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Abstract : Fused filament fabrication (FFF) technology boasts significant advantages, including high design
flexibility, mold-free operation, and the capacity to rapidly construct complex structures, making it a key
method for 3D printing of continuous carbon fiber reinforced thermoplastic polymer (CCFRTP).
However, during the actual printing, CCFRTP often experiences a decline in mechanical properties due to
insufficient interfacial bonding between the thermoplastic matrix and the continuous carbon fiber
reinforcement, as well as a high internal porosity. To address this issue, this paper analyzes two major
factors influencing the performance—the resin matrix and the carbon fiber reinforcement. Based on this, it
reviews the recent advances in FFF technology, examines the effects of various printing parameters on
mechanical properties, along with optimization strategies. Finally, future development directions and
application prospects are discussed.
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Advanced 3D-Printed Continuous Carbon Fiber-Reinforced Thermoplastic Polymer

Synergistic Modification of
Thermoplastic Matrix & Carbon Fiber

Modification of Thermoplastic Matrix

3D Printing Processes

* Carbon fiber pre-blending process
* Process parameter optimization
* Printing equipment optimization

Modification of Carbon Fiber

* Chemical structure modification
* Physical property modification
* Doping modification

* Modification of carbon fiber sizing agent

* Oxidative modification
* Plasma modification
* Surface chemical modification
1 3DHTEI CCFRTPWFSHESL Y Sebd i R 4%
Fig.1 Research framework and key technological pathways for 3D printing CCFRTP
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FE 3D T BRI M A RE IR, 1} 1) 45 T G B S
B, sk dnRe ) B AR AR IR (T,) i mU (T (A
AZ I i (heat deflection temperature, HDT) T E[l &
FE(T,) J % B 55 QR S80I XT 3D ATER T. A & )
CCFRTP AT ERFPERE 7 A= T S50 o FHAM g 56 5

FHAERETE WL 170 Horp  RFLIR (PLA) SEA5 AT
A= WA R T ERIREE B m RO RS BE U AT T4,
T A 0 s S0 1 1 3, (F R LT AR 455 22, 80 “C LU
G Ak B A P R I AT A ) el T
Peo RIE-T 06K IR R Y (ABS) DL s B |
o T AR A A B 2R R (A e 4T B il 174 i)
L, PIBPELPER (TPU) W Rz 2 K 1) 500 %~
1000%6 , HA ZARUAR e Ay g 530 AR B 4, mT o)
Ve B R R T R A . RAR R
O WERR-1,4- O ki —H EERE (PETG) 454 T PLA
(1 5 S ABS B9 #IPE  FTERTRLE AR ek e %
AR (<0.5%) , 7™ i RO FaE M, f Ak 2= R T
PLA , {H i $bE w8 T ABS. 15 25 1 Ho 1% BH B v i
2 ik, H B AR B 7B 3 W £ A 2 b
BEo RIFEEER (PAEK) FE A AR HEM: (Bt 2s [H) 4 5 g
F1 B ARSIV, O R TR A AR
SRR, A i s ORIV PR R 5 s TR
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Table I Commonly utilized thermoplastic resin matrices in the 3D printing of CCFRTP

A0 3R ST WO A 2 R 1 s 2 3 R ORHIR B Y W

Name

T,/C T,/C

HDT/C  T,/C

o/(grem™?)

Feature

Application Ref.

Acrylonitrile- 105
butadiene-styrene

copolymer(ABS)

Polylactic acid(PLA)  55-60

Polycarbonate(PC) 147

Polyether ether ketone 143
(PEEK)

Polyethylene tere- 80-90
phthalate-1, 4-cyclo-
hexanedimethanol

(PETG)

Polyamide (PA, e.g., 50-60
PA12)

85-100

160-180  50-60

130-140

334 230-250

70-80

170-180 70-80

230-260 1.04-1.06

190-220 1.24-1.25

260-300 1.20-1.22

380-420 1.30-1.32

220-250 1.25-1.27

240-260 1.01-1.03

Excellent impact resistance, surface
hardness and dimensional stability,
chemical resistance (except ketones,
the
substrate needs to be heated (50-

chlorinated  hydrocarbons) ;

