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Received_July 06, 2017 Abstract The modified surface of specialty carbon black(SCB) is one of the main tech-
Revised_August 29, 2017 nical factors for producing a uniform color and stable dispersion. In this work, the car-
Accepted_September 10, 2018 oy ation or sulfonation process of SCB was used to improve the dispersive properties
of hydrophilic solvents such as 1,6-hexanediol and propylene glycol monomethyl ether
acetate(PGMEA). The results showed that the color strength of SCB DC2500G changed
little with a range of 0.128~0.941(AE) compared to other SCB DC2500G material. In
contrast, in the case of SCB EG410, there was a uniform color value with a range of
0.144~0.252(AE). Also, in our experiments, a modified SCB was confirmed by printing
ink material as a melt coating paper. It may be possible that the SCB EG410 material can
be advantageous as a gravure ink product. Finally, the modified SCB obtained from this
research will have a large impact on the industry as a potential material for toners, paint,
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Table 1. The mechanical and chemical properties of EG410 and DC2500G

EG410 DC2500G
Specific surface area(m?/g) 122.3 71.6
DBP adsorption(ml/g) 0.471 1.019
Chroma(%, ITRB*) 131.2 103.3
Average particle diameter(nm) 90 90

*ITRB : Industrial Tint Reference Black
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Chlorosulfonic acid OH

60 °C, 3h OH

Specialty carbon black

Figure 1. The scheme for sulfonation of SCB' s sur—
face.
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Figure 2. The scheme for carboxylation of SCB’ s
surface.
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Carrier(30g)
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Figure 3. Ink manufacturing process and dispersion process.
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Table 2. Analysis condition of field emission scanning electron microscope(FE-SEM)

Model name

Carl zeiss(Sigma HD)

Detector

Acceleration voltage(kV)

Pretreatment—coating

In-Lens detector
10.0

CRESSINGTON SPUTTER coater 108
(Pt coating—120 sec)

Fourier transform infrared spectrometer(FT—
IR) B4& ¢33t tt. FT-IRS BRUKERALS
EQUINOX 55 FT-IR Spectrometer& A-&-3} T},

2.5.2 Field Emission Scanning Electron Micro-
scope(FE-SEM)

Q1o A& SCB7E ERA AR uhe F2Apel
Hyg 9 £AS Field emission scanning electron
microscope(FE-SEM)& AHg-sto] gelstgict, FE-
SEM £4]2 Sigma HD(Carl Zeiss, Germany)< At
|, AR B 22 Table 200 A8
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Figure 4. FE-SEM images of unfunctionalized— and functionalized—SCB; (a) DC2500G, (b) C—DC2500G, (c) S—

DC2500G, (d) EG410, (e) C-EG410, (f) S-EG410.

S H A7 3F3IA] A 30 Al 3%



HENE ADEE| FI2S MO Hx & Y3 EH EIt

0.7

N

0.6 -
~ 054 C=0 stretch _/ (12265 em™)
X (1729.6 em)
<
g C-DC 2500G
E 04 _——""\/
= J
£ [
@ O-H stretch
g 034 4413 ety
£
=l
DC 2500G
0.2 -
0.1 T T T 7A T T T T
4000 3800 3600 3400 2000 1800 1600 1400 1200
Wavenumber (cm™)
(@)
08 /
0.7 4
064 N
B
-~ S-0 stretch A
X 055.pC2500G (1229.4,1167.2 crl)
< _/\//
@
] s e
s 044 O-H stretch
£ (4411 emY)
E 034
£ C 2500G
D
& 024
0.1
0.0 .

T T T T T T T T
4000 3800 3600 3400 3200 3000 1600 1400 1200 1000

Wavenumber (cm™)

(c)

173

0.8 vy

0.7
7
0.6 o/

C=0 stretch~

1 c-EG 410 (1729.8 em?)

044

stretch
(12208 cmY)
0.

