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5 ﬁ' PRCDUCING CARBON BLACKS AND NEW CARBON BLACKS The pr eseni™ ===
cinver@granirel ate a neM/process for producing furnace carb acks and

a class of n‘é@r!’éﬁghﬁovel furnace carbon bl acks which are sui t%ﬂg{‘ PLHY01972

vari ous applications and particularly well suited for use in rubber or

pl astic conpositions. BACKGROUND Carbon bl 3cks are generally produced in a
furnace-type reactor by pyrol yzing a hydrocarbon feedstock wth hot

PROCESS FOR PRODUCING CARBON BLACKS
AND NEW CARBON BLACKS

FIELD OF INVENTION

The present invention relates to a new process for
producing furnace carbon blacks and a class of new and novel
furnace carbon blacks which are suitable for various |
applications and particularly well suited for use in rubber or

plastic compositions.

BACKGROUND

Carbon blacks are generally produced in a furnacé-type
reactor by pyrolyzing a hydrocarbon feedstock with hot
combustion gases to produce combustion products containing
particulate carbon black. A variety of methods for producing
carbon blacks are generally known.

In one type of a furnace carbon black reactor, such as
shown in U.S. Patent No. 3,401,020 tb Rester et al., or U.S.
Patent No. 2,785,964 to Pollock, hereinafter "Kester" and
"Pollock" respectively, a fuel, preferably hydrocarbonaceous,
and an oxidant, preferably air, are injected into a first zome
and react to form hot combustion gases. A hydrocarbon feedstock

. in either gaseous, Vapor or liquid form is also injected into
the first zone whereupon pyrolysis of the hydrocarbon feedstock
commences. -In thi; instance, pyrolysis refers to the thermal
decomposition of a hydrocarbon. The resulting combustion gas
mixture, in which pyrolysis is occurring, then passes into a

reaction zone where completion of the carbon black forming
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conbustion- gases to produce conbustion products containing particulate
carbon bfack.” A variety of “hethods for producing carbon bl acks are
'general |y -Womsnsess one type of a furnace carbon black reactR§T/USIHGIo2
'shown in U 'S Patent No. 3,401,020 to kester et al., or U S. Patent No.
2,785,964 to Pollock, hereinafter "kester" and "Pol |l ock"” respectively,
fuel, preferably hydrocarbonaceous, and an oxidant, preferably air, are
injected into a first zone and react to form hot conbustion gases. A
hydr ocar bon feedstock in either gaseous, vapor or liquid formis also

i nj ected i Heactions occurs.

In another type of furnace black reactor, a liguid.or
gaseous fﬁel is reacted with an 6xidant, preferably air, in the
first zone to form hot combustion gases. These hot combustion
gases pass from the first zone, downstream though the reactor,
into a reaction zone and beyond. To produce carbon biack, a
hydrocarbonaceous feedstock is injected at one or more points
into the path of the hot combustion gas stream. The
hydrocarbonaceous feedstock may be liquid, gas or vapor, and may
be the same or different from the fuel utilized to form the
combustion gas stream. Generally the hydrocarbonaceous
feedstock is a hydrocarbon oil or natural gas. However, other
hydrocarbonaceous feedstocks such as acetylene are known in the
art. The first (or combustion) zone and the reaction zone may
be divided by a choke; or zone of restricted diameter, which is
smaller in cross seétion than the combustion zone or the
reaction_zone. The feedstock may be injected into the path of

| the hot combustion gases upstream of; downstream of, and/or in
the restricted diameter zone. Furnace carbon black reactors of
this type are generally described in U.S. Patent Reissue No.
28,974 and U.S. Patent No. 3,922,355.

In both types of processes and reactors déscribed above,
and in other generally known reactors and processes, the hot
combustion gases are at a temperature sufficient to effect
pyrolysis of the hydrocarbonaceous feedstock injected inio the
combustion gas stream. In one type of reactor, such as

disclosed in Kester, feedstock is injected, at one or more
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the first zone whereupon pyrolysis of the hydrocarbon feedstock comrences.
I n thi nstance, pyrolysissrefers to the thermal deconposition of a

hydr e .. The resulting conbustion gas m xture, in which pyrolysis is
occurrgng; tGagyoPEpees I Nto a reaction zone where conpl eti on oPCTriEssa1BIN
bl ack §form ng reactions occurs. In another type of furnace bl ack
reactor, a liquid or 3

points, into the same zone where combustion gases are being
formed. 1In other type reactors or processes the injection of
the feedstock occurs, at one or more points, after the
combustion gas stream has been formed.

In either type of reactor, following the point of feedstock
lntroductlon, the feedstock is mixed, atomized and vaporlzed
into the combustion gas stream. The mixture of combustion gases
and vaporized feedstock then enters the primary reaction zone.
The term, "primary reaction zone", refers to that zone in the
process where the vaporized hydrocarbon feédStock is converted
to carbon black primary particles and aggregates. The residence
time of the feedstock, combustion gasés, and carbon blacks in
the brimary reaction zone of the reactor is sufficient, and
under conditions suitable, to allow the formation of carbon
blacks. A secondary reaction zone may or may not exist in the
reactor downstream of the primary reaction zone. 1In those cases
where the secondary reaction zone exists, the term "secondary
reaction zone" refers to that portion of the reactor where
surface modification of the carbon blacks formed in the primary
reaction zone takes_plaée. The mixture of combustion gases and
carbon blacks in the secondary reaction zone of the reactor is
hereinafter referred to, throughout the application, as "the
effluent”. After carbon blacks having the desired properties
are formed, the temperature of the effluent is lowered to stop
the major reactions. This 1owering of temperature of the
effluent to stop the major reactions may be accomplished by any

known manner, such as by injecting a quenching fluid, through a
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gaseaus. fueJ s reacted with an oxidant, preferably air, in the first zone
to ﬁ%%ﬁﬁth conmbustion gasess These hot conbustion gases pass fromthe
first: zore; eam though the reactor, into a reaction z nd.
To produce’ 'C gﬁgag&%lack a hydrocarbonaceous feedstock is |n?ggﬂﬁgggﬁsﬁﬁe
or nore points into the path of the hot conbustlon gas stream The

hydr ocar bonaceous feedstock may be I|qU|d gas or vapor, and may be the
sanme or different fromthe fuel utilized to formthe conmbustion gas stream
General ly the hydrocarbonaceous feedstock is a hydrocarbon oil or natural

gas. Fbmeve&u qé# into the effluent. As is generally known to those of

ordinary skill in the art, the major reactions are stopped when
the desired carbon blacks have been producéd in the reactor, as
-is determined by sampling the carbon black and testing fpr
analytical properties. After the reactions have been stopped
and the effluent sufficiently cooled by any known means, the
effluent generally passes through a bag filter, or other |
separation.system to collect the carbon black.

Although two general types of furnace carbon black reactors
and processes have been described, it should be understood that
the present invention can be used in any other furnace carbon
black reactor or proceés in which carbon black is produced by
lpyrolysis and/or incomplete combustion of hydrocarbons. This
process differs from prior technology in that an oxidant- |
containing stream is introduced -into the secondary reaction zone
in order to accelerate and promote surface modifying reactions
in the secondary reaction zone only. Throughout this
application, the term "oxidant-containing stream" refers to any
stream which contains an oxidizing agent. Preferably the
"oxidant-containing stream" refers to air, oxygen-enriched air;
combustion products of hydrocarbon fuels and air and/or oxygen,
or mixtures of these streams. This oxidant-containing stream
does not interfere with reactions or processes occurring in the
primary reaction zone in which the carbon black primary
particles and aggregates are formed. |

.In the prior art, there are such as US Patents Nos.

3,607,058; 3,761,577; and 3,887,690 which describe the
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onaceous feedstocks such as acetylene are known in the art. The
o conbustion) zoneand the reaction zone nay'Be di vi ded by a choke,

he of wessr18094d di aneter, which is smaller in cross secRCOUWSINA®TRhe
conblisti on zone or the reaction zone. The feedstock may be injected into
‘pat h of 'the hot conbustion gases upstrgam of, downstream of; and/or in
the restricted dianeter zone. Furnace carbon black reactors of this type
~are generally described in U S. Patent Reissue No. 28,974 and U.S. Patent
No. 3,922,355. In both types of processes and reactors descri bed above,

‘introduction of secondary heat into a carbon black reactor.
These references differ from the present invention in that a
minimum residence time, determined by the teﬁperature increase
of the effluent after addition of an oxidant-containing stream
to the secondary reaction zone, is required to achieve the
beneiits of the present invention. No residence time or minimum
temperature rise after addition of secondary heat is specified
in the prior art references. From the examples cited in US
Patent No. 3,887,690, the analytical properties of the carbon
blacks; particularly the fact that the Nitrogen Surface Area is
greater than the Iodine Adsorption Nuﬁbér in all cases, indicate

that the minimum residence time requirement of the present

invention has not been achieved.

Carbon blacks may be utilized as pigments, fillers.
reinforcing agents and for a variety. of other applications.
carbon blacks are widely utilized as fillers and reinforcing
pigments in the compounding and preparation of rubber
compositions and plastic compositions. Carbon blacks are
generally characterized on the basis of their properties
including, but not limited to, their surface areas, surface
chemisﬁry, aggregate-sizes and particie sizes. The properties -
of carbon blacks are analytically determined by tests known to
the art, including iodine adsorption surface area (I, No),

nitrogen adsorption surface area (N, SA), dibutyl phthalate

adsorption (DBP), dibutyl phthalate adsorption of the crushed
carbon black (CDBP), cetyl-trimethyl ammonium bromide absorption

value (CTAB), Tint value (TINT), Dmode and ADSO0.

-w-_._. .
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and in other generally known reactors and processes t he hot conbustion .
gaéﬁs are at a tenperature-sufficient to effect pyrolysis of the '
hydrOCar borwO®aLIs0seedst ock | nj ected into the conbusti on gas PEIYESAN019%2 ongE
type of reactor, such as disclosed in Kester, feedstock is injected, at on§
or nore 3 points, Into the sane zone m@ere conbustion gases are being

It is generally understood that the properties of a carbon
black affect the properties of rubber or plastic compositions
containing the carbon black. For examéle, the introduction of
carbon black into a rubber or plastic composition during
formation of the compos;tlon will generally affect the viscosity
of the rubber or plastic composition. Increasing the carbon
black locading in a rubber or plastic composition normally
increases thé visgosity of the composition at a given
temperature. Lower viscosity rubber or plastic compositions are
‘advantageous because they are more easily processed.

In addition to a variety of other uses, such as tire,
hoses, belts, and plastics, carbon blacks aré generally utilized
in compositions intended for use as semi-conductive shielding
compounds for electric power cables. Electric power cables
generally consist of electrically conductive wires surrounded by
a dielectric insulating material which prevents escape of
electricity to the environment. These semi-conductive shielding
compounds are critical for long cable life because they reduce
the electrical stress between the conductive and insulating
portions of the cable. It is generally desirable in the
production of semi-conductive shielding compounds for electrical
power cables to use carbon blacks which impart electrical
conductivity to the shielding compound. In evaluating the
conductivity of a plastic composition, the composition's
resistivity is generally measured. However, it is widely
understood that conductivity is simply the inverse of

resistivity. The required degree of conductivity in the
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. In other type reactors or processes the injection of the feedstock
?\at one or nore poiAts, after the conbustion gas stream has been

1 AWE) 93418094 ype of reactor, following the point of feBGEAUSIR/01972
uct+d on, the feedstock is n1xed, atom zed and vaporized into the
combystion gas stream The m xture of corbustion gases and vaporized

feedgt ock then enters the primary reaction zone. The term "prinmary
reactfi on zone", refers to that zone in the process where the vaporized

hydr dcar bon feedstock is converted to carbon black primary particles and
aggrégatesshihbdinglebmpnund can be achieved by increasing the loadlng of

carbon black in the composition, but this also increases the
compound viscosity. Therefore, it is apparent that it is
advantageous to use a carbon black that imparts the required
degree of conductivity while minimizing the compound viscosity.
The advantage of optimizing this combination of properties is
§ : not limited to semi-conductive ehielding materials for power
g cables. _ |
The ASTM 300% modulus of a rubber compound is a measure of
the compound's stress-strain relationship. ASTM Test D3192
describes the evaluation of modulus for a rubber compound.
Carbon black specifications are often set based on the ability
of the carbon black to imparﬁ a range of modulus values to a
compound within certain narrow tolerances. It is advantageous
to have a process that enables the carbon black producer to
manipulate a composition's modulus for a~given type of carbon
black. Additionally, for certain applications, sﬁch as off-the-
road automobile tires, a carbon black that imparts low modulus

to rubber compounds is considered advantageous.

The Compound Moisture Absorption (CMA) property of a rubber
or plastic composition relates to the composition's tendency to
absorb moisture. It is generally desirable, for most
applications, to haveirubber or plastic compositions that do not
absorb moisture. Therefore, it is advantageous to have.a carboﬁ
black that, when incorporated into rubber or plastic
compositions, results in a lower CMA for the composition. Lower

CMA values are generally understood to relate to lower

-
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time of the feedstock, conmbustion gases, and carbon blacks in the primary
redgtion zone of the reactaowis sufficient, and under-sonditions suitable,
to altow: t. fwofggnlgn“ on of carbon bl acks. A secondary reacti oRPCTOUSIENI 7D
may not exist in the reactor downstream of- the primary reaction zone. In E
t hose' cases where the secondary reaction gone exists, the term"secondary -§
reaction zone" refers to that portion of the reactor where surface :
nodi fication of the carbon blacks fornmed in the primary reaction zone takes
pl ace. The m xture of conbustion gases and carbon bl acks in the secondary

reaction zoges®fpdith oF2Ebosthse.

As will be understood from the foregoing discussion, it

would be advantageous to have a process for'producing carbon
blacks that impart improved conductivity to plastic or rubber
compositionég. It would be further advantageous to have class of
carbon blacks that impart improved conductivity and lower
viscosity to plastic or rubbér compositions.

- It would also bé advantageous to have a process for -
producing carbon blacks that impart lower modulus to rubber |
compositions, lower CMA to plastic or rubber compositions and
lower viscosity to plastic or rubber compositions.

The process of the present invention achieves the afore-
mentioned advantages in addition to other advantages that will
become apparent to those of ordinary skill in the art from the
following description. Similarly the carbon blacks of the
present invention achieve the afore-mentioned advantages and
other advantages that will become apparent from the following

description.

SUMMARY OF THE INVENTIQN.

We have discovered a process for producing carbon blacks
both of a conventional type and others which are novel as
described hereinafter, wherein an oxidant-containing stream such
as air, oxygen-enriched air, or combustion products of
hydrocarbon fuel and air is injected into the reactor in the
secondary reaction zone at a point after the primary-reaction

zone in order to accelerate the rate of surface modifying
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er-referred to, throughout the application, as "the effluent"
bon bl acks having-the desired properties are~forned, th
Or WQP3AIB4ef f | uent” i's | owered to stop the major rea@ﬁr()\%%”’qiﬁ"%

gNng Of tenperature of the effluent to stop the major reactions may be
bl | shed by any known manner, such as9 by injecting a quenching fluid,

‘throuph a 13JUN 1998
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reactions in the secondary reaction zone by raising the
temperature in the sécondary reaction zone without interfering
with reactions which normally occur in the primary reaction
zone.

The process is suitable for use in any carbon black reactor
wherein the temperature of the effluent stream prior to the
downstream oxidant-containing stream injection is greater than
1800°F and less than 2700°F. The location of the downstream
oxidant-containing stream injection is at any point downstream
of the primary reaction zone and upstreaﬁ of the quench which
terminates reactions in the effluent. The amount of oxidant
stream addition is sufficient to raise the reactor effluent

temperature by a minimum amount, AT.n, depending on residence

time, t, after oxidant addition and before quenching, defined

by: _ _
ATnin = 1598°F - 6.20 x (t,ms)
where
ATpin 2 110 oF
and

t > 180 ms.
We have also discovered a new class of carbon blacks having
an iodine adsorption number (I, No)of 35mg (milligrams) to 65
mg; a CTAB of 30 m2/g to 55 m2/g; and I, No/CTAB ratio of at

least 1.12 mg/m2, preferably between 1.12 and 2.20 mg/m?2, and
more preferably between 1.12 and 1.50 mg/m2; a CDBP (crushed

dibutyl phthalate absorption) of 75 cc/100g (cubic centimeters

[ S
—
————
—_
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4 quench, into the effluent. As is generally known to those of ordinary .;
sk%ﬁ%h?ﬁ “The art, the mej or.—~ eactions are stopped whemthe desired carbon h
bl &cks" havevbggg,lgmduced in-the reactor, as is determ ned byPSagFI3MRI%he
carbon bl ack and testing for anal yti cal properties After the reactions
“have been stopped and the effluent sufficihgntly cooled by any known neans,
‘'the effluent generally passes through a bag filter, or other separation
‘systemto collect the carbon black. Al though two general types of furnace
_carbon bl ack reactors

dibutyl phthalate per 100 grams carbon black) to 95 cc/100g; a

tint value (TINT), in %, of not greater than 65%, preferably
between 30% and 65%. We have further discovered rubber and
‘plastic compositions in which these carbon blacks are
incorporated.

The carbon blacks of the present invention may be produced

according to the process of the present invention in a furnace

carbon black reactor having a first (combustion) zone, a
feedstock injection zone, and a reaction zone consisting of a
primary reaction zone and a secondary reaction zone. In the
feedstock injection zone, a carbon black yielding feedstock is
injected in any manner known to the art, into a hot combustion
gas stream. The resultant mixture of hot combustion gases and
feedstock passes first into the primary reaction zone and.then
into the secondary reaction zone. Reaction is stopped by
quenching the mixture when the carbon blacks of the present'
invention have been formed. Preferably reaction is stopped by a
quénch injecting a quenching fluid. The process for preparing
the novel carbon blacks of the present invention will be
described in greater detail hereinafter.

The rubbers for which the novel carbon blacks of this
invention are effective as reinforcing agents include any
natural and synthetic rubbers. Generally, amounts of the carbon
black product ranging from about 10 to about 250 parts by weight
can be used for each 100 parts by weight of rubber. It is,
however, preferred to use amounts varying from about 20 to about

100 parts by weight of carbon black per 100 parts by weight of
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and progeeses have been descrlbed it should be understood that the present

|n¥ent| P can (R 447 fbok N any other furnace carbon bl ack reactor PCTAUSYBAA 6§72
whi-cHf carbon bl ack is produced by pyrolysis and/or inconplete conbustion

of hydr dcar bons. This process differs fronlpg jor technol ogy in that an

oxi dant-f containing streamis introduced into the secondary reaction zone

in orderjto accelerate and pronote surface nodifying reactions in the

secondary reaction zone only. Throughout this application, the term

"oxi dantp cont a'f?ﬁ;gr r Ehﬁg%pﬁféﬂﬁ L2aRRYr84" PERM 211990E 250 % erom about

oxi di zi ng agent efera
40 to about 80 parts of carbon black per 100 parts of rubber.

Among the rubbers suitable for use with the present
invention are natural rubber and its derivatives such as

chlorinated'rubberﬁ copolymers of from about 10 to about 70

percent by weight of styrene and from about 90 to about 30
percent by weight of butadiene such as copolymer of 19 parts

styrene and 81 parts butadiene, a copolymer of 30 parts styrene

and 70 parts butadiene, a copolymer of 43 parts styrene and 57
parts butadiene and a copplymer of 50 parts styrene and 50 parts
butadiene, polymers and copolymers of conjugated dienes such as
polybutadiene, poiyisoprene, polychloroprene, and the like, and
copolymers of such conjugated dienes with an ethylenic group-
containing monomer copolymerizable therewith such as styrene,
methyl styrene, chlorostyrene, acrylonitrile, 2-vinyl-pyridine,
5-methyl-2vinylpyridine, 5-ethyl-2-viny1pyridine, 2-methyl-5-
vinylpyridine, alkyl substituted acrylates, vinyl ketone, methyl
isopropenyl ketone, methyl vinyl ether, alphamethylene
carboxylic acids and the esters and amides thereof such as
acrylic acid and dialkylacrylic acid amide; also suitable for

use herein are copolymers of ethylene and other high alpha

olefins such as propylene, butene-l and pentene-~l; particularly
preferred are the eehylene-propylene copolymers wherein the
ethylene content ranges from 20 to 90 percent by weight and also
the ethylene-propylene polymers which additionally contain a
third monomer such as dicyclopentadiene, 1, 4-hexadiene and

methylene norbornene.
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"oxk.dant.-contai ning streant refers to air, oxygen-enriched air, conbustion,
pr o ducts of. hydro bon fuefs and air and/or oxygen, xt e
streans. Tﬁyggﬁﬁsﬁth-contaFning stream does not |nterfere mFFﬁ§V§%%§¥§€
or processes occurring in the primary reaction zone in which the carbon

bl ack primary particles and aggregates ard@ forned. In the prior art, there
are such as US Patents Nos. 3,607,058; 3,761,577, and 3,887,690 which

,..

descri be the

Any plastic is suitable for use with the present invention.
Among the plastics suitable for use with the novel carbon blacks

of this invention are polyethylene, including very low density,

high density, and linear low density. Also included are

copolymers such as.ethylene ethyl acrylate, ethylene vinyl

acetate, and ethylene butyl acrylate. Compositions mﬁde from

blends of elastomers and plastics, both described above, are i
also suitable for use. | -

It is an advantage that the novel carbon blacks of the
present invention impért, at a given resistivity, lower
ﬁiscosity to plastic and rubber compositions than conventional
comparable carbon blacks.

