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Figure 1. A scheme of 3D-printed stretchable conductive polymer composites with nano-carbon fillers and their applications.
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Figure 2. (a) Development of a strong filler—filler network of the conducting carbon black particle. (b) Plot of electrical resistance
for hybrid composites with different microsilica contents. (¢) Resistance with strain[*l. (d) Testing the circuit with LEDs to show the
functionality of the bonded plate. (€) Quasi-static stretching and restoring at a rate of 1.5 mm min~' for carbon black powder and
PDMS (CPDMS). (f) Dynamic stretching characteristics of the CPDMS sample, peak-to-peak amplitude 1 mm, 50 Hz!*!l. (g) Steps
for the fabrication of the carbon/polymer composite. (h) Fatigue test of the stretchable electrode containing the hybrid
carbon/polymer composite under a strain of 200% that was repeated for 1000 cycles. The inset shows the tensile strength of the
electrode as a function of the number of strain cycles, with the maximum value being 1000 cycles. (i) The relative discharge capacity
of the stretchable aqueous rechargeable lithium-ion battery under various amounts of strain!“?],
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Figure 3. (a) Schematic diagram of the preparation method for the forest/polyurethane composite sheet. (b) Change in normalized
resistance shown in the graph in going from the 10th to the 100th cycle as a function of the maximum applied strain. The first 10
cycles for each strain set were used to provide initial sample conditioning!*]. (¢) Printed elastic conductors on a PDMS sheet. (d)
Stretchability and conductivity as a function of SWCNT content. (e) A demonstration of a stretchable display that can be spread over
arbitrary curved surfaces. The stretchable display is functional even when folded in two or crumpled, indicating excellent
durability™*4]. (f) Schematic illustration for preparation of rGO-CNT hybrid and styrene-butadiene rubber (SBR)/rGO-CNT
composites. (g) Changes in electrical conductivity of SBR/GO-CNT and SBR/rGO-CNT composites under different strains*].

2.3. A 8BI%

AR ERIE AR, B IREASHES, s AR SRS AR A L. A B R
W2 MR, e ERmAR . S SHEEME TR ER LTI A =850 1 CL AU R
FIPEL, AN, SR nT DOE I S S TSRS 2 AT A . B, BRI A SIE SN
#E A SRR SMEN AR, XMEAMEREI TN BAMAPERE. B, Chen %517
WISV & 7 BA eSS A 80, PR IR R RIR RS T — MR
HMEL WE 4a—c)fin. XFMEAEMERAER TS, vl/E ] S AR R T S0
Wang ZE48R| H 4 S8 0@ VR RN I8 — FE SRR S el % 7 — Ml R 4 S is i m S5 450, Wl 4(d-g)
Fime ZEAMEESEN 72 S m. EAERNE, FAHXFMEE N, mRIhHliEH 7 rrh
IR R 2. BEAl, Sun SEWFR| A S84 TR H R 41 4kl 26 1 nl i S 4048, ] FH R AR AL %
R R AR, i 4h-K) TR, AT, S A SR EREYNBESEEE LERESN, A
FTF R AL £



BRRERBIEE SRR B 15 £ 25 (2023) 5120

Density (mg cm”)

400 1200 1600

SB?O (%)
k rain(%
) &)
!

G
e(s)

3 A
o 006
i 2 o0s
@ N
Graphene/PU inks. - M 0.02 60°
Pre-strotchu b P} caphene ~. 30°
S| vt dogostig ] Releas o e = o x 000{Arer
e \ -
i

0 _15 20 25
Time

& 4. (a) fi 2% (graphene foam, GF) [ SEM B4, (b) Z il GF/PDMS EA MR, SR HBA RIFrIZRTE.
(c) GF fl GF/PDMS E M BHI) T Ho 3 50 8806 2 B s O R, (d) #i1E GHC A1 GHC SkJ= - (€) 124 0.25 % 1 mm (4
M4 5 (Graphene honeycomb, GHC) .« (f) 1] GHC e EM AT Rl e Bondsn B (g) FIHiR 6 B R38R
FrEslo () E RIBLL KR () 1 3 R-NA L. () MASBURHLH AL T2 P FATE RN - (k) S SMESU R i 22 2k m]
7E T I P A3 9,

