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ERZE HER L T EERE (PEN) RIS /KSoE R4 —
e < —WEls (PET) NITEREMHEK. RAXE
SONOPLOT %\ & ] MICROPLTTER 11 Z43ah K iR £
Guik AT SRIT ENSRIRA 7T, 4 IFT BNt B 2R A B 2k L i
K%, AEREEMHE R T 184 PDMS H 3 fE; KH
Fluke 12E+%0 577 FH M S&4T D 4 FBH, H 37 SU8010
B4 oL A W 52 4T B FL R IO TS 55

2 HR5WR

a3 A A 238 JR VR N 22 6 B 1 B R 9 K kL
FURGIRZE, MBS UE 1 R, RYSKEURLT) Dso
SFEIRIAE A 51.0 nm, ARGSKANFIY EAL N 38.9 nm.
PN 27.8 pum.
2.1 SHEBKEESERREM

] 5 R R ) A T o B K E L 4R AR, X S i SR
IK A ERGNAKISURL I F & 64T 7L, il 50 100, 150
175+ 200 mg/mL A[FIERGOKFR H 21 F B SEK. 4T
EPINR S5 521, 200 mg/mL (158 7K T SR Ak R 22 AR AE
M55 S5 FE 0] 8, 175 mg/mL £ H BT 28 i BH 28 6 i 5
P S A (B I FT B s 1 S8 K HR [ B AT, BT
BV R S AR, REZIREEITH. Kb, #ei
T BN AR ] e R 9 150 mg/mL .

T AN [FVR B AR AN K 28 3 L AR K, TR R A
A 700~750 FIAAR L, 3ok v AR B A A R G K 2R 11
MIEZSE, ERmIERLZE . Rk, EEURGUKZR IR 7
WA 8.6, 18.4. 31.2. 48.1 mg/mL S HL 2K, FTEIWF
Fah RR Y, RIS A FT B FE R, 31.2 F148.1 mg/mL
WM SRR T RS, HIHEFRAOR LR E
18.4 mg/mL IS8 /KAE A B AEMTHT BN AR K

!

Bl 1 ARYDKBURL IR 49K 28 SEM JE S
Fig.1 SEM morphologies of silver nanoparticles (a) and

nanowires (b)
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W SRR S TERR B, ARETE ks e ¥ BRI 2
SEER AL KSR, 5 S8 7K 25 5 7 L TR Al A A AT 5
FECHT B2 B0 K Bl B (1 o) . — BT, AR
7K 5 L B 32 fi 7 £E. 30°~60°0 [ IR i& B 4T Bl PET 7
R REEAE (PI) . PEN A5 H Rl 3%
P HL = i R, W AL S IR 2 M S K
3 et R A Al A AT IR . SR 2 B, R
YRR K PT Al /1 38.5°. 5 PEN #:fil /1 h
49.5°, 5 PET #fih il 52.2°0 WEIE D HTE, SKAE
3 Tt S P B O R T e i A KNI AT SR IR
TEHE JEC A RL R THT 4T 11 F % il e PR B AR 9 K 28 3 7K
BT & A 18.4 mg/mL, 7E 3 FhIEJi b 5
KIIAEE Gy SIS FTED, M HAESR K SER PET %
filf1 o 33.3°, BEIEEATED, 1l 2d Fis.

2.2 SEEKITEDEEE

A T fE XK H 3% B SONOPLOT 4 & 1)
MICROPLTTER I BG4 K PTAR 22 G ik AT i 8 4T B sk
BT XMNTENRGUR A T — R A B T B A —
AR RS B3 NSO — 0 A
[ SR B B R A SR, d i e F B AR R B Sk
A BT Sk s S 25, SRIBBIHES SK IR . 18
AR R A PIRES T, 30 1ok 7 5 52 2y A 8 A T 5
JEIE R AR dE, 85 ks 18 Bl 0 vT DA ok
5 2 o

B HI S SR KE R R BT TE
ZH BRI, W& 4a A1 4b Fion. AR ASE AR
FTENWE K FEAT AT ED S48, 49 31 7 AR 26 568 (1 2 v 4T
EDEZE, W de~daf FTon. Forh HR gk ks 55 /K fd
1 20, 50 A1 80 um 4247 EIWE Sk /£ PEN &K |
FTEN, 193] 7T£% N 45.8. 101.3 F1 159.5 pum K47
ENE 4R, FTENLR % 5wk DR MEEMEL N 2; R
KB KA T 80 um 1A% Y 4T B Sk 76 355 /K o vk
PET &K LREATHTEL, 193] T 2% N 177.8 um (14T
ENE L, JTEIZ % 5wk 2 M HER KT 2.