It is a further advantage that the process of the present
invention produces carbon blacks which impart, at a‘givep
resistivity, lower viscosity to plastic and rubber compositions.

Another advantage is that the process of the present
invention produces carbon blacks that impart lower modulus to
rubber compositions at a given carbon black loading.

It is a further advantage that the process of the present
invention may be utilized to produce carbon blacks that imp;rt

lower CMA (compound moisture adsorption) to rubber and plastic

- compositions.
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It is an advantage that the plastic compositions of the
present invention are particularly well suited for use as
electric cable semi-conductive sheathing, with improved
conductivity and processébility characteristics.

Other advantages of the present invention will become
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Jucti on of secondary heat into a carbon black reactor. These ﬂ
NCey PS#%L@B%]C rom the Present invention in that a nini pgpusjignce

> det y the tenperature increase of the effluent after addition

of ¥n oxi dant-containing streamto.the secondary reaction zone, is required
to fichieve the benefits of the present }hvention. No residence time or
mngmum tenperature rise after addition of secondary heat is specified in

thegprior art references. Fron1the exanples cited in US Patent No.

3,887,690, the ana{gtlcal Rerties of Eﬂg

r Qo .
apparent f the fo owing more a&ieg gescrlptlon of the

. invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

. Figure 1 is a cross-sectional view of a portion of one type
of furnace carbon black reactor which may be utilized in the
process of the present invention and to produce the carbon
blacks of the present invéntion. This carbon black reactor is
used in the examples, but is only typical of the reactors which

may be used.

DETAILED DESCRIPTION OF THE INVENTION
According to the process of the present invention, air,
oxygen-enriched air, combﬁstion products of hydrocarbons and
oxygen, or any other oxidant-containing stream is injected in
any manner known to the art, into the carbon black containing
.effluent stream. The effluent stream being at a temperature of
between 1800° F and 2700° F prior to oxidant-containing stream
injection, into the secondary reaction zone of a reactor vessel
at a point downstream of the primary reaction zone in an amount
sufficient to raise the temperature of the effluent stream by a
minimum amount, depending on the residence time after oxidant
addition and before quenching, defined by:

ATpin = 1598°F - 6.20 x (t,ms)

where

t > 180 ms

and
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_re5|dence gﬁlrenent -of the present invention has not gregpses/bigged.

for a variety of other applications. rbon bl acks are widely utilized as
fillers and reinforcing pignments in the]ébnpoundlng and preparation of |
. rubber conpositions and plastic conpositions. Carbon blacks are generally |
‘characterized on the basis of their properties ;

bl acks, particularly the fact that the Nitrogen Surface Area is greater
t han t he Iodlne Adsorption_Nunber in all cases, indicate that the m ni mum?

Car bon blacks nay e utilized as plgnents fillers, reinforcing agents and

ATpin > 110 °F.

The maximum allowable temperature rise is limited by the melting
temperature of the carbon black reactor materials. The maximum
residence time is limited by the size of the carbon black
reactor. |

As will be understood bj those of ordinary skill in the
art, the point of initial feedstock injection is the point where
carbon black formation begins. The primary reaction.zone refers
to that portion of the carbon black reactor where the
‘hydrocarbon feedstock and combustion gases are undergoing the
major carbon forming reactions to form carbon black primary :
particles and aggregates. This primary reaction zone may be

further defined as the portion of the reactor downstream of the

point of feedstock injection and upstream of ;he point where the
expanﬁing jet of combustion gases, feedstock, and carbon black,
issuing from the orifice linking the first-stage combustion
chamber with the carbon black reactor, first contacts the wall
of the carbon black reactor. For the carbon black reactor
depicted in Figure 1, this primary reaction zone (sometimes
referred to as the "recirculation zone") may be further defined
as extending from the entrance to the carbon black furnace to a
point approximately 3.8 x Furnace Diameters downstream into the
primary combustion zone, based on an average expansion angle of
15¢ for the expanding jet of combustion gases, feedstock, and
carbon black. These process definitions will be demonstrated by
example. These examples, however, do not necessarily define the

limits of this invention.
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¥but not limted to, their surface areas, surface chemstry,
sizes and particle.sizes. The properties of carbon bl acks are

|y WO93£1809%d by tests known to the art, including i Jf{&/S93/01972
n surface area (12 No), nitrogen adsorption surface area (N2 SA),
ht hal at e adsorption (DBP), dibutylighthal ate adsorption of the
arbon bl ack (CDBP), cetyl-trinethyl ammoni um brom de absorption

value (CfAB), Tint value (TINT), Dnode and AD5O0.

The oxidant-contaiﬁing stream may be injected in any manner
known to those of ordinary skill in the art. For example,'the
oxidant-containing stream may be injected by attaching a conduit
'to a port through the wallé of the reactor leading to the
sécondary reaction zoﬁe in the carbon black reactor and
injecting the stream through the port. In addition, the

downstream oxidant-containing stream may be injected by any

means known to the art. The process for producing carbon blacks

of the present invention is suitable for use ih any carbon black
reactor wherein the temperature of the reactor effiuent stream
prior to downstream,oxidant-containing stream addition is less
than 2700° F and greétef than 1800° F. Further, the oxidant-
containing stfeam is injected in an amount sufficient to raise
the effluent temperature, by heat of reaction and/or by Senéible
heat addition, by a minimum amount, depending on the residence
time in the reéctor after oxidant addition and before quenching,
defined by: |
ATpin = 1598°F - 6.20 x (t,ms)
where
t > 180ms.
and
ATpsn > 1100F.

A cross-sectional view of a type of reactor in which the
process of the preseﬁt invention may be practiced is depicted in.
Figure 1. As will be understood, the process of the present
invention does not require any modification of.the carbon black

reactor, other than the provision of a means for injecting the

—
—
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6 If J4°s general ly understood. that the properties of a carbon black affect:

't he ,pr. oper“t.é 8%/18d94" Ubber or plastic conpositions contai ni ngp&ERAISHIFRION -
bl ack. For.exanple, the introduction of carbon black into a rubber or
‘plastic conmposition during formation of éhe conmposition will generally
affect the viscosity of the rubber or pF stic conmposition. Increasing the
carbon black |l oading in a rubber or plastic conposition normally increases
the viscosity of the conposition at a given

oxidant-containing stream, and therefore may be practiced in

other types of carbon black reactors, such as the types
generally discussed in the Backgrouﬁd section.

Figure 1 depicts, in cross-sectional view, a modular, also
referred to és a "staged", furnace carbon black reactor of the
type generally disclosed in U.S. Patent No. 3,922,335, the
disclosure of which is hereby incorporated by reference. Figure
1 illustrates a fgrnace carbon black reactor 2, having a first-
stage combustion zone 10, which has a zone of converging
diameter 11; feedstock injection zone 12; and reaction zone 18.
The diameter of the combustion zone, 10, up to the point where
the zone of converging diameter, 11, begins is shown as D—l} the
diameter of zone.lz, as D-2; and the diameter of zone 18 as D-3.
The length of the first-stage combustion zone, 10, up td the
point where the zone of converging diameter, 11, begins is shown
as L-1; the length of the zone of converging diameter is shown
as L-2; and the length of the feedstock injection zone is shown
as L-3.

- To produce carbon blacks, hot combustion gases are
generated in combustion zone 10 by contacting a liquid or
gaseous fuel with a suitable oxidant stream such as air, oxygen,

mixtures of air and oxygen'or the like. Among the fuels

suitable for use in contacting the oxidant stream in combustion
zone, 10, to generate the hot combustion gases aré included any
of the readily combustible gas, vapor or liquid streams such as
natural gas, hydrogen, carbon monoxide, methane, acetylene,

alcohols, or kerosene. It is generally preferred, however, to

—_—
——
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er at.ure.. Lower viscosity rubber or plastic conpositions are
hant e838Wdcause they are nore easily. processed.
fiety of other uses, such as tire, hoses, belts, and plastics, carbon
acks are generally utilized in compesitions intended for use as
' [ [ El ectric

¢ng cable life because they reduce

components and in particular, hydrocarbons. The ratio of air to
fuel varies with type of fuel utilized. When natural gas is
utilized“to produce the carbon blacks of the present invention,
the ratio of air to fuel may be from about 10:1 to about 100:1.
To facilitate the generation of hot combustion gases, the
oxidant stream may be preheated.

The hot combustion gas stream flows downstream from zones
10 and 11 into zones 12 and then 18. The direction of the flow
of hot combustion gases is shown by the arrow in Figure 1.
Carbon black-yielding feedstock, 30, is introduced at point 32.
The distance from the end of the zone of converging diameter,
11, downstream to point 32 is shown as F. In the examples
described herein, carbon black-yielding feedstock, 30, was
injected through a plurality of jets which penetrate into the
interior regions of ﬁhe hot combustion gas sﬁream to insure a
high rate of mixing and shearing of the hot combustion gaseé and
the carbon black-yielding feedstock so as to rapidly and
completely decompose and convert the feedstock to carbon black
particles and aggregates.

Suitable for use hereiﬁ as carbon black-yielding
hydrocarbon feedstocks, which are readily volatilizable under
the conditions in the reactor, are unsaturated hydrocarbons such
as acetylene; olefins such as ethylene, propylene, butylene;

aromatics such as benzene, toluene and xylene; certain saturated

- hydrocarbons; and volatilized hydrocarbons such as kerosenes,

naphthalenes, terpenes, ethylene tars, aromatic cycle stocks and
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the‘électrjcal stress between the conductive and insulating portions of tg
cabl e’ Jﬁlly desirTable in the production of zseni- COpEERISoYR1977
shleldlng conpoun S for electrical power cables to use carbon bl acks which
i mpart el ectrical conductivity to the Shl gdlng conmpound. In evaluating th
conductivity of a plastic conposition, conposition's resistivity is
general |y neasured. However, it is mﬁdely under stood that conductivity is
sinply the inverse of resistivity. The required degree of conductivity in

the the like.

The mixture of carbon black-yielding feedstock and hot
combustion gases flows downstream through zone 12 into the
carbon black reactor, zone 18. The carbon black reactor, zone
18, may generally be divided into two zones in the present
invention: the primary reaction zoné and the secondary reaction
zone. The primary reaction zone extends from the outlet of zone
12 to approximately 3.8 reactor diameters downstream in zone 18
(3.8 times D-3). Air or other oxidant-containing stream is
injected into the effluent at point 62 through line 60. The
axial distance between the beginning of zone 18 and downstream
to point 62 is shown as A and shall be at least 3.8 x (D-3) in a
reactor of the configuration shown in Fig. 1 in order to reap
the benefits of this invention. 1In order for the oxidant-
containing stream to penetraﬁe the effluent, the oxidant-
containing streém is injectéﬁ at a pressure above the pressure
of the effluent. The oxidant-containing stream may be_injected
through a nozzle, or simply through an open orifice.

Quench 40, located at point 42, injecting quenching fluid
50, is utilized to stop the reactions in the effluent.

According to the process of the present inventibn, quench 40, is
located at a position 42 which allows at least the minimum
residence time, previously defined, after the injection of the
oxidant-containing stream at point 62 though line 60. Q is the
distance from the beginning of zone 18 to quench point 42, and
will vary according to the position of the quench.

After the mixture of hot combustion gases and carbon black-
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_ng conpound can be_ achi.eved by increasing the |oading of carbon

t% ﬁ?fﬁ&%' tion, but this al so increases the:. corrpowdn\ugggmg-xzy
it 1s apparent.that it is advantageous to use a carbon bl ack

arts the required degree of condygtivity while mnimzing the
d viscosity. The advantage of optTm zing this conbination of

sisnot limted to sem -conductive shielding materials for power

yielding feedstock is quenched, the cooled gases pass downstream
into any conventional cooling and separating devices whereby the
carbon blacks are recovered. The separation of the carbon black
from the gas stream is readily accomplished by conventional
means such as a precipitator,'cyclone separator or bag filter.
This may be, but is not necessarily, followed by some means of
densification, suéh as pelletization and drying.
Thé novel carbon blacks of the present invention are

bounded by the following properties:

35 m2/g < I, No. < 65 m2/g

30 m2/g < CTAB < 55 m2/g

1.12 mg/m2 < I, No./CTAB ratio

Tint < 65%

75 cc/100g < CDBP < 95 cc/100g

In a preferred embodiment of this invention, the I, Number/CTAB

ratio range is from 1.12 to 2.20 mg/m2, and more preferably is
from 1.12 to 1.50 mg/m?. It is preferred that the TINT range
from 35% to 65%. We have further discovered novel rubbef and -
plastic compositions in which these carbon blacks are
incorporated.

The following testing procedures are used in the
determination and evaluation of the analytical properties of the
carbon blacks of the present invention, and the physical
properties of the rubber compositions incorporating the carbon
blacks of the present invention.

CTAB of the carbon blacks was determined according to ASTM
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cab1es

The ASTM 300% nodul us of a rubber conpound is _a neasure of the

conpound $.'stress-strain relatlonshlp ASTM Test D3192 descri bes the
eval uati on w0 93118094us for a rubber conpound. Carbon bl ack spggf‘r]?é‘t'qla?ﬂs

are often set based on the ability of the carbon black to inpart a range o |

modul us val ues to a conpound within certaon narrow tolerances. It is
advant ageous to have a process that enables the carbon black producer to
mani pul ate a conposition-s nodulus for.a given type of carbon bl ack.
Additionally, for certain applications; such as off-the-

—

. Test Procedure D3765-85. Iodine number (I, No.) of the carbon

biacks was determined according to ASTM Test Procedure D1510.

'Tinting strength (Tint) of the carbon blacks was determined

acdording'to ASTM Test Procedure D3265-85a. The CDBP (Crushed
Dibutyl Phthalate) of the carbon black pellets was determined
according to the procedure set forth in ASTM D3493-86.

The rubber and plastic compositions in the following

examples were evaluated  according to the following test

procedures. The viscosity of ‘the compositions was determined
aqcording to ASTM D3835-79. The modulus, tensile anq.elongation
of the fubber coﬁpositioné were measured by.the progédure sét
forth in ASTM D412. The Melt Flow Index, MFI, of the

compositions was determined by.ASTM D1238-89. The polymer that

- was used in these examples was ethylene ethyl acrylate (EEA)

‘having a MFI of 6 g/ 10 min and a density of 0.931 g/cm’. The

compositions congisted-of carbon black and.EEA only.

The volume resistivity of the compositions was determined
in the following manner. The.voluﬁe resistivity (VR) of a
speéimen is the product of its electrical:resiétance (R) and its
cross sectional area (A) divided by its effective length (L) as
shown by the following equation:

| | VR=RxA/L

The electricél resistance was determined as follows. A

_coupon hav1ng a length of. 6 inches and a wldth of 1.5 inches is

cut from an extruded tape. Two coupons are ‘needed for each
compound and they are cut from the tape so that the length is in

the direction of extrusion. Apply a half inch wide strip of a

——
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road autonobile tires, a carbon black that inparts |ow nodulus to rubber

co ds is conS|dered advant ageous. The Conpound Mi sture Absorptlon

( . roperty of a rubber:7or plastic conposition relates t /0197
conp |t|dﬁ°§¥'f'é%‘ency to absorb noisture. It is genetally gpea %:T %
nost Jpplications, to have rubber or plastic conpositions that do not

absor® noisture. Therefore, it is advantdgeous to have a carbon bl ack that,
when gncorporated into rubber or plastic conpositions, results in a | ower

r the conmposition. Lower CMA val ues are generally understood to

i to LQ%EQI paint, (in this instance DAG#416 from Acheson
Dispersions, Port Huron Michigan, was used) to both sides of the
end of the coupon. Cover the top, the bottom, and the edges of
the coupon within the half inch dimension. After the paint has
dried, measure the compounds width, thiékness, and the distance
between the painted areas using appropriate gauges. Place the
coupons across one 5 inch by 16 inch polycarbonate sheet so that
the painted ends are off the polycarbonate sheet. Arrange three
coupons so that they aré separated at least 0.25 inches from
each other. Place another polycarbonate sheet of the same
dimensions on top of the coupons. Secure both polycarbonate
sheets using appropriate fasteﬁers. Place 0.25 inch by 0.5 inch
brass shims over the painted areas on the top‘and bottom of the

exposed coﬁpon ends. Attach appropriate clips on the end of

wires to the brass shims. A digital multimeter, (in this case a

Digitec H10-2120 from United Systems Corp., Dayton, Ohio, was
used) should be used to determine the electrical resistance.
The electrical resistance has units of ohms while A and L have
; units of square centimeters (cm2) and centimeters (cm),
respeétively. Therefore, the volume resistivity has units of
ohms-cm. |

The Compound Moisture Adsorption (CMA) of the compositions
was determined according to the following procedure. A
previously dried compound sample is placed in a cabinet that
maintains an atmosphere of a constant humidity level for a
predetermined period'of'time. After this period, the moisture

absorption is calculated from the relative weight gain of the
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absorption of nmoisture. As will be understood fromthe foregoing

di scussion, it would be advantageous to have a process for produci ng &3
bl acks, that i"npart inproved:conductivity to plastic or:rubber conpositi?
I't woul d .be further advant ageous to have cl ass of carbon bl acks that inp
i npreved WORBMLBP4i ty and | ower viscosity to plastic or ruf6dyus93/olemn
conposi tions. '

22

compositibn. The details of the procedure are as follows. A

sample of 25 grams of compound is granulated using a grinder
.with a 4 millimeter screen. From this product a sample of 2
grams is dried at 140° F under 10 inches of vacuum for a minimum
of 2 hours and a maximum of 16 hrs. A humidity cabinet (such as
Blue M Model FR-251B-1 or equivalent) is set to a temperature of
80° F and 87 percent relative humidity. Aftér drying, the
samples are p;aced in the humidity cabinet for a period of seven
days,'after which the weight gain is determined by means of an
appropriately accurate balance. The CMA value is expressed as
the moisture absorption at 80° F and 87 percent relative
humidity for seven days relative to the original weight.

The effectiveness and advantages of the present invention

will be further illustrated by the following examples.

EXAMPLES

To demonstrate the effectiveness of the present invention
and the advantages of the new products resulting from this
invention, experiments were conducted in a carbon black
producing process in a reactor substantially described herein,
and as depicted in Figure 1 with the geometry set forth. 1In all
examples, the primary fuel for the combustion reaction was
natural gas supplied to the carbon black forming process at
about ambient temperature of approximately 298 K (77 °F). The
liquid feedstocks utilized in all examples were commercially
available hydrocarbon mixtures having properties listed in Table

1.
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It woul d al so be advantageous to have a process for producing carbon bl acks
thg¥egart | ower nodul us to rubber conpositions, lower CVA to plastic or

" rubf &mposi ti ons and | ower viscosity to plastic or .rubber ns.
The pbcesYOMB/BAW Hresent invention achi eves the afore- rrenqcl'c'gggd‘%bwﬂ
#pges in addition to other advantages that will becone apparent to
eYof ordinary skill inthe art fromde foll owi ng description.

