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Water-based conductive inks have emerged as environmentally friendly
Abstract . ) . . .
alternatives to solvent-based systems, offering reduced volatile organic emis-

sions and improved safety. Carbon black, a cost-effective non-metallic conductor, is widely
employed in such formulations; however, simultaneously achieving good dispersibility and
high electrical conductivity remains challenging due to the opposing influences of its structural
and surface properties. This study examines the dispersibility and conductivity of inks prepared
with three carbon black grades (N-550, N-330, and N-234) supplied by Iran Carbon Com-
pany. Ink pastes were formulated using acrylic resin, a polymeric dispersant, and bead milling.
While all inks demonstrated excellent stability under high-speed centrifugation, they exhibited
distinct rheological and colorimetric behaviors. Scanning electron microscopy and electrical
resistance measurements revealed that inks containing N-234 achieved the highest conductivity,
attributed to its complex microstructure and large specific surface area that promote percolation
network formation. The surface resistance in ink containing N-234 is about nine times lower
than in ink containing N-550. These findings highlight that selecting carbon black with high
structureandsurfacearea, combined with optimized dispersants and mixing conditions, enables the
concurrent realization of stable dispersions and enhanced electrical performance. This work
provides valuable insights for the design of sustainable water-based conductive inks for printed
electronics and antistatic coatings.
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Figurel. The formation pathway of carbon aggregates and

agglomerates in carbon black from primary particles.

9- Low-Structure Carbon Blacks
10- Tunneling Mechanisms
11- Hopping
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1- Volatile Organic Compounds
2- Printed Electronics

3- Percolation Network

4- Primary Particle

5- Aggregates

6- Agglomerates

7- Structure

8- Specific Volume

o

5

951 sole

Sl g0

i

3
o\
%

(VE-¥—8) £ Cpss slaoid

Y£Y



—

&3

sale

552

Sl 5o

s

3
%

(Ve-Y-£) €4 (p s slagtd

4

Gyl ol g (SHgd iy (B 9> pade (sl oe (ool
V-5

ALl sleidled Y
e lw 0.35) 9 n\.&-‘g‘ .5190 -\-Y

ol wbol clbasly, ans balys awlie o Jbj) Gus b
olel oS €850l eagy e (A aw wbe )
cdiges Olasuin A6 and ASTM andal L glas
ol odalie BB Y Jodo ;3 oolaiwl 350 oluw ()8 Calise
ool bl s (o)l s Briture eS8 1 S ST sels o5,
o) Yo gyl aiSTy e 5 5 ool Jsiblsige b o)
aly S0 Sl ad A oies ol ol s
sals jolaie 4y (Delta FC 1525) oadig Mol yluS gluw L
3Pl oIS B lgie 4 wilgi e oS gn sla-Cle g S
A odlatw] QST Jos slus () Gl)d peod Sl o>
S oS s 55 (b ) oS- i ke
&Sy aw o odlatwl dyg0 (glin! i o> g Tech-6320
o1 03)sl ¥ Jp )3 ymgn yrad ()] Cundy Cg il
Jog wiSas ol oS 5l daasSTy ans Hehte 4 .l
S )9y s 5 039381 35y oo 4y Cilus s 9 JoSHS
2o gl (ol Bl 4 (jen co (Ll 4 ol ()8
4o bolsee LUB] (i aloyo )3 9 29500 Jie Olgine
20 AD 0djeb AdBd 40 jed Ave G b Ay O e I3l
Lylyds cpl g cdy Vb aids 13 jga Voo b 0500 Cus yu cdold)]
ool Cegw badgl bYA] .col doldl adds YO cse sl
555 0§ sl 3 IS, iy Sigd & (liiod 5
o 295 & SIS e aSilej )1 Coenl b y3gy (53508
dbwly LSS, glasolS 1515 5 (5,88 Jlean] sl ol
bolswo i saSTy uaw [VF] 5)1 5529 YU i Jlasl
9 2Eblojl (M hocSin) lonlo lwl oS 4 00
235 ek VB 5 B L s 5 2] (lnas
ladonbo poe Chuas by a5 a8y v ol dls o plosl 6l
G b ool Cawndy o col] pbuil I o b 43,3 a5 )

295 ad dbgre sloyngx U s 38, O LAGY -

haasuin g Bygesl -Y-Y
@ Mira3 Jas * Sl S (g 955 @Sy Ko
odlol I Ly i 48,5 0 00 sl )8 @l wlidiesuy Holate
Swelnd 9 Slinl )5 spSoilul sl dajgr (A0

4- Basket Mill
5- Field Emission Scanning Electron Microscope
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1- Chemisorbed Complexes
2- Electron Scavengers
3- Dispersibility
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Tablel. Specifications of the types of black carbon used in the preparation of ink paste.

DBP Oil
Sample Specific Surface | Volatile content Iodine Number
. ASTM Classification Area (mg) %) Absorption (mg/e)
ode rea (m> y m
8 ° (ml/100g) 8
Carbon 1 N-550 42 <1 117 45
Carbon 2 N-330 78 <1 102 82
Carbon 3 N-234 119 <1 125 120
s e S5l > olitulsyge (sl g oys S 5 ¥ S
Table2. The composition (%) of components used in the ink paste.
30% Solid
Sample Acrylic Dispers- Butyl
Carbon 1 Carbon 2 Carbon 3 Defoamer Water
Code Resin ing Agent Glycol
Solution
1 13.3 0 0 72.1 7.8 1.1 0.1 5.6
2 0 13.3 0 72.1 7.8 1.1 0.1 5.6
3 0 0 13.3 72.1 7.8 1.1 0.1 5.6
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1- Grain Boundary
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Figure2. SEM images of Carbon 1 (N-550).
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Figure3. SEM images of Carbon 2 (N-330).
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Figure4. SEM images of Carbon 3 (N-234).
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Table3. Specifications related to the different types of viscosity and color coordinates of various inks.

Color Coordinates
Sample | Static Viscosity | Dynamic Viscosity
Jetness
Code (s) (KU)
b* a* L*

Ink 1 85 77.3 1.22 0.45 31.40 68.60
Ink 2 104 79.1 1.39 0.60 25.83 74.17
Ink 3 127 81.4 1.52 0.56 25.95 74.05

ink-2

ink-3 A

v
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FigureS5.Colloidal stability of the inks after centrifugation (rotational speed of 8000 rpm for 15 minutes).
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1- Percolation Threshold
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