for the development of novel nickel-based single-crystal superalloys.

Key words: nickel-based single-crystal superalloys; y/y' interface; mechanical properties; electronic structure; first-principles

calculations
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Crystal structures(a), surface structure(b) and y/y' interface model(¢) of y-Ni matrix and y'-Ni;Al reinforcing phase
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Fig. 2 Surface energy and interfacial adhesion work of different atomic layers at y phase (001) and y’ phase (001) surfaces
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Table 1

Lattice constants and interaxial angles of interfacial systems with different number of atomic layers

Lattice contants/nm

Interaxial angles/ ( °)

Number of atomic layers

a b a B b4
6 0.5011 0.5014 2.9525 89.9 90.0 90.1
7 0.5012 0.5013 3.3070 90.0 90.1 89.9
8 0.5014 0.5013 3.6615 90.0 90.1 89.9
9 0.5012 0.5013 4.0160 90.0 90.0 89.9
10 0.5013 0.5012 4.3705 90.0 90.0 89.8
11 0.5012 0.5013 4.7250 90.1 89.9 90.0
12 0.5014 0.5013 5.0796 90.0 90.0 89.9
22 FHEREEAIH B, =B, = (XCpo+Cr1) ©

AR B M (R RE M | S SR | SR | A
FEAE ) RERE RAF 1 2R RE . AFR & &I RN
y F oy LR RE R R, AR TR B A6 4T
IS WS R Gy (R B [N 5 EL 5
PR G IAM L v, B/G 2o, MR 4l SCik
[17] BIBFFE 255, PRAe B I v Al B A UE 1 AL B
AT A4t R B K 2 5 IBARET IS WA 1
PEHEL C Hith, clean-y FI clean-y'73 3l Sy 48 2% Hif
y Il yH A& & 5 M=y(M=Co. Cr. Mo, W, Re Fl Ta)
M M-y MG a&IcRBAy MyHIER. B
TR TR, AUA Cpp. Cip Fl Cyy 34
ST MR R, AR X (3) Sz O i R LR AR
SEPEPITRRIE Y B BRI B ) 2R S

C11 +2C12 >0, C11—C44 >0, C11 >0, C44 >0 (3)

2 WoRTB 24T VR R 0 S 0 S IE A
HAFE X)) r &0, RUA R E 1 R4
it Voigt-Reuss-Hill Z255 237 > XHE 24575 14k
R B, G, E Fl B/G AT . KB &=
B RAFMBHEPUAFUEIE W RE 1, B R KRB
Falgh & s, HHEA X

B= (B, +B,) @

e By Fl By 705 D9 55 0 A8 A5 ) (R BB, 0

K2 HRICRBIAIERRMIIERE L C;
Table 2 Elastic constants C;; of the systems before and after
doping with alloy elements

System C,,/GPa C,,/GPa C44/GPa
Clean-y 25091 173.64 114.49
Co-y 252.80 172.63 115.85
Cr-y 260.60 172.97 122.31
Mo-y 274.41 186.57 124.61
W-y 277.83 187.89 126.61
Re-y 276.90 185.17 127.98
Ta-y 277.56 191.09 125.06
Clean-y' 244.85 147.37 125.97
Co-y' 217.72 158.70 119.28
Cr-y' 232.93 153.07 127.92
Mo-y’ 237.39 167.49 131.52
W-y' 247.23 163.50 133.87
Re-y' 259.72 154.69 134.65
Ta-y' 228.39 174.49 132.77




146 it = MR R 545 %
PR G AT RHRBTYI N S I RE 1, GEBRE K3 GEuRBANE R R A7 AR gy D) Bt

B BT 160 5 1 e ko, AR M T SE T Pugh
HI4E PN B/G () H AT RAE, T 175 A8
Mkt BYIRR G T

1
G=§@%+GQ (6)
1
G, = 5 (C11—C12+3Cus) (7

_ 5Cas (C11-Cp2) @)
R 3C11+4Ca—-3Cypo
K: Gy il Gy 43 51 55 oy A8 FAE N ) By U
T IRBL & E i B bR B, E (ELER R 3R B bR HAE
B B R E AL v 43 SE 5t (9)
A (10) TS

9GB

E_SB+G ©)
3B-2G

V= 26B+0) (10)

ANFG A ICR B v F oy HEET IS 0 3P
IR ZE R 3 FlE 3 Fiw, i LA A& 40T
EXFy Ay SRR RE R 22 I . 7E v AR,
A& 4 on R ¥R E st R, Hdh Ta T E2 R
T (AR £ ik 1) f R {E 219.91 GPa, 5 RBZ4HH 1L

300 @

=
=
250 —

Omm

200

150 1

100

Elastic modulus/GPa

50

Clean-yCo-y Cr-y Mo-y W-y Re-y Ta-y

300
© =
=
=

omw

250

200 r

150 1

100

Elastic modulus/GPa

50

Clean-y'Co-y’ Cr-y' Mo-y" W-y' Re-y’ Ta-y’

