—t

88 www . kjdb.org

NS4 2018,36(7)

AtAERSKNEHERESEREML

T KB L R, T KU KA

L PEFIEEFOR AR 5 TR, TEFH 110168

2. PERREBEAL AT S ik f R R 52054, Ak st 100190
3. ALAERPABE AR S HTEIRI L 1 TRREORDETE Pl , AL 102600

E RGN Hummers {1625 58 B2 0 A S A 30~70 pum (R ROT Ak A 280 M Hi 25
K, I B FTENSCES, WF 58 T BT EN A A b B0 Bk 55 B Rk, S5 3RRH,
MAMA BB E N 15 mg/mL FTEIE F18 70 kPa 23 R 3 mm/s B, FTENZR 5519 , TE
SR AT 5 IR R 15% U BUR AR SR (8] 24 3 h B, 4T B Sk 5 )30 JR R B o ey , L LM i
I, AT 5 4.40x10° S/m, AR A FTENEE A (1) 47 S I 28 H 3% S B T Ak A B
I BB K AE SR K 2K — W iR £ —WElR (PET) (3R —H L REA S (PDMS) (BE 8 Rk 45 2P 52
PERHE SRR A BRI B S HTED, H208 S A B S A A B0 R S T 1 e 4 SR 5
U AR A AR B, X A B0 JEE B Rl H 24 %) e J LA R

ES- 30|

A1 AR 2004 A4 e A — o 75 2 S T 4 K
Bl — 2R A S AR s B R
LR, A B i AR R 0.35 nm'", X
PRk gl b i A R A R AL i e 0 i
() 124 PR BE R R 2 P B, HLELAA fh 2R R P fn i
SEVE IO R A R PHBE LT | R AL S o2
U B R A A A A R R BT M K A L P
31, BRI P S Ak R S LA S M R E R
R8s b N FH B IR . SR, H AT A A AR R SR
75 % EEALFE R A2 AT (CVD) T i A Ak
FIEIE FE#ZA K BOUmEEA K HMEH T 45
REFE T 20, Toad B3 75 B0 21 55 8 TR 20 1 S5 6
T B BRAEE A ROR B R T R Y

AT SR SRR B FTER s BRI LT 5 RIS 4k

FHvS - SR gt i) B Z AT A L FTEREE AR AU
FRBRAS RO | 8 NG 2 2 B R B R
It HA 9K DI REA B AT P 4 B SR T A LR AR
I KA SRR R 5 R K T S B R 4k, BRI
LRI T 2 R i B

BT A S0 A R SRK H ETE A T E R H T
W R BT A FE T AR T ED 22 X B L TR B R 22 it
VI S B FTER A 5 202, Secor S5 % 1 55 4T E il
AT B TR SR AT TPLAR Ak, SEBE TPt il 4 AL e
ZREAL, Hol S AT 35 2.5%10° S/m, Hyun 252958 1 24
P B Rl il 48 A A0 B 22, B3 R T IR 1.86%10° S/m
Secor SV By M1 R B Rl 42 A il 25 55 20 BERE K AR A
s PRI ZE, B R IK 1x10* S/m. SRR ENR] 22

Wk H 3#1:2017-11-02; & 1] H 1#1.2018-02-23

FEETH : FEK AR EEEIH (51473172,51473173) 5“1 =107 I G i & 1155 H (2016 YFB0401603,2016YFC1100502) 5 147748 A SRR % 2k
A3 H (20170540768 ) ; H EIRFF#BE s 53R £ 55 (XDA09020000)
VEHZ R - THB, BIREE , WFFE 07 16 R S RERE RS 205, fo T4 - may 171 @iceas.ac.on; RIEMK GEIEVEE) , WFFE 01, BFFE 7 6] 0 9K Rkt (o B R

LT {548 - ylsong@iccas.ac.cn

SR Eh, B, LA, 4 AU BRI B K I A K S RIS BHCTAR, 2018, 36(7): 88-94; doi: 10.3981/j.issn.1000-7857.2018.07.013