Figure 4. (a) SEM image of graphene foam (GF). (b) A photograph of a bent GF/PDMS composite, showing its good flexibility. (c)
Electrical conductivity of GFs and GF/PDMS composites as a function of the number of graphene layers!*7l. (d) Fabrication of GHCs
and GHC sandwiches. (e) Graphene honeycomb (GHC) with ¢ ranging from 0.25 to 1 mm. (f) Schematic of a stretchable light-
emitting display constructed using a GHC sandwich. (g) Photographs of the stretchable light-emitting display!*®l. (h) Schematic
diagram of preparing the worm-shaped filaments. (i) Conductivity-strain curves. (j) Potential applications of strain-insensitive
stretchy electronics. (k) Filament woven into fabric to conduct signals under wrist joint movements!“°],
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Figure 5. (a) Schematic illustration of fused deposition modeling in the 3D printing process. Inset is the graphene-based filament
winding on a roller. The filament was deposited through a nozzle onto a heated building plate, whose temperature was set at 80 °C.
(b) A typical 3D-printed model using 3.8 wt% G-ABS composite filament, scale bar: 1 cm. (¢) Representative Raman spectra in
prepared GO, rGO, ABS and G-ABS samples. (d) Electrical conductivity (coc) of G-ABS composites as a function of graphene
loading. Inset is the four-probe schematic setup used in the 6. measurement>3!, (¢) Orientation of GNPs in the PA12 matrix during
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the FDM process. (f) XRD spectra of PA12 and PA12/GNPs nanocomposites with 2, 4, 6, 8, and 10 wt% GNPs compression-molded
samples (10 mm x 10 mm % 4 mm). (g) TG (top) and DTG (bottom) curves of pure PA12 and PA12/GNPs nanocomposites with 2, 4,
6, 8, and 10 wt % GNPs. (h) TEM micrographs of PA12/6 wt% GNPs nanocomposites. (i) The MFI values, thermal conductivity (A).
(j) Tensile test results of pure PA12 and PA12/GNPs nanocomposites and their CM specimens, respectively4l,
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BRI TR . ffa, IS AL AR TR A5 o A B 7 1 25 BRVE I B[ 501 B 4N KA Bk ) v B
TEBRMHAEFESH TWEYKE TR0 TR, AR AL 1T e f
Ae. WIRFTER—MrE A (5. mAm &7k MRS AR ESK, B bRk BT
VER SR, B TT DAV SR KA R, AR T AT ENRYE N o (EAS 3R B2, A T ISR kG
B, WEFEN R BT DAAE Il 55 S N 5. 2 s s B Bl (polyvinylpyrrolidone, PVP) Hl £ B4 4k 3%
(ethyl cellulose, EC) 1F e e IR B2 1 15575 .

ilt, Lim 25070 GO F1K 2%l (polyvinyl alcohol, PVA) & T/KIEIRA, SRJE H /KA kL
JR, et rGO/PVA K, WE 6(a—g) . /o, LT B & A L% RN d RS 1
Moo AiREH], S5EGRE R PEDOT:PSS HIMRAHEL, WIAREIRIH) rGO/PVA HLIRIN B BT
BEH TIRK$E R . Garcla-Tuflon SR E A 805 BB GV, 4 pH Wi B8 R THVEPER . B
FLAERFM, PRSI SR pH (RT3 SK AL L, B ailid 100 pm 3 S = 2E Rl 24
RHESATED, W 6(h—j)fin. WESEFTEIRA AR R, HIE 7, ARSI A Bk, &9k
WIEA S TN RS R P S . (R, XM VA AR — SR, ARG SRR, EAb
S AEAE—Le BB . 2R LR EVE &5

B 6. (a) BEERITENK rtGO/PVA Hitlz. (b) 158, Skt GO/PVA Ml tGO/PVA E &M EHN XRD . T ER T /0 HR
IF¥) GO/PVA () FlrGO/PVA () BFWMEE A . (¢) TE&H DMF F/K KR A7 H e 2 # =~ A 1 rtGO/PVA &