Sinmlgly the carbon blacks of the preSent invention achieve the

af ore4menti oned advant ages and ot her advantages. that wi Il beconme apparent

from tihe follow n L.
~Table 1. Properties of Ligquid Hydrocarbon Feedstock

! Feedstock Type " —A " B T " D
H/C Ratio 0.94 I 0.94 1.03 " 0.97

Hydrogen (Wt §&) _ " 7.20 I 7.30 8.00 " 7.51

Carbon (Wt %) " 91.6 " 92.5 92.4 J 92.4

API Gravity - 268.6/288.6K " 2.7 " 3.3 10.2 5.4

BMCI (Visc-Grav) H 143 " 132 ﬂ 85 <J[v118

-_EXAMPLES l -7
| Examples 1 - 7 in Table 2 illustrate the effect of oxidant
addition location on carbon black product properties. In
Examples 1, 2, and 3, combustion air at a rate of 50 KSCFH and
natural gas &t a rate of 2.06 KSCFH were combusted in the first-
stage combustion zone and feedstock was injected at point 32 at

a rate of 130 gallons per hour. These conditions were held

approximately constant for each of these examples and in each

case the effluent was quenched at a distance of 46 feet

R At

i downstream of the point of oil injection. Example 1 was a

: -control run in which no downstream oxidant was added to the
.? effluent. The resulting carbon black of Example 1 had an Iodihe
_ number of 31.7 mg/g, a CTAB of 30.1 m2/g, a Tint of 39.4%, and

é an Iodine Number/CTAB ratio of 1.05 mg/m?. In Example 2, air
preheated to 750 °F was added to the effluent through port 60 at
a rate of 28.6 KSCFH at a point 8 feet downstream of the reactor
ihlet. This distance is equivalent to 2.7 reactor diameters,
which is within the primary reaction zone which was previously

described, and is not within the criteria of this invention.
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description. SUMMARY OF THE | NVENTI ON W have di scoveied a process for
prg@ﬂﬁ?ng carbon bl acks both of a conventional type and others which aré’H!
novel - as ‘de .'ig gggﬁreinaffer, wher ei n an oxi dant - cont ai ni ng h -3
.as air, oxyééﬁf‘ﬁ Pthed air, or conbustion products of hydrocgﬁgén G@Fﬁén
tair is injected into the reactor in the secondary reacti on zone at a point
!after the primary-reaction zone in order £8 accelerate the rate of surface
'modi fyi ng

The carbon black product of Example 2 had an Iodine number of
53.9 mg/g, CTAB of 43.3 m2/g, Tint of 61.5%, and a CDBP of 68.4
! . cc/100g. The relatively large increase in Tint (56%) and CTAB
(44%), along with the large drop in CDBP, as compared to Example
1, indicate that the downstream oxidant addition has interfered
with the major carbon bléck particle and aggregate forming
reactions which normally occur in the primary reaction zone of
the carbon black furnace. The addition of an oxidant-containing
stream under the conditions of this invention does not affect or
interfere with the formation of carbon black particles and
aggregates which normally occurs in the primary reaction zone.
In Example 3, a downstream oxidant stream composed of air
wés injected into the reactor effluent at a rate of 28.6 KSCFH
at a distance 22.5 feet (7.5 reactor diameters) downstream of

the reactor inlet, which was clearly in the éreviously defined

secondary reaction zone, downstream of the primary reaction zone
in the carbon black reactor of Figure 1. The carbon black of
Example 3 had an Iodine Number/CTAB ratio of 1.21 mg/m2 and a

CDBP of 82.8 cc/loog, both of which are characteristic of the

new class of products. Also, the Tint and CTAB of Example 3 are
only slightly different (6% and 7%, respectively) than those of !
Example 1, indicating that the downstream oxidant addition in ;
this case has not interfered with reactions in the primary
reaction zone in which carbon black primary particles and
aggregates are formed. The major effect of the downstream
oxidant-stream addition in Example 3 has been to raise the

Iodine Number/CTAB ratio and accelerate the reactions typical of
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s|ons in the secondary reaction zone by raising_the tenperature in
topdary reaction zong, without interfering wth reactions which
nor ] Y& 18084 t he priifary reaction zone. The process i sPSHUSARI0&IH0r
E any carbon bl ack reactor wherein the tenperature of the effluent
stre m prior to the downstream oxi dant-25%ntai ning streaminjection is
greatjer than _

the secondary reaction zone in the carbon black reactor.

In Examples 4 and 5, the first-stade combusfion air rate
was 50 KSCFH and the first-stage gas rate was 2.06 KSCFH.
Feedstock was injected at point 32 at a rate of 130 gph, and the
reactions were stopped by quenching with water at 28 feet
downstream from the reactor inlet. 1In Example 4, no downstream
oxidant was added to the reactor, and the resulting carbon black
had an Iodine number of 31.3 mg/g, a CTAB of 31.2 m?/g, an
Iodine Number/CTAB ratio of 1.00 mg/m2, and a Tint of 40.3%. 1In
Example 5, air preheated to 750 °F was used as the downstream
oxidant and was added to the reactor at a rate of 28.6 KSCFH
position 14.5 feet downstream of the reactor inlet, which is
equivalent to 4.8 reactor diametérs downstream of the reactor

inlet and downstream of the primary reaction zone, as previously

FORY

defined for the reactor depicted in Figure 1. The resulting

carbon black of Example 5 had an Iodine number of 42.2 mg/g and
a.CTAB'of 34.7 m2/g, for an Iodine number/CTAB ratio of 1.22
mg/m2, and a Tint of 43.5%. Comparing Examples 4 and 5 shows
that the Iodine number/CmAB ratio has been significantly
increased by adding downstream oxidant at 4.8 reactor diaméters
downstream, but the CTAB and Tint have been chahged only
slightly (11% and 8%, respectively). Therefore, the carbon
particle and aggregate forming reactions occurring in the

primary reaction zone have not been affected by adding preheated'

R e T PG C R WP TRPIDRY AT NN - BT LT FOI VRN U NI PLVT S,

air to the reactor at a positién 4.8 reactor diameters
downstream of the reactor inlet.

Examples 6 and 7 show that oxidant may be added at 4.0

5 —
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[ergls.-([err]) and less than [err]. The location of the. downstream
oxidapt - cont ai ni ng stream iy ection is at any point downstream of the %
primary reaction zone and upstream of the quench which term tior
in the ef f WRAY18$he anpunt of oxidant streamaddition is sﬁﬁﬁiﬁgér&ﬁg?zo :
rai se the reactor effluent tenperature by a m ni num anount, [err]
dependi ng on residence tine, t, after ox28ant addition and before
guenching, defined by : [err] = 870 - -3.44 x t [err] [err] =[err] - 6.20
(t,ns)) ' ' '

reactor diameters downstream of the reactor inlet without
substantially altering the carbon black particle and aggregate
forming reactions which are occurring in the primary reaction
zone. In Example 6 and 7, combustion air at a rate of 35 KSCFH
and natural gas at a rate of 1.66 KSCFH were supplied to the
first-stage combustion chamber. Feedstock was injected at point
32 in both examples, at a rate of 84 gph in Example 6 and 94 gph
in Example 7. The difference in feedstock rate was necessary to
account for slight differences in feedstock properties and
provide roughly equivalent overall combustion levels, and thus.
equivalent reaction conditions, in the primary reaction zone for
each example. In Example 6, no downstream oxidant-containing
stream was added to £he reactor and the resulting carbon black
had an Iodine number of 42 mg/g, a CTAB of 40.3 m2/g, an Iodine
numbér/CTAB ratio of 1.04 mg/m2, and Tint of 53%. In Example 7, f
the combﬁstion_products of 20 KSCFH air and.1.09 KSCFH natural

gas were used as the downstream oxidant and were added to the
reactor at 12 feet downstream of the reactor inlet, which is
equivalent to 4.0 reactor diameters downstream of the reactor
inlet. Comparing the analytical properties of Examples 6 and 7

shows that'Example 7 has significantly higher Iodine number and

Iocdine number/CTAB ratio, but CTAB and Tint are only slightly
higher than for Example 6 (12% and 4%, respectively). This
indicates that addition of the combustion products at 4.0
reactor diameters does not interfere with the carbon black '

particle and aggregate forming reactions of the primary reaction

-

zone.

e
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gt equals residence in nmlliseconds [ms] and [err] resp. t are [err]
Jgmw err] resp. [err] 180°[ms] We have al so dlscovered a ne 355 of
car G blawwmmwg an i odine adsorption nunber [err] &j@?ﬁ 01972
I'iggrams) to 65ny; a CTAB of 30 [err] to 55 [err] and [err] NO' CTAB
rati cdof at least 1.12 [err] preferably ®Btween [err] and 2.20 [err] and
Preferably between 1.12 and 1.50 [err] a CDBP (crushed di butyl
pht ha§at e absorption) of 75 [err] (cubic centineters

Examples 8 and 9

Examples 8 and 9 in Table 2 demonstrate that an oxidant-
containing stream composed of either air or the combustion
products of air and natufal gas may be added to the reactor
effluent, in the manner of ﬁhis invention, with the same
beneficial results on the carbon black products. In Example 8
and 9 primary combustlon a1r at a rate of 35 KSCFH and natural
gas at a rate of 0.92 KSCFH were added to the first-stage

combustion chamber, and feedstock was added at point 32 at a

rate of 82 gph. . In Example 8, a downstream oxidant-containing
stream composed of air at a rate of 17 KSCFH was added to the

reactor effluent 13.5 feet downstream of the point of oil

injéction. A carbon black having an Iodine number of 59 mg/g, a
CTAB of 41.7 m2/g, a DBPA of 135 cc/100g was produced. 'In
Example 9, combustion products of 20 KSCFH air and 1.01 KSCFH
natural gas, resulting in 100% excess air above the
stoichiometric amount, were added to the reactor effluent 13.5
feet downsﬁream of the point of oil injection. The carbon black
of Example 9 had analytical properties essentially identical to
those of Example 8. Further, the compound performance
properties of 50 °C Tape Resistivity, MFI, and CMA % for the
carbon blacks of Examples 8 and 9, when compounded in EEA at 38%
loading, were essentially identical. The carbon blacks and
compounds of Examples 8 and 9 are further examples of the novel

products of the present invention.
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10&ﬂ1butyl phthalate per 100 grans carbon black) to 95 [err] /100g; a t3
val Jg! (Tl N-Q'Ofbﬂs 4 Oof not “Yreater than 65% preferably bet V\@@@y@%@@ﬂh;
I ch 3

:65% We have further discovered rubber and plastic conpositions in wh
-these carbon bl acks are incorporated. Thﬁ carbon bl acks of the present
.invention may be produced according to t & process of the present i nventi ol
i n a furnace carbon bl ack reactor having a first (conbustion) zone, a

Examples 10 - 11

Examples 10 and 11 in Table 2 demonstrate that an oxidant-
containing stream composed of either combustion products of air
and natural gas or an air étfeam enriched with oxygen may be
added downstream in the carbon black reactor to achieve the
desired effects of this invention. In example 10, the
combustion products of 31 KSCFH air and 1.74 RSCFH natural gas
‘are added to the reactor through a port located 12 feet
downstream from the reactor inlet to produce a carbon black with
Iodine number of 58 mg/g and CTAB of 46 m2/g, for an Iodine
number/CTAB ratio of 1.23 mg/m2. In Example 11, a gas stream
comprised of 7.5 KSCFH air mixed with 1.5 KSCFH oxygen,

resulting in 34% O;, is added to the reactor via a probe

inserted through a port in the reactor walls into the secondary

reaction zone of the carbon black reactor at a distance 30 feet
downstream of the reactor iniet.. Table 2 shows that the *
analytical properties of the products of Examples 10 and 1l are
very similar and fulfill the requirements for the improved

products of this invention.

PP,
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=3 F.injection zone, and a reaction zone consisting of a prinmary

r eaCEas:~zqné and a secondaty reaction zone. In the feedstock injection
zdne, 2l caMéLIB/ M08k yiel ding feedstock is injected in any nBERISIRMAGR t o

‘M into a hot conbustion gas stréam The resultant mi xture of hot

conbust™ on gases and feedstock passes fi2%t into the primary reaction zone
and thdn into the secondary reaction zone. Reaction is stopped by quenching
the niXture when the carbon bl acks of the present invention have been
formed.: Preferably reaction is stopped by a quench injecting a quenching

fluid. The process for preparing TABLE 2
EXAMPLE a5 77 B o 10 II
D-1, in 7.25 7.2517.25|7.25]7.25|7.25]7.25|7.25
D-2’ j-n 4.2 . 4-2 4.2 4.2 4.2 4.2_&76-3 402
D-3, in 36| 36| 36| 36| 361 36| 36| 36| 36| 27| 36
L-1, in 24| 24| 24] 24| 24| 241 24] 24| 24| 24] 24
L-2, in 12] 12 2] 12| 12] 12| 12| 12f 12} 12( 12
L-3, in 9 9 9 9 9 9 9 9 9 9 9
F, in 4.5 4.5 4.5 4.5 4.5| 4.5 4.5 4.5 4.5 4.5 4.5
A, ft NA 8j22.5 14.5] NA IZQM
. It 46| 46| 46] 28] 28| 46] 46| 46| 46/ 28 46
0il Inj Pt. 32| 32| 32| 321 32| 32 321 321 321 32| 32
Tips # x 9 x 9x9x 9x9x{9x 9x 9x 9xf 9xx{ 9x
Size, inl.036}.036[.036|.036/.036{.036|.036|.036] .036] .055/.032
Feedstock 130{ 130] 130[ 130} 130 84 84 82 82 149 112
Rate hj -
Feedstock 350{ 350 350] 350{ 350 100] 100 200 200] 200 200
Temp., F '
Feedstock Type| Al A A A g a D D a ¢
; K+ Addition, 3.1] 3.1f 3.10.85[0.85 0 0 0 0/ 0.73] 0
d qm/100gal oil] - _ _ _ _ _ 1
: Primary Comb. 50f 50 50f 50/ 50| 35 3 35| 35 55| 55
: Air, kscfh ______l_____ 1
Primary Comb. 750f 750] 750 750f 750] 950[ 850f 750 750{ 900] 900
_ Air
Temperature, F _ _ _
Primary Nat. 2.06 2.0672.06 2.06{2.06f 1.7/1.49/0.92/0.92/1.51] 2.6
Gas, kscfh _ 41 1 _ _
Air/Gas Burn 9.7 9.7} 9.7 9.7 9.7{10.0] 9.4 9.91 9.9 9.1 9.7
Ratio ' _ _
Secondary Air 0128.6’2.8.6 0|28.6 o 20 17f 20 31 7.5
Rate, kscfh 1 I _
Secondary Gas 0 0 0 0 0 0 1.081 01.0141.71 0
Rate, kscf , _
Secondary 0 0 .0 0 0 0 0 of 0 0 1.5
Oxygen Rate, -
kscfh . _
Zone 2 3 0] 430 668| 0] 668 Of 296] 477) 493 437] 377
Temperatur -
Rise, _ _ |
zZone 2 l nall.03/0.52] naj0.56] naf1.00[{1.29/1.150.35/0.33
Residence _
Time, s| N R _ i _
Quench Temp, F {1350[1350/1350]1350{1350 1350| l350l1-50| 1350”1350 1350
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theﬁndvel carbon bl acks of the present invention wll be descrlbed I n -
greater det nafter.~The rubbers for which the-hove

of this |nv§’k%’9§ﬁ8§e effective as reinforci ng agent s i ncl ude ?ﬁy na{ﬂ%ﬂ
and synthetic rubbers. Generally, anounts of the carbon bl ack product
rangi ng from about 10 to about 250 parts B weight can be used for each 100
parts bywei ght of rubber. It is, however, preferred to use anounts varying

from about 20 to about 100 parts by meight of carbon bl ack per 100 parts by
wei ght of

~

Table 2 - Continued

EXaMPLE # | 1 | 2 | 3 | 4| 5| 6 71819 ]10}11
Todine |3 T9139.1]31.3(42.2] 42 | 54 | 56 | 57 | 58 | 56
3

Number, gg/g
CTAB, m?/qg 4
N, Surface 27.8)4

Area, m2/q
I2/CTAB 1.05
39.4

5
3]32.2|31.2|34.7|40.3| 45 | 41 l42 47 | 46
5 29.5/36.6/38.0]48.5 50.5/42.0{51.9

1.2411.21]1.00{1.22[{1.04] 1.2 1.36/1. 3 1.23]1.22
Ratio, mg/m2 _ | S
Tint, % 61.5(41.8|40.3|43.5| 53 | 55 | 49 5T 5
DBPA, 153.2{85.3{133.1/ 139133162 ]139|135]134| 132|160
cc/100g _ | _
CDBP, 76.6168.4|82.8|78.9]76.7] 89 | B8 | 84 | 84 | 86 | 91
cc/100qg '

CB LOADING, ' 38.0[38.0
WIS - - _
MELT FLOW ' 42.2| 42
____INDEX
TAPE 13, |13,
RESISTIVITY ' 800 | 500
¢ 90c, '

OHM-CM
o, s 1 - 0.12]0.16
NATURAL

RUBBER 300% | |
MODULUS, #

% from IRB-6

Examples 12 - 17

.Examples 12 - 17 in Table 3 illustrate thg improved plastic
and rubber compound properties which result from using carbon
blacks produced by this invention. In these examples, carbon
blacks with nearly identical Iodine Number and DBPA were
prepared both with and without using downstream oxidant-
containing stream addition. The resulting carbon blacks were
then compounded in rubber and/or plastic in the manner described
previously and the performance of éach was evaluated.

' Considering first Examples 12 through 15 of Table 3, the

natural gas flow rate to the first-stage combustion chamber was

T - _ 4




prid especially preferred is the utilization of fromabout 40 to

ol ‘}.barts of carbon bl.ack per 100 parts of rubbep Anmong the rubbers
Sui t§ th the present invention are natural rub

i Vil |ve§r%§‘(sfﬁ8°§n§ chl orinated rubber; copolyners of from about 18}0%72
40 percent by weight of styrene and from about 90 to about 30 percent
by weifht of butadi ene such as copolyner3%f 19 parts styrene and 81 parts
but adi #ne, a copol yner of 30 parts styrene :

2
2
!
$
3
a
L]

F}
4

2.0 KSCFH, the primary combustion air flow rate was 50 KSCFH,
and the combustion air preheat temperaiure ﬁéé 750 °F. The
resulting primary combustion level is estimated at about 250%.
In each of these cases quenching was performed at 28 feet
downstream in the reactor. Examples 12 and 14 represent control
runs in which carbon blacks having certain Iodine numbér and
structure levels (DBPA) were prepared using the carbon black
producing furnace shown in Figure 1 without any downstream
oxidant addition. In examples 12 and 14 there were obtained
carbon blacks with 42 mg/g Iodine number, 141 cc/100g DBPA and
61 mg/g quine number, 133 cc/100g DBPA, respectively. These
carbon blacks were compounded in EEA at 44% loading and tested
for MFI, Tape Resistivity at 90 °C, and CMA §. The results of
these tests are listed in Table 3. Examples 13 and 15 represent
runs in which carbon blacks having approximately the same Iodine
number and structure levels as in Examples 12 and 14 were
obtained by using the downstream oxidant addition pfdcess of the
current invention. In these cases, additional preheated.
combustion air at a rate of 28.6 KSCFH was added to the carbon
black reactor at a distance 14.5 feet downstream of the poiqt of
oil injection and the oil feedstock rate was adjusted to give
carbon blacks with the desired Iodine number. The resulting
carbon blacks of Examples 13 and 15 have nearly the same Iodine
number and DBPA as the carbon blacks of Examples 12 and 14, .
respectively, but the I2 Number/CTAB ratio of the carbon blacks
from Examples 13 and 15 are above 1.12 mg/m? whereés the I2
Number/CTAB ratio of the carbon black from Example 12 is below

) .
TT——
————
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ang..70 parts butadiene, a copolyner of 43 parts styrene and 57 parts

but-adi ene- and a [of0) ymer -of 50 parts styrene and 50-parts byt k
polyners anyy §ﬁers of “conj ugated di enes such as p0|ybut§ﬁﬁ2“§&§°ﬂﬁz

pol yi sopr ene, polychloroprene and the |ike, and copolynmers of such
conj ugat ed di enes with an ethyl enic groud2 contai ni ng nononer

copol yneri zabl e therewith such as styrene, nethyl styrene, chlorostyrene,
acrylonitrile, 2-vinyl- pyridine 5- nethyl 2vi nyl pyri di ne,

5- et hyl - 2- V|nxlpyr|d|ne 2- met 3% - Vvinyl pyridine alké substituted
acryl at es, | MginoAaed e HTANT fSpEspERle Metidnabove: b3t- viThe camben,

alphanethylgﬂacks of Examples 13 and 15 were compounded in EEA at 44%
loading and tested for Melt Flow Index, Tape Resistivity at 90
°C, and CMA %. Referring to Table 3 and comparing the compound
performance of Example 13 with Example 12 and that of Example 15 é
‘with Example 14, the ratio of Tape Resistivity at 90 °C/MFI is
much lower for Example 13 than Examplé 12, and lower for Example
15 than Example 14. A lower value of this ratio ihdicates that
the compound has lower resistivity at a fixed viscosity. Also,
the compound of Example 13 has a lower CMA than the compound of
Examples 12, and the compound of Example 15 has a lower CMA than
the compound_bf Example 14.

In Example 16, the conditions in the first-stage combustion
chamber and rate of feedstock injection at point 32 were

essentially identical to those used in Example 12. In Example

16, however, preheated air at a rate of 14.3 RSCFH was added to
the reactor effluent 14.5 feet downstream of the point of oil
injection. The carbon black product of Example 16 exhibits
analytical properties consistent with novel products claimed
under this invention. Further, the 300% modulus in Natural
Rubber and the 300% modulus in SBR ﬁre both lower than the
properties of similar rubber compounds prodﬁced with
conventional carbon black from Example 12. As previously
explained, imparting a 1owe£ modulus in rubber at a given carbon
plack loadlng is a des1rable property of carbon black ln many
applications.

