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Abstract carbon black for the other media, it éxtremey difficult for

the carbon black to be dispetsen the order of submicronsn

the medium. It has been also known to the art to adopt a
procedue of adding a suitable dispersion stabilizer to the
dispersion medium and physically stirring the resultant
mixture for effecting necessary dispersfor the purpos of
producing a dispersion of the carbon blaBkitthere are some

for finely dispersing the carbon black ithe liquid problem in which the carbon black in ligumediun has no
mediun of ink and usual difficulty is involved in St.ab'“ty unde( high or low temperature qnd adding other agent
imparting exaltedstability to the dispersion. Based on a9!V€S Wrong |nﬂ'uence on the dispersibility. One of solutions
polyme grafting carbon black, it is possible to synthesizef this problemis grafting a polymen surfac of the carbon

of the ink which has high dispersi-bility and stability of Piack-" A polymer grafted carbon black keepsability,
carbon black. In this studya polyme grafted carbon becaus the polymer functions as like a surfactant and never
black was synthesized in ethanol arstiispersibilityand separatefrom carbon black There are some way of synthesis
stability were examined. Reactive poly-mer is organized the polymer grafted carbon black.

stylen and isopropeny! oxazoline which react to carbon !N thisstudy we obtained the polymer grafted carbon black
black and ethylere glycol macromer which is soluble in PY the reaction of the polymer containing a reactive groups in
ethanol A reactive polymer, carbon black and ethanol Fhe molecula( unit and exarr_uned dlsperslbllltyandstablllty
were placed and dispersed. Further ziraoiieads were N €thanol. First, we describe synthesis proceeuor_the
placed and they were stirred and heated at 785@ffect ~€active polymer and the polymer grafted carbon hiddien

a grafting reaction. The polymegrafted carbon black experimenth results of dispersibility and stability of the

with high dispersibility and stability can teynthesized. Polymer grafted carbon black are given.
The polymer grafted carbon black keeps a stdithigh

An attempt is being made to apph pigmenttype ink
using a pigment like carbon black as a coloring agen
componeh in the place of dye type ink for ink jet
printers. Since the carbon blackiissolubk in the liquid

of ink, however, a highly advanced techmiggirequired

h At 0
dispersibility in ethanol at room temperature, atalv < j
temperature, too. An ink of good quality coulsformed \ / \ / AN N
from the polymer grafted carbon black. The ink was 0 3

stable and gave good printing performanande any
environmental conditions.

Introduction —N=C=10 —uﬂ

Recently an attempt is being made to apply a pigment Figure 1. Pendants which react with carboxyl groups.

type ink using a pigment like a carbon black as a coloring .
agent component in the place of the dye iy for the Experimental
ink jet printers. Already there are some inkhich are
using carbon black but there are still some issues. Inln this study, we applied a carbon black which has many
commercial ink jet printers, liquid medium of ink is carboxy groupson its surface, because the carboxyl groups
exchanging organic solvents for alcohol or watler react the reactive polymer which has pendake obtained
safety, and few inks based on alcohol or wate carbon the polyme grafted carbon black by reaction of carboxyl
black The carbon black generally has particle diametersgroups on the carbon black surface and pendants of the
in the range of several nm to some hundred nm. reaction polymer. In this stugdyve applied oxazolire groups
Since the carbon black producdarge cohesive as pendants of reactive polymer.€Tteactive polyme was
strength between the individual fine particlaggregated ~organized with segment A which has pendants and affaity
particles having diameters of not legkan several carbon black and segment B which has affinity for ethanol.
micrors are usually formed. Since the cohesive force isConcretely, the segment A was organized @itityrere (St)
markedly large as compared with the affinity the  and isopropenyl oxazoline (IPO) and B was organized arith
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ethylere glycd (EG) macromer. ThePO is a monomer
which contan an oxazdine group. The pendé&m which

are possibk to react with carboxyl groups ashown in
Figure 1.