110 °C) to prevent warping during
the
performance can be improved by
modification (such as ABS-ESD)

printing,  and anti-static

Biodegradability, low shrinkage rate
(0.3%) , smooth printing surface,
but poor heat resistance (easy to
soften above 80 °C ) ; suitable for
rapid prototyping, toughness can be
improved  through  toughening
modifications

High transparency (light transmittance
over 90%) , high impact strength,
but high printing temperature and
easy moisture absorption; it needs
to be dried to avoid bubbles and is
suitable for precision optical
components

High temperature resistance (long-
term use of 260 °C ) , chemical
resistance , excellent biocompatibility,
but extremely high printing cost;
high-temperature printing equipment
(chamber temperature over 80 °C) is
required, suitable for high-end
industrial applications

Combined with the advantages of
PLA and ABS, the

temperature is low, odorless, the

printing

shrinkage rate is extremely low (<Z
0.5%) the

dimensional  stability is

and product
good.

Chemical resistance is better than

PLA, but heat resistance is slightly

inferior to ABS

High

lubrication,

self-

water

resistance,
high
absorption (need to be dryed) ;
fiber PA

significantly increases stiffness and

wear
but
reinforced

carbon

heat deflection temperature

Auto parts [10-11]
Electronic and

electrical shells

Toys

Functional prototypes

Educational models [12-13]
Packaging materials
Disposable medical

supplies

Electronic and [14-15]
electrical enclosures

Automotive

lampshades

Medical equipment

Aerospace [16-17]
Medical implants
Semiconductor

manufacturing

Medical models [11,18]
Transparent parts
Food contact

materials

Gears [19-20]
Bearings
Automotive functional

parts
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Name T,/C T,/C HDT/C T,/C  p/(grem®) Feature Application Ref.
Polyvinyl alcohol 80 190-220 1.19-1.31 Water-soluble ~ support material, Temporary  support [21-22]
(PVA) often used with PLA or ABS, is structures in multi-

printed and dissolved in water to material printing,

remove the support of complex especially for internal

structures cut-out or suspended

parts

Polyetherimide 217 200 360-400 1.27-1.30  High-performance engineering Aerospace, medical [23-24]
(PEI, e.g., plastics, high temperature resistance devices
ULTEM™) (long-term service temperature up Electronics and

to 170 °C), flame retardant (UL94 appliances (e.g.,

V-0 grade) , chemical corrosion connectors,sensor

resistance housings)
Thermoplastic —50- 200-230 0.88-1.20 The elasticity similar to rubber can Seals [25-26]
elastomers(e.g., —30 be stretched to 500%-1000% of the Shock-absorbing

TPU)

original length, but it is easy to components
collapse during printing, so it needs Wearables (e.g.,

to be printed slowly watch straps)
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FE 3D FTEN A R A YA 45 8 7 27 B e e
AT B R e 2R AR i PR RE o SR PR LR 1Y 45 A e
LIRS ) AR R A OGBS . N TR U B
S A AT 25 3R AN 7 AR 1T H 55 ) Sk
R I B AR LARDHRS B, &5 i B e lhe 4 5 ity A RO feoe
PRS0 0 R OCRE Fn ARG AR AT A S G
T v PR SR s S R 1 A SR A R AT R T R T F
5%, LA Avrami J7 F2 0 BRIG IEAE A EE T $ORME R A4
BEA ST JAY RS G 22 P RIS Z A4
L7 2R 4 FAS B T R PO P s 4
FEMZRMEOC R AESLbRA = o AEAE T DL R R
WA O R A s S AR R s — R B AR R A
W5 FHA SR A sAS A R R SE 3 1o AR
s 232, S RO AE E 0 R 3 IR GG it 2 12
45 i R 2 MRE, I AR ik 2R B AR /D B
J105 55 A6 R CCF R A 1L 5 45 1) 5 M Rk 1 i
SRR EE , 300 58 5 00 B 100 A SR sl i 4, TR Ik el 38 42
B AR IE DLk — 20 G2 i AR ER AN T, iR Ak SE
SEREME, CEREBAY (N PLA Je 55 KA A
¥ SRR SE R, R B e | R v R (L
BN B B AR RRAR AR 2 5] AT Bl S PR
il TR R HE R RA Y (A0 ABS) B TR
S ompl ks (E B R W B AR (EAR R
S PTG R TR R )2 S5 5 1 H S WA R
PE, X —F N W T T AR PORHEBE R A% G SEAY
i, PRt AT RG4S dnsh 1127, 2k 3D 4T