BT 9K 42 22 K B [ & B Am K, 8 T SEILA R
P LU ST, RHERGNK 2R 5 i SR KT ED L, SR 9 I
HEITH (9 REZITWHESEIRELS 165.6
mg/mL AH4) BEF T T BN BN RGN K S 4T B E 4L
PERERISE I, S5 SR Wl 5 From . B FT BRI A Wy
Hn, LRYETERT 4 YORWTHIM, JEETRE: 2 em
K T 2 1) HEPH B R KR T B AR S I R e 2% 1) AR
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Fig.2 Contact angles of silver nanoparticle inks on substrate of PI (a), PEN (b) and PET (c); contact angle of silver nanowire ink on

hydrophilic modified PET (d)

Ultrasonic
vibration

Piezoelectric
materials

Piezo-
Glass nozzle .
electric

materials

Bl 3 BT BbL oy 0 & i 2R A5 A R RN S L, A IR Dy 2 3
WISk J5 B3 BT A

Fig.3 Schematic of the micro-nano printer distributor (a) and the
real shot (b), the inset in Fig.3b is the distributor after

installing the glass nozzle

2.3 FTENERpRIRL

B FHIAAHT BN B AP AE BRI, T F ARt
FASAEAE, UL 1) T B TR RIRLE, ARGOKBURL
SHBK-RITHHEEHATHE, FEESRERS

B[Rk, BFTE T 84S TR A () ARG K R
HLZR I 5 HLRE D HIREIA 43 IR 7 ANIRLEE SR 8 /MR
TR TR BEAT SRIRAIF 7T o T B B 2R PR E AN R B PRI 8
4530 min J5, HPHERBAEHWE 6a fiw, BHRETR
=, HFHE TR, 160 CHNAF|(16.4+2.1) pQ-em, $2
eI B B R RS R . DT T HTEN
PELEARIR AT . AN [F) ORI [R] T Fe BH 28 (1 AR 4 1%
B, AERANE 6b Frax, (A SR A BE DR T I [A) E
K H P A, (R0 30 min IA BB AR H PR, FEKARIE
I AR A S . 160 CoRegh il B2 4T B A B A R0
TESUEA N 7 Frow, RTE R be s AT dR g KPR 2 HE
FAAFAE, BEG LA RRA A RE, BRI BBk
CURTH I, RIBURL & BRI R AR TR 78 a7 5 ) Bl K St
PERETY AR, F0RE ELAR R G T R 5 HL Il %
169 WATENRE, KR 2 em MIERYNKLEITEN Bkl
PHFRAEE] 178.8 Q, HAALHIFHA 89.9 Q/em. XFHTEI 9 Ik
MIERGIR R E AT bedh, P BH A o 225 U P AT (] A8 4,
WE 8 Frw, FREEhnbessinfE®] 120 CHf, FTEIH

150 pm

177.8 pm

e \

100 pm

100 pm

B4 SRR LITENR R IR AT 200 50 A1 80 pnm AR TS 4T BN A SR AR UK 5 HL ELZE A 80 um FIAR TG 4T B Y HOAR K 26 &

ML B2k SEM R A

Fig.4 Printed circuit photo on the flexible substrate (a, b); SEM images of the conductive straight lines of silver nanoparticles printed

with 20 pm (c), 50 pm (d) and 80 pum (e) nozzles and the conductive line of silver nanowires printed with 80 um nozzle (f)
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Fig.5 Variations of line width (a) and resistance (b) of silver

nanowire ink printed straight lines with printing times
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Fig.6 Resistivity change of the silver nanoparticle-printed lines
with sintering temperatures sintered for 30 min (a);
resistivity changes of the silver nanoparticle-printed lines

at different sintering temperatures with sintering time (b)
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iz

Fig.7 SEM morphologies of silver nanoparticles printed straight

lines at 160 °C for different sintering time: (a) 5 min, (b) 10

min, (c¢) 20 min, and (d) 30 min
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Fig.8 Resistance of the silver nanowires printed line as a
function of the temperature sintered for 30 min (a);
resistance of the silver nanowires printed line as a

function of sintering time at 160 ‘C (b)
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FAFT B R B (R 0 R SR AR T2 R B A 25 44, 2550 LA
1RNIRL 2 (B3R AT 6 ok, 45 00K () 42 fich AL BELBG OK, 4T
B2 7% i B 28 T i 5 L R

M# ik PDMS 32 (A [FHT B ECT B ER 44 K 2k
FIENE 2R, TEAS [FER YN K 2k ) 2% i 25 1 155 A B 2 F B
TGO T, #R 78y g hae /), &t 3
MAM SR BCE R RIS S EEREE (i
10b 7R )

B T ERGIKZ N 2R 4500 5 2 S i AR R, 5
B AR, AT T TR K A b 1 ke
WUEE . JoAT ] R T G078 A BE 1 R G K £ T B ELZR 1 FLFHL

" 400 nm p .