EERERFEERAK F 145 F 2H (2023) 8/20

AR CED) MM R BTHHTHIE 1GO ChD o (d) KESHIREE. (il BISEITE rGO-PVA B & ARG B
BRI 300 nm) . (e) il M S24T BN FE R 5 EA 20 J2 rGO/PVA HEFHE Fr o (f) 3@ ISR 4T EHIVE R 5 20 20 2
rGO/PVA JEF L AP-TT WL o B AL A =550 nm ALII & (g) & T [A AR ARG U370 R0 e A O B H RS A
(J£) + rGO/PVA (i) FI PEDOT:PSS (A7) 7, (h) & ALFEHUHI R R IE . () BT EER TSI GO &iF il
(75 wt%) (72D RIRFEERAA S MG GO R MR G MR (branched copolymer surfactant, BCS) &V (1.75
wt%, LC, ") RIEiKkE GO/BCS #/K (2.5 wit% GO, HC, 1) MMM MEEE (G ML . BTULEEN 10 s 1Y
FHEEM 10 Pa s BEMEIIT 50 Pas. () TEREIEMNAE (1%) A (0.1 Hz) FHHTH 3G 1 B 43580 72508,
Figure 6. (a) Inkjet-printed rGO/PVA electrodes. (b) XRD patterns of graphite, graphite oxide (GO), GO/PVA, and rGO/PVA
composite. The insert shows photographs of well-dispersed GO/PVA (left) and rGO/PVA (right) suspensions. (¢) rtGO/PVA
composite stably dispersed in a mixed solvent with DMF and water for three months (left) and rGO precipitated from the same
medium (right). (d) Schematic illustration of the device structure. (Insert: optical microscope image of inkjet-printed rGO-PVA
composite electrodes, scale bar: 300 um). (e) Photographs of rGO/PVA films with 5 and 20 layers fabricated by inkjet printing. (f)
UV-vis spectra of rtGO/PVA films with 5 and 20 layers fabricated by inkjet printing. Transmittance was measured at A = 550 nm. (g)
Output characteristics of organic field-effect transistors based on different electrodes: Au (left), -GO/PVA (center), and PEDOT:PSS
(right)71. (h) Sketch of the directed assembly mechanism. (i) Histogram showing a comparison of the viscosity and storage modulus
(G’) of'a GO suspension (1.75 wt%) without additives (left), a GO/branched copolymer surfactant (BCS) suspension with low
graphene oxide concentration (1.75 wt%, LC, middle), and a highly concentrated GO/BCS ink (2.5 wt% GO, HC, right). The
viscosity at a shear rate of 10 s! increases from 10 to nearly 50 Pa s. (j) Kinetics of self-assembly followed by a time sweep at a
fixed strain (1%) and frequency (0.1 Hz)B8l,

3.3. ML A

ARV ZI £ (stereo lithography apparatus, SLA)D & —Fh 3 F G H i 45 S ED R A R G Bl 24 5
e BARCRUL, WOLIRIR BRI T EE A BOUW IR R T, A BOCR I A 4r e X I 4k, A
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o JCERH IR — A FE S BV AR B TUR Y . D69 RS sy BH B BOW i R Y L FE AT
MIEREE . HNENHIRES . RAMRNEIREESE . U SZAAOCZIR & TE gk R R &R 2 66
BN, I8 F B IR GO M RHA R R, ARG BB e . AR B E B 2 s iR &,
IR G REAT OG0

TR, Zhou ZEOKE GO IR £ NS (polyethylene glycol diacrylate, PEGDA)
FNHEFE TN IE R B IR (methacrylated gelatin, GelMA) [FIfil R £ 22 P £h % ¥ (phosphate buffered saline,
PBS) 1, SRJEMAIEEIRAEBOCHBIAE, Wl 7 . HA, GelMA fil PEGDA & WiFii FH It
A AR RE . (AT SRR, GO W R LU AP T4a il iR A A, 35 e ik. Bt
FAEREW, SO IR AT T OGBS & AV 4E, Rk N B 88 1) 78 5T 40 i 23 A0 % OB A
Ak, A —LEHRAERR, 75 T BN B F GBSO IS T BRI IR KA R, DAGE IR E .
AT LA S iR A LR A, REXT GO TR, s H =4k rGO 451 . ARG &
DRI HATERRS B v . R E L. "R RE ARG A, SRS 43T M FmER 2
—o BRI, ZER B RTRRE A T A i DL B O 51 R AR R [ A G O IR 7 v . b4b,
ML ZBS5 B AN KA BEE BRI b DO i e ok, AT 3 BUBR 9 KA BHE 526 AR 1)
A
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B 7. (a) H T ek &6 R 78 T4 (human bone marrow mesenchymal stem cells, h(MSC) #E T 43 4L 3D FTEN GO
SR EEL. (b)) A GO FE GO (0.1 mg/mL) 1) GeIMA-PEGDA 4211 SEM .44 J1 . (d) A1 78 i T4
(mesenchymal stem cell, MSC) {EAN[F] 43 FI/K B _E3E5E 5 K. (e) MSC fE#BH AN EIRE GO ) GelMA-PEGDA 248
T 5 Ko (f) ANFENE A4 MEAEA (bovine serum albumin, BSA) ZEAEHAIE GO (0.1 mg/mL) #J GelMA-PEGDA 3¢
o 2R . (@) IRIFEE 1. (h) BERZ R (glycosaminoglycan, GAG) Hl(i) ZE& & GO i GeIMA-PEGDA 3742 F#
HHL)E 3 A MSC B R 8 1 4ot
Figure 7. (a) Schematic diagram of a 3D-printed GO scaffold for promoting chondrogenic differentiation of human bone marrow
mesenchymal stem cells (hMSCs). (b) and (¢) SEM micrographs of GeIMA-PEGDA scaffolds without GO and with GO (0.1
mg/mL). (d) Mesenchymal stem cell (MSC) proliferation on hydrogels with different compositions for 5 d. (¢) MSC proliferation on
GelMA-PEGDA scaffolds incorporated with different concentrations of GO for 5 d. (f) Adsorption profiles of bovine serum albumin
(BSA) on GeIMA-PEGDA scaffolds with and without GO (0.1 mg/mL) at different time points. (g) Collagen II. (h)
Glycosaminoglycan (GAG) and (i) total collagen secretion of MSCs after chondrogenic differentiation on GeIMA-PEGDA scaffolds
without and with GO over 3 weeks[¢!l.