—
O-H stretch
034 (3441.1 ety

02 -M

0.1+

Transmittance (%)

/L
T T 7/ T T T
4000 3600 3200 2000 1600 1200 800

0.0

Wavenumber (cm™)

(b)

N

0.8

)

0.6 4 L/

S=0 stretch /"
(13257,1249.4 cm) -
0.5+

04 J s-EG 410 //
034 O-H stretch

(34411 em™)

Transmittance (%)

0.2 410

0.1

0.0 T T T T
4000 3800 3600 3400 3200

II'I T T T T T
2000 1800 1600 1400 1200 1000

Wavenumber (cm™)

(d)

Figure 5. Infrared spectra of SCB and SCB derivaitives; (a) C-DC2500G, (b) C-EG410, (C) S-DC2500G, (d) S-EG410.
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Table 3. Experimental— and literature—transmittance of functionalized—EG410 and functionalized—DC2500G
Experimental ATR Literature .
(cm™) (em™) Peak characteristics
C-DC2500G
3441.3 3570 — 32004241 H-bonded OH stretch
1729.6 1613 — 175042 C=0, C—C stretch
1226.5 1042 - 12804521 C-O stretch
C-EG410
3441 .1 3570 — 32004241 H-bonded OH stretch
1729.8 1613 = 175042 C—C bond, C=0 stretch
1220.8 1042 — 1280452 C-Osstretch
S-DC2500G
3441 .1 3200 - 35704241 O-H stretch
1630.0 16001 C=C bond
1229.4 1200 — 130012728 0=5=0 stretch(symmetric and asymmetric)
1167.2 1034 - 11702721 Sulfonic acid group
S-EG410
3441 1 3200 — 35704242 O-H stretch
1628.0 16001 C=C bond
1325.7 1200 - 13001262721 0=5=0 stretch(symmetric and asymmetric)
1249.4 1034 - 117022 Sulfonic acid group
C, C
Oy,
Ols
-__________,.,.—-—’\H____",:-—-—m 5 ,_,__————"L—‘-—""J\J ;
S-EG410 Ousitoss LA-«_A___-\ $-DC2500G 0,/C,-003s .
0,,/8,4=9.027
C-EG410 b i T C-DC2500G 0,,/€,=0.301 . I
EG410 b e e 0,/5,78.449
L L 1 1 1 N 1 L 1 " 1 " 1 " 1 L J | : | - | . | s |
800 700 600 500 400 300 200 100 0 200 600 400 200 0
Binding energy(eV) Binding energy(eV)

(a) (b)

Figure 6. XPS survey scan spectra (a) before and (b) after surface modification.
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9000 - 5000
1 Sample Atomic % Sample Atomic %
ket EG410 30.34 e DC2500G 37.11
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1000 -
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Figure 7. The XPS analyses of sulfonated (a) EG410 and (b) DC2500G.
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(285.9¢V) (284.3eV) Co;*- (288.5¢V)  (285.7eV) (284.3eV)
(291.56V)

r T T 1 r T T 1
295 290 285 280295 290 285 280
Binding energy(eV) Binding energy(eV)

(c) (d)

Figure 8. Carbon 1s(Cis) core level spectrum(decomposition of XPS spectra) of (a) EG410, (b) C-EG410, (c)
DC2500G and (d) C-DC2500G.
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Table 4. Dispersion stabilities of SCBs by surface functionalization
Day S-DC2500G S-EG410 C-DC2500G C-EG410
1 day 0] 0 0] 0]
7 day 0 0 0] 0]
30 day 0 0 A 0

S: Sulfonated; C: Carboxylated; O: Good dispersed in water; A: Moderate precipitate, but if lightly shake,

again dispersed in water; X: Bad dispersed in water
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Table 5. Color—difference measurement value and yield of surface functionalized EG410 and DC2500G

AE*
Spectrum lamp A B C D
DB5/10° 0.128 0.252 0.941 0.144
A B (o D E
Yield(%) 84.0 87.0 82.0 78.0

A: Sulfonated—DC2500G; B: Sulfonated-EG410; C:

S A7 8}3] A A 302 A 35

Carboxylated—DC2500G; D: Carboxylated—EG410
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Table 6. The properties of inks with EG410 and C-EG410
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Property EG410 C-EG410 Test condition
Distribute to 3 NPIRI(7.5 um) or
Dispersibility A O less while comparing particle
sizes
Ink—o—meter 400 rpm,
Tack 12,7 12.1 32C. 1 min, <7-8
A 0
' . Spread meter, 25T,
Viscosity 23.0/27.5 25.5/31.0 60 sec
(10sec/60sec) (10sec/60sec)
A O
Flow 10 min/60 min on angle glass
50.0/52.0 100/196
O A
Density 1/2/3 Pass on art paper
2.17/2.11/2.00 2.11/1.90/1.72
A O
Gloss RI Tester

30.8/29.1/29.8

57.7/53.9/53.5
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