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ABSTRACT: The work aims to clearly and intuitively understand the microscopic mechanism of the process of spreading
the electronic ink of the gravure printing. According to the ink spreading process, the static physical and geometric models
were established. The power law fluid theory was used to analyze the relationship between ink viscosity and shear rate,
especially the power law fluid function model of nano silver conductive ink. Finally, the experiment was used to verify the

correctness of such model. The power law fluid theory showed that the viscosity and the shear rate of nano silver conduc-
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tive ink was subject to a numerical relationship 7=1983xy . The experimental results showed that, when the

printing pressure was 49 N, the line width expansion rate was the largest and the printing speed was 21.88 mm/s, the sheet
resistance under such condition was verified to be 5.915 Q; when the printing speed was 45 mm/s, the line width expan-

sion rate was the largest and the printing pressure was 49.36 N, the sheet resistance under such condition was verified to
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be 5.908 Q. When the printing pressure was 49 N, the printing speed was 45 mm/s, the line width expansion rate was the

largest and the ink viscosity was 0.78 Pa-s, the sheet resistance under such condition was verified to be 4.8998 Q. There
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was a functional relationship ———- "% =1 _

n
-e 2% between ink viscosity # and printing speed v. Nano silver
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conductive ink is a pseudo plastic fluid with a negative correlation between viscosity and shear rate. The shear rate is a
key parameter affecting the ink spreading process.

KEY WORDS: gravure printing; spreading; printed electronics; flexible electronics

Emmel [

(1 (2]

[3]

Fatemeh [

TREN

Marko [’
100% 1 i S e A Ay AR
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Fig.2 Geometric model of ink spreading process
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c L Tab.1 Fitting function of power law fluid under fluent
FORG R BT 3 %0 % /AN JEEN I K EE /(Pa-s)
0 7=447.8x70:690571 198.79
2 1 =292 7%y0 77741 163.21
2 7=259.8%y0-7761-1 144.37
4 7=198.3xy08189-1 123.29
6 7=172.4xy0.7935"1 100.28
1~3 Pa-s 1~2.5 g/Cl’l’l3 8 ’7:154'9Xy0.734971 77.26
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Tab.2 Results of effects of printing pressure and speed
EQ R & J3/N E[ Il 3 2 /(mm-s7!) Fm 5 FL/Q EF R 28 58 /um 5 R N Y]
19.6 10 5.67 76.247 1.542
19.6 30 6.64 87.159 1.905
19.6 45 6.51 45.090 0.503
49 10 6.52 47.192 0.573
49 30 5.42 59.385 0.980
49 45 4.95 41.73 0.391
98 10 5.56 101.81 2.394
98 30 6.43 86.598 1.887
98 45 6.28 53.931 0.798
2 %
Ow)= 0.045v+6.9 9
v=21.88 mm/s 9
2 5915 Q
2 v=45 mm/s
2 49 N 19.6 49 98N F
0
10 30 45 mm/s -
Q(F) — 4873.06 (10)
2436.53
2 2 2 7 F=49.36
10—8—5 + 30—8—5 + 45—8—5 N 0
2 3 3 3 (F)
S = =205.56
3 F
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4-n
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478.93 . 30 um 49N
v 2 7 45 mm/s 5 1.55,2.1,2.8
v 2
0 = e 95786 1_ v (8) Pa‘s 2.028, 1.379,
478.93 478.93 1.683 n
>0 0<v<2188 v 0 21.88 0
21.88 +o v=21.88 n T
9(,7) — 1.2194 (12)
mm/s o) 0.6097
2 7 10 n=0.78
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Tab.3 Effect of different ink viscosity on the sheet resistance Q
R B/ (Pars) h [ g (P Os T {E
5.44 3.72 4.21 4.10 5.50 4.59
1.55 4.88
5.13 4.96 4.87 5.63 5.28 5.17
5.10 5.54 3.84 3.54 3.82 4.37
2.1 4.06
3.67 4.51 3.60 3.42 3.54 3.75
4.44 9.08 3.63 5.37 4.58 4.51
2.8 4.43
3.22 3.55 5.20 5.41 4.34 4.34
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Tab.4 Effect of different ink viscosity on printing line width
A5 EE/(Pa-s) E\ E> E3 Es Es S {E
96.15 96.39 97.50 76.91 90.28 91.446
1.55 90.84
98.51 98.29 100.85 95.86 84.61 90.235
66.87 72.49 66.86 68.31 72.49 69.404
2.1 71.378
76.61 75.27 78.31 65.53 71.04 73.352
87.77 89.19 84.98 83.58 87.75 85.437
2.8 80.501
83.59 80.80 74.03 72.55 66.86 75.566
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4.06 443 Q n
n %
O@)= 0.323354+5.152 (13)
n=0.78 Pa‘s 13 4.8998 Q
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Fig.5 Relationship between ink viscosity # and
printing speed v
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