Synthesis of the reaction polymer

A polymerizable monomer comgmn wasobtained
by dssoling ethanb, EG macromer, St,PO and 2,2'-
Azdois(2,4-dmethylvarelonitrile) as an initiadr in
ethand. In a separabe flask provided wth a stirrer, a
thermoméer, a condeser, a droppng funnd, and a N
inlet, ethand was placed and heated to @8°The
polymerizable monomer comgtion mentionel above

Copyright 1999, IS&T

Results and Discussions

PEG
St

was placed in the dropping funnel and dropped to the hot

ethanol over a peod of three hous, and pbdymelized at
78C. Further,it was lef standing at thistemperaure for
four hours to termirta the polymeeation, to obten a
reactive polymer. The structurd the obtainal reactive
polymer is shown in Figure 2.

St/1PO PEG

BEN

o
Figure 2. Chemical structure of a reactive polymer.

Synthesis of the polymer grafted carbon black
Synthesisof the polymer grafted carbonlback is a
reacion of carboxy groups on the carbon dck surface
and pendans of the reative polymer, metoned above.
Therefore the carbonléck whch has may carboxyl
groups, in othe words, low pHis more effettve in the

reagion. In a separabe flask provided wth a
thermomder, stirring vanes, and a condsr, the
obtaned reation polymer solution, carba black

(Mitsubishi Chental Industies, Lid.: MA-100R), and
ethanol were placed and dispersethen the zirconia

beas were placed and they were stirred and heated a

78C for two hours to effect a grafting reaction. Then, the
rea¢ion mixture and mcona beads were sepaea to
obtan a dispesion contaning a pdéymer grafted carbon
black.

The structure d the poymer grafted carbon black is
shoan in Figure 3 For canparisa, a poymer which was
organized with St and EGmacraner and without IPO, and
carbon blackwere dispersed in athol with the same
equipment. The stucture d dispersd non-grafted carbon
black is shown in Figure 4.
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Figure 3. Chemical structure of a carbon black particth
polymer.

PEG

PEG
St
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Figure 4. Chemical structure of a dispensisystenof carban black
particle and polymer without grafting.

Dispersibility of the polymer grafted carbon black and
non- grafted carbon black.

The disperdiility of solutions wa investigatedfor the
polymer grafted and non-gt&d carbon kacks.We measured
carban bladk patticle size bylight scatering mehod. The
paticle size dstibutions of carbon llack with the polymer
grating was émog the ame aghat withoutgratting just after
he syrhesis. Atypical paticle size distribution of carbon
lack is shownin Figure 5. The mean pacle size ard the
distribution width of the result in Figure 5 are smaller than
those of convetional carbon backs.Just afterthe syrhesis
steps, the polymer grafted carbon black has high digiléy
becase of bonding the carbon bla@nd the polymer, ard the
non-graftel carba black has ao high dispesibility because
of adsorpion of the polymer oto the carbo black This fact
means the high dispability of both the carba blackswith
and without the polymer grafting prepared this study.
Actually the high dispersbility of the poymer grafted cabon
black was confmed by okervaion o carba blad dispesed
films prepared by casting method.
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< 25 the dispersed solution.
£ 20 Appearancsof the solution in the test tube are shown in
: 15 fx Figure 6. In the case of the non-grafted carbon black,
e / \ sedimentatin of the carbon black occurred. This result
g 10 Y suggests aggregation of the carbon black particles.
g 5 P 25
L o ﬁ - <§ 20 fK
0.01 0.1 1 > 15 / *
Particle size (um) g 10 f \‘
Figure 5. Typical particle size distribution of polymgmafted ?')' 5 j
carbon black. T
Stability of the polymer grafted carbon black and non- 0.01 0.1 1
grafted at room temperature Particle size [um)
The stability of solutions was investigated for the €)
polyme grafted and non-grafted carbon blacks. We 25
placal both dispersed solutions stationary for 5 and 10 §
days and measurd the change of the carbon black = 20
particle size distributions. > 15 A
The particle size distributionsf @arbm black with 2 f \
polyme grafting and non-grafting were not changed 5 or 3 10 /6 \
10 days after the synthesis. €Tholyme grafted carbon © 5 X
black has high dispersion stahjlivecausef bondirg the = \g_‘
carba black and the polymer. The non-grafted carbon 0 " g
black has high dispersion stability becaw$ adsorption 0.01 0.1 1
of the polymer onto the carbon black, too. It is not Particle size (um)
necessarilyto graft the carbon black with a polymer for (b)
high dispersion stability of solution at room temperature. _ 25
It is possible to obtain highktability of solutionat room B 20
temperature by adsorption of a polymercotite carbon 2
black in the case of non-grafting. > 15 f
c
(]
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Figure 6. Change of polymer non-graftecarbon black ;3)- “
dispersion with time at -5°C. T 'S
(@ just after the synthesis process, 0 ¢ \‘h«
(b) 2 h after the synthesis process,
() 24 h after the synthesis process. 0.01 01 1
Particle size (um)
Stability of the polymer grafted and non-grafted (d)