BT 20 PR RE SRS L AR FE R . X T 3D AT
Ep i fe b B RS A AT o, e AT ey
A B8 S AR RSO L B S v o ) A K o 7 X
AT X TR — R, RS A KR —A
HELE (i T, TERR £T 4 3% TP B A% 2 5 T iR A K
B, 2 HE Al B A R A5 1 2R G X T AN R
EYIERT S, SR dioki A K AR S Jn K AR TR
B DEAT At A o DRI 2R 5 O I 45 o 3R () 32 )
R I 5 A0 R A R AR o T it A% T b %
R it AL A O AR 22 32 B Ve BE IR N A AR SR
HZNFE R B THMNERE B — SRS i
i, BURDIRZS B 20 1 3D IT B ek it , R Wy 0 45 b
B 3 BN B — A B AT S

2 3DFTENFAEE MR A

2.1 PEBMERNFEREE

A B PO £ BE A4k CCEFRTP 3D FTENMF R, 1
P B 5 0y F A T HRAL 3 A PR R R 43 B
S50 (g | SR SE Bral MR SRR ), e IR 5
SRYE A A B, 7E PR PER IR TR ] ARE
FEHAT, B8 SR AT dE Ak A E R . A T LA
3 3k XA i 43— 4 4 A I BT P L AR AR R R R
Yang S HE Y —Fh 4 R T SO A RN 8 Ao i P
F5 A5 B A 4 B O A i A A T, i L
SEAE PR R AT, 5 2 R A W AT LUK ) i
PR T T2 R 7 A 1, DA S BRAE 24 3D FTERY . He 4538
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I AL A B M R & iR PLA-TPU, il i 4> 145
PR A B AR SE VR T, R 2D A U PLA
A W MERS, SEER T, RS v R
2.2 REBMERY MRS

FIFHZE AT U84 1 B DR 285 o B 2 R Ak 2 4 -
B B ST A A ORI 22— o B 2 R
(W PEEK) B 35T, o] LATE o 9855 1 H) HOR A2
HERE S B, 4 R 2T 2 5 SR ) B R 2 . F T R
i 3 PEEK B I 5978 5158 2, R ik i 45 i B I
2745 #ETV 2 31.8%0 , IR T £F 4k St Ab A i 9 E A
AT J2 [0 55 U758 2 Wb 2 2 55 17.09657 . 53 4h &
IR BEAR R 1T LA AT R = 1 AR BR0R | e A b
HBE 3D FTED rf PR I 5 28 S B AL B R v S 2 e
REZE MY I . Kuba 555K I SL 2T iR N SZ B 2R,
RSN SRR A Rl G B PEEK 2B 1TED, SHRiERs
JEE B RS A EL L 122 SR I i 22 BE YR L B K IR R IR
92.0% , I+ WA HETF 3D FTENFG AR B M, I 2l HL 2
[P B 4 = T 116.8 %6, UEBH T 1 R AR B 4 i
S A ARG R A M RH T B A s
23 AEBHEEEBZEEHE