Example 17 is aceiylene black, which is not produced by the

This Sheet Has Been Replaced - ==
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lic acids and the esters and am des thereof such as acrylic acid and
racrylic acid am de; also suitable for use herein are copol yners of
Edine aMoO 93/A8194hi gh al pha ol efi ns such as propyl ene, but pOErUSSroi972
*@e-1; particularly preferred are the ethyl ene-propyl ene copol yners

wher eizn the et hyl ene content ranges frong20 to 90 percent by weight and
al so tthe et hyl ene-propyl ene pol ymers which additionally contain a third
nmononmer such as di cycl opent adi ene, 1, 4-hexadi ene and net hyl ene nor bor nene.

furnacé process, and is shown here as a reference. This
material is generaily considered one of the best types of carbon
black available for use in plastic compositions for medium
voltage underground cable sheathing compounds. The Iodine
Number, CTAB, TINT, and CDBP all are outside the ranges of the
novel products of this invention. Also shown are resistivity
and MFI data.for acetylene black at two different loadings. The
resistivity at 40% loading is nearly identical ﬁo-Example 15 and
the resistivity at 38% loading is nearly identical to Example
13. The MFI is much lower for the acetylene black compositions
in both cases, indicating that the compositions of Example 17
have higher viscosity at equivalent electrical fésistivity than

Examples 13 and 15.

\-
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12 Any plastic is suitable for use with the present invention. Anong thex
pl ast’i ts suitable for use witth the novel carbon blacks of this jinvention 3
are pol yet Wo e3vagodienc| udi ng very | ow density, high density, BREUS?303972 ow™
density. . Also included are copol yners such as ethyl ene ethyl acryl ate, )
et hyl ene vinyl acetate, and ethylene butyd acryl ate. Conposi ti ons nmade
from bl ends of el astoners and plastics, both described above, are

TABLE 3 |
[EXAMPLE # 12 13 14 15 lr 6 17
T DENKA
ACETY-
LENE
| BLACK
D-1, in 7.25_ 17.25 |[7.25 |17.25 17.25
-2, in r.z 1.2 4.2 1.2 4.2
P—'_D-B, in 36 36 36 36 136
-1, in 24 24 24 24 24
T-2, in 12 12 12 12 12
=3, in IF__ 9 9 9 9
F, in 3.5 4.5 4.5 4.5 4.5
A, ft - 14.5 |NA 14.5 }14.5
0, ft . Hze 28 28 28 28
. I
011 Inj Pt. 32 32 32 32 32 “7
Tips # x Size, in 9x.036 |[9x.036 }9x.036 |I9x.036 lI9x.036
[Feedstock Rate, gph 117 130 104 117 117
Feedstock Temp., F 350 1350 350 1350 350

Feedstock A ]
[+ Addition, gm/100gallf0.85 “0.85 “O .85 0.85 0.85
joil . I

I~ .
_PPrimary Comb. Air, 50 E?

kscfh

Primary Comb. Air 750 750 750 750 750

Temp., F

Primary Nat. Gas, . “2 2 2 2 2

kscfh

Air/Gas Burn Ratio ;=9.9 9.9 "_9.9 _J9.9 9.9

Secondary Air Rate, ]P 28.6 [0 28.6 |14.3

kscfh

Secondary Gas Rate, “0 0 "0 0 0 '
kscfh ll “ !
Secondary Oxygen Rate,“O ||O “0 ||0 llo :
kscfh i

Zone 2 Temperature “0 ]ISBO "0 "601 361

Rise, F _

Zone 2 Residence Time,|na 0.56

1350 _ 1350 |
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ksui tabl e for use. It car bon bl acks of
t.esent i-nvention |npart
‘ic amD 93/p8094 conposi tions than conventi onal

#s a further advantage that the process of the present invention
produces carbon bl acks which inpart, atz@ given resistivity, |ower

visdosity to plastic and rubber conpositions. Another advantage is that the

s an advantage that the novel
at a given resistivity; lower viscosity to
conpar abl BCTAUSHSPIBT2cks.

proGess of the present invention produces carbon bl acks that inpart | ower
nDdqus to _
‘ TABLE 3 - Continued
EXAMPLE # ﬂlz 13 14 15 Hls 17
Todine Number, mg/ "42 61 163 47 86
CTAB. m2/g 35 54 47 42 75
[N2 Surface Area, m2/q u37 1_ 36.6 I52.8 |54.5 Jl41.5 |67 _
|I2/CTAB Ratio, mg/m? :“1 .05 ip.z nl .13 ] .34 J1.12 J1.15
Pint, % - 48 44 69 53 67
iDBPA, cc/100qg 1141 133 Aﬂ 127 135 220
CDBP, cc/100g 44”8( 81 79 135
ICB LOADING, WT% 144.0 44. 044 0 44 0 40
38

FELT FLOW INDEX 13.9 18.5 5.7 10.7 4.0

7.7
ITAPE RESISTIVITY @ 17298 [[3680 2065 ! 443 '
90C, OHM~-CM 3707
CMA, £ 0.22 ug 12  }i0.31 HO 16

. - i L
TURAL RUBBER 300% lfz.e “ " I 1.5 ]ro.7
ODULUS, 5 from IRB~-6

Examples 18 - 21

Examples 18 - 21 in Table 4 demonstrate the effect of
downstream oxidant stream addition rate on carbon black'
analytical properties and the reduction in 300% modulus in
fubber resulting from compounds made with these carbon blacks.
In each of these examples, combustion air at a rate of 50 kscfth
and natural gas at a rate of 2.06 kscfh were supplied to the
first-stage combustion chamber, and liquid feedstock was
injected at a rate of 136 gph at point 32. The only parameter
which was varied in these exampies was the rate at which
preheated air was added to the secondary reaction zone in the
carbon black reactor, this air being added to the effluent at a
point 14.5 feet downstream of the reéctor inlet. In each of

these examples, the reactions were stopped by quenching at a

point 28 feet downstream of the reactor inlet.

This Sheet Has Been Replaced
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r ubber conpositions at a glven carbon bl ack Ioadlng Is a furt
advantage that the processof the present invention nay be utilized [}

produce” W 93/m8IMacks that inpart | ower CVA (conpound noi SREF/ASaHemnpti G Wi

to rubber and plastic compositions. It is an advantage that the plastic ~

conpositions of the present invention e particularly well suited for us

as electric cable sem -conductive sheathing, with inproved conductivity and

processability characteristics. Oher. advantages of the present invention

wi Il becone . B

Example 18 was a control run in which no downstream oxidant z

stream was addéd to the reactor from which a carbon black having .t
an Iodine number of 24 mg/g, a CTAB of 28 m2/g, and a Tint of r
39% was obtained. 1In Examples 19, 20, and 21, an additional 5, t
10 and 20 kscfh air, respectively, was added to the reactor at t
14.5 feet downstream of the reactor inlet. In comparing the T
carbon black analytical properties from these examples, the h
Iodine number increases as downstream oxidant addition rate is 2
increased. There is essenfially very little effect on CTAB _ 1
surface area or Tint as the downstream oxidant rate is : c
increased, indicating that carbon forming reactions in the €

| primary reaction zone have not been affected by increasing the
oxidant stream addition rate. In comparing the 300% modulus in
both NR aﬂd SBR, expressed as a percentage deviation from a
standard sample, for compounds containing the carbon blacks from
these examples, the modulus is reduced as the downstream oxidant-
containing stream addition rate is increased. As previously
deséribed; this capability of reducing the modulus in rubber is
an advantage of this process.

Example 19, with a calculated temperature rise of 110 °F,
exhibits the smallest increase in temperature of any examples
which demonstrate the advantages of this invention. Further,
the residence time of the effluent in the secondary reaction
zoné of the reactor after the addition of the downstream oxidant-
containing stream is 0.240 seconds (240 milliseconds).in Example
19. 1In Example 21, the calculated temperature rise is 482 °F

and the residence time of the effluent in the secondary reaction

This Sheet Has Been Relilace 3;
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.ent fromthe follow ng nore detail ed description of the invention.
CRIPTION OF THE DRAWNGS: Figure 1 is a cross-sectional view of a
om'(mamswe of furnace carbon bl ack reactor which mRETHESWBYNN2 ed

process of the present invention and to produce the carbon -

37

zone is 180 ms. It is understood that the chemical reactions of
the secondary reaction zone are subject to an increase in
reaction rate as temperature increases. It is also understood
that the rate of mixing and diffusion of the oxidant stream with
the effluent will increase with increasing temperature.
Therefore, it is clear that the conditions of Example 19 and 21,
haviﬁg the lowest temperature rise in the secondary reaction
zone due to addition of downstream oxidant, and the shortest
residence time in the reactor after addition of the secondary
oxidant and before quenching (as compared to the other

examples), demonstrate the benefits of this invention.

e
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bl z-u;ks of the present invention. This carbon black reactor is used in.ts
exa besy -but is only typical of the reactors which day be used. DETAILED:
' I PTI ONWOR3TH#094 NVENTI ON According to the process of the RSEYEPI/01972
|nvent|on air, oxygen-enriched air, conbustion products of hydrocarbons
and -oxygen, or any other oxi dant-cont ainizgy streamis injected in any

manner known to the art, into the carbon black containing effluent stream
" The effluent stream being at a tenperature of between 982 [err] [err] and
1482 [err] [err]) prior to oxidant- ' '

E

TABLE 4
[EXAMPLE # : 18
-1, in 7.25
-2’ in 4 -2
D-3, in 36
-1, in 24
L-2, in 12
L.-3, in 9
F, in 4.5
lA’ ft ) .
Q, ft - 28
il Inj Pt. 32 32 32
Tips # x Size, in 9x%.036 9%.036 19x.036
Feedstock Rate, gph 136 136
|[Feedstock Temp., F 350 350
[Feedstock Type l | -
FK+ Addition, gm/lOOgal F; 85 “0.85
joil .
1 N _
Primary Comb. AJ.I, 50 .
kscfh f
Primary Comb. Air - 750 750
‘Méf' '
Nat. Gas, kscfhl2.06 I2.06
'r/Gas Burn Ratio 9.7 9.7
stream Air Rate, "o ' ﬂ§"' 10 20
kscfh
wnstream Gas Rate, "O “0 0 1o
kscfh '
Pomstream Oxygen Rate, II “0 0 0
kscth : _
Zone 2 Temperature '“110 "224 l482
Rise, F

Zone 2 Residence Tme,JFA- "0571 0.22 0.
is
Quench Temp, 135 L350 1350 1350
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i ning streaminjection,
], at, a-point downstream of the prinmary reactiori zoné in an anount

?diégggéﬁéﬁﬁafe the tenperature of the effluent strean1ﬁ§nQBg%@gg?g}e

antgnt , - 0 on the residence tine after oxidant addition an
quefiching, defined by : [err] =870 - 3.44 x t [err] ([err] = [err] - 6.20°
X (t§, ms)) wherein t equals residence tid¥e in nilliseconds [nms] and [err]

res@. t are [err] 43.3 [err] [err] resp. [err] 180 [is]"

Table 4 - Continued

Into the secondary reaction zone of a reactor -.-

3

EXAMPLE # | 18 n 19 |20 “ 21
Iodine Number, mg/g 24 I 27.1 IF“ 29 34
CTAB, m2/qg 28 44* 29 29 30
- N2 Surface Area, m2/ 28.2 . 26.5 28.4 29.2
I2/CTAB Ratio, mg/m2 || 0.857 | 0.934 1.00 1.13
~Tint, % 39 ] 39 40 40
DBPA, cc/100qg 150 158 144 145
CDBP, cc/100q 83 80 1l 78 77
CB LOADING, WT%
MELT FLOW INDEX
TAPE RESISTIVITY @ 90C, “.
OHM-CM
CMA, % '
NATURAL RUBBER 300% 21.7 19.7 17.1 8.3
MODULUS, % from IRB-6 _ :

It should be clearly understood that the forms of the

present invention herein described are illustrative only and are

not intended to limit the scope of the invention. The present

invention includes all modifications falling within the 'scope of

the following~¢1aims.
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13 .JJUN 1998 14 The maxi mum al | owabl e tenperature rise is limted by thew
nmel{i ng.-kenmperature of the warbon black reactor nmaterials. The naxi mum =3
resi dehcé WOH3/188%94 i mited By the size of the carbon biack r &&F{¥$93/0872 | |73
be understood by those of ordinary skill in the art, the point of initial

feedstock injection is the point where 40
N D

1. A process for producing carbon blacks comprising:

We Claim:

é) reacting an oxidaht, primary fuel, and carbon black

feedstock in a reactdr to form an effluent composed of
_ " carbon black and combustion gases;

b) injecting an oxidant-containing stream into £he
reactor, in order to acceierate the rate of carbon
black surface modifying reactions, such that the
oxidant stream does not interfere with the formation
of carbon black parficles and aggregates in the
reactor; o

- c) passing the effluent through the reactor;
d) cooling, separating,'and recovering the carbon black

_ product.

2. The process of claim 1 wherein the oxidant-containing stream
is injected into.the reactor at a location after which the
carbon black particles and aggregaﬁes have been formed and where
the temperature of the effluent in the reactor is between 1800°
I F and 2700®* F, and in an amount sufficient to raise the efflpent
temperature by a minimum amount depending on residence-time of
g the carbon black in the reactor after oxidant-containing stream
I addition as defined by: .
AT(min; = 1598° F -~ 6.20 x (t, ms)
where

" AT(min; 2 110° F

" This Sheet Has Been Reﬂlaced
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2! ack formation begins. {The primary reaction zgne refers to t hat

%' 0f- .t he carbon bl ack“reactor where the hydrocarbon f eedst ock and
|an\gns:ﬂ$8w4e under goi ng the maj or carbon forni ng reaCTAUSY31009720r m

¥ bl ack primary particles and aggregates. This prinmary reaction zone

may 51 further defined as the portion ofgfhe reactor downstream of the

poi nt ‘of feedstock injection and upstream of the point ng
j et of conbustion gases, feedstock, and carbon bl ack, mﬁmllm mﬁil
orifice linking the first-stage conbust i on chamber mnth ec car |"a€
reactor, first contacts the wall t > 180 ms

wherein t equals residence time in milliseconds.

3. The process of Claim 2 wherein the oxidant-containing stream

is air.

4. The process of Claim 2 wherein the oxidant-containing stream

is air enriched with oxygen.

5. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and @ir.

6. The prbcess of Claim 2 wherein the oxidant-cdntaining stream

is the hot combustion products of a hydrocaibon fuel and oxygen.

7. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air and

oxygen.

8. Carbon black products characterized by having an Iodine
Number of 35 to 65 mg/g, a CTAB of 30 to 55 m2/g, an Iodine
Number/CTAB ratio of at least 1.12 mg/m?, a TINT of less than

65%, and a CDBPA of 75 to 95 cc/100g.

9. The products of Claim 8 wherein the Iodine Number/CTAB ratio
is between 1.12 and 2.20 mg/m2.

This Shee
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of the garbon bl ack reactor. For the carbon bl ack reactor depicted i
Fi gure ‘. ithis prrnary reaction zone (soneti nes referred to as the
recircul ati ano2eneg9s may be further defined as extending frorTPClTﬂJmtmaﬂce :
to the carbon black furnace to a point approximately 3.8 x_ Furnace
Di aneters downstream-into the primary conpsstion zone, based on an average
expansi on angle of 150 for the expanding jet of conbust&fﬂ”, :

f eedst ock, and carbon bl ack. These process definitions Rﬂﬂﬁ#ﬂ”’ wm]ed
by exanpl e. These exanpl es, however, do not necessarily défife ¢ Is

of this invey§iOfphe products of Claim 8 wherein the Iodine Number/CTAB

" ratio is between 1.14 and 1.50 mg/m2.

11. The products of Claim 8 wherein the TINT is between 30% and

65%.

12. A composition cdmprising rubber, a plastic or a mixture
thereof, and a carbon black as defined in Claims 8, 9, 10, or 11
where the carbon black is present in an amount ranging from 10

to'250 phr by weight.

13. A composition as defined in claim 12 where the carbon black

is present in an amount ranging from 40 to 80 phr by weight.

14. A composition as defined in Claim 12 wherein the plastic is

ethylene ethyl acrylate.

.
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S0 i dant - contai ning stream may be injected in any manner known 1o
ekt ~ordinary:skill in.the art.. Fof.exanple, the -oxidant-containing
st r'éggn may %i niected by attaching @ conduit to a port through the walls
of th# react 9?)é§Q?f‘ng to the secondary reaction zone in the pefrRad:f)epk
reactor and injecting the stream through fye1 port. In addition, the
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) - §107483-4 TPOS
downst+eanroxidant - -contai ning stream may be injected by any nmeans known to

t He. ar & 1t BB Repldcar produci ng carbon bl acks of the present invention

i's SUIta any. carbon bl ack reactor wherein the tEWRaT

t he react l\ﬂl “E lﬂt reéam prior to downstream oxi dant - cont g ﬁﬁ{.]j \?MSHEET
addltlon [err] [err] and greater than [err] ([efr]). Further,

t he oxi dant-containing streamis injected1n an anount suffic|eht QéoMARI 1987
the effluent tenperature, by heat of reaction and/or by sens|b|e heat
addi tion, by a mni mum anount, depending on the residence tin] The

reactor after oxidant PROCESS FOR PRODUCING CARBON BLACKS

192

AND NEW CARBON BLACKS
FIELD OF INVENTION
The present invention relates to a new process for
producing furnace carbon blacks and a class of new and novel
furnace carbon blacks which are suitable for various
applications and particularly well suited for use in rubber or

plastic compositions.

BACKGROUND

Carbon blacks are generally produced in a furnace-type
reactor by pyrolyzing a hydrocarbon feedstock with hot
combustion gases to produce combustion products containing
particulate carbon black. A variety of methods for producing
carbon blacks are génerally known.

In one type of a furnace carbon black reactor, such as
shown in U.S. Patent No. 3,401,020 to Kester et al., or U.S.
Patent No. 2,785,964 to Pollock, hereinafter "Kester" and
"Pollock" respectively, a fuel, preferably hydrocarbonaceous,
and an oxidant, preferably air,lare injected into a first zone
and react to form hot combustion gases. A hydrocarbon feedstock
in either gaseous, vapor or liquid form is also injected into
the first zone whereupon pyrolysis of the hydrocafbon feedstock
commences. In this instance, pyrolysis refers to the thermal
decomposition of a hydrocarbon. The resulting combustion gas
mixture, in which pyrolysis is occurring, then passes into a

reaction zone where completion of the carbon black forming
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addi ti on and before quenching, defined by: [err] =870 - 3.44 x t [err]]
[ersr] = [err] - 6.20 x (t,ns8)) wherein t equals residence tine in
mlliseconds [n8] and [err] resp. t are [err] 43.3 [err] (110 [err] resp.
[err] 180 [ms] A cross-sectional view of a type of reactor in which the
process of the present invention may be practlced Is depicted in Figure 1.
As will be understood, the process of the2present invention does not
require any nodification of the carbon black reactor, other than the
provi sion of a means for injecting the

reactions. occurs.

In another type of furnace black reactor, a liquid. or
gaseous fuel is reacted with an oxidant, preferably'air, in the
first zone to form hot combustion gases. Thesé hot combustion
gaseé pass from the first zone, downstream though the reactor,
into a reaction zomne and beyond. To produce carbon black, a
hydrocarbonaceous feedstock is injected at one or more points
into the path of the hot combustion gas stream. The
hydrocarbonaceous feedstock may be ligquid, gas or vapor, and may
be the same or different from the fuel utilized to form the
combustion gas stream. Generally the hydrocarbonaceous
feedstock is a hydrocarbon oil or natural gas. However, other
hydrocarbonaceous feedstocks such as acetylene are known in the
art. The first (or combustion) zone and the reaction zone may
be divided by a choke, or zone of restricted diameter, which is
smaller in cross section than the combustion zone or the
reaction zone. The feedstock may be injected into the path of
the hot combustion gases upstream of, downstream of, and/or in
the restricted diameter zone. Furnace carbon black reactors of
this type are generally described in U.S. Patent Reissue No.
28,974 and U.S. Patent No. 3,922,355,

In both types of processes and reactors described above,
and in other generally known reactors and processes, the hot
combustion gases are at a temperature sufficient to effect
pyrolysis of the hydrocarbonaceous feedstock injected into the

combustion gas stream. In one type of reactor, such as

.

\-dlsclosed in Rester, feedstock is injected, at one or more
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16 oxi dant-containing stream and therefore nay be practiced in other types
. of carbon bl ack reactors, such as the types generally discussed in the

i Background section. Figure 1 depicts, in cross-sectional view, a nodular,
‘also referred to as a "staged", furnace carbon black reactor of the type

' generally disclosed in U S Patent No. 3,922,335, the

This Sheet 1
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points, into the same zone where combustion gases are being
formed. 1In other type reactors or processes the injection of
the feedstock occurs, at one or more points, after the
combustion gas stream has been formed.

