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[Field of the Invention

This invention relates to modified carbon products

compositions prepared from modified carbon products and methods
using the same. |
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Discussion of the Related Art

The concept of using the acid or base properties of a surface
to improve wetting or dispersion stability is not new. The use of
lonic surfactants to improve wetting or dispersion stability of
ionic or polar materials in a non—-polar environment/solvent has been
used in many instances. A major limitation of this approach is that
many solids do not have a sufficient number of polar groups
available on the surface to allow the use of relatively simple
compounds to impart stabilization or improve wetting.

C(BER) -

Carbon black typically has only very low levels of ionic
functionality on its surface. If the level of ionic groups on the
surface is increased, the number of potential binding sites on the
surface should also increase. In this way the efficiency of a
suitably charged adsorbent interaction with a carbon surface may be
enhanced. ]
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FDESCRIPTION OF THE PREFERRED EMBODIMENTS
The compositions of the present invention comprise an

amphiphilic ion and a modified carbon product. The modified carbon
product comprises carbon having attached at least one organic group.
The modified carbon product has a charge opposite to the amphiphilic
ion. J
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r In further detail, the amphiphilic ion is a molecule having
a hydrophilic polar “head” and a hydrophobic organic “tail.” The
amphiphilic ion of the present invention can be a cationic or
anionic amphiphilic ion. |
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r Table 1 provides a listing of preferred compounds useful as
sources of amphiphilic ions which may be used in the compositions of
the present invention.

T S
TABLE 1
COMPOUND LISTING
—
CATIONIC AMPHIPHILES

Simple Amines Guanidines
Stearylamine Stearyl guanidine
Dodecylamine Qlcyi guani_di.ne
Dimethyldodecylamine Ditolylguanidine
Dioctylamine Aerosol C-61

Fatty Amines and Derivatives

Soyaalkylamine Cocazlkylamine _
Oleylamine Dimethylcocaalkylamine
Ricinolamine Ethomeen7 S/12

Dimethyloleylamine Norfox IM-38

N-Oleyldiaminopropane
N-Tallow dipropylenetriamine

Maleated Triamines (Polyamines)

N-(dioleylsuccinyl) dipropylenetriamme
N,N"N"«tris-(dioleylsuccinyl) dipropylenetriamine
N,N'-bis'(dioleylsuccinyl)-N"-(di-(methy] tripropylene glycol) succinyl) dipropylenetriamine

Amino id Derived Anilines
Dimyristyl glutamate Aniline
Dioleyl glutamate 4-Dodecyianiline

Di-(PEG350 monomethyl ether) glutamate
Di-(PEG750 monomethyl ether) glutamate
Dimyristy! aspartate
Di-(bis(2"-methoxyethyl)capramid-6-yl)
glutamate

Di(2'-ethylhexylcapramid-6-yl) glutamate
Di-(2’-methoxyethylcapramid-6-yl) glutamate
Pyridine Derived
4-(I'-Butyl)pentyl pyridine 4-t-Butyl Pyridine
Butyl Nicotinate

Quaternary Derivatives

Trimethylsoyaalkylammonium Chloride
Trimethyicetylammonium Chloride
Trimethyldodecylammonium Chloride
1-Dodecylpyridinium Chloride
Tetraphenylphosphonivm Chleride
Incrosoft CFI-75
Incrosoft O-90
Ethoquad O/12

Aminoatcohol Esters

Diethanolamine Dioleate
Diethanolamine Dimyrisate
N-Methyldiethanolamine Dioleate
N-Methyldiethanolamine Dimyristate
2-Amino-2-methyl-1,3-propanediol dioleate
2-Amino-2-methyl-1,3-propanediol dimyristate
Tris-(hydroxymethyl)-aminomethane trioleate
Tris-(hydroxymethyl}-aminomethane trimyristate

Polymerie
Copolymers of Polyethyleneimine
Dimethylaminoethyl methacrylate and Polyvinyipyridine
methy! methacrylate
Poly(propylenegiycol)bis(2-aminopropylether) Polyvinylimidazole
ANIONIC_AMPHIPHILES
Dodecylbenzene sulfonic acid, Na salt Marlowet 4540
Dodecylsulfate, Na Salt Sodium laureth sulfate

Myristic Acid Na salt
Ricinoleic Acid, Na Salt Sodium Oleate
Oleyl sarcosine
Aerosel OT Avanel 8-150