XTI AR IR 2% , SRR 53 S ol SR I < 40 KR -1
ST REPEIURHB 2% . BB AGUKIRIRES | A A4 S5k
T, T DL G Py 3 Bl Ak 2 A B A e T e
Dhakal 45 1] F 4 fih 27 1 B 2 1 4t B FE 900k 9% —
AL RE (SI0,) TR 98 k4T 4E (SCF) i) PEEK 342
HGK 22, 9P R FFF 8OR AT 3DATED . 45 R R IF
hn 2.0 % (T &t 7 50 B 48 K Si0, 1 3 1 5 1 SCF-
PEEK & &M BHG AT 25 & 1, BRAL T NFRFLER S 7]
e T O # , 2 RE AR B o OF HL A
TS A TR S R 22 T A 3D FTElad v
PEEK JEAR 1 fh 27 58 B MR R S8 4, 9K SIO 88 5 T
SCF-PEEK & & A1 BHG # R I s T 45 &
1370, 541 PEEK #1 SCF-PEEK #H Lt , £ R & & 41
HEE W 43 B4R T T R 3k 40.0%6 A1 11,096, i %
FIIREHURR UL, 51 A T4 T o 5 H B i OB (40
A BRI RGO AT LR T AR 2 DRt . B0, Ma
SE3E AR AT, AR R & iR (PUP) -3 S W i (E-
51) Bk 5] A 38 5 kR T — S SRR s (IPDD 9 H
16 52 WU 4 K FesO.@GO BEYE BT, 15 B B 8K 4
5 (DIW)4D FTERH AR il 4 th — AR Re S A M RE, T
H17.2 MPa L S hifag B2 V=R T 91.2% M A&
AR (=R T2 UE R 547534 82.0%60) M 15 s Hy PR
Wi JOE i 7, STER AR 12 b e L B 18 52 P e S R - AL
Sl oM RE B BRI T, T R T R s (] AR T 45
Fa A s B AT A

3 3DFTENRRAF M BIRI B

fiie 21 4 R DG T SR 1 BN HLB = TE I H R A
JRBLH B AL 2E e Y 78 3D AT BN B v, ) g
FR) 5 6 B I s 0 o S CCF RN 7843, 540 CCF
50 RiE BL AR (] A AT G A B PR R 2 A
T R PR T AR A TR M R IORLRS B 2 A e,
T 2 T 5 SR A R LT 45 0, B 3D AT ER
PIRR . ITAER , AR b 2T 4k 50 I 8] il A R Ak 2
HEA I oo A AL B S T R AN R R
T Z2MoOrik s BRGNS Rk R E TR R
T Ak 2 BT ORI Ak
3.1 EREFEMRL ERFHE

RIRZS L3RR AR B s vk 45 07 =20, 6
BEW eI T CF £, USR8t 5
AR 1. Cheng S84 H T —Fh LUBREF4E 0 £ T 19
T A TR T2 TR L R 2T A 3 T 28 A L A
[ Co® I Ni*™ — FH JEBK IR g f& (ZIF-CoNi) b 4844, 18
i v R AR R 4 i DR A B 7 B T A 2 1 A
R AKE S MRS, [, R
FFF $4 80P ik £F 2k B ) 1 08 M R R (TPU) SR
e A5 B BRSO 9 2.4 GHz 19 CF/
CoNi@C/TPU # B & kHE 2(2))™ . Wu %
3 JEAVE B ORI AR K, TR R 2T 2 3 T 5 | ARk Z1F
YK BB il £ ELA 53 G AN oK 2 R 1 e Rl £ 4
(CoNC@CF ) , H:44 o iip - AR LR Ry HE A 1) 3D 4T
EREE AR 153 8 HoA R4 F R ik T e 70 1 3D AT EP
P, H s S #E fe/IMEAE 11.5 GHz 353 —45.5 dB
(F2(b))™, Lyu %544 2R 2 B R/ — A A RE 9K JB0RL
(PDA/NPs) ¥ 515 i £F 4k, 3144 T AR HE R EE
SEARAY S A AR, BF9E T PDA/NP g CCF 4 3 [A)
BN, RN, AN B2 A RRLZ R REAS 2
TR EUGE R CE R NV T FEF T 261451
CCF/PPSATERF, 25 il 5k B2 3G I 27.0 %6 , 2 18] 55 I 5
J& (interlaminar shear strength, ILSS) 4 il 172.0%%
e G R A5 Ak P BRI MR AE R AT AR R T 5 | A
T —Fh 44y SKEL [T e 2 & 70, A7 2ok st 7
T £F 2 80y 144 5t 2R 2R A ik AR IR 1 52 5 b Rk Y A T 4
GrHERE , T A TR e 32 it s v 2% T A8 i A S 1
LT 2 i 25 A ML, Bl 45 2 A R R 2 8] B
PIVERE AT RAE , & B SKEL Y 74 i 4 e 1 g 4%
BF, A LR A T R RE AR e =T R I 9T R
PR Ge A 120, (0 L2t 09 T 3 i 2 18 4% 1 790
SKE1 478 2 W & $2 71 TR £F- 2 55 PPS 1Y A1 45 &9
JE (ILSS #2712 91.4 MPa) . 1% 7 457 W H T 3D 4T
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E[ Tk 22 44 il 6, A SR i T T B e R v £ 4
SRR IR I S Ao AR e M DR THT R R
J12E R . T ETE RO A R e R OR
Ji 1, 3- . (4-F IR A ) RN, N- - F 5L 2 i
hy ek il £ AR PE R I XA 9 2 A b kAT
PEBEA BT, & 4 BPADA 5 TPE-R BYSAKEE IR [,
11 B, A RS BB IR YE Ao 11 o A
5y, i BB S i e e M L 7E 554 CT VR E AL
5% . AR AL PSSR £ 4E R 1 O/C
0.08 B4 % 0.18, #Ei T 125% 5 3% e 41 Yk i i ms A 1
e B LTI AR IR AR B S X 2 A MR A T
AE i W] ., HMCF /PEKK & & #4 R} 2 W] 57 4 5
Al f AT 38.5 MPa $2 T 2 i 55 59.4 MPa, # i =
ik 54.3%, SunFFHAIKE SRZEME A LK
FILbFE CF 216 , fff CE/PEL & & b k0 4 58 BF $2 7
12.5%, )2 8] 874158 #2755 39.4 % (K 2(¢))™*' Zhang
A PU/SIO, EXRI T CF £ , ffi CF/PA6 B4