In either type of reactor, following the point of feedstock
introduction, the feedstock is mixed, atomized and vapﬁrized
into the combustion gas stream. The mixture of combustion gases
and vaporized feedstock then énters the primary reaction zone.
The term, "primary reaction zone", refers to that zone in the
process where the vaporized hydrocarbon feedstock is converted
to carbon black primary particles and aggregates. The résidence
time of the feedstock, combustion gases, and carbon blaéks in
the primary reaction zone of the reactor is sufficient, and
under conditions suitable, to allow the formation of carbon
blacks. A secondary reac£ion zone may or may not exist in the
reactor downstream of the primary reaction zone. 1In those cases
where the secondary reaction zone exists, the term "secondary
reaction zone" refers to that portion of the reactor where
surface modification of the carbon blacks formed in the primary
reaction zone takes place; The mixture of combustion gases and
carbon blacks in the secondary reaction zone of the reactor is
hereinafter referred to, throughout the application, as "the
effluent". After carbon blacks having the desired properties
are formed, the temperature of the effluent is lowered to stop
the major reactions. This lowerihg of temperature of the
effluent to stop the major reactions may be accomplished by any

known manner, such as by injecting a quenching fluj

m—— -
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di scl osure of which is hereby incorporated by reference. Figure 1
‘il-lustrates a furnace carbon black reactor 2, having a first- stage
cohbustion zone 10, which has a zone of converging dianeter 11; feedstock

i njection zone 12; and reaction zone 18. The dianeter of the conbustion
zone, 10, up to the point where the zone of converging dianeter, 11, begins
is shown as D-1; the dianeter of zone 12, 4as D-2; and the di ameter of zone
18 as D-3. The length of the first-stage conbustion zone, 10, up to the
poi nt where the zone of converging dianeter, 11, begins is shown as L-1;

the length of the zone of converging dianeter is 0
: g quench, into the efflugntg As is generaiyymﬁhown to those of

ordinary skill in the art, the major reactions are stopped when
the desired carbon blacks have been produced in the reactor, as
is determined by sampling the carbon black and testing for
analytical properties. After the reactions have been stopped
and the effluent sufficiently cooled by any known means, the
effluent generally passes through a bag filter, or other
separation system to collect the carbon black.

Although two general types of furnace carbon black reactors
and processes have been described, it should be understood that
the present invention can be used in any other furnace carbon
black reactor or process in which carbon black is produced by
pyrolysis and/or incomplete combustion of hydrocarbons. This
process differs from prior technology in that an oxidant-
containing stream is introduced into the secondary reaction zone
in order to accelerate and promote surface modifying reactions
in the secondary reaction zone only. Throughout this
application, the term “oxidant-containing stream” refers to any
stream which contains an oxidizing agent. Preferably the
"oxidant-containing stream" refers to air, oxygen-enriched air,
combustion products of hydrocarbon fuels and air and/or oxygen,
or mixtures of these streams. This oxidant-containing stream
does not interfere with reactions or processes occurring in the
primary reaction zone in which the carbon black primary
particles and aggregates are formed.

In the prior art, there are such as US Patents Nos.

3,607,058; 3,761,577; and 3,887,690 which describe the

e e Ty e AT e, &

REPLACEMENT SiET |
06 MAR 1997

[ AN NI LR P

‘This Sheet Has Been Replaced




i

as L-2; and the length of the feedstock injection zone is showmn as L-3. .To
lproduce carbon bl acks, hot conbustion gases are generated in conbustion
zone 10 by contacting a liquid or gaseous fuel with a suitable oxidant
~stream such as air, oxygen, mxtures of air and oxygen or the |ike. Anpong
‘the fuels suitable for use in contacting the oxidant streamin conbustion
zone, 10, to- generate the hot conbustion g&ses are included any of the
‘readily conbustible gas, vapor or liquid streans such as natural gas,

~hydr ogen, carbon. nonoxi de, nethane, acetyl ene,

introduction of secondary heat into a carbon black reactor.

These references differ from the present invention in that a

minimum residence time, determined by the temperature increase

of the effluent after addition of an oxidant-containing stream

to the secondary reaction zone, is required to achieve the

benefits of the present invention. No residence time or minimum

temperature rise after addition of secondary heat is specified

in the prior art references. From the examples cited in US

Patent No. 3,887,690, the analytical properties of the carbon

blacks, particularly the fact that the Nitrogen Surface Area is

greater than the Iodine Adsorption Number in all cases, indicate

that the minimum residence time requirement of the present

invention has not been achieved.

Carbon blacks may be utilized as pigments, fillers,

reinforcing agents and for a variety of other applications.

Carbon blacks are widely utilized as fillers and reinforcing

pigments in the compounding and preparation of rubber

composifions and plastic compositions. Carbon blacks are

generally characterized on the basis of their properties

including, but not limited to, their surface areas, surface

chemistry, aggregate sizes and particle sizes.

The properties

of carbon blacks are analytically determined by tests known to

the art, including iodine adsorption surface area (I, No),

nitrogen adsorption surface area (N; SA), dibutyl phthalate

adsorption (DBP), dibutyl phthalate adsorption of the crushed

carbon black (CDBP), cetyl-trimethyl ammonium bromide absorption

value (CTAB), Tint value (TINT), Dmode and ADS5O0.

This Sheet Has Bee

T

o e 2 e i ot Y R S T A

st ¢
CXL: i

06 MAR 1997

. = P
[-E—. SFlinesadanzomn e SeX 2oy




T p—

al cohols, or kerosene. It is generally preferred, however, to 17 utilize
fuel s having high content of carbon-containing conponents and in

particul ar, hydrocarbons. The ratio of air ‘to fuel varies with type of fuel
utilized. when natural gas is utilized to produce the carbon bl acks of the
present invention, the ratio of air to fuek may be from about 10:1 to about

100: 1.

It is generally understood that the properties of a carbon
black affect the properties of rubber or plastic compositions
containing the carbon black. For example, the introduction of
carbon black into a rubber or plastic composition during
formation of the composition will generally affect the viscosity
of the rubber or plastic composition. Increasing the carbon
black loading in a rubber or plastic composition normally
increases the VlSCOSlty of the composition at a glven
temperature. Lower viscosity rubber or plastic com9051tions are
advantageous because they are more easily processed.

In addition to a variety of other uses, such as tire,
hoses,_belts, and plastics, carbon blacks are generally utilized
in compositions intended for use as semi-conductive shielding
compounds for electric power cables. Electric power cables:

'generally consist of electrically conductive wires surrounded by
a dielectric insulating material which prevents escape of
electricity to the environment. These semi-conductive shielding
compounds are critical for long cable life because they reduce
the eleetrical stress between the conductive and insulating
portions of the cable. It is generally desirable in the
production of semi-conductive shielding compounds for electrical
power cables to use carbon blacks which impart electrical
conductivity to the shielding compound. In evaluating the
conductivity of a plastic composition, the composition's
resistivity is generally measured. However, it is widely

understood that condﬁctivity is simply the inverse of

resistivity. The required degree of conductivity in the
\
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To facilitate the generation of hot conbustion gases, the oxidant stream
may be preheated. The hot conbustion gas streamfl ows downstream from zones
16 and 11 into zones 12 and then 18. The direction of the flow of hot
conmbustion gases is shown by the arrowin Figure 1. Carbon bl ack-yi el ding

. feedstock, 30, is introduced at point 32. The distance fromthe end of the
zone of converging dianeter, 11, downstreamtyp point 32 is shown as F. In

t he exanpl es descri bed herein, carbon bl ack-yiel ding feedstock, 30, was
injected through a plurality of jets which penetrate into the

shielding compound can be achieved by increasing the loading of
carbon black in the composition, but this also increases the
compound viscosity. Therefore, it is apparent that it is
advantageous to use a carbon black that imparts the required
degree of conductivity while minimizing the compound viscosity.
The advantage of optimizing this combination of properties is
not limited to semi-conductive shielding materials for power
cables. .

The ASTM 300% modulus of a rubber compound is a measure of
the compound's stress-étrain relationship. ASTM Test D3192
describes the evaluation of modulus for a rubber compound.
Carbon black specifications are often set based on the ability
of the carbon black to impart a range of modulus values to a
compound within certain narrow tolerances. It is advantageous
to have a process that enables the carbon black producer to
manipulate a composition's modulus for a given type of carbon
black. Additionally, for certain applications, such as off-the-
road automobile tires, a carbon black that imparts low modulus
to rubber compounds is considered advantageous.

The Compound Moisture Absorption (CMA) property of a rubber
or plastic composition relates to the composition's tendency to
absorb moisture. It is generally desirable, for most
applications, to have rubber or plastic compositions that do not
absorb moisture. Therefore, it is advantageous to have a carbon
black that; when incorporated into ;ubbei or plastic
compositions, results in a lower CMA for the composition. Lower

CMA values are generally understood to relate to lower
REPLACEMENT SHEET
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interior regions of the hot conmbustion gas streamto insure a high rate of
.m xi ng and shearing of the hot conbustion gases and the carbon

bl ack-yi el ding feedstock so as to rapidly and conpl etely deconpose and
convert the feedstock to carbon black particles and aggregates. Suitable
for use herein as carbon bl ack-vyiel ding hgdrocarbon f eedst ocks, which are
readily volatilizable under the conditions in the reactor, are unsaturated
hydr ocar bons such as acetyl ene; olefins such as ethyl ene, propyl ene,

butyl ene; aromatics such as benzene, toluene and xyl ene; certain saturated

absorption of moisture.

As will be understood from the foregoing discussion, it
would be édvantageous to have a process for producing carbon
blacks that.impart improved conductivity to plastic or rubber
compositions. It would be further advantageous to have class of
qarbon blacks that impart improved conductivity and lower
viscosity to plastic or rubber compositions.

It would also be advantageous to have a process for
producing carbon blacks that impart lower modulus to rubber
compositions, lower CMA to plastic or rubber compositions and
lower viscosity to plastic or rubber compositions.

The process of the present invention achieves the afore-
mentioned advantages in addition to other advantages that will
become apparent to thése of ordinary skill in the art from the
following description. Similarly the carbon blacks of the
present invention achieve fhe afore-mentioned advantages and
other advantages that will become apparent from the following

description.

SUMMARY OF THE INVENTION

We have discovered a process for producing carbon blacks
both of a conventional type and others which are novel as
described hereinafter, wherein an oxidant-containiné stream such
-as air, oxygen-enriched air, or combustion products of
hydrocarbon fuel and air is injected into the reactor in the
secondary reaction zone at a point after the primary-reaction
zone in order to accelerate the rate of surface modifying
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hydr ocar bons; and vol atilized hydrocarbons such as kerosenes, naphthal enes,
terpenes, ethylene tars, aromatic cycle stocks and 18 the like. The

Imi xture of carbon bl ack-vyiel.ding feedstock and hot combustion gases fl ows
downstream t hrough zone 12 into the carbon black reactor, zone 18. The
.carbon bl ack reactor, zone . 9 ‘

reactions in the secondary reaction zone by raising the
£emperature in the secondary reaction zone without interfering.
with reactions which normally occur in the primary reaction
zone.

The process is suitable for use in any carbon black reactor
wherein the temperature of the effluent stream prior to the
downstream oxidant-containing stream injection is greater than
1800°F and less than 2700°F. The location of the downstream
oxidant-containing stream injection is at any point downstream
of the primary reaction zone and upstream of the quench which
terminates reactiohs in the effluent. The amount of oxidant
stream addition is sufficient to raise the reactor effluent
temperature by a minimum amount, AT.,, depending on residence

time, t, after oxidant addition and before quenching, defined

by: .
ATpin = 1598°F - 6.20 x (t,ms)
where
ATnin > 110 oF
and |

t > 180 ms.
We haQe also discovered a new class of carbon blacks having
an iodine adsorption number (I, No)of 35mg (milligrams) to 65
mg; a CTAB of 30 m2/g to 55 m2/g; and I, No/CTAB ratio of at
least 1.12 mg/m2, preferably between 1.12 and 2.20 mg/m2, and
mofe.preferably between 1.12 and 1.50 mg/m2; a CDBP (crushed

dibutyl phthalate absorption) of 75 cc/100g (cubic centimeters
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18, may generally be divided into two zones in the present invention: the
primary reaction zone and the secondary reaction zone. The primary reaction
zohe extends fromthe outlet of zone 12 to approximtely 3.8 reactor.

di aneters downstreamin zone 18 (3.8 tines D-3). Air or other

oxi dant-containing streamis injected int he effluent at point 62 through
line 60. The axial distance between the begrnning of zone 18 and downstream
'to point 62 is shown as A and shall be at least 3.8 x (D-3) in a reactor of
the configuration shown in Fig. 1 in order to reap the benefits of this

invention. | Qi®uegi HRENATELOPeFANDO grams carbon black) to 95 cc/100g; a

| tint value (TINT), in %, of not greater than 65%, preferably
between 30% and 65%. We have further discovered rubber and
plastic cdmpositions in which these carbon blacks are
incorporated.

The carbon blacks of the present invention may be produced
according to the process of the present invention in a furnace
carbon black reactor having a first (combustion) zoné, a
feedstock injection zone, and a reaction zone consisting of a
primary reaction zone and a secondary reaction zone. In the
feedstock injection zone, a carbon black yielding feedstock is
injected in any manner known to the art, into a hot combustion
gas stream. The resultant mixture of hot combustion gases and
feedstock passes first into the primary reaction zone and then

_into the secondary reaction zone. Reaction is stopped by
.quenching the mixture when the carbon blacks of the present
invention have been formed. Preferably reaction is stopped by a
quench injecting a quenching fluid. The process for preparing
the novel carbon blacks of the present invention will be
~described in greater detail hereinafter.

The rubbers for which the novel carbon blacks of this
invention are effective as reinforcing agents include any
natural and synthetic rubbers. Generally, amounts of the carbon
black product ranging from about 10 to about 250 parts bf weight
can be used for each 100 parts by weight of rubber. It is,
however, preferred to use amounts varying from about 20 to about

100 parts by weight of carbon black per 100 parts by weight of
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containing streamto penetrate the effluent, the oxidant- containing stream
IS injected at a pressure above the pressure of the effluent. The

oxi dant-containing stream may be injected through a nozzle, or sinply

.t hrough an open orifice. Quench 40, |ocated at point 42, injecting
quenching fluid 50, is utilized to stop the rdhctions in the effluent.
‘According to the process of the present invention, quench 40, is |located at
a position 42 which allows at |east the mninmumresidence tine, previously

defined, after the injection of, the oxidant-containing streamat point 62
t hough |ine 60. T per; apd especially preferred is the utilization of from about

40 to about 80 parts of carbon black per 100 parts of rubber.
Among the rubbers suitable for use with the present
invention are natural rubber and its derivatives such as
chlorinated rubber; copolymers of from about 10 to about 70
percent by ﬁeight of styrene and from about 90 to about 30
percent by weight of butadiene such as copolymer of 19 parts
styrene and 81 parts butadiene, a copolymer of 30 parts styrene
and 70 parts butadiene, a copolymer of 43 parts styrene and 57
'parts butadiene and a copolymer of 50 parts styrene and 50 parts
butadiene, polymers and copolymers of conjugated dienes such as
polybutadiene, polyisoprene, polychloroprene, and the like, and
copolymers of such conjugated dienes with an ethylenic group-
containing monomer copolymerizable therewith such as styrene,
methyl styrene, chlorostyrene, acrylonitrile, 2—vinyl-pjridiné,
S-methyl-2vinylpyridine, S5-ethyl-2-vinylpyridine, 2-methyl-5-
vinylpyridine, alkyl substituted acrylates, vinyl ketone, methyl
isopropenyl ketone, methyl vinyl ether, alphamethylene
carboxylic acids and the esters and amides thereof such'as
acrylic acid and dialkylacrylic acid amide; also suitable for
use herein are copolymers of ethylene and other high alpha
olefins such as propylene, butene-l1l and pentene-1; particularly '
preferred are the ethylene-propylene copolymers wherein the
ethylene content ranges from 20 to 90 percent by weight and also
the ethylene-propylene polymers which additionally contain a
third monomer such as dicyclopenfadiene, 1, 4-hexadiene and

methylene norbornene.
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di stance fromthe beginning of zone 18 to quench point 42, and will vary
according to the position of the quench. After the m xture of hot
conbustlon gases and carbon bl ack- 19 yielding feedstock is quenched,
the cool ed’ gases pass downstreaminto any conventional cooling and
separating devices whereby the carbon bIaéRs are recovered. The separation
of the carbon bl ack

—_—— .
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Any plastic is suitable for use with the present invention.
Among the plastics suitable for use with the novel carbon blacks

of this invention are polyethylene, including very low density,

high density, and linear low density. Also included are

copolymers such as ethylene ethyl acrylate, ethylene vinyl
acetate, and ethylene butyl acrylate. Compositions mgde from
blends of elastomers and plastics, both described above, are
also suitable for use.

It is an advantage that the novel carbon blacks of the
present invention impért, at a given resistivity, lower
viscosity to plastic and rubber compositions than conventional
comparable carbon blacks. |

It is a further advantage that the process of the present

invention produces carbon blacks which impart, at a given

‘resistivity, lower viscosity to plastic and rubber compositions.

Another advantage is that the process of the present
invention produces carbon blacks that impart lower modulus to
rubber compositions at a given carbon black loading.

It is a further advantage that the process of the present
invention may be utilized to produce carbon blacks tha£ imp;rt
lower CMA (compound moisture adsorption) to rubber and plastic
compositions.

It is an advantage that the plastic compositions of the
present invention are particularly well suited for use as
electric cable semi-conductive sheathing, with improved
conductivity and processability characteristics.

Other advantages of the present invention will become
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fromthe gas streamis readily acconplished by conventional nmeans such as a
preci pitator, cyclone separator or bag filter. This nmay be, but is not
necessarily, followed by some nmeans of densification, such as pelletization
and drying. The novel carbon blacks of the present invention are bounded by
the follow ng properties: 35 [err] hb.[er&h [err] [err] Tint [err]65% .

apparent from the following more detailed description of the

. invention. .

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is a cross-sectional view of a portion of one type
of furnace carbon black reactor which may be utilized in the
process of the present invention and to produce the carbon
blacks of the present invention. This carbon black reactor is
used in the examples, but is only typical of the reactors which

may be used.

DETAiLED DESCRIPTION OF THE INVENTION

According to the process of the present invention, air,
oxygen-enriched air, combustion produéts of hydrocarbons and
oxygen, or any other oxidant-containing stream is injected in
any manner known to the art, into the carbon black containing
effluent stream. The effluent stream being at a témperature of
between 1800° F and 2700° F prior to oxidant-containing stream
injection, into the secondary reaction zone of a reactor vessel
at a point downstream of the primary reaction zone in an amount
sufficient to raise the temperature of the effluent stream by a
minimum amount, depending on the residence time after oxidant
addition and before gquenching, defined by:

ATpin = 1598°F - 6.20 x (t,ﬁs)
where |
t > 180 ms

and
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75 [err]/100g < CDBP < 95 [err] /100g In a preferred enbodi nent of this

I nvention, the [err] Nunmber/CTAB ratio range is from1.12 to 2.20 [err] and
nmoie preferably is from1.12 to 1.50 [err]. It is preferred that the TINT
range from35%to 65% W have further discovered novel rubber and plastic
conpositions in which these carbon bl acks ag I ncor porated. The foll ow ng
testing procedures are used in the determ nalion and eval uati on of the

anal ytical properties of the carbon blacks of the present invention, and

t he physi cal :

ATnin > 110 ©F. |
Thé maximum allowable temperature rise is limited by the melting
temperature of the carbon black reactor materials. The maximum
residence time is limited by the size of the carbon black
reactor.

As will be understood by those of ordinary skill in the
art, the point of initial feedstock injection is the point where
carbon black formation begins. The primary reaction zone refers
to that portion of the carbon black reactor where the
hydrocarbon feedstock and compustion gases are undergoing the
major carbon forming reactions to form carbon black primary

. particles and aggregates. This primary reaction zone may be
further defined as the portion of the reactor downstream of the
point of feedstock injection and upstream of the point where the

: expanding jet of combustion gases, feedstock, and carbon black,
issuing from the orifice linking the first-stage combustion
chamber with the carbon black reactor, first contacts the wall
of the carbon black reactor. For the carbon black reactor
depicted in Figure 1, this primary reaction zone (sometimes
referred to as the "recirculation zone") may be further defined
as extending from the entrance to the carbon black furnace to a
point approximately 3.8 x Furnace Diameters downstream into the
primary combustion zone, based on an average expansion angle of
15¢ for the expanding jet of combustion gases, feedstock, and
carbon black. These process definitions will be demonstrated by

. example. These examples, however, do not necessarily define the

limits of this invention.
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properties of the rubber conpositions incorporating the carbon bl acks of
the present invention. CTAB of the carbon bl acks was determ ned according
'to” ASTM 13 JUN 1998 20 Test Procedure D3765-85. 1odine nunber ([err] .
‘No.) of the carbon bl acks was determ ned according to ASTM'Test Procedure
D1510 15

The oxidant-containing stream may be injected in any manner
known to those of ordinary skill in the art. FoOr example,.the
oxidant-containing stream.may be injected by attaching a conduit
to a port through the walls of-the reactor leading to the
secondary reaction zone in the carbon black reactor and
injecting the stream through the port. In addition, the
downstream oxidant-containing stream may be injected by any
means known to the art. The process for producing carbon blacks
of the present invention is suitable for use in any carbon black
reactor wherein the temperature of the reactor effluent stream
prior to downstream oxidant-containing stream addition is less
than 2700° F and greater than 1800° F. Further, the oxidant-
containing stream is injeeted in an amount sufficient to raise
the effluent temperature, by heat of reaction and/or by sensible
heat addition, by a minimum amount, depending on the residence
time in the reactor after oxidant addition and before quenching,
defined by:

ATpin = 1598°F - 6.20 x (t,ms)
where
t > 180ms
and
ATpin > 110°F.