B9 Rbash FOR R FEFE 45 30 min FUARGNKLE B () SEM 3R
Fig.9 SEM morphologies of unsintered silver nanowires circuit (a) and after sintering at 120 C (b), 140 ‘C (c), and 160 C (d) for 30 min
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2 ANEXTRE S 2p3n ATS 2pyyn, B CHRGE R
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AR 1 458 .
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Resistance change of silver nanowires printed straight line with place days in the air (a, b); SEM morphologies of silver

nanowires printed straight line before (c¢) and after (d) corrosion
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Fig.12 EDS spectra of silver nanowires before (a) and after (b) air corrosion; XPS fine spectra of element Ag (c) and S (d) in silver

nanowires after air corrosion
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Fig.13 Photos of eversion (a) and varus (b) experimental device; R/Ry changes of silver nanoparticles (c) and packaged silver nanowires (d)

printed straight lines with bend times
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3 & it

1) LA BN, Bk Bhii BYK-333, 4
FH T ERGUORBRL AR G oK 26 5 B AR 1 5 FELSROK,
Hosm LI & &4 %08 150 1 18.4 mg/mL.

2) AF AN [E] VAR AT ERE Sk AT B — R A0AS [F] 26
i P LR P, G PR R G K URE T B R PR ) /N 2
45.8 um; FRYPKLAT EDHLEK 1B/ N BE N 177.8 pm.

3) JEIEAE 160 CHUELE 30 min #4517 HPHEN
16.4 nQ-cm 7o A7 FARGUR R AT BN B 485 alid 2 4T B
Hl4 T — RV PR FARGR R ATEN B LR, FTENREL
N9 KT, AN 89.9 Q/cm.

4) FELE 5 ARG KBURI AT BN B 28 A1 PDMS $543%
Ja IR ANOK 24T B B2 72 2 S E 90 d J5 R FF F Ha
ANAZ ., E 1000 IR TG, ARGKBURLT B E 2R 7E SN
HLSE I AN Rk B T 12.4%, 17 A B H BHL 3R AR AR, T
PDMS 2% 5 (ARG K LR T EN EL LR PN AMEH 1000 YR FFTHL
PG AR 1.9%.
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Preparation of Nano-silver Conductive Ink and ItsApplication in High-Precision
Flexible Circuit Printing

Ding Zeyu'?, Luo Shuxuan'? He Ruibo'?, Ji Yaxin'? Xu Shijie'?, Jing Xin'?, Zhang Wenyan '~
(1. College of Chemistry & Materials Science, Northwest University, Xi’an 710127, China)
(2. Key Laboratory of Synthetic and Natural Functional Molecule of Ministry of Education, Xi’an 710127, China)

Abstract: Two kinds of ink-jet printing conductive inks were prepared with silver nanoparticles and silver nanowires as conductive
components, BYK-333 as surface additive and ethylene glycol as solvent, respectively. The conductive lines were printed on the flexible
transparent substrate by MICROPLTTER II micro-nano deposition system. The effects of printing process, thermal sintering and
packaging on the conductivity, weather resistance and bending resistance of the two printed circuits were studied. The results show that the
diameter of printer nozzle and the contact angle between ink and substrate are the key factors to determine the linewidth accuracy of
conductive circuit. Thermal sintering treatment can improve the conductivity of silver nanoparticles flexible circuit. After sintering at
160 °C for 30 min, the resistivity decreases to 16.4 pQ-cm, keep the conductivity unchanged after being placed in the air for 90 d, and the
resistivity increases by 12.4% after 1000 bendings; With the increase of printing times, the conductivity of the silver nanowire printing
circuit continues to increase. The unit resistance of the printing line obtained by printing 9 times is 88.9 Q/cm. With the increase in
sintering temperature and time, the conductivity of the circuit decreases. PDMS packaging can greatly improve the stability in the printing
circuit. After being placed in the air for 90 d or bent for 1000 times, the conductivity remains unchanged. It shows that utilizing the
conductive inks of silver nanomaterials and micro-nano deposition system can achieve stable printing of high-performance and
high-precision flexible circuits.

Key words: silver nanoparticles; silver nanowires; conductive ink; inkjet printing
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