A
CF-NO, CF/CoNi@C  ,  ZIF-CoNi

" > 52 TRU

b 2-Methylimidazole

(©)
Commercial SCF Acetone-treated SCF CNT-PDA@SCF
Desizing CNT-PDA coating
oH HQ ©
4 HN,

AR G B 4R TR 40.0% (B 2(d))™, £ 3D AT
EN CCFRTP @ik, CF 3B 2, B AL L 350
KRS, LR R AE G RE T2 1
s I R o TR Can g | A SRR e L AT 1
YRGB UWRZ) KT E R SR AL A i e 3D T Ep
2o bF ) B BR AT AR e T AR R T A, B
o, Tt R A (a0 PEKK A 252 3% 7)) 7T 42 7
21 Y A o T B O R v i IR 1 S A A
Yk A FIRF (A CNT-PDA .\ PU/SIO, ) | 47 82 ok
605 AR AR 5 AT ALK B, DT SR T K 1E
T FFF 12009 (0 1 e 1003 R 22 b1 42 I B AR 3l 5
BARZS %, W N s R F AT, 55T
PERERE 5 CF S AH BAE LS, FF A8 8 35
BT R mG  IR R AR R AL A, DR
HO A . AR RN B R E T e Rl
e A kR AETT BT BE T o3 i sl e 2 4 ) 3% 2
Pk,

©)

'

'

1

|

' Co(NO,), N,

i 2-MIM Melamine
=il SIS IN

1 AT, 4h 700°C,2h

|

|

|

|

|

|

Desized Carbon Fiber ZIF@CF CoNC@cr

CoNC@cF PLA
~ (VR
T g I

CONC@CF-PLA

o
=y S

Blending Extruding FFF Printing

PU Film Water

11
Hydrothermal
Treat
— Water
I o Matrix
CF k

(d

\ llte:rflce I ]
7 i i
“Sic, Hydrothermal

JS[z,ng

Treat
— Water
Mechanical i Mechanical
Interlocking m Interlocking
PUISIO, Water  Physical Block

Hybrid Film

2 IR R A 4
(a)CF/CoNi@C 5 CNC/TPU & A # kil 46 12145 (b) il # CoNC@CF 1 CONC@CF-PLA 4K & 45 K 2 HI FFF ATER 4 2
(c)CNT-PDA EHALIE SCF T2 /R B 5 (d)A9K-Si0, F3FAN CF 1938 2 Ji 6 T 25 AR Ak 3 s AL LR 2
Fig.2 Carbon fiber modified by sizing agent method
(a)preparation process of CF/CoNi@C and CNC/TPU composite materials'**’; (b)process of preparing CONC@CF and CoNC@CF-PLA
nanocomposite filaments and FFF printing*”'; (¢c)schematic diagram of the CNT-PDA sizing treatment of SCF!**; (d)schematic diagram

of the strengthening mechanism of nano-SiO, sizing agent for CF-reinforced nylon 6 in dry state and after wet heat treatment'™!