A cross-sectional view of a type of reactor in which the
process of the present invention may be practiced is depicted in
Figure 1. As will be understood, the process of the present
invention does not require any'modification of the carbon black

reactor, other than the prov;s;on of a means for injecting the
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Tinting strength (Tint) of the carbon bl acks was determ ned according to
ASTM Test Procedure D3265-85a. The CDBP (Crushed D butyl Phthal ate) of the
_carbon bl ack pellets was determ ned according to the procedure set forth in
~ASTM D3493-86. The rubber and plastic conpositions in the follow ng
exanpl es were eval uated according to the fagllow ng test procedures. The
viscosity of the conpositions was deterniﬂ%d according to ASTM D3835- 79.
The nodul us, tensile and el ongation of the rubber conpositions were
measured by the procedure set forth in ASTM.D412. The Melt Flow I ndex, M

of the oxidant-containing stream, and therefore may be practiced in

other types of carbon black reactors, such as the types
generally discussed in the Background section.
. Figure 1 depicts, in cross-sectional view, a modular, also
referred to as a "staged", furnace carbon black reactor of the
type generally disclosed in U.S. Patent No. 3,922,355, the
disclosure of which ié hereby incorporated by reference. Figure
1 illustrates a furnace carbon black reactor 2, having a first-
stagé combustion zone 10, which has a zone of converging
diameter 11; feedstock injection zone 12; and reaction zone 18.
The diameter of the combustion zone, 10, up to the point where
the zone of converging diameter, 11, begins is shown as D—l} the
diameter of zone 12, as D-2; and the diameter of zone 18 as D-3.
The length of the first-stage combustion zone, 10, up to the
point where the zone of converging diameter, 11, begins-is shown
as L-1; the length of the zone of converging diameter is shown
as L-2; and the length of the feedstock injection zone is shown
as L-3. |

To produce carbon blacks, hot combustion gases are
generated in combustion zone 10 by contacting a liquid or
gaseous fuel with a suitable oxidant stream such as air, oxygen,
mixtures of air and oxygen of the like. Among the.fugis
suitable for use in contacting the oxidant stream in combustion
zone, 10, to generate the hot combustion gases are included any
of the readily combustible gas, vapor or liquid streams such as
natural gas, hydrogen, carbon monoxide, methane, acetylene,

alcohols, or kerosene. It is generally preferred, however, to
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conpositions was determ ned by ASTM D1238-89. The pol yner that was used in
t hese exanpl es was et hylene ethyl acrylate (EFA) having a MFI of 6 g/ 10
mn and a density of 0.931 g/cnB. The conpositions consisted of carbon

‘bl ack and EFA only. The volune resistivity of _the conpositions was
determned in the foll ow ng manner. The vol urd resistivity (VR of a
specinen is the product of its electrical resistance (R) and its cross
sectional area (A) divided by its effective length (L) as shown by the

follomﬂng_equathggiiég?f%éisxhévénb high content of carbon-containing
components and in particular, hydrocarbons. The ratio of air to
fuel varies with type of fuel utilized. When natural gas is
utilized to produce the carbon blacks of the present invention,
the ratio of air to fuel may be from about 10:1 to about 100:1.
To facilitate the generation of hot combustion gases, the
oxidant stream may be preheated.

The hot combustion gas stream flows downstream from zones
10 and 11 into zones 12 and then 18. The direction of the flow
of hot combustion gases is shown by the arrow in Figure 1.
Carbon black-yielding feedstock, 30, is introduced at point 32.
The distance from the end of the zone of converging diameter,
11, downstream to point 32 is shown as F. In the examples
described herein, carbon black-yielding feedstock, 30, was
injected through a plurality of jets which penetrate into the
interior regions of the hot combustion gas stream to insure a
high rate of mixing and shearing of the hot combustion gases and
the carbon black-yielding feedstock sé as to :apidly and
completely decompose and convert the feedstock to carbon black
particles and aggregates.

Suitable for use herein as carbon black-yielding
hydrocarbon feedstocks, which are readily volatilizable under
the conditions in £he reactor, are unsaturated ﬁydrocarbons such
as acetylene; olefins such as ethylene, propylene, butylene;
aromatics such as benzene, toluene and xylené; certain saturated
hydrocarbons; and volatilized hydrocarbons such as kerosenes,

naphthalenes, terpenes, ethylene tars, aromatic cycle stocks and

06 MAR 1997

his Sheet Has Been RTIlaced

TG




The el ectrical resistance was determned as follows. A coupon having a

l ength of 152 mm (6 inches) and a width of 38 nm (1.5 inches is cut from
an extruded tape. Two coupons are needed f'or each conmpound and they are
cut fromthe tape so that the length is in the direction of extrusion.
Apply a 12.7 mm (half inch) wide strip of 21 silver paint, (in
this instance DAG#416 from Acheson ;

the like.

The mixture of carbon black-yielding feedstock and hot
combustion gases flows downstream through zone 12 into the
carbon black reactor, zone 18. The carbon black reactor, zone
18, may generally be divided into two zones in the present
invention: the primary reaction zone and the secondary reaction
zone. The primary reaction zone extends from the outlet of zone
12 to approximately 3.8 reactor diameters downstream in zone 18
(3.8 times D-3). Air or other oxidant-containing stream is
injected into the effluent at point 62 through line 60. The
axial distance between the beginning of zone 18 and downstream
to point 62 is shown as A and shall be at least 3.8 x (D-3) in a
reactor of the configuration shown in Fig. 1 in order £o reap
the benefits of this invention. 1In order for the oxidant-’
containing stream to penetrate'the effluent, the oxidant-~
containing stream is injectea at a pressure above the pressure
of the effluent. The oxidant-containing stream may be injected
through a nozzle, or simply through an open orifice.

Quench 40, located at point 42, injecting quenching fluid
50, is utilized to stop the reactions in the effluent.

According to the process of the present invention, quench 40, is
located at a position 42 which allows at least the minimum
residence time, previously defined, after the injeﬁtion of the
oxidant-containing stream at point 62 though line 60. Q is the
distance from the beginning of zone 18 to quench point 42, and
will vary according to the positidn.of the gquench.

After the mixture of hot combustion gases and carbon black-
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Di spersions, Port Huron M chigan, was used) to both sides of the end of the
coupon. Cover the top, the bottom and the edges of the coupon within the
127 mm (hal f inch) dinension. After the paint has dried, nmeasure the
conpounds wi-dt h, thickness, and the di stance between the painted areas
usi ng appropriate gauges. Pl ace the couponggacross one 127 mm (5 inch) by
406 mm (16 i nch) pol ycarbonate sheet so tha? the painted ends are off the
pol ycarbonat e sheet. Arrange three coupons so that they are separated at

| east 6.35 mm (0.25 inches) fromeach other.. Pl ace another pol ycarbonate

sheet of the sAlR g BReleR8cRNid Yueticheld§ the cooled gases pass downstream
| into any conventional cooling and separating devices whereby the
carbon blacks are recovered. The separation of the carbon black
from the gas stream is readily accomplished by conventional
means such as a precipitator, cyclone separator or bag filter.
This may be, but is not necessarily, followed by some means of
densification, such as pelletization and drying.
The novel carbon blacks of the present invention are
bounded by the following properties:
35 m2/g < I, No. < 65 m2/g
30 m2/g < CTAB < 55 m2/g
1.12 mg/m2 < I, No./CTAB ratio
Tint < 65%

75 cc/100g < CDBP < 95 cc/100g

In a preferred embodiment of this invention, the I, Number/CTAB

ratio range is from 1.12 to 2.20 mg/m?, and more preferably is
from 1.12 to 1.50 mg/m2. It is preferred that the TINT range
from 35% to 65%. We have further discovered novel rubber and
plastic compositions in which these carbon blacks are
incorporated.

The following testing procedures are used in the
determination and evaluation of the analytical properties of the
carbon blacks of the present invention, and the physical
properties of the rﬁbber-compositions_incbrporatinglthe carbon
blacks of the present invention.

CTAB of the carbon blacks was determined according'to ASTM
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coupons. Secure both pol ycarbonate sheets using appropriate fasteners.
Place 6.35 mm (0.25 inch) by 12.7 mm (0.5 i nch) brass shins over the

pai nted areas on the top and bottom of the exposed coupon ends. Attach
appropriate clips on the end of- wires to the brass shins. A digital

mul tinmeter, (in this case a Digitec HLO-212G4from United Systems Corp.,
Dayt on, Ohi o, was used) should be used to determne the electrical

resi stance. The electrical resistance has units of ohnms while A and L have
units of square centineters (cnR) and centineters (cm, respectively.

Theref ore, th.eTé!QE @‘Ebd’ﬁi'r%t DYTEy-d5S UodifeChumber (I, No.) of the carbon
blacks was determlned according to ASTM Test Procedure D1510.
'Tlntlng strength (Tlnt) of the carbon blacks was determined
..accordlng to ASTM Test Procedure D3265-85a. The CDBP (Crushed
Dibutyl Phthalete) of the catbon black pellets was determined
aecordihg to the procedure set forth ih hSTM D3493-86.
The rubber and plastic compositions in the following
) examples were evaluated' according to the following test
procedures. The viscosity of ‘the compositiohs was determined
aecording to ASTM D3835-79. The modulus, temnsile anq.elongation
of the fubber coﬁpositions were measured by the procedure set
| forth in ASTM D412. The Melt Fiow Index, MFI, of the
compositions was determined by ASTM D1238-89. The polymer that
was used in these examples .was ethylene ethyl acrylate (EEA)
having a MFI of 6 g/ 10 min and a density of 0.931 g/cm3. The
cqmpesitions consisted of.carbon black and EEA only.
The volume resistivity of the compositions was determined
in the following manner. ' The volume resistivity (VR) of a
specimen is the product of its electricel.resistance (R) and its
cross sectional area (A) divided by its effective length (L) as
shown by the follow1ng equation:
VR=RxA/L
The'electrical resistance was determined as follows. a
coupon havzng a length of. 6 inches and a w1dth of 1. 5 inches is
cut from an extruded tape. Two coupons are needed for each
compound and they are cut from the tape so that the length is in

the direction of extrusion. Apply a half inch wide strip of a
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ohnms-cm The Conpound Moi sture Adsorption (CVMA) of the conpositions was
according to the following procedure. A previously dried
cohrpound sanple is placed in a cabinet that mai ntains an at nosphere of a
constant humdity level for a predeterm ned period of tine. After this

peri od, the noisture absorption is calcmenfp fromthe relative weight gain

det er m ned

of the

This Sheet Has Been R
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silver paint, (in this instance DAG#416 from Acheson
Dispersions, Port.Huron Micﬁigan, was used) to both sides of the
end of the coupon. Cover the top, the bottom, and the edges of
the coupon within the half inch dimension. " After the paint has
dried, measure the compounds width, thickness, and thg distance
betweén the painted areas using appropriate gauges. Place the
coupons across one 5 inch by 16 inch polycarbonate sheet so that
the painted ends are off the polycarbonate sheet. Arrange fhree
coupons  sO0 that they are separated at least 0.25 inches from
each other. Place another polycarbonate sheet of the same
dimensions on top of the coupons. NSecure both polycarbonate
sheets using appropriate fastepers. Place 0.25 inch by 0.5 inch
brass shims over the painted areas on the top and bottom of the
exposed coupon ends. Attach appropriate clips on the end of
wires to the brass shims. _A'digital multimeter, (in this case a
Digitec H10-2120 from United Systems Corp., Dayton, Ohio, was
used) should be used to determine the electrical resistance.
The electrical resistance has units of ohms while A and L have
units of square centimeters (cm2) and centimeters (cm),
respectively. Therefore, the volume resistivity has units of
ohms-cm.

The Compound Moisture Adsorption (CMA) of the compositions
was determined according to the following procedure. A
previously dried compound sample is placed in a cabinet that
maintains an atmosphere of a constant humidity level for a
predetermined period of time. After this period, the moisture

absorption is calculated from the relative weight gain of the




22 conposition. The details of the procedure are as follows. A sanple of
25 grams of conpound is granulated using a grinder wwth-a 4 mllineter
screen. Fromthis product a sanple of 2 grans is dried at 60 [err] (1400 F)
~under 257 mm (10 i nches) of vacuum for a mninumof 2 hours and a maxi nmum
.of 16 hrs. A humdity cabinet (such as Blue M Mdel FR-251B-1 or
equivalent) is set to a tenperature of 27 [#®@rr] and 87 percent relative
hum dity. After drying, the sanples are placed in the hum dity cabinet for
a period of seven days, after which the weight gain

composition. The details of the procedure are as follows. A
sample of 25 grams of compound is granulated using a grinder
with a 4 millimeter screen. From this product a sample of 2
grams is dried at 140° F under 10 inches of vacuum for a minimum
of 2 hours and a maximum of 16 hrs. A humidity cabinet (such as
Blue M Model FR-251B-1 or equivalent) is set to a temperature of
80° F and 87 percent relative humidity. After drying, the
samples are placed -in the humidity cabinet for a period of seven
days, after which the weight gain is determined by means of an
appropriately accurate balance. The CMA value is expressed as
the.moisture absorption at 80° F and 87 percent relative
humidity for seven days relative to the original weight.

The effectiveness and advantages of the present invention

will be further illustrated by the following examples.

EXAMPLES

To demonstrate the effectiveness of the present invention
and the advantages of the new products resulting from this
invention, experiments were conducted in a carbon black
producing process in a reactor substantially described herein,
and as depicted in Figure 1 with the geometry set forth. 1In all
examples, the primary fuel for the combustion reaction was
natural .gas supplied to the carbon black forming process at
about ambient temperature of approximately 298 K (77 °F). The
liquid feedstocks utilized in all examples were commercially
available hydrocarbon mixtures having properties listed in Table

1.
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I's determ ned by nmeans of an appropriately accurate bal ance. The CVA val ue
I S - expressed as the noisture absorption at 27 [err] [err]) and 87 percent
retative humdity for seven days relative to the original weight. The

ef fecti veness and advant ages of the present invention will be further

il lustrated by the foll ow ng exanples. EXAMPLES To denonstrate the
effectiveness of the present invention and §fe advantages of the new
products resulting fromthis invention, experinments were conducted in a
car bon bl ack .

Table 1. Properties of Liquid Hydrocarbon Feedstock

~—Feedstock Type A “ B " c D
H/C Ratio 0.94 " 0.94 " 1.03 0.97
Hydrogen (Wt %) 7.20 || 7.30 " 8.00 7.51
Carbon (Wt $) ii 91.6 92.5 92.4 92.4

API Gravity - 288.6/288.6K " =2.7 || 3.3 10.4 5.4
BMCI (visc-Grav) " 143 132 85 118

EXAMPLES 1 - 7

Examples 1 - 7'in'Tab1e 2 illustrate the effect of oxidant
addition location on carbon black product properties. 1In
Examples 1, 2, and 3, combustion air at a rate of 50 KSCFH and
natqral gas at a rate of 2.06 KSCFH were combusted in the first-
stage combustion zone and feedstock was injected at point 32 at
a rate of 130 gallons per hour. These conditions were held .
approximately constant for each of these examples and in each
case the effluent was quenched at a distance of 46 feet
downstream of the point of oil injection. Examplé 1 was a
control run in which no downstream oxidant was added to the
effluent. The resulting carbon black of Example 1 had an Iodine
number of 31.7 mg/g, a CTAB of 30.1 m2/g, a Tint of 39.4%, and
an Iodine Number/CTAB ratio of 1.05 mg/m?. In Example 2, air
preheated to 750 °F was added to the effluent through port 60 at
a rate of 28.6 KSCFH at a point 8 feet downstream of the reactor
inlet. This distance is equivalent to 2.7 reactor diameters,
which is within the primary reaction zone which was previously

described, and is not within the criteria of this invention.
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produci ng process in a reactor substantially described herein, and as
depicted in Figure 1 with the geonetry set forth. In all exanples, the

- primary fuel for the conmbustion reaction was natural .gas supplied to the

- carbon bl ack form ng process at about anbient tenperature of approximtely
25 [err]. The liquid feedstocks utilized i,)n all exanples were commercially
. avai | abl e hydrocarbon m xtures having proﬁgrties listed in Table 1

The carbon black product of Example 2 had an Iodine number of
53.9 mg/g, CTAB of 43.3 m2/g, Tint 6f 61.5%, and a CDBP of 68.4
cc/100g. The relatively large increase in Tint (56%) and CTAB
(44%), along with the large drop in CDBP, as compared to Example
1; indicate that the downstream oxidant addition has interfered
with'the major carbon black particle and aggregate forming
reactions which normally occur in the primary reaction zone of
the carbon black furnace. The addition of an oxidant-containing
stream under the.COnditions of this invention does not affect or
interfere with the formation of carbon black particles and
aggregates which normally occurs in the primary reaction zone.
In Example 3, a downstream oxidant stream composed of air
was injected into the reactor effluent at a rate of 28.6 KSCFH
at a distance 22.5 feet (7.5 reactor diameters) downstream of
the reactor inlet, which was clearly in the previously defined
secondary reaction zone, downstream of the primary reaction zone
in the carbon black reactor of Figure 1. The carbon black of
Example 3 had an Iodine Number/CTAB ratio of 1.21 mg/m2 and a
CDBP of 82.8 cc/100g, both of which are characteristic of the
new class of products. Also, the Tint and CTAB of Example 3 are
only slightly different (6% and 7%, respectively) than those of
Example 1, indicating that the downstream oxidant addition in
this.case has not interfered with reactions in the primary
reaction zone in which carbon black primary particles and
aggregates are formed. The major.effect of the downstreém
oxidant-stream addition in Example 3 has been to raise the

Iodine Number/CTAB ratio and accelerate the reactions typlcal of

43 -&@E@N? Q’ﬂﬁﬁf
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23 Table 1. Properties of Liquid Hydrocarbon Feedstock Feedstock Type.

A B C - DHCRatio 0.94 0.94 1.03 0. 97
Hydrogen (W % ' 7.20 7.30 8. 00 7.51 Carbon (W % :
'91.6 92.5 92.4 92.4 APl Gravity -.15.5/15.5 C 2.7 3.3- 10.4
5.4 (288.6/268.6K) BMCl (Visc-G av) )5 143 132 8.5 118

the secondary reaction zone in the carbon bléck reactor.

In Examples 4 and 5, the first-stage combustion air rate
was 50 KSCFH and the first-stagé gas rate was 2.06 KSCFH.
Feedstock was injected at point 32 at a rate of 130 gph, and the
reactions were stopped by quenching with water at 28 feet
downstream from the reactor inlet. In Example 4, no downstream
dxidant was added to the reactor, and the resulting carbon black
had an Iodine number of 31.3 mg/g, a CTAB of 31.2 m2/g, an
Iodine Number/CTAB ratio of 1.00 mg/m?, and a Tint of 40.3%. 1In
Example 5, air preheated to 750 °F was used as the downstream
oxidant and was added to the reactor at a rate of 28.6 KSCFH
position 14.5 feet downstream of the reactor inlet, which is
equivalent to 4.8 reactor diameters downstream of the feactor
inlet and downstream of the primary reaction zone, as previously
defined for the reactor depicted in Figure 1. The resulting
carbon black of Example 5 had an Iodine number of 42.2 mg/g and
a CTAB of 34.7 m2/g, for an Iodine number/CTAB ratio of 1.22
mg/m?, and a Tint of 43.5%. Comparing Examples 4 ‘and 5 shows
that the Iodine number/CTAB ratio has been significantly
increased by adding downstream oxidant at 4.8 reactor diameters
downstream, but the CTAB and Tint have been changed only
slightly (11% and 8%, respectively). Therefore, fhe carbon
particle and aggregate forming reactions occurring in the
primary reaction zone have not been affected by adding preheated
air to the reactor at a position 4.8 reactor diameters
downstream of the reactor inlet. |

Examples 6 and 7 show that oxidant may be added at 4.0
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EXAMPLES 1 - 7 Exanples 1 - 7 in Table 2 illustrate the effect of oxidant
addition | ocation on carbon black product -properti es. In Exanples 1, 2
and 3, conbustion air at a rate of 1340 [err] (50 KSCFH) and natural gas at
arate of '55.2 [err] (2.06 KSCFH) were conbusted in the first-stage
conbustion zone and feedstock was injected at point 32 at a rate of 492 A
(130 gallons) per hour. These conditions 26ere hel d approxi mately const ant
for each of these exanples and in each case the effluent was quenched at a
di stance of 14 m (46 feet) downstream of the point of oi

reactor diameters downstream of the reactor inlet without
substantially altering the carbon black particle and aggregate
forming reactions which are occurring in the primary reaction
zone. In Example 6 and 7, combustion air at a rate of 35 KSCFH
and'natural gas at a rate of 1.66 KSCFH were supplied to the
first-stage combustion chamber. Feedstock was injected at point
32 .in both examples, at a rate of 84 gph in Example 6 and 54 gph °
in Example 7. The difference in feedstock rate was necessary to
account for slight differénces in feedstock properties and
provide roughly equivalent overall combustion levels, and thus
equivalent reaction conditions, in the primary reactién zone for
each example. In Example 6, no downstream oxidant-containing
stream was addéd to the reactor and the resulting carbon black
had an Iodine number of 42 mg/g, a CTAB of 40.3.nﬂ/g, an Iodine
number/CTAB ratio of 1.04 mg/m2, and Tint of 53%. In Example 7,
the combustion products of 20 KSCFH air and 1.09 KSCFH natural
gas were used as the downstream oxidant and were added to the
reactor at 12 feet downstream of the reactor inlet, which is
equivalent to 4.0 reactor diameters downstream of the reactor
inlet. Comparing the analytical properties of Examples 6 and 7
shows that Example 7 has significantly higher Iodine number and
Iodine number/CTAB ratio, but CTAB and Tint are only slightly
higher than for Example 6 (12% and 4%, respectively). This
indicates that addition of the combustion products at 4.0
reactor diameters does not interfere with the carbon black

particle and aggregate forming reactions of the.primary reaction

zone. T AT UMbt e
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injection. Exanple 1 was a control run in which no downstream oxi dant was
added to the effluent. The resulting carbon bl ack of -Exanple 1 had an

| odi ne nunber of 31.7 ng/g, a CTAB of 30.1 [err] a Tint of 39.4% and an

1 odi ne Nunber/CTAB ratio of 1.05 [err]. In Exanple 2, air preheated to 399
[err] (750 [err] was added to the effluer7 through port 60 at a rate of 766
NnB/h (28.6 KSCFH) at a point 2.44 m (8 feet) downstream of the reactor
inlet. This distance is equivalent to 2.7 reactor dianeters, which is
within the primary reaction zone which was previously described, and is not
wWithin the criteria of this invention.