Adinol OTl6




*x Ethomeen and Ethoquad are from Akzo Chemicals, Inc., Chicago, IL;
Norfox is from Norman Fax & Co., Vernon, CA; Aerosol is from Cytec
Industries, Inc., West Patterson, NJ; Incrosoft is from Croda, Inc.
Parsippany, NJ; Texapon N25 is from Henkel KGaA/Cospha, Dusseldorf,
Germany; Avanel is from PPG Industries/Specialty Chemicals, Gurnee,
IL; and Adinol is from Croda Chemical, Ltd., North Humberside, UK;
Mar lowet is from Hhls AG, Marl, Germany. ]
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r Regarding the second component of the compositions of the
present invention, the carbon may be of the crystalline or amorphous
type. Examples include, but are not |imited to, graphite, carbon
black, carbon fibers, vitreous carbon, activated charcoal, activated
carbon, and mixtures thereof. Finely divided forms of the above are
preferred; also, it is possible to utilize mixtures of different
carbons. The modified carbon products may be preferably prepared by
reacting carbon with a diazonium salt in a liquid reaction medium to
attach at least one organic group to the surface of the carbon. The
diazonium salt may contain the organic group to be attached to the



carbon. A diazonium salt is an organic compound having one or more

diazonium groups. |
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[The diazonium salts may be prepared in situ. It is preferred that
the modified carbon products contain no by-products or unattached
salts. ]
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r Regarding the organic group attached to the carbon, the
organic group preferably comprises at least one aromatic group or at
least one C1-C|2 alkyl group and further contains at least one

ionic group, at least one ionizable group, or a mixture of an ionic
group and an ionizable group. Preferably, the aromatic group or the
C1-C12 alkyl group is directly attached to the carbon. |
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r [f the composition of the present invention is sufficiently
hydrophobic, the addition of the amphiphilic ion to an aqueous
dispersion of the carbon having ionic groups results in flocculation
of the carbon. This material can then easily be isolated by such
means as filtration. It has been found that some of these types of
compositions may then be easily dispersed into organic solvents such
as xylene, heptane, methylamyl| ketone, butyl| acetate, benzyl
alcohol, butanol, methane chloride, acetone, and the like. In some
cases, the carbon product of the present invention may be extracted
into organic solvents. |
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r As stated earlier, the compositions of the present invention
are useful in non-aqueous ink formulations. Thus, the invention
provides an improved ink composition containing a solvent and a
composition of the present invention. Other known ink additives may
be incorporated into the ink formulation. It is also within the
bounds of the present invention to use an ink formulation containing
a mixture of unmodified carbon with the compositions of the present
invention.
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The compositions of the present invention may also be used in
non-aqueous coating compositions such as paints or finishes. Thus
an embodiment of the present invention is a coating composition
containing a suitable solvent and the composition of the present
invention. Other conventional coating additives may be incorporated
into the non-aqueous coating compositions such as resins

Non-aqueous coating formulations vary widely depending on the
conditions and requirements of final use. In general, coating
systems contain up to 30% by weight carbon. The resin content can
vary widely up to nearly 100%. Examples include acrylic, alkyd,
urethane, epoxy, cellulosics, and the |ike. Solvent content may vary
between 0 and 80%. Examples include aromatic hydrocarbons, aliphatic
hydrigagbons, alcohols, polyalcohols, ketones, esters, and the |ike.

. (" D)

Examples of non-aqueous media for the incorporation of
compositions containing the modified carbon products of the present
invention include, but are not limited to, melamine-acrylic resins
melamine-alkyd resins, urethane-hardened alkyd resins, urethane-
hardened acrylic resins and the |ike. ]
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lExample 7: Preparation of a Carbon Black Product Using a Pin
Pelletizer
An eight inch diameter pin pelletizer was charged with 400 g

of a carbon black with a nitrogen surface area of 58 m2/g and a
DBPA of 46 ml/100 g and 32 g sulfanilic acid. The pelletizer was run
at 150 rpm for 1 minute. Deionized water (132 mL) and sodium nitrite
(12.75 g) were added and the pelletizer was run for 2 minutes at 250
rom. The pelletizer was stopped and the shaft and pins were scraped
off, then the pelletizer was run at 1100 rpm for an additional 2
minutes. The 4-sulfobenzenediazonium hydroxide inner salt was
generated in situ, and it reacted with the carbon black. The product
was discharged from the pelletizer and dried in an oven at 70-100°C.
The product had attached p-CgH4SO3Na groups.