3.4. WEMBOLRE AR

ERMHERHOERESE (selective laser sintering, SLS) & — & H TRy K KI3DFTEN 7k, FET
FTEN & B A &k oK, AT H T9T BB R G Wk oK 62, E4T BN fE B &2 B — g ik
B, RE AR, £ TETE B E— 2RSS, IRJE, WO R SEOLR, FrikX iR
Bk RAETHE AL 6 SR PRk 4e B AT s At be s, MBS INZE. Gaikwad 550575 56 F BUEAHF
MU TR AR A BRI B I 11 (PALD) IEALIRAIERL, SR )G fEARIR A RE RO oK, FH T B vEo bk
g5, wE8(c—e)in. WA REY, WIMBRGIAM B GESE = e R 1T ES HiAE . 7 I E A4
e, R 1L A M, ATH TR 5 RTEM L, Wi s B EOh e s
PAF RSB A RS e, T B R SO R R RAOR A R B IRAh, BRGIK AR
CREHG R S HVE, OIS A e gt i R B N2 5

BEAh,  ShuaiZE 1 S VR A5G R T GO/PVAR G/ AR, S8 G FIEBR O he gkl & 1
AP, WE8(a,bf-h) 7R, HTGOMPVAZ RfFEEGRINAIEN, —“HEGR%E. MR
KW, HAIREAHL, 0T 2.5% GO/PVARISC BRI BT R RIE . # IS & A0y A o FE 73 il 4 vy 1
60%- 152%H169% . GEFEIEBHOLLSE IL A2 T A BRG], AN [FESE AL 0k R AR AT LR & e
SRE AR, ATESESN, MRRHERER. BT, X TIRBMEEOGESEE Y R A KA KL 5
EUREEEMBIRRERD . BrRE R T TR R 2T e e B R, RREIWE TR DAY R 2
WEZRMPEEMEL E.

LA, WA RAEEE3DITEN i & i R SR S AR IS 7 =R . R, 15—
SO A R AR . 7T, AE = MEST RN AR R AR Sy AWM 28 . S5 5 /I AN L SF R, AR
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TR SR EMEITERE. 55— 05, HATATH T =4ET BN R SR SRR AR, 7 2t —
AR

8. (a) 5 4 HUS A FIGO f 2 IGO/PVARTFRIII o (b) GOFUEE 2.5 wi% AR ST MR ES . (c) i
VS B 5RT () PALIFIPALL/40K AT 8807 F (nanographene platelet, NGP) 40k & &R BRI iR, (o) BF
PR AL, () GO-0. GO-0.5. GO-1.5. GO-2.5. GO-3.5HIGO-4.55 J1-BiA% fh £k 11 R 4745t . (g) GO-0. GO-0.5.
GO-1.5. GO-2.5. GO-3.5R1GO-4.5 44 FL A IR E (K L 48 ki (h) PVARERIR . (a) GO #t, BLE(b) AFRIGOM
() 0.5 wt%- (d) 2.5 wt%A(e) 4.5 wt%[KIPVALEH 1 (IGO Fr b4 73 il fALeel,

Figure 8. (a) Photographs of GO/PVA suspension with different GO loadings after ultrasonic dispersion. (b) Surface morphologies
of the scaffolds with different GO loadings of 2.5 wt%. (c¢) Tensile strength and flexural strength; and (d) Tensile modulus and
flexure modulus of PA11 and PA11/ nanographene platelet (NGP) nanocomposites. (e) [zod impact strengths!®. (f) Compressive
properties of GO-0, GO-0.5, GO-1.5, GO-2.5, GO-3.5, and GO-4.5 stress-strain curves. (g) Compressive properties of GO-0, GO-
0.5, GO-1.5, GO-2.5, GO-3.5, and GO-4.5 compressive strengths, and Young’s modulus. (h) Schematic representation of the PVA
chains. (a), the GO sheets (b), and the GO sheet dispersion in the PVA matrix with various GO loadings (c) 0.5 wt%, (d) 2.5 wt%,
and (e) 4.5 wt%!%],