Examples 8 and 9

Examples 8 and 9 in Table 2 demonstrate that an oxidant-
containing stream composed of either air or the combustion
products of air and natural gas may be added to the reactor
effluent, in the manner of this invention, with the same
beneficial results on the carbon black products. In Example 8
and 9, primary combustion air at a rate of 35 KSCFH and natural
gas at a rate of 0.92 KSCFH were added to the first-stage
combustion chamber, and feedstock was added at point 32 at a
rate of 82 gph. 1In Example 8, a downstream oxidant-~containing
stream composed of air at a rate of 17 RSCFH was added to the_
reéctor effluent 13.5 feet downstream of the point of oil
injection. A carbon black having an Iodine number of 59 mg/g, a
CTAB of 41.7 m2/g, a DBPA of 135 cc/100g was produced. ‘In
Example 9, combustion producés of 20 KSCFH &ir.and 1.01 KSCFH
na;ural gas, resulting in 100% excess air above the
stoichiometric amount, were added to the reactor effluent 13.5
feet downstream of the point of o0il injection. The carbon black
of Example 9 had analytical properties essentially identical to
those of Example 8. Further, the compound performance
properties of 90 °C Tape Resistivity,-MFI, and CMA % for the
carbon blacks of Examples 8 and 9, when compounded in EEA at 38%
loading, were éSsentially identical. The carbon blacks and
compounds of Examples 8 and 9 are further examples of the novel

products of the present invention.
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24 The carbon bl ack product of Exanple2 had an Iine nunber of 53.9 M The
cabon bl ack product of Exnple 2 had an |odi ne nunber of 53.9ng/g, CTAB of
43.3 nk/g, Tint of 61.5% and a CDBP of 68.4 [err]. The relatively large
increase in Tint (56% and CTAB (44%, along with the |large drop in CDPB,
as conpared to Exanple 1, indicate that td% downstream oxi dant addition has
interfered wiwth the major carbon black particle and aggregate form ng
reactions which normally occur in the

Examples 10 - 11

Examples 10 and 11 in Table 2 demonstrate that an oxidant-
containing stream composed of either combustion products of air
and natural gas or an air stream enriched with oxygen may be
added downstream in the carbon black reactor to achieve the
desired effects of this invention. In example 10, the
combustion products of 31 ﬁSCFH air and 1.74 KSCFH natural gas
are added to the reactor through a port located 12 feet
downstream from the reactor inlet to produce a carbon black with
Iodine number of 58 mg/g and CTAB of 46 m2/g, for an Iodine
number/CTAB ratio of 1.23 mg/m2. In Example 11, a gas stream
comprised of 7.5 KSCFH air mixed with 1.5 KSCFH oxygen,
resulting in 34% 0., is added to the reactor via a probe
inserted through a port in the reactor walls into the secondary
reaction zone of the carbon black reactor at a distance 30 feet
downstream of the reactor iniet. Table 2 shows that the
analytical properties of the products of Examples 10 and 1l are
very similar and fulfill the requirements for the improved

products of this invention.
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primary reaction zone of the carbon black furnace. The addition of an

. oxi dant- containing streamunder the conditions of this invention does not
+affect or interfere with the formati on of carbon bl ack particles and
~aggregates which normally occurs in the primary reaction zone. In Exanple

. 3, a downstream oxi dant stream conposed % air was injected into the
~reactor effluent at a rate of 766 NnB/h ? 8.6 KSCFH) at a distance 6.86 m

' (22.5 feet) (7.5 reactor dianeters) downstream of the reactor inlet, which
- was clearly in the previously defined secondary reaction zone, downstream

. of the primary reaction zone in the cagReie ) ack reactor of Figure 1. The

. carbon bl ack of Exanple 3 had an | odi ne Nunber/CTAB ratio of 1.21 /2 and

- a CDBP of 878 [ ExRMPLBOMN oW] WiZth 3 e 4 5 [ 7 B8 o I0] 1T
D-1, in T .25|7 <2517 « 25| 7 25(7 . 2517 . 25| 7.25| 7.25 7.25{7.25/7.25
D=2, in 4.2 4.2 4.2| 4.2 4.2] 4.2] 4.2] 4.2] 4.2 6.3 4.2
D-3, in 36] 36] 36 36] 36 36 36 36 36 271 36
L-1, in 24] 24| 24] 24| 24| 24] 24| 24| 24| 24] 24
L-2, in 12) 120 121 120 12] 12| 12| 12| 12| 12! 12
-3, in S5 6 o S o —o —o o 9o 9
F, in 4.5 4.5 4.5 4.5 4.5| 4.5 4.5 4.5 4.5 4i§1§.§
a, ft ng! 8[22.5] Nal14.5] Na] 12[13.5/13.5 -5
o, ft 46 ‘23} gé 28] 28] 46] 46| 46 46| 28 46
0il Inj Pt.. 32l 32| 32 32| 32 32 32 32 32 32| 32
Tips # x 9xt 9x9 9 9x| 9%l 9x1 9x 9x{ 9x 9x

Size, in{.036|.036{.036].036/.036/.036].036|.036] .036} .055[.032
Feedstock 130{ 130] 130 130} 130 84] 84] 821 82 149 112
Rate, gph|
Feedstock 350, 350} 350 350] 350§ 100{ 100} 200; 200} 200] 200
Temp., Fl :
Feedstock A Al A Al A C Al D D A [
K+ Addition, 3.1 3.1 3.1]0.85/0.85 0 0 0 0/0.73 0

gm/100gal oil

Primary Comb. 50| 50| 50| 50] 50| 35| 35 35 35 55 55
Air, kscf | -

Primary Comb. 750] 750 750] 750{ 750{ 950[ 850, 750, 750 900 900
Air :

Temperature, F

Primary Nat. 2.0612.06/2.0612.06{2.06] 1.7 1.4910.92 0.9211.5]1] 2.6
Gas, kscfhl _
Air/Gas Burn 9.7 9.7 9.7 9.7] 9.7|/10.0{ 9.4] 9.9 9.9 9.1 9.7
Ratio
Secondary Air 0l28.6[28.6 0i28.6 0 20 17 20 31} 7.5
Rate, kscfh : I
Secondary Gas 0 0 o0 O 0 0{1.08 01.01]1.71 0
Rate, kscfh :
Secondary 0 0 0 0 0 0 0 0 0 0 1.5
Oxygen Rate, ~ '
~ kscfh
Zone 2 0| 430]| 668 0] 668 0| 296] 477 493] 437 377
Temperatur;
Rise, . -
Zone 2 najl1.03/0.52] naj0.56] naj1.00{1.29/1.15/0.35/0.33
Residence
Time, s| _ _
Quench Temp, F |1350 13501350{1350 1350]1350 135011350 1350] 1350[1350
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.characteristic of the new class of products. Also, the Tint and CTAB of
Exanple 3 are only slightly different (6% and 7% respectively) than those
of - Exanpl e 1, indicating that the downstream oxi dant addition in this case
has not interfered with reactions in the primary reaction zone in which
carbon bl ack primary particles and aggregates are fornmed. The mmjor effect -
of the downstream oxi dant-stream addition im Exanple 3 has been to raise
the I odi ne Nunber/CTAB rati o and accel erate the reactions typical of 25

Table 2 - Continued

ExaMPLE # | 1 | 2 | 3 | 4 | 51 6] 7 18] 9] 10111
Iodine 31.7153.9/39.1131.3]42.2] 42 | 54 [ 56 | 57 | 58 | 56 .
Number, mg/q
CTAB, m2/q 30.1143.3132.2]31.2]34.7]40.3] 45 | 41 | 42 | 47 | 46
N, Surface 27.8|47.5 29.5]36.6/38.0/48.5 50.5/42.0 51.9I
Area, m2/

I12/CTAB 1.05|1.24]1.21|1.00{1.22[1.04] 1.2 |1.36|1.35|1.23|1.232

Ratio, mg/m2 .

Tint, % 39.4161.5/41.8140.3]43.5] 53 | 55 | 49 | 49 | 57 | 57
DBPA, 153.2[85.3[133.1{ 139133162 | 139 [135[ 134 | 132 | 160
cc/100g | 1
CDBP, 76.6(68.4|82.8]78.9[76.7| 89 | 86 | 84 | 84 | 86 | 91
cc/100g
CB LOADING, - 38.0[38.0
WIS

MELT FLOW 42.2| 42
INDEX

TAPE 13, |13,

RESISTIVITY | 800 | 500

€ 90cC,

OHM-CM
Q4A,% 0.12[0.16
NATURAL
RUBBER 300%

MODULUS,
$ from IRB-6

Examples 12 - 17

Examples 12 - 17 in Table 3 illustrate the improved plastic
and rubber compound properties which result from ﬁsing carbon.
blacks produced by this invention. 1In these examples, carbon
blacks with nearly identical Iodine Number and DBPA were
prepared both with and without using downstream oxidant-
containing stream addition. The reéuiting carbon blacks were
then compounded in rubber and/or plastic in the manner described
previously and the performance of each was evaluated.

Conéidering first Examples 12 through 15 of Table 3, the

natural gas flow rate to the first-stage combustion chamber was

This Sheet Has Been Replaced 06 MAR 1997
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t he secondary reaction zone in the carbon black reactor. In Exanples 4 and
5, the first-stage conbustion air rate was 1340 [err] (50 KSCFH) and the

" frrst-stage gas rate was 55.2 [err] (2.06 KSCFH). Feedstock was injected at
point 32 at a rate of 492. [err] (130 gph), and the reactions were
stopped by quenching with water at 8.53 m §28 feet) downstream fromthe
reactor inlet. |In Exanple 4, no downstream oxi dant was added to the
reactor, and the resulting carbon black had an |odi ne nunber of 31.3 mg, a
CTAB of 31.2 [err] an lodine Nunber/CTAB ratio of [err], and a Tint of

40. 3% | n Ex2ul &sBFEAI thergiiesirgdcbnbustion air flow rate was 50 KSCFH,

and the combustion air preheat temperature Géé 750 °F. The

. resulting primary combustion level is estimated at about 250%.
In each of these cases quenching was performed at 28 feet
downstream in the reactor. Examples 12 and 14 represent control
runs in which carbon blacks - having certain Iodine numbér and
structure levels (DBPA) were prepared using the carboh black
produéing furnace shown in Figure 1 without any downstream
oxidant addition. In examples 12 and 14 there were obtained
carbon blacks with 42 mg/g Iodine number, 141 cc/100g DBPA and
61 mg/g IQdine nuhber, 133 cc/100g DBPA, respectively. These
carbon blacks were coﬂpounded in EEA at 44% loading and tested
for MFI, Tape Resistivity at 90 °C, and CMA %. The results of
these tests are listed in Table 3. Examples 13 and 15 represent
runs in which carbon blacks having approximately the same Iodine
number and structure levels as in Examples 12 and 14 were
obtained by using the downstream oxidant addition process of the
current invention. 1In these cases, additional preheaéed
combustion air at a rate of 28.6 KSCFH was added to thé carbon
black reactor at a distance 14.5 feet downstream of the poiqt of
oil injection and the oil feedstock rate was adjusted to give
carbon blacks with the desired Iodine number. The resulting
carbon blacks of Exampies 13 and 15 have nearly the same Iodine
number and DBPA as the carbon blacks of Examples 12 and 14,
respectively, but the I2 Number/CTAB ratio of the carbon blacks :
from Examples 13 and 15 are above 1.12 mg/m2 whereas the I2
Number/CTAB ratio of the carbon black from Example 12 is below

A7 A:-'.‘.‘-',-.r'_-_'.-'--r . ‘_-.
ACRSERT SHEET
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[err] was used as the downstream oxi dant and was added to the reactor at a
rate of 766 [err] (28.6 KSCFH) position 4.42 m (14.5 feet) downstream of
the reactor inlet, which is equivalent to 4.8 reactor dianeters
downstream of the reactor inlet and downstream of the primary reaction
zone, as previously defined for the react@2 depicted in Figure 1. The
resulting carbon black of Exanple 5 had an’|odi ne nunber of 42.2 ngy/g and
a CTAB of 34.7 [err] for an | odi ne nunber/CTAB ratio of 1.22 [err] and a
Tint of 43.5% Conparing Exanples 4 and 5 shows that the |odi ne nunber/ CTAB
rati o has bednl3jmeWm3i endt the TINT of Example 14 is above 65%. The carbon

blacks of Examples 13 and 15 were compounded in EEA at 44%
loading and tested for Melt Flow Index, Tape Resistivity at 90
°C, and CMA $. Referring to Table 3 and comparing the compound
performance of Example 13 with Example 12 and that of Example 15
with.Example 14, the ratio of Tape Resistivity at 90 °C/MFI is
much lower for Example 13 than Example 12,.and lower for Example
15 than Example 14. A lower value of this ratio ihdicates that
the compound has lower resistivity at a fixed viscosity. Aalso,
the compound of Example 13 has ailower CMA than the compound of
Examples 12, and the compound of Example 15 has a lower CMA than
the compound of Example 14. _

In Example 16, the conditions in the first-stage combustion
chamber and rate of feedstock injection at point 32 were
essentjally identical to those used in Example 12. 1In Example
16, however, preheaied air at a rate of 14.3 KSCFH was added to
the reactor effluent 14.5 feet downstream of'the.point of oil
injection. The carbon black product of Example 16 exhibits
analytical properties consistent with novel products claimed
under this invention. Further, the 300% modulus in Natural
Rubber and the 300% modulus in SBR are both lower than the
properties of similar rubber compounds produced with
conventional carbon black from Example 12. 2as previously
explained, imparting a lower modulus in rubber at a given carbon
bléck loading is a desirable property of carbon black in many
applications. .

Example 17 is acetylene black, which is not produced by the

— | REPLACEMENT SHEET
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I ncreased by addi ng downstream oxi dant at 4.8 reactor dianeters downstream
but the CTAB and Tint have been changed only slightly (11% and 8%

" respectively). Therefore, the carbon particle and aggregate form ng
reactions occurring in the primary reaction zone have not been affected by
. addi ng preheated air to the reactor at é position 4.8 reactor dianmeters

. downstream of the reactor inlet. Exanpl g 6 and 7 show t hat oxi dant may be
. added at 4.0

furnace process, and is shown here as a reference. This
material is generally considered one of the best types of carbon
black available for use in plastic compositions for medium
voltage underground cable sheathing compounds. The Iodine
Rumber, CTAB, TINT, and CDBP all are outside the ranges of the
novel products of this invention. Also shown are resistivity
and MFI data for acetylene black at two different loadings. The
resistivity at 40% loading is nearly identical to Example 15 and
the resistivity at 38% loading is nearly identical to Example
13. The MFI is much lower for the acetylene black compositions
in both cases, indicating that the compositions of Example 17
have higher viscosity at equivalent electrical resistivity than

Examples 13 and 15.
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26 reactor dianeters downstream of the reactor inlet wthout substantially
altering the carbon black particle and aggregate form ng reactions which
are occurring in the primary reaction zone. In Exanple 6 and 7, conbustion
air at arate of 938 [err] (35 KSCFH) and natural gas at a rate of 44.5

- NnB/h (1.66 KSCFH) were supplied to the first-stage conbusti on chanber.

' Feedstock was injected at point 32 in both3éxanples, at a rate of 318 [err]
(84 gph) in Exanple 6 and 356 [err] gph) in Exanple .7. The

TABLE 3
[EXAMPLE # fl12 13 14 15 16 17
DENEKA
ACETY-
ILENE
BLACK
ID-1, in |7.25 _ §7.25 17.25 |7.25 |7.25
ID-2, in 4t 4.2 4.2 4.2 4.2
D=3, in 36 36 36 36 36
-1, in 124 24 24 24 24
I.-2, in 2 12 12 12 12
=3, _in 1E) 5 |9 ) 9
F, in 4.5 4.5 4.5 4.5 4.5
a, £t "NA 14.5 |NA 14.5 14.5
o, ft 28 28 28 28
0il Inj Pt. 1132 32 32 32 32
ITips # x Size, in J9x.036 [|9x.036 [I9x.036 ||9%.036 [[9%.036
Feedstock Rate ':' 30 104 Jii7__ 117
Feedstock Temp., F 1350 350 350 350
Feedstock Type fi& A A pA  |a
K+ Addition, gm/lOOgaﬂP.SS {0.85 WO.SS 0.85 0.85
oil |
Primary Comb. Air, 50 50 50 50 50
kscfh
Primary Comb. Air 750 750  |[750 750 750
Temp., F
Primary Nat. Gas, 2 2 2 2 2
kscfh
air/Gas Burn Ratio 9.9 9.9 9.9 9.9 9.9
Secondary Air Rate, IP 28.6 |0 - |I28.6 14.3
kscfh
Secondary Gas Rate, IP 0 0 10 0
kscth '
Secondary Oxygen Ratewr 0 10 0 0
kscfth
zone 2 Temperature 41P 580 )o 601 361
Rise, F ' '
Zone 2 Residence Timewra ~ 10.56 |na "dﬁﬁ? 0.69
Is
Quench Temp, F “1350 1350 1350 Ji1350 1350
' , I
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difference in feedstock rate was necessary to account for slight
differences in feedstock properties and provide roughly-. equivalent
overall conbustion |levels, and thus equival ent reaction conditions, in the
primary reaction zone for each exanple. In Exanple 6, no downstream

-oxi dant-contai ni ng stream was added to the reactor and the resulting carbon

bl ack had an | odi ne nunber of 42 ng/g, a CBAB of 40.3 n2/g, an |odine
nunber/ CTAB ratio of 1.04 [err] and Tint of 53% In Exanple 7, the
conbustion products of 536 [err] (20 KSCFH). air and 29.2 [err] (1 .09
KSCFH) natural gas were used as the downstream -
' TABLE 3 - Continued
[EXAMPLE # 12 13 14 15 16 17
Iodine Number, mg/g 42 42 li6l fle3 47 86
CTAB. m2/q 40_ 35 54 47 42 75
N2 Surface Area, m2/q |37.1 [36.6 1i52.8 54.5 41.5 167
I12/CTAB Ratio, mg/m? 1.05 1.2 11.13 1.34 1.12 Jj1.15
[Pint, % ' 148 44 li69 57 ?gs g;O
[DBPA, cc/100g 141 133 133 127
CDBP, cc/100g Iso“' 7T 85 8L 79 135
CB LOADING, WT% 44.0 44.0044.0 44.0 40 a8
IMELT FLOW INDEX 13.9 |i8.5 [5.7 10.7 2.0 -
TAPE RESISTIVITY @ "17293 3680 [2065 [504 443
90C, OHM-CM 3707
CMA, % f0.22 10.12 0.31 }l0.16
I | — _
INATURAL RUBBER 300% Irz.a I “-1.5 +0.7
MODULUS, 5 from IRB-6 ,

Examples 18 - 21
Examples 18 - 21 in Table 4 demonstrate the effect of
downstream oxidant stream addition rate on carbon black’
analytical properties and the reduction in 300% modulus in
rubber resulting from compounds made with these carbon blacks.
In each of these examples, combustibn air at a rate of 50 kscfth
and natural gas at a rate of 2.06 kscfh were supplied to the
first-stage combustion chamber, and liquid feedstock was
injected at a rate of 136 gph at point 32. The only parameter
which was varied in these examples was the rate at which
preheated air was added to the secondary reaction zone in the
" carbon black reactor, this air being added to the effluent at a
- point 14.5 feet downstream of the reactor inlet. In each of

these examples, the reactions were stopped by quenching at a

point 28 feet downstream of the reactor inlet.
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oxi dant and were added to the reactor at 3.66 m (12 feet) downstream of the
reactor inlet, which is equivalent to 4.0 reactor dianmeters downstream of
the reactor inlet. Conparing the analytical properties of Exanples 6 and 7
shows that Example 7 has significantly higher |odine nunber and I odine
-number / CTAB ratio, but CTAB and Tint are ggly slightly higher than for
Exanple 6 (12% and 4% respectively). Thi's indicates that addition of the
conmbustion -products at 4.0 reactor dianeters does not interfere with the
carbon bl ack particle and aggregate form ng reactions of the primary

reacti on zone. Example 18 was a control run in which no downstream oxidant
stream was added to the reactor from which a carbon black having
an Iodine number of 24 mg/g, a CTAB of 28 m2/g, and a Tint of
39% was obtained. In Examples 19, 20, and 21, an additional 5,
10 and 20 kscfh air, respectively,'was added to the reactor at
14.5 feet downstream of the reactor inlet. 1In comparing the
carbon black analytical properties from these examples, the
Iodine number increases as downstream oxidant addition rate is
increased. There is essentially very little effect on CTAB
surface area or Tint as the downstream oxidant rate is
increased, indicating that carbon forming reactions in the

.\primary reaction zone have not been affected by increasing the

oxidant stream addition rate. In comparing the 300% modulus in
both NR and SBR, expressed as a percentage deviation from a
standard sample, for compounds containing the carbon blﬁcks from
these éxamples, the modulus is reduced as the downstream oxidant-
containing stream addition rate is increased. As previously
described, this capability of reducing the modulus in rubber is
an advantage of this process.