C (BER) -
Example 8: Preparation of a Carbon Black Product

This procedure describes the preparation of a carbon black
product under continuous operating conditions. 100 parts per hour of




a carbon black having a CTAB surface area of 350 mz/g and a DBPA of
120 mL/100 g was charged to a continuously operating pin mixer with
25 parts per hour of sulfanilic acid and 10 parts per hour of sodium
nitrite as an aqueous solution. The resultant material was dried to
give a carbon black product having attached p—CGH4SO3Na groups.

 (BER) -

Example 9: Preparation of N-(4-aminophenyl)pyridinium nitrite
Silver nitrite (25.4 g) was added to a solution of 34.1 g of

N- (4—aminophenyl)pyridinium chloride in 150 mL of methanol and the

mixture was heated at reflux for one hour and allowed to cool to

room temperature. The mixture was filtered and the methanol was

removed under vacuum to give N-(4-aminophenyl)pyridinium nitrite.

Example 10: Preparation of a Carbon Black Product
In pin mixer, 35.8 g of N-(4-aminophenyl)pyridinium nitrite

and 300 g of a carbon black with a CTAB surface area of 108 m2/g
and a DBPA of 1 16 mL/100 g were mixed. While mixing, 200 g of
water, a solution of 14.7 g of concentrated nitric acid in 50 g of
water, and 50 g of water were added sequentially. Mixing was
continued for an additional 3.5 minutes. The resultant material was

a mixture of a carbon black product having attached p—C6H4N(C5H5)+

groups and water containing 53.3% solids.
e (HER) -
A dispersion (50 g) having 5 g solids was prepared by mixing

9.38 g of the undried material with water. Sodium bis(2-ethylhexyl)
sulfosuccinate (1.22 g) was added. 2-Heptanone (450 mL) and water
(400 g) were added, and the mixture was shaken. Sodium chloride was
added to break the emulsion, and the aqueous layer was removed in a
separatory funnel. The aqueous layer was substantially free of
carbon black. The carbon black product in the heptanone layer had a
UPA mean particle diameter of 0.15:. The heptanone layer was
filtered through a 325 mesh screen, and the material on the screen
was washed with additional heptanone until the washings were
colorless. The screen was dried and the residue on it corresponded
to 1.5% of the total carbon black product used. ] X
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lExample 13: Preparation of an Amphiphilic Salt of a Carbon Black

Product

A dispersion of the carbon black product of Example 7 (250 g)
was made in deionized water (2250 mL). To this well stirred
dispersion was added a solution of oleylamine (18.7 g) in acetic
aCidg;égo mL). The mixture immediately became thick and frothy.
("n)
Example 14: Preparation of Other Amphiphilic Salts of Carbon Black
Products

The procedure of Example 13 was fol lowed using the amount of
reagents shown in the table below:

Example # Amount of mmol Amount of Amount of Amount of
Carbon Black SO,7g Amine (g)/Example Acetic Acid Water
(g) Product/ # (mL) {mL)
Example #
14a 100/7 0.26 20,01 100 900
14b 100/7 0.26 16.43/2 100 1,000
2.51/
l4c 40/7 0.26 (hexadecylam ne) 40 360
14d 50/7 0.17 2.06/4 50 500
l4e 12,778 0.95 12.7/6 15 135
14f 50/7 0.26 3.7/ArmeenSD* 50 450
58.3/
l4g 200/8 0.26 olylamine 200 1,700

* Armeen SD is a soyalkylamine from Akzo Chemicals Inc., Chicago,
IL. ]
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lExample 15: Use of Carbon Products with Amphiphilic Cations in
Gloss Ink

The carbon black products of Examples 13 and 14f were

evaluated in a standard heat set gloss ink formulation prepared on a
three roll mill.
e (HER) -
Example 16”: Use of a Carbon Product with Amphiphilic Cations in
Gloss Ink
The procedure of Example 15 was repeated using the carbon
product produced in Example 14c.

Carbon Product
From Example # Standard 14c

Grind Gauge

1 mill pass 10/7/47 0/0/26
2 mill passes 6/4/34 0/0/20
3 mill passes 0/0/25 0/0/18
4 mill passes 0/0/21 0/0/18
Laray Viscosity Data
Viscosity (poise at 2500 s-1) 44.1 38.8
Yield Value (dyne/cm at 2.5 s-1) 460 371

The amphiphile treated carbon black of Example 14c
demonstrates significantly enhanced dispersion rates and lower Laray
viscosity than that of an unmodified standard.