4. TRER AR SR N A
4.1. R

TR, BRGORR R A BRI R AR A S 3R TR R R, XA L AE s T A
BRI LT 11771, BrgoKMRL S A& I R A YEAA R A J5 o] T2 2tk 7281400727, 3D 4T
ENFIN AT DA PRI R 2% . RS T2k, IF nf DAPUE B sl HE 7 o047, ([HAS R
(PR, A SR 1E B TSI FE RO 2 — & 1 SRS RN iR (field-effect transistors, FETs) 1
I o A 5 ) 5 v IR A - I F% 2R A8 15 A0 S5 04 1] Rl 1) AR5 B SE R g e R 5, ] LR 32
e R LR . AN, BT A S EE RN, 0T DL AR B R E RS, BE R et eT DAk —
SPRELETO), SRR R R AT ) — AN E B AT A .

FH il &40 58075 FETs (1) 3D 4T B 5 vA R ELRMESR4T BN . filt, Xiang S5077Vd ik w5 58 YRR A 5805
DURTE Kapton FEEFEAR I, JFE A B AR/ AL SRDE A MR A f 25K 1l % FETs, @1 9(a—c)Ft
INe RIGTARE RO, EEE. Bon. RIS R S EEER . 408G RS RIFM
FHHAG YRS, ATHER O AR R RL . BN R T K EEROIR S B A S50 F Tt AR 4T
ENU8L, bk, ol i SR T ENAUA R TAR R AAE 3D FT BN 7 v 2% (1) FE - rL AT ) T 4 & Fh Hl T3
%, Wl 9(d-h)fx.
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E9. (a) fi SRIEFETAE AL AR 10— MBS R P AVE St . (b) ASSIGFETAEME RS . (o) PRI Z Ut
FOtH, W RIhIERA H ARk i 00 F IR TR 1 BRI A S0 DX a1 R 2R 5 PR — HUU O KRB R (d)
GO#/K (0.1 mg/mL) T EIGO S #FIFGOZE/K (0.1 mg/mL) > EEA R (FGO) H B ayah i AFMIE 5
CTOUER) AR L) o R IT R B IRHR) YIRRAE = BEEEJR Lo (o) 1 VR BE NS mg/mLIFGOSE /K7L S I e 14T B &
Fo () GORRKHFGOR/K A A ] K B AT S BHEN TR AL L0 °CTHRER N ITGAZL . (g) H2O2f% AR HIC VI
B, ZHRERRN0.05 mol/LBEES Eh42 iAW (PBS)  ( pH 7.4) H10.1 mol/L KCIF K H202. 3 i B 2 48R I EN R A
S HAM. (h) 1GO (R MIFc-rGOMEY) (FeMd R AT SR AALIN G (L0t ZIHENRIA S8 U AES mmol/L
H202. 0.05 mol/L PBS (pH 7.4) HHFEFARZE, LLAO.1 mol/L KCIHFAEM, FH5IEZ 50 mv/s78l,
Figure 9. (a) General fabrication procedures and signal output of graphene FET biosensor. (b) Graphene FET biosensor. (c)
Epifluorescence staining with a fluorescently-tagged secondary antibody identifies areas of printed graphene successfully coated with
a target-specific Norovirus capture antibody. Dotted white circles indicate the approximate area of primary antibody deposition!’”],
(d) Typical tapping mode AFM images (top) and the corresponding height cross-sectional profiles (bottom) of GO sheets in GO ink
(0.1 mg/mL) and few-layered graphene oxide (FGO) sheets in FGO ink (0.1 mg/mL) deposited on mica substrate. (e) patterns printed
on polyimide using FGO ink with a concentration of 5 mg/mL. (f) TGA curves of graphene oxide materials used in GO ink and FGO
ink at a heating rate of 10 °C in an N2 atmosphere. (g) CV measurements of the H202 sensors. The three-electrode method to detect
H202 in 0.05 mol/L phosphate buffer solution (PBS) (pH 7.4) and 0.1 mol/L KCI. Shown in the inset is a bare-printed graphene
electrode. (h) Cyclic voltammograms of rGO (black) and Fc-rGO adducts (the Fc and reduced graphene oxide hybrid adducts) (red)
modified printed graphene electrodes in 5 mmol/L H202, 0.05 mol/L PBS (pH 7.4), and 0.1 mol/L KCl saturated with Ar ata 50
mV/s scan ratel’8].