carbon blacks at low temperature

Then the stability of solutions was investigated for
the polymer grafted and non-grafted carbon black a€-5° .o
We placed both dispersed solutions stationary for 2 an 2 h after the synthesis, upper part of the solution,
24 hours after the synthesis and measured the el@ng () 2 h after the synthesis, lower part of the solution,
carbon black particle siz distributions We made (c) 24 h after the synthesis, upper part of the solution,

samplirg of specimes for particle size measurements at (d) 24 h after the synthesis, lower part of the solution.
upper and lower parts of the test tube, which contained

Fig. 7. Change of particle size distribution of non-grafted carbon
black kept at -5°C for different parts of the solution and elapsed
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The chang of the carbon black particle size Application of polymer grafted carbon black to ink for ink
distributionswith the elapsed time is shown in Figure 7. jet printers
The mean par-ticle size of the non-grafted carbon black Inks for ink jet printers were prepared by usithe
was 240 nm at the end of the synthesis but those at golymer grafted and non-grafted cambblacks. An ink of
hours after the synthesis were 140 nm (Figure) @Bl  good quality could be formed from the polymer grafted
320 nm (Figure 7(b)) at the upper and lower parts of thecarbon black. The ink was stabledagawe goad printing
ted tubg respectively Further the mean particle size at 24 performane unde any environmental conditions. On the
hours after the synthesis were 310 nm (Figure) @oyl  othe hand,anink of reasonable quality could not be formed
330 nm (Figure 7(d)) at the upper and lower parts. Thes@rom the polyme non-grafted carbon black. As mentioned
results indicate that the non-grafted carbon black particleghove, the non-grafted carbon tahowel similar behavior
attra¢ each other and precipitate. It should be noted thais the grafted carbon black at room temperature, however,
the upper part of the solution of the non-grafted carborgggregatia of the carbon black occurred when some agents

black changed clear after 48 hours. for inks were incorporated into the ink solution.
On the other hand, the graltearbm blad particles

did not attract each other and did not precipitate even

after 48 hours at -5 °CThe particle size distribution at

the upper part is almost the same as that at the lower par
Next we observed the spreadinfytbe dropsof the

Conclusion

It-]igh dispersibility and stability focarba bladk particlesin

non-grafted carbon black solutions dilter pape to ethanolwere obtained by polymer grafting. Case_s of polymer
examire their dispersion stability. The results are shownd'aftéd and non-grafted carbon black ere discussed. The
in Figure 8. Each small circle in Figure 8 corresponds td°!loWing conclusions were obtained.

the upper and lower parts of the test tube. The dmea 1. Both the polymer grafted and non-grafted carbtacks
liquid-drop of the upper part was almose #ane asthat showed high dispersibility just after the synthesis process.

of the lower part at the drof the synthesigFigure 8(a)). 2. Both the polymer grafted and non-grafted carbtacks

The spread of a liquid-drop of the upppart was \Were stable for more than 10 days at room temperature.
somewhatclearel and the lower part deepened 2 hours 3. The polyme grafted carba black was stable even at low
after the synthesis (Figure 8(b)). The change ekfitead temperature.

proceeded further 24 hours aftere thynthesis(Figure % 1h€ polymer non-grafted carbon ktawas not stableat
8(c)). low temperature.

On the other hand, in the easf the grafted carbon 5. The ink made of the polymer grafted carbon blaas

black particles, the spread of a liquiddrof the upper stable and gave good printing performance.
part was almost the same as that of the lower part,
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a b c

Figure 8. Change of spreading of dropspmlymernon-grafted
carbon black solution kept at -5°C on a filjgaperwith time.
The upperand lower circles on the filter paper correspond to
the upper and lower parts of the solution respectively.

(& just after the synthesis process,

(b) 2 h after the synthesis process,

(c) 24 h after the synthesis process.
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