Optical properties for inks made from the carbon black
products 14c and the standard carbon black were determined as in
Example 15 and are shown in the tables below.

Data for a 1 micron film thickness




Carbon from Optical Gloss

Example # Density L* a* b* (60%)
Standard 1.34 24.84 1.52 4.57 44,7
l4c 1.36 23.54 1.78 4.92 47.0

Data for a 2 micron film thickness

Carbon from Optical Gloss
Example # Density L* a* b* (60%)
Standard 2.04 6.71 0.99 1.46 50.7
l4c 2.15 4.85 0.64 0.26 51.8

These results indicate that optical properties of the ink
films produced from the amphiphile treated carbon black product of
Example 14c is somewhat denser, jetter, and glossier than that of
the standard. |
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[Examples 18a-19n: Treatment of Carbon Black Product with a
Polymeric Cationic Amphiphile

The carbon black products in these examples were prepared
using the following procedure.

An amine-containing polymer was prepared by emulsion
polymerization. To a 1-liter round-bottom flask equipped with a
reflux condenser, addition funnel, gas inlet tube, stirrer, and hot
water bath with thermometer was added 264.34 g of water and 0.089 g
of sodium carbonate. The flask was heated to approximately 70° C and
was sparged with nitrogen for 1 hour. The nitrogen sparge was
changed to a sweep, and 15.0 g of a 10% aqueous solution of sodium
dodecylbenzene sulfonate was added. The flask was then heated to
85°C. Once at this temperature, 10% (6.0 mL) of an initiator
solution (prepared by dissolving 0.20 g of ammonium persulfate in
57.3 g of water) was added, followed by 10% (35.0 g) of an
emulsified monomer mixture (prepared by adding 196.6 g methyl
methacrylate (MMA), 3.4 g 2-(dimethylamino)ethyl methacrylate
(DMAEMA), 1.0 g n-dodecylmercaptan, and 5.0 g of a 10% aqueous
solution of sodium dodecylbenzene sulfonate to 118.0 g of water with
vigorous stirring. Once emulsified, this mixture was stirred
continuously to maintain a good emulsion. A rinse of 4.7 mL of water
was used for each addition. The reaction was stirred for 1 hour at
85° C, during which a color change was observed indicating the
formation of polymer. After this time, the remainder of the
emulsified monomer mixture was gradually added to the reaction flask
dropwise over the next 3 hours. Also during this time, the remainder
of the initiator solution was added to the reaction flask in 4 mL
portions every 15 minutes. At the completion of the monomer and
initiator additions, each flask was rinsed with 4.7 mL of water, and
these rinses were added to the reaction flask. The temperature was
maintained at 85° C for an additional hour. Then the reaction was
allowed to cool to room temperature and stirred overnight.

A dispersion of the carbon black product of Example 8 was
prepared by adding 3.70 g of the dry carbon black to 400 mL of water
in a1 liter beaker equipped with an overhead stirrer. This was
stirred at room temperature for 10 minutes. To this dispersion was
added 0.214 g of glacial acetic acid followed by 131.2 g of a latex
containing 33.3 g of a 98.3/1.7 copolymer of methylmethacrylate
(MMA) and 2-(dimethylamino)ethyl methacrylate (DMAEMA) prepared as
described above. The mixture was stirred for 2 hours at room
temperature. A solution of 11.4 g of magnesium acetate tetrahydrate
in 400 mL of water in a 2 liter beaker equipped with an overhead
stirrer and hot plate was heated to 70° C, and to this was added the
carbon black polymer mixture. This was stirred for 20 minutes at
this temperature and filtered, and the resulting carbon black
product was dried in a vacuum oven at 75° C to constant weight. |
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r 1. A composition comprising a) an amphiphilic ion and b) a
modified carbon product comprising carbon having attached at least
one organic group, wherein said at least one organic group has a
charge opposite to said amphiphilic ion
e (HER) -

6. The composition of claim 1, wherein said amphiphilic ion
is an ammonium ion formed by adding an acid to a copolymer of
dimezg%éaminoethyl methacrylate and methyl methacrylate.

.. (" )

12. The composition of claim 1, wherein said carbon is carbon
black, graphite, vitreous carbon, carbon fiber, finely-divided
carbon, activated charcoal, or mixtures thereof.

13. The composition of claim 12, wherein said carbon is
carbon black. |
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