4.2. fUE LR S

TEMUE R A, IR S E MBI BoR AR 2 RN R 00, BTk R A
SEMIAURCIE BE, 1 LS N 20 28 A ) 3 4k v m] I 225 0 v A ot R 8 P A i S LR 1 B 80821, A% il ]
B, UG SRRV G BSR4 I T 2SR S F R R 2 A4 83, (AR E 2, fEIX
SR AR TR N D R GKE . AfA A A A s, HUME R SRR ENE. BT
MCENUIERE, BRI RHE o] FE Shae sl om bkl . BRACKM R ] 12 5 S W AR T BT R I 2%
AR SN, ] T CHL Y B RS R0 B 10(a—e) iR, ERE
FEAR A IS INBR G KA RLE BE I s B A MR SAER e M, eIk R &, IF AT H T AR e
Ak, BIEREME A MRS T TR ISR G B, RN TR A, TR gk
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E10. (a) RABE A SIG90KE SR HIE LR R E . (b) FHEMEMNIEMREERE (thermoplastic polyurethanes, TPU) 3
GO E R KGR Tlog(o) vs. log(p — po)HIXT L. (¢) IRAME/ A 52/ (polyurethane/graphene, PUG) Y KE &
WERHE LB T 107 S R B AT AR A B, (d) AL B B A A FEEH 73 HerGON y-FeaOs g K1 Filh 41 4 Fr B e i
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(851,

Figure 10. (a) Schematic representation of the fabrication process of polyurethane graphene nanocomposite films. (b) Variation in
electrical conductivity with rGO loading in the thermoplastic polyurethanes (TPU) matrix. The inset shows the log(c) vs. log(p — po)
plot. (¢) Variation in the EMI shielding effectiveness with frequency for polyurethane/graphene (PUG) nanocompositest®. (d)
Schematic representation of the preparation of phenolic resin-based composite sheets containing different wt% of rGO, y-Fe203
nanoparticles and carbon fibers in the organic medium. Variation of flexural strength and electrical conductivity as a function of wt%
of () phenol resin, (f) carbon fiber, and (g) y-Fe203 in rGO sheets®],

4.3. ReVRfE A2

BT BRI 5 (0 S B PE AR A K R, 90 A\ B R A KA R 5 IE & YR RHR &
TE R 3D Bt BRAS A e S SR SRR RS SRS TR BB I R A4 . IRANTIEAL T IR0
BGRB8 T P R H BELARF P R A 8 R b R S r R B P T E L o Bl
Fu Z5BNG K BB KIE NS 2%, Briidnee x| Z29TED, Hil& ik, Wl 1b-g)fr. R, Kt
[P AR A R TR IR AGBR K, 193] r1GO. TEEREk4E (lithium iron phosphate, LFP) /rGO Al fL Ak £
(lithium titanium oxide, LTO) /rGO WM 7 5K A ik 3D FTER 7y & o i i % L s Ak 22 1 R T
FORI, A rGO J5, fELCHFEE N 10 mA/g i, PR EF R LA 3] 1 R EER LTO 1Y
HipA R, H, LTOAGO MG 7 Bl T LTO ML A E. 212 10 KFIEE 20 RKIE3H
Jo, PR AR BRI REIR AR E, LTO/NGO PRIFHRAK I HL R 5 -
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Rocha & UL =B A BB )G . SETTR & /K EE AU MEC 7 1 Pluronic F127 (B MHEE) N
N JER, it 3D FT BRI B T VA 4 T B BB rGO/Cu Ff, W 11(h—j)FTR. 4
R, AR AE R RSN R AR S AT AR AR, R 1GO HA A 4 Wb 2 (R 42 ik R 4o
Ik, Shen 2SN THERT AT GO VIR Grik e 25 28, @i 5 3D FTENTE R 1 A T Ik
W BRI R Y41 SR 454 (3DP-pSG) , WIE 11(a)ffin. WA, 45/ EA 812.8 mA h g Y
AT A R IOIE IR R . BT, BEAC N R R I, MR AR A AR IR RS
BRI, RGN R AT DU BRSO s A R B R AT 1 S 4%, FEBHEAG. IREF A TAE N
3D $TENRE R AR AP RHEGRE SIS I R IR T — 24 5 o
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B 11. (a) Wl RY-A 506 (3DP-pSG) ZEMIAI3DITEIR B &l KK TEGORIFMR S THEM B SHR &, WA B LOIR
52 RER13-T R (diisopropenylbenzene, DIB) #SANEI S5 X SR & o K ) 46 4F (R0 SN 3 mLyEST 25, 318
JEEVRI AR o SR, R ENRIAF IS BEAT VR T . B, 18Id200 CCHMEBEAE A7 SR AKEE L5 BRI R YIS, (b)
LFP/rGOF:HLIBTE10 mA g "R FIR F I FS B I 2R . () LFP/rGO-F- M EAN ARG & fi i i % 2k . (d) LTO/rGOY
FLVIFE10 mA g RFE LR FIIFS IR I 2R (e) LTO/rGOF AL IBAEANFIRF € HVR R Z M2k . (f) 3DTEN4 iR O TE A A2
SEPE. B2 ILFP/AGO. LTO/GOM BE& 1) i it B ZH i 3D AT BN Ax v it 307 BB - () 3DHT B 4 L It ) 7 T FiL h 2k
1861, (h) & 5L 2481 f7 8807 (reduced chemically modified graphene, tCMG) /Hi 5T FISEM B . (i) Br-BH B 2% FEL 25 25 ) L
RURZENREE . E OB RS s R SR AT (ReZ LI, RiA&EVEM RL/SRGLE S KR, Ci
FHH A 52 Hai. R(o) P A EEK—E2, BkTHE, Clo)LBHHERLITHE) M) fEEMI-TFSIH
R =B RS (6 FIWFRRS (B 100 kHzEI10 mHzF 252 Wk B, LK B s saURn =R A5 o
PNCLUR