[ 3

R 40 BB AR v Ay IR BOPRPERERE VRS A B/G (i

Table 3 Bulk modulus, Young’s modulus and shear modulus
of the systems before and after doping with alloy elements

System B/GPa E/GPa G/GPa
clean-y 199.37 197.91 74.14
Co-y 199.38 201.83 75.81
Cr-y 202.13 214.69 81.14
Mo-y 215.68 218.81 82.20
W-y 217.80 222.15 83.51
Re-y 216.43 225.40 84.96
Ta-y 21991 218.25 81.76
clean-y’ 179.56 222.90 86.19
Co-y' 178.28 182.85 68.79
Cr-y’' 180.05 209.82 80.34
Mo-y' 190.21 203.34 76.91
W-y' 192.98 220.37 84.13
Re-y' 190.04 238.83 92.53
Ta-y' 193.33 191.19 71.59
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Fig. 3 Elastic modulus, Poisson’s ratio and B/G of the y and y’ phase systems before and after doping with alloy elements
(a)elastic modulus of y phase; (b)Poisson’s ratio and B/G of y phase; (¢ )elastic modulus of y’ phase;
(d)Poisson’s ratio and B/G of y' phase
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Fig. 4 Fracture schematic of the tensile process in y/y’ interfacial structure(a) and deformation energy(b) and tensile stress

(¢) versus strain in y/y’ interfacial system before and after doping with alloy elements
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Fig. 6 Differential charge density of (110) plane in y/y' interface before(a) and after doping with Co(b), Cr(c),
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Effect of graphene on friction and wear of filled modified
PTFE and its composites

ZHU Qiaosi.

( AECC Beijing Institute of Aeronautical Materials, Beijing 100095, China)

Abstract: The tribological properties and wear mechanisms of PTFE filled with graphene at mass fractions of 0.5%, 1%, 3%, 5%,
and 7% are investigated, and these are compared with those of PTFE filled with the traditional modifier MoS, at mass fractions
ranging from 5% to 25%(in increments of 5%) . Additionally, a synergistic modification of PTFE with a combination of
"graphene+MoS," is conducted, focusing specifically on the tribological properties and wear mechanisms of composites containing
MoS, at a mass fraction of 15% combined with graphene at mass fractions of 1%, 3%, and 5%. The findings reveal that the
incorporation of graphene significantly enhances the tribological performance of PTFE and its composites. Notably, the optimal
tribological properties are observed when graphene is present at a mass fraction of 5%, exhibiting an average friction coefficient of
0.0763 and a volumetric wear rate of 230.34x10 *mm’+ N ' +m . The predominant wear mode shifts from adhesive wear to fatigue
wear under these conditions. When graphene is used in conjunction with MoS, for synergistic modification, it effectively addresses
the issue of poor compatibility between MoS, and PTFE, mitigating the tendency of MoS, to be worn away and causing abrasive
wear during friction.

Key words: graphene; polytetrafluoroethylene (PTFE); molybdenum disulfide (MoS,); friction and wear
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Fig. 4 Friction coefficient test curve of Gr/PTFE composites with different graphene content
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Table 1 Wear trace parameters of Gr/PTFE composites with different graphene content
Sample Depth of wear trace/um Width of wear trace/pm Volume wear rate/ (10 "mm’ *N ' +m ")
Pure PTFE 26.89 686.97 1532.96
0.5%Gr/PTFE 15.06 561.09 667.77
1%Gr/PTFE 9.98 464.73 360.82
3%Gr/PTFE 8.99 447.18 311.23
5%Gr/PTFE 7.19 411.51 230.34
7%Gr/PTFE 10.89 494.93 412.75
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Table 2 Comparison of physical and chemical parameters of graphene and graphite
Fill Specific surface Average Mesh Carbon content Oxygen content Carbon/oxygen
e area/ (m’-g ') size/um number  (atom fraction/% ) (atom fraction/% ) ratio
Graphene ( Gr) 466.78 8.25 97.66 2.14 45.64
Flake graphite ( FG ) 17.38 8 12000  96.08 3.25 29.56
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Table 3 Comparison of tribological properties of Gr/PTFE and FG/PTFE

Sample Mass fraction of filler/% Friction coefficient Volume wear rate/ (10 mm’ + N ' +m ")
Gr/PTFE 1 0.1235 360.82
FG/PTFE 1 0.1477 1359.21
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Table 4 Comparison of mechanical properties of typical composite materials
Sample Hardness ( Shore D) Tensile strength/MPa Bending strength/MPa
Pure PTFE 58.2 26.7 15.5
1%Gr/PTFE 60.2 24.8 19.9
3%Gr/PTFE 60.3 19.2 26.4
5%Gr/PTFE 60.3 18.9 27.0
159eMoS,/PTFE 60.4 20.4 18.9
1%Gr+15%MoS,/PTFE 60.8 19.7 21.6
3%Gr+15%MoS,/PTFE 60.9 18.8 22.2
5%Gr+15%MoS,/PTFE 60.9 17.3 22.8
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