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A roll-to-roll (R2R) continuous manufacturing system for a carbon-nanotube (CNT)-/silver-
nanowire (AgNW)- based large-area transparent conductive film was introduced in this study.
The systemic guidelines of the R2R slot-die coating process including roll eccentricity, wrap
angle, pump accuracy, and blower influence were discussed. To simulate the coating
phenomenon, we investigated the governing parameters of the coating process by
incorporating the estimated relative thickness that was defined by combining the viscocapillary
model and volume model. By using experimental and mathematical approaches, an excellent
transparent conductive layer with a 40 (Yo sheet resistance and 88 % transmittance was
obtained; moreover, a dimensionless number identifies the correlation between the transparent
conductive film and the anti-reflection film.

KEYWORDS: Large area (CH &), Carbon nanotube (EtA Lt 7 E), Silver nanowire (2Lt 20| 0), Roll-to-roll (EF ),
Slot-Die (£ %-Lto])

J|&Md9H Rinean = distance between the web and centroid of geo-
metric shape

v = reference velocity of master speed drive roller a = centroid of geometric shape

u = input to master speed drive roller b = axis of rotation

hy = coating gap (slot-die to film surface) e = distance between a and b

H = distance between the slot-die and axis of backup roll 6+® = angle between a and b

ty = thickness of web ug = effective coefficient of web/roller friction
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B = wrap angle

T, = upstream tension

T, = downstream tension

f, = flow rate

s = drying time

= length of dryer section

V = coating velocity

Iy = intensity of light striking a layer

I = intensity of light transmitted through the layer

o = absorbance coefficient of the layer

th = layer thickness

r = solid content ratio, weight percentage/100

Ca = capillary number (LV/o)

W = viscosity of solution

o = surface tension of solution

n = number of strip

w = width of coated layer

t. = estimated relative thickness

A = weighting factor on viscocapillary model

v = weighting factor on volume model

te iof = estimated relative thickness of transparent conductive
film

te ar = estimated relative thickness of anti-reflection
coating layer

N = dimensionless number
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Fig. 1 The performances of recent research about

transparent conductive film with various

materials and methods
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Table 1 Material properties

Material Parameter Unit Value
Polyethylene Width mm 300
terephthalate Thickness pum 187

(PET) film | Transmittance % 90.32
Base solvent - Water
CNT/AgNW | Solid contents wt% 1.8-1.9
hybrid Viscosity cP 8.68-9.61
solution :
Surface tension dyn/em 71.97
(approx.)
Base solvent - Alcohol
Solid contents wt% 1.5-1.7
AR solution Viscosity cP 2.12-2.46
Surface tension dyn/cm 2997
(approx.)
Table 2 Process conditions
Process Parameter Unit Setting
Tension kgf 2
Roll-to-roll : og
. Drying temp. C 110
processing -
Flow rate cc/min 3-9
. Coating gap pum 50
TCF coating Velocity m/min 2
. Washing time min 1
Washing Washing temp. °C 80
. Coating gap um 30
AR coating Velocity m/min 1-2
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() (b)
Fig. 3 (a) Wound AgNW/CNT film (b) Scanning electron
microscope image of AgNW/CNT network
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