Figure 11. (a) Schematic demonstration of 3D printing sulfur copolymer-graphene (3DP-pSG) architectures. Aqueous GO
suspension was homogeneously mixed with sublimed sulfur and concentrated into gel-like ink; then, 1,3-diisopropenylbenzene (DIB)
was added to the ink and mixed homogeneously. As-prepared ink was placed into a 3 mL syringe and printed into layer-by-layer
architectures. Afterward, the printed architectures were freeze-dried. Finally, sulfur copolymer was synthesized on the graphene
nanowalls by thermal treatment at 200 °C!88], (b) Charge and discharge profiles of the LFP/rGO half-cell at a specific current of 10
mA g . (¢) Rate profiles of the LFP/rGO half-cell at various specific currents. (d) Charge and discharge profiles of the LTO/rGO
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half-cell at a specific current of 10 mA g'. (e) Rate profiles of the LTO/rGO half-cell at various specific currents. (f) Cycling
stability of the 3D-printed full cell. The inset is a digital image of the 3D-printed full cell consisting of LFP/rGO, LTO/rGO, and
polymer electrolyte. (g) Charge and discharge profiles of the 3D-printed full cell®, (h) SEM images at the reduced chemically
modified graphene(rCMG)/Cu interface. (i) Typical Nyquist plot of a carbon—carbon supercapacitor. It includes the high- to low-
frequency behavior of a supercapacitor with the equivalent circuits (Rs is the high-frequency resistance, Ri is the resistance of the
active material/current collector interface, Ci is the interface capacitance with the dispersion parameter ai, R(®) is a part of the
supercapacitor resistance depending on the frequency, and C(w) is the supercapacitor cell capacitance) and (j) Nyquist plots recorded
from 100 kHz to 10 mHz for the three-electrode (blue) and symmetric (black) systems in EMI-TFSI electrolyte, with their
corresponding magnification of high and mid-frequency responsel®”l,

4.4. Y= 2L

VFZ 07N ORI = 4EFT BNE AR AR WA 25V 51 0 1 A R 9 K A R K B . — 4R S 248
FFEOS, ARG, RSN SIS o H . R IR BB T R R, R DU R AR
UK ELO AN CEED0 . [FIRE, BRGUKARL R RGN, A REIE 58 A YA k)
THPE, LR AN g FEO7s), XONH S TRERAE Y B At S8R 7 R B i 5t