—t

R S482018,36(7)

www.kjdb.org 89

PO E3 ] 1 s B0 Rl 8542 58 B 7 248 FAT — 7 Bl - 1
a5 E[UI A0y s Sk FLARS RO BR A 1 SR K b 2k 5 22 9 1 il 1)
ot RO W i, L IIG 1k BV RS 40 1 22 5 [T i Bl 1 5
PR, A . HS HOR (direct writing) & — 58T
TRV AR | i 3k 55 J7 OB sk 4% U5 BT i 8]
FHLEMATITED 4585 K B (direct ink writing )™ |
O H S (direct laser writing) ™ B 28 40 K Z] h 37 AR
(dip—pen nanolithography )45 . 5 & 5E AT EI 5 54
o, BB BOR BA B B AR A0 ] i A T AR
02 F I 58 LA AN 52 sl K R S BIR Ak S5 000 A, 8 HE ol e
ZRF M E FA T EZ —PN, Sk S e K TEST
ERy AR bR it BT Y) ) 5 S AR e nHES ) Oy 1), O
HoA i 72 vp i 2 1 ok ) WA B TR UZ AR EOR 4
g, R AT Ry J2 1R i o B, A R4 T F S 3R g
B AR S I 52 50 ) 25 R RT3 00 (GGO) K i
K WA SRR AR K I B F 2 AL

1 ME5FE

1.1 LK FIR AR

fE5(200 ), HH4 HRASEARAA . HSO,
(98% ) . K:S,05., P,Os, KMnO, . H:0,(30% ) . HCI, & il i
(45%) KA WE(85% ) , [ 24 8 A b 2438570 A FR 2 7 &
FTENEL AR (xS x 8 ) AL FE B3 (75 mm*25 mmX
1 mm) ik A (75 mmx25 mmXx0.5 mm) . 7K BX AR
FI iR £ —B#fiE (PET, 75 mmx25 mmx0.1 mm) Ffl15E — H
FerE 56 (PDMS, 75 mmX25 mmx1 mm) .
12 SUAEHENHERESHTE

K FH B2 1) Hummers 35 A& R R SF B AL A 88 06
(GGO)™, T A LB Bt , £ 48 (3 g) . H.SO, (40 mL,
98%) .K:S,05(2.5 g) FI P,0s(2.5 g) MUK I AL, 3
FEX SR INAZE 80°C, -F5 5 hs B R A B =106, %12
B AVIOKHR B, P 2B TR e = b i, E IR T4
48 h, 2| F A LA 8, R B TR A A SR A
H.S04(120 mL.,98%) ", VKK AR-FF OCLATR , R 12 mA
KMnO,(9 ¢) s IR AR R THE 2 35CHFF2 h, bR =
0, G2 AR VKOK TR B, FRZ R i A H.0, (15 mL,
30%) , LR AR L 0, HE 48 higflk b
T, 3 T2 B 7K 10%HCHAWE (3 YR) Fl 2 857K
PR UTE Y 2 b, RIAS 3] T A e B . RAE R
R K 60°C, e i S A A 5505 41 BIOR 2 98 2 Wk

JE, BAS 3 TSRk AR AR K

W B BRI AR K AR SR A 2
ZBFE T (Nordson EFD 2400) ¥ 4T EN SR B | 38
1B AR I £ 48 (Ultimus T EFD) 3 52 7 BN R
1 KBS BETHAF E R B S TN IS o DL
iz (HI) Sy 3 S a0 155 4T B AL Al B0 [ S8 A 7
M B AR T A B0 T S8R IR W B SRR /KA W
T HEAR 7 15 2 3 R S R R (ARS8
UL2.37%7) Bl JE B, SR T AR R A
TFKUE 3 UK, KBRER A AR , 25 30 h A SR T RD
B A Bl . A BRI ORI 8 ) S
FIEpEREUNIA 1 iR

cEsE STEANET
A ,
g P e =Y . B i
== —-Y P -
VaE GGO

— Y/ HETE

K1 Afeassmatl e L ST R
Fig. 1 Schematic diagram of the synthesis of GGO and its

printing process by direct ink writing method
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Fig. 2 Characterization of GGO
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Fig. 3 The control of printing parameters
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Table 1 Six reduction methods of printing GGO patterns
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Fig. 4 Reduction conditions of GGO printing patterns
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Fabrication and patterning of graphene oxide ink with direct ink writing
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Abstract

Giant graphene oxide (GGO) with radial size distribution of 30~70 pm is fabricated using the modified Hummers method, and

graphene oxide ink is prepared. Through direct ink writing, the optimal printing parameters and patterning of graphene oxide ink are
realized. When graphene oxide with a concentration of 15 mg/mL is printed at 70 kPa and 3 mm/s, the printing line is smooth and its
morphology is fine and controllable. When the printing line is reduced by 15% hydroiodic acid for 3 h, its reduction degree is the highest
and has the best electrical performance, with a conductivity up to 4.40X10" S/m, which is much higher than that of the graphene patterned
by the existing printing technology. Patterning of graphene oxide ink on various flexible and non—flexible substrates, such as PET, PDMS,
glass and silicon wafers is alao successfully achieved. Reduced graphene oxide pattern can be used as a connecting conductor to realize the
integration of LED, which is of great significance for the development of graphene based printed electronic devices.
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