32 BAFEMBELKYE

AR AR B AT 4 CF 2% 1 A U E REAL L 1T, K
R T L 1 B 9 A SRR JE | SR A5 R S Ak 1Y
LEROREY . Zhao FEAE 450 “Ca8 AU TR EF 4

AT AT 2 h B B4R B A 2 T IR 5 B AL
FHE SRR R, & 1 Bl AT 0 58 WL B 8 1 R 24 4
(31.5mg-g '"AM 13 mg-cm *), I %R AL AE
His A 18 7K v 285 5000 YK B/ 5t B A 34 I, LB A F,
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e 1 W B i 7 AT SR DR AR AE LRI BE T 1 74060
Du%X%F CF #F 47 T E AL aERe b AL 3T, B 2T 4 Y
PLARSR EE 4 i 1 20.0%0, A5 SR R i T 25,1100, 5
R B A Btk 4T A 3 5 SR e B2 5 A RHAR L O IS
Tk 2T 24 1 o 3 W e 52 6 B ORL B )2 ] B 170 B 4
2488 LIFEFHHNO, S LB CF, 5 AFEEAE
eI, 5k CF/ABS & G b R A B & 715 ; Zhao &5
i 3 7 R s SR AR YE TE CF 3\ 8 il i, i 5
PEEK 2 fill AU 1T , $2 T e £F 4k 3 5 5 Fok Bk 1) 5 1 465 &5
SEECY S A RN, BARE G AT RE T
1T WIR BT A (A AE T 2, fBan, E s
MU CF Rk 7 S5 ROW S5 1) , (/5 2eab B4 J 4k, HL
AUCE RE A K OHLRE R S 5| R R, I 55 AR AR
Ao B, 7E 3D AT ER % S fi 21 4E 22 b4 (1% Tl 2k 2 2o 72
T B A AR AR A T AR T AT A S T RE S L 3
H5 IR IS (A PEEK \PA) (3R YE . 2R, 4
A B2 T RE S BOLT A Wa 3G I, U HAE S RATEN 5 3h
Bk iR oy 5| R AT Y 3L 5 22 v 1) i 2tk 5
FIENRRE Mk o BRI, el 7 AR Ao B RV PR 5 2F
Yt 27 58 B Pk Z A US4, 2 T8 1] 3D 4T BN 2244 11
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Fig.3 Surface chemical modification of carbon fibers

(a)process schematic for CF-PEI-GO/PLA composite preparation and corresponding “rigid-flexible” interfacial architecture visualization

[58],
H

(b)preparation process of CF/CoNi@C and CNC/TPU composites'™’; (¢)design of a dual-polymer grafted layer on the surface of carbon fibers to

improve the interfacial performance between poly (arylethersulfone) and carbon fibers ®!; (d)carbon nanotube grafting of carbon fibers'®/;

(e)effect of polyetheretherketone grafting PEEK-NH, on the surface modification of carbon fibers'®; (f)synergistic effect of electrochemical

grafting and crosslinking crystalline sizing agent in enhancing the interfacial strength of carbon fiber/PEEK composites
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Fig.4 Brief description for 3D printing processes

(a)overview of 3D printing process with online impregnation co-extrusion and offline pre-impregnated material dual-nozzle extrusion

(b)three-dimensional printing with continuous fiber composite material impregnated in the nozzle

[70],

1781 (¢)ultrasound-assisted 3D printing of

continuous fiber reinforced thermoplastic (FRTP) composites'’*!; (d)influence of process parameters on X-band microwave absorption

performance in 3D printing of continuous fiber reinforced thermoplastic composites'’ ; (e)schematic diagram of continuous

3D printing shearing algorithm and device for carbon fiber
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