a2k H3W h E o1 4 33 R Vol.42 No.3
2023 43 H MATERIALS CHINA Mar. 2023

3D FTEN E S T TR 2 H & R TS

FER, NE2E' x om & o',
(1. JGEF T RN TR, L7 K& 116024)

(2. FHTARAR 5 BRI TT A& R & PRI AR oty i 200240)
(3. TR EEM ST EREGALRE, L7 KiE 116024)

x| g !

1 E. 3D TENE LRI iR BB IS & 4 M B} continuous carbon fiber reinforced thermoplastic composites, CCFRTPCs) A
BRI, SRS Z T8, 7 CCFRTPCs FTES R, BReF 4E4E g om i, SRR Z M0 FL i 4 A MR e
Wl AR ) P RE DGR IR R, WS A AE AT IR 3, YGoR AR 4k S5 15 ] 9 S PR e R AR se s . 3R 3D FTEN 4 SE
TRET A3 RERIR TR (PC) A AR S 4 RE, 1 RIS RIR B K PC 2R 500 % HE S ik 41 4 SR 22 E A7 R TAb 38, F 5T 1
SN L AR T S 2T 4 FIR R ;. SRS LA PC R EE, 43 5 AT SRR 2T At 22 R [R] b Tl 22 S 1 st A A TEN AL
BAPEL, IREEXT H KT IS SRR AT R R R AR T /A 2K A B B A AR B RN T SRR R R, BTSSR, BEE -
WAV BE AR K, HEERREATAE 1R R K, (EIG IR 2 . [0S 0 7 L e 2T 20 3% 1 RELRE BE 34, N SR 22 [m) U 25 45
BRI, AR 0 2252 5 OB 12 M BB AT e I 24 02 RS Bt i, HoP IEAR SIS0 251 T 409% YR BB (it 4340
ISR R B 29. 59% b3 AR N E SR i fe Al B, SR B S RAHEL, 29. 59% % SRR AT SR TR 22 52 A MR A R
SREEARTET 15. 82%, BRI T 75.58%, RoAREREE | J2 R 5Y YRR A A i s EE > BB TE T 90. 9%, 57. 229% 1 56.45%
KGRI : 3DATEN; BREF4E; L3 JevERe; LAMR

hESZE S, TB332; TQ327.3 XHkERIRED . A XEHRES: 1674-3962(2023)03-0260-06

SIS, i, XER, T, % 3D ITEELL R 4 BUR 22 % & RLBE 0T [T, PR A R E R, 2023, 42(3)
260-265.

LIH B, LIUY J, WANG J, et al. Preparation and Performance Analysis of 3D Printing Continuous Carbon Fiber Prepreg[ J]. Materials
China, 2023, 42(3): 260-265.

Preparation and Performance Analysis of

3D Printing Continuous Carbon Fiber Prepreg

LI Huibin', LIU Yujun', WANG Ji"*?* LI Rui', LIU Xiao'
(1. School of Ship Engineering, Dalian University of Technology, Dalian 116024, China)
(2. Collaborative Innovation Center of High Tech Ship and Deep Sea Development Equipment, Shanghai 200240, China)
(3. State Key Laboratory of Industrial Equipment Structure Analysis, Dalian 116024, China)

Abstract: 3D printing continuous carbon fiber reinforced thermoplastic composites (CCFRTPCs) are widely used in vari-
ous fields because of their advantages of light weight and high strength. In the printing process of the composites, carbon fi-
ber is used as the reinforcement, and the interfacial bonding between carbon fiber and resin is the key factor affecting the
mechanical properties of materials. Pretreatment of continuous carbon fiber to enhance the interfacial properties between fiber
and resin is a current research hotspot. In order to improve the mechanical properties of 3D printing continuous carbon fiber
reinforced polycarbonate (PC) composites, firstly, different concentrations of waterborne PC sizing agent were used to size

the continuous carbon fiber precursor. And the influence of

sizing agent concentration on continuous carbon fiber sizing

KB 2021-06-14 fEEmBH: 2021-09-07 was studied. Then, using PC as matrix, continuous carbon
ELWB.: EXARBAEETH (51979033) ; K#ETRHEEH fiber precursor and prepreg with different sizing amount as

4T H (2019]12GX021) reinforcement, the surface morphology of continuous carbon
B (EE, EG. . 1995 4k, BB fiber before and after sizing was observed and compared,

and the influence of sizing treatment on the interfacial and

BIVEE . F B, B 1978 454, Hiw, Witk Sl,

mechanical properties of the composite was analyzed. The
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results showed that with the increase of sizing agent concen-
DOI: 10.7502/j. issn. 1674-3962. 202106010 tration, the sizing amount of continuous carbon fiber increa-
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ses, but the increase rate slows down. After sizing, the surface roughness of continuous carbon fiber increases, and the

interfacial bonding between internal monofilaments is improved. The results showed that the mechanical properties of the

fiber prepreg composites with different sizing amount are better than those of the fiber precursor composites. In this paper, the

optimal sizing amount is 29. 59% corresponding to a 40% concentration of sizing agent. Compared with carbon fiber precursor

composites, the flexural strength, flexural modulus, tensile strength, interlaminar shear strength and impact strength of the
29.59% prepreg composites increased by 15.82%, 75.58%, 90.9%, 57.22% and 56.45% , respectively.
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Fig. 1 Schematic diagram of coextrusive 3D printing process for continuous

carbon fiber reinforced thermoplastic composites ( CCFRTPCs) 4]
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Fig. 2 Sectional SEM image of 3D printing for continuous carbon fiber

reinforced polycarbonate (CCF/PC) composite
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Fig. 3 Continuous carbon fiber automatic sizing worktable
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Fig. 4 Digital photos of desizing process of high temperature cracking
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Table 1 Print parameter design value

X Line Layer
Parameter Temperature Velocity spacing thickness
T/C V/(mm/mi
(mm/min) H/mm L/mm
Design value 270 120 1 0.3
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LEHMGEAT KM PC 1 2500 R 00 24 35 1 Ak 27 1 43 ik
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Fig. 5 Standard parts for testing mechanical properties of prepreg com-

posites: (a) tensile test piece, (b) bending test piece, (c) in-

terlaminar shear test piece, (d) impact test piece
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Fig. 6 Total reflection Fourier transform infrared spectrogram of SCCF

and PC sizing agent
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Fig. 7 SEM images of continuous carbon fiber before sizing (a, b) and

after sizing (c, d)
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Fig. 8 Relationship between sizing amount of SCCF and sizing agent con-

centration
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SCCF/PC composites and sizing amount
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Relationship between flexural strength and modulus (a), tensile strength and interlaminar shear strength (b) and impact strength (c) of
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Fig. 10 SEM images of bending fracture surface of VCCF/PC com-
posites (a, b) and SCCF/PC composites (c, d)
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