F T Hil& K B S5 1 3D 4T AR Bk AT A5 R RUAR AR 7 TR SR RO Al g o dile
Wang Z5EU0ME ] NaOH WA S AR E A SER 3D FTHIE (-l (PCL) 248, Wi
12(b)FR. BHFEEREN], 4 NaOH ACPER SO S AR VA A VER4F . Cheng %510 3D 44
FTED RIS RA S5 ARGt Rk, [ EE MM GO/ RBIKER, WA 12(c,d)
Fim. WAL REN, SAUKERAHLL, 3D FTEHIR GO/IKE R H LR 1 23 B 423 5 BAA H JE1H
A . AN, Chen 5124 TPU M1 GO 73 il iE R AE — R FIEENZ  (dimethylformamide, DMF) H1,
¥ PLA ¥ fifE S H %t (dichloromethane, DCM) 1, W 12(a,g-j)i. AfE, HHBHIERES
IV FE T, I E GK 22, TTEBAE FDM FTEDHLRfEA . TR g R, i GO ME &M KL
1R A S e TR A, H SO S NIHST: 0 R I R A A AE A 1% . Sayyar SE1C1R H
PP 3D FTEIT LRl & 1 5 =W H FEBRIREE (polytrimethylene carbonate, PTMC) /B 4K+
BHEGMEL, B 12(e,)fn. I AINERAKRT S X EESRER R 30, PR SC48 B4l DNA
GENAREZT. XRHRPORME RIS AR ERE . B, mEREMESMEHE
AR RTRIAIIE, e A AR 2 2 TR A T e S R T TR A B ) B T
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B 12. (a) TPU/PLA/GOAK 5 & A EHE 22 i & FIFDM E[L I #2121, (b) 2 NaOHAM R FI R AL I 4 PCLAN0.78 wi%e S5 Us A1 5
A28 S S PR T AFRRE A T 1 4 PR S R MR 00, (o) 7K + BMIPT + GO-np#% 8 31 K BB G5 8RR e g (. (d)
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IKEEIE + BMPT + FEAE B B SC T HCE R R IG ge 0 . FEAR S IXIR, 7K + BMPT LB AL 3CE LK BER + BMP7
+GO-np CAMNABBYLRIURD AR GEEFL) , /KEHR + BMP7 HAWEBIF AR F AR (AEgk) 10, ()
ARST T AR S B4, A Celectrical stimulation, ES) XJTH 7851 T41i8 (mesenchymal stem cell, MSC) £ &[5

Wi 45 RSN ONES SR Ja AT ARABOT IRAL I = . (0 FEPTNIR RS R AR (ko) D9, (g) ARIGOE
BN R R A . (h) AFTEREGOR MIISIEA IR 2. () AFRGOMB TR LIEA MK 2. () A
[F) 7 4 B (RGO it (UL AN S e 445 Wk R 47 A5 B 1020

Figure 12. (a) TPU/PLA/GO nanocomposites filament preparation and FDM printing process('%2). (b) Top surface and cross-section
scanning electron microscope images of neat PCL and 0.78 wt% pristine graphene scaffolds treated and untreated with NaOH!'%l. (c)
Toluidine staining of hydrogel + BMP7 + GO-np transplanted in cartilage of rat knees. (d) Toluidine staining of hydrogel + BMP7 +
transplanted in cartilage of rat knees. In the region of interest, the neogenetic cartilage of the hydrogel + BMP7 was thinner than
hydrogel + BMP7 + GO-np (graphene oxide nanoparticels) (yellow arrow), and no neogenetic chondrocytes were observed in the
hydrogel + BMP7 group (red arrow)!!°11. (e) Effect of electrical stimulation (ES) on mesenchymal stem cell (MSC) numbers relative
to unstimulated controls. Results are shown as a fold difference relative to the unstimulated control after five days of ES. (f) Cell
number measured at two time points (donor 2)1'%1. (g) Differential scanning calorimetry (DSC) curves of samples at different GO
loadings. (h) S compression testing curves of samples of different GO loadings. (i) L compression testing curves of samples of
different GO loadings. (j) Compression modulus of L and S compression testing of samples of different GO loadings!'??l,

5. R 5RHE

R T M B RN = BT R4 R R SRR (AN BT S 07 1. BB ek, R
SIS, T LIRS A W A P I J S5 RS A R ey R DR, R PR R
Sl 4% (T R AE S B K B AR R AR PR RO T — AN OB ST 1. ARTT, SR T8
SO T i 52 o B A B & R BT SRS O A TR B0 B, SR TN 2 V42 ) R P £
AR =AM () EEIE IE A, TRICKFIETE R A WB kb I e, S8R
F A BAERR KA RV S0 2 B e S PR (i) 3D 4T EE R ep 75 5) H LS WE b 9 | 452 /) R FL 2 ]
W, R T R A A MEERS (i) EATRTRTT 3D HTENIE SR AR IR, &
TSR
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Abstract: Carbon nanomaterials are widely used as substrate materials to prepare stretchable conductive composites due
to their good stability, strong conductivity, and low price. In response to the demand for optimizing the performance of
composite materials, various manufacturing methods for preparing carbon nanomaterial-reinforced stretchable conductive
composite materials have emerged. Among them, 3D printing technology has the advantages of flexible processes and
excellent product performance and has received widespread attention. This review focuses on the research progress of
adding carbon nanomaterials as reinforcing phases to polymer materials using 3D printing technology. The application
prospects of conductive polymer composites based on nanocarbon fillers in aerospace, energy storage, biomedicine, and

other fields are prospected.
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