Example 19, with a calculated temperature rise of 110 °F,
exhibits the smallest increase in temperature of any examples
which demonstrate the advantages of this invention. Further,
the residence time of the effluent in the seéondary reaction
zone of the reactor after the addition of the doﬁnstream oxidant-
containing stream is 0.240 seconds (240 milliseconds) in Example
19. 1In Example'ZI, the calculated temperature rise is 482 °F

and the residence time of the effluent in the secondary reaction

B N O e
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REPLACEMENT SHEET 27 Exanples 8 and 9 Exanples 8 and 9 in Table 2
denonstrate that an oxidant- containing stream conposed of either air or

t he conbustion products of air and natural gas may be added to the reactor
effluent, in the nmanner of thi's invention, with the sane

37

zone is 180 ms. It is understood that the chemical reactions of
the secondary reaction zone are subject to an increase in
reaction rate as temperature increases. It is also understood
that the rate of mixing and diffusion of the oxidant stream with
the effluent will increase with increasing temperature.
Therefore, it is clear that the conditions of Example 19 and 21,
having the lowest temperature rise in the secondary reaction
zone due to addition of downstream oxidant, and the shortest
residence time in the reactor after addition of the secondary
oxidant and before quenching (as compared to the other

examples), demonstrate the benefits of this invention.
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benefi ci al

primary conbustion air at a rate of 938 [err]
(0.92 KSCFH) were added.
point 32 at a rate of

arate of 24.7 [err]
chanber,

results on the carbon bl ack products.

and feedstock was added: at.

In Exanpl e 8 and 9,
(35 KSCFH) and nat ur al
to the first-stage conbustion

gas at

.310 [err]). In

Exanpl e 8, a downstream oxi dant-contai ni gg stream conposed of air at a rate

of 455 [err]

feet) downstream of the point of oi

| odi ne nunber of 59 ng/g,

i nj ection.
a CTAB of 41.7 n2/g,

(17 KSCFH) was added to the reactor effluent 4.12 m (13.5
A carbon bl ack having an
a DBPA of 135 [err] was

produced. In Exanple 9,
TABLE 4

[EXAMPLE # 18 19 M?U* __ﬂzl

-1, in 7 .25 L7.25 I!7 25 4“7 .25
D=2, in 4.2 4.2 4.2
D-3, in 36 36 (36 41

-1, in 24 24 _ 1124 24
L-2, in 12 12 ff12 12
7-3, in 5 9 9 ﬂlQ
F, in 4.5 4.5 4.5 4,5
A, ft (NA 14.5 14.5 [14.5
0, ft 28 28 fs 28
0il Inj Pt. 32 132
Tips # X Size, I9x.036 9x 036 AAHQx .036  ||9x.036
Feedstock Rate, gph fl136 136 136 136
Feedstock Temp., F 1350 350 #350 350
Feedstock Type ﬂg i 1A EN
K+ Addition, gm/100gal |0.85 0.85 “0.85 "b.as
oil

: i i

Primary Comb. Air, 50 50 50 "50
kscth _
Primary Comb. Air 1750 750 750 750
Te@ll F
Primary Nat. Gas, kscfhj2.06 2.06 2.06 J12.06
|Air/Gas Burn Ratio 9.7 9.7 ﬂ9.7 HQ.?

wnstream Air Rate, "0 5 Hlo 20

kscfh
[DPownstream Gas Rate, "O 0 "o 0
kscfh
Downstream Oxygen Rate, |0 0 FT‘ 0
kscfh
Zone 2 Temperature 0 110 224 "482
Rise, F
Zone 2 Residence Time,FmA 10.24 0.22 “0.18
S
Quench Temp, F 1350 1350 1350 111350

J
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combustion products of 536 [err] (20 KSCFH) air and 27 [err] (1.01 KSCFH)
natural gas, resulting in 100% excess air above the stoichionetric anmount,
were added to the reactor effluent 4.12 m (13.5 feet) downstream of the

point of oil injection. The-carbon black of Exanple 9 ‘had anal ytical - . .
properties essentially identical to those of Exanple 8. Further, the
conpound performance properties of 90 [err] Tape Resistivity, M-I, and CVA

% for the carbon bl acks of Exanples 8 and38, when conpounded in EEA at 38%
| oadi ng, were essentially identical. The carbon bl acks and conpounds of
Exanples 8 and 9 are further exanpl es of

Table 4 - Continued

EXAMPLE # 18 I 1t ﬂ’
Todine Number, mg/qg 24 27 1 34
CTAB, m2/q 28
N2 Surface Area, m2/Qg 28.2 26 5 28 4 29 2
I2/CTAB Ratio, mg/m2 o 857 0.934 1.00 1 13
Tint, % 39 39 'I 40 "47
DBPA, cc/100q 150 158 144 145
CDBP, cc/100g 83 80 ‘ 78 l’— ]
CB L.OADING, WT$
MELT FLOW INDEX
TAPE RESISTIVITY @ 90C, !
OBM~CM
NATURAL RUBBER 300% 21.7 19.7 17.1 8.3
MODULUS, % from IRB-6 |

It should be clearly understood that the forms of the
present invention herein described are illustrative only and are
not intended to limit the scope of the invention. The present
invention includes all modificationé falling within the 'scope of

the following claims.
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the novel products of the present invention. 28 Exanples 10 - 11
Exanpl es 10 and 11 in Tabl'e 2 denpnstrate that an oxidant- contai ning

stYeam conp mbustion products of air and natural gas or an
air streamﬂ ':m m , 'ngen may be added downstreamin the carbon bl ack
reactor to athieve t 40

We Claim:
1. A'process for producing carbon.blacks comprising:

a) reacting an oxidant, primary fuel, and carbon black
feedstock in a reactor to form an effluent composed of

‘carbon black and combustion gases;

b) injecting an oxidant-containing stream into £he
reactor, in order to accelerate the rate of carbon
black surface modifying reactions, such that the
oxidant stream does not interfere with the formation
of carbon black particles and aggregates in the
reactor;

c) passing the effluent through the reactor;

d) cooling, separating, and recovering the carbon black

product.

2. The process of claim 1 wherein the oxidant-containing stream
is injected into the reactor at a location after which the
carbon black particles and aggregaées have been formed and where
the temperature of the effluent in the reactér is between 1800°
F and 2700° F, and in an amount sufficient to raise the efflpent
temperature by a minimum amount depending on residence time of
the carbon black in the reactor after oxidant-containing stream
addition as defined by: '

AT(min) = 1598° F -~ 6.20 x (t, ms)
where

ATmin) 2 110° F

" and
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desired effects of this invention. In Exanple 10, the conbustion
producLs_QL—894—{e##+-£3}—KSCFH) air and. 47 [err] (1.74 KSCFH) natural gas
ded to the reactor. through ort located 3.66 m (12 feet) downstream

ap

fromthelm Im‘lwlummm produce a carbon black w th |odi ne nunber of 58
‘ng/ g and for an |odine nunber/CTAB ratio of 1.23 [err].
I n Exanple 1f, a gas streamconprised of 20f1[err] (7.5 KSCFH) air m xed

with 40 [err] (1 5 KSCFH) oxygen, resulting in 34%/[err], is-added to the
reactor via a probe inserted through a port {in the reactor walls into the
secondary reaction zone of the carbon

t > 180 ms

wherein t equals residence time in milliseconds.

3. The process of Claim 2 wherein the oxidant-containing stream

is air.

4. The process of Claim 2 wherein the oxidant-containing stream

is air enriched with oxygen.

S. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air.

6. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and oxygen.

7. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air and

oxygen.

8. Carbon black products characterized by having an Iodine
Number of 35 to 65 mg/g, a CTAB of 30 to 55 m2/g, an Iodine
Number/CTAB ratio of at least 1.12 mg/m2, a TINT of less than
65%, and a CDBPA of 75 to 95 cc/100g.

9. The products of Claim 8 wherein the Iodine Number/CTAB ratio

is between 1.12 and 2.20 mg/m2.
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bl ack reac t d| stance 914 m (30 feet) downst ream of the reactor
I nlet. Tabl ﬂ ﬂﬂ t&" he anal ytical properties of the products of
Exanples 1 simlar and fulfill the requirements for the
ts
4

I mproved produc of th |s*|nvent|on 29 TABLE 2 Exanple [err] o1
2 3 6 7 9 10 11

42 .
10. The products of Claim 8 wherein the Iodine Number/CTAB

ratio is between 1.14 and 1.50 mg/m2.

11. The products of Claim 8 wherein the TINT is between 30% and

65%.

"12. A composition comprising rubber, a plastic or a mixture
thereof, and a carbon black as defined in Claims 8, 9, 10, or 11
where the carbon black is presenﬁ in an amount ranging from 10

to 250 phr by weight.

13. A composition as defined in claim 12 where the carbon black

is present in an amount ranging from 40 to 80 phr by weight.

14. A composition as defined in Claim 12 wherein the plastic is

ethylene ethyl acrylate.

——— .
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D-1. mm 124 184 184 184 | S4 LX4 184 184

184 184 184 D-1.in 7.25 .7.25°..725  7.25 7.5 7.25
7.25 7.25 7.5 7.24 7.24 D-2. mm 107 107 107

107 107 107 107 107 107 160 107 D-2. in

4.2 4.2 4.2 4.2 4 .2 4.2 4.2 4.2 4.2 6.3
|4.2 D-3. m™m 914 914 - 914 .5 914 914 914 914

914 914 686 | 914 D-3. in 36 36 36 36
36 36 36 36 36 27 |36 L-1. nm 610 610
?ﬁo 6%2 6124 pEd®EEss Ui PROUCING CAREGNY BLACKS AND 21110 L- |2-4
. 7 S Sy, SR S

24 24 L-2. mm 305  Ni§E CARBOM HRLACRS 35 305 305

305 305 305 305 305 L-2. in 12 12 12

12 12 12 12 12 12 }2ammacm L2

A process for producing carbon blacks comprised of mixing
an oxidant, primary fuel, and carbon. black feedstock to
form carbon black pafficles and aggregates, passing the
mixture through a reactor, cooling, separating, and
recovering the carbon black product. The improvement
comprises the addition of a secondary oxidant-containing
stream to the reactor such that the secondary oxidant
stream does not interfere with the formation of the carbon
black particles and aggregates in the reactor. Also
disclosed are new carbon black products defined by the
following parameters : 35 m?’/g s I, No. = 65 m’/g : 30 m’/g
s CTAB s 55 m?’/g; 1.12 s I, No./CTAB ratio; Tint = 65 %: 75
cc/100g s CDBP s 95 cc/100g. Also disclosed are rubber
and/or plastic compositions containing these new carbon

blacks.
FIGURE 1.
R
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L-3. mm 229 229 229 229 229 229
229 229 . 229 L-3. in 9 ~..9 9 9 9
9 9 9 9 9 «-" " 9 F, mn . 114 114
114 114 114 114 114 114 114 114 114 F. in
4.5 4.5 4.5 4.5 4.5 3.5 4.5 4.5 4.5 4.5
4.5 A m ' NA 2.44 6.306 NA 4. 42 NA 3. 66
3.96 3.96 3. 66 3.96 A ft NA 8 22.5 NA
14.5 NA 12 13.5 13.5 12 13.5 Q m 14
14 14 8.53 8.53 14 14 14 8.53 14
Qft 46 46 46 28 28 46 46 46
46 28 46 Qllaj. Pt. | 32 32 32 32
32 32 32 Tips X 9x 9x | 9x ax Ox | 9x
ox . 9x 9x 9x 9x
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size mm

D

091 0.0l 0 0o 0.91 0.91 | 0.91 ‘ymEr

0-91 D. %11\51’1:5@%\‘&% $HEEFS  SG 0.036 0.036 0.036 0.036

.0.036 0 scopYE: paged3b. to gagedan. . 055 0. 036 Feedstock—-Rate. 1/h

492 492 Claim{gp2 pagedzt@zo pagdé@2« | 318 318 310 w
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AND NEW CARBON BLACKS

The present invention relates to a new process for
prgduciﬁg-furnace'carbon blacks and a ciass of new and novel
furnace .carbon blacks which are suitable for various
applications and particularly well suited for use in rubber or

plastic compositions.

- BACKGROUND

Carbon blacks are generally produced in a furnace-type
reactor by pyrolyzing a hydrocarbon feedstock with hot
combustion gases'to produce combustion products containing
particulate cé;bon black. A variety of methods for producing
carbon blacks ére generally known.

In one type of a furnace carbon black reactor, such as
shoﬁn in U.S. Patent No. 3,401,020 to Kester et al., or U.S.
Patent No. 2,785,964 to Pollock, hereinafter "Kester" and
"Pollock” respectively, a fuel, preferably hydrocarbonaceougL
and an oxidant, preferably air, are injected into a first zone
and react to form hot combustion gases. A hydrocarbon feedstock
in either gaseous, vapor or liquid form is élso injected into
the first zone whereupon pyfolysis of the hydrocarbon feedstock
commences. In this instance, pyrolysis refers to the thermal
decomposition of a hydrocarbon. The resulting combustion gas
mixthre; in which pyrolysis is occurring, then passes into a

reaction zone where completion of the carbon black forming
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In another type of furnace black reactor, a liquid or
.gaseous fﬁel is reacted with an oxidant,'éreferably air, in the
first zone to form hot combustion gases. These hot combustion
gases pass from the first zone, downstream though the reactor,
into a reaction zone and beyond. To produce carbon black, a
hydrocarbonaceous feedstock is injected at one or more points
into the path of ;he hot combustion gas stream. The
hydrocarbonaceous feedstock may be liquid, gas or wvapor, and may
be the same or different from the fuel utilized to form the
combustion gas stream. Generally the hydrocarbonaceous
feedstock is a hydrocarbon o0il or natural gas. However, other
hydrocarbonaceous feedsﬁocks such as acetylene are known in the
art. The first (or combustion) zone and the reaction zone may
be divided by a choke, or zone of restricted diameter, which is
smﬁ;ler in cross section than the combustion zone or the
reaction zone. The feedstock may be injected into the path of
the hot combustion gases upstream of, downstream of, and/or in
the restricted diameter zone. Furnace carbon black reactors of
this type are generally described in U.S. Patent Reissue No.
28,974 and U.S. Patent No. 3,922,355.

In both types of processes and reactors described above,
and in other generally known reactors and processes, the hot
combustion gases are at a temperature sufficient to effect
pyrolysis of the hydrocarbonaceous feedstock injected into the
combustion gas stream. In one type of reactor, such as

disclosed in Kester, feedstock is injected, at one or more
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points, into the same zone where combustion gases are being
formed. In other type reactors Qr'processes the injection of
the feedstock occurs, at one or mofe points, after the |
combustion gas stream has been formed. |

In either type of reactor, following the point of feedstock
introduction, the feedstock is mixed, atomized and vaporized
into the combustion gas stream. The mixture of combustion gases
and vaporized fegdstock then enters the primary reaction zone.
The term, “primary reacfion zone", refers to that zone in the
process where ﬁhe_vaporized hydrocarbon feedstock is converted
to carbon black primary particles and aggregates. The residence
time of the feedstock, combustion gases, and carbon blacks in
the primary reaction zone of the reactor is sufficient, and
under conditions suitable, to allow the formation Sf carben
blacks. A secondary reaction zone may or may not exist in the
reactor downstream of the primary reaction zone. 1In those cases
ﬁheré the secondary reaction zone exists, the term "secondary
reaétion zone" refers to that portion of the reactor where |
surface modification of the carbon blacks formed in the primary

reaction zone takes place. The mixture of combustion gases and

carbon blacks in the secondary reaction zone of the reactor is

hereinafter referred to, throughout the application, as "the
effluent". After carbon blacks-haviqg the desired properties
are formed, the temperature of the effluent is lowered to stop
the major reactions. This lowering of temperature of the
effluent to stop the major reactioné may be accomplished by any

known manner, such as by injecting a quenching fluid, through a
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quench, into the effluent. As is generally known to those of
ordinary skill in the art, the major reactions are stopped when
the desired carbon blacks have been produced in the reactor, as
is determined by sampling the carbon black and testing'tor
analytical properties. .After the reactions have been stopped
and the effluent sufficiently cooled by any known means, the
effluenﬁlgenerally passes through a bag filter, or other
separation system to collect the carbog black.

Although two general types of furnace carbon black reactors
and processes ha@e been described, it should be understood that
the present invention can be used in any other furnace carbon
black reactor or process in which carbon black is produced by
pyrolysis and/or incomplete combustion of hydrocarbons. This
process differs from prior technology in that an oxidant-
containing stream is introduced into the secondary reaction zone
in order to accelerate and promote surface modifying reactions
in the secondary reaction zone only. Throughout this
application, the term "oxidant-containing stream" refers to any
stream which contains an oxidizing agent. Preferably the _
"oxidant-containing stream" refers to air, oxygen-enriched air,
combustion products of hydrocarbon fuels and air and/or oxygen,
or mixtures of these streams. This oxidant-cpntaining stream |
does not interfere with reactions or p;ocessés occurring in the
primary reaction zone in which the carbon black priﬁary
particles and aggregates are formed.

In the prior art, there are such as US Patents Nos.

3,607,058; 3,761,577; and 3,887,690 which describe the
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introduction of secondary heat into a carbon black reactor.
These references differ from the present invention in that a
minimum residence time, determined by the temperature increase
of the effluent after addition of an oxidant-containing stream
to the secondary reaction zone, is required to achieve the
benefits of the present invention. No residence time or minimum
temperature rise after addition of secondary heat is specified
in the prior art references. From the examples cited in US
Patent No. 3,887,690, the analytical properties of the carbon
blacks, particularly the fact that the Nitrogen Surface Area is
gieater than the Iodine Adsorption Number in all cases, indicate
that the minimum residence time requirement of the present
invention has not been achieved.

Carbon blacks may be utilized as pigments, fillers,
reinforcing agents and for a variety of other applications.
Carbon blacks are widely utilized as fillers and reinforcing
pigments in the compounding and preparation of rubber
compositions and plastic compositions. Carbon blacks are
generally characterized on the basis of their properties
including, but not limited to, their surface areas, surface
chemistry, aggregate sizes and particle sizes. The properties
of carbon blacks are analytically determined by tests known to

the art, including iodine adsorption surface area (I, Noj,
nitrogen adsorption surface area}(Nz SA), dibutyl phthalate

adsorption (DBP), dibutyl phthalaté adsorption of the crushed
carbon black (CDBP), cetyl-trimethyl ammonium bromide absorption

value (CTAB), Tint value (TINT), Dmode and ADS5O.



31 Table 2 - Continued EXANPLE # 1 2 3 4 s|REQLAGEMENT SHRRT)11
1 odi ne 31.7 53.9 39.1 31.3 42.2 42 54 56 57| [58 BB N

Lerr] CTAB, [err] & 30.143.3 32.2 312 34.7 40.3 45 () 43U 1od6 If2
Surface  27.8 47.5 29.5 36.6 38.0 48.5 50.[5 [42.0 51 94 eq,
Lerr] 12/ CTAB 1.05 1.24 1.21 1.00 1.22 1.04 1.2]1.36~+35~223 2
‘Ratio, [err] ' L

It is generally understood that the properties of a carbon
black affect the properties of rubber or plastic compositions
containing the carbon black. For example, the introduction of
carbon black into a.rubber or plastic composition during
formation of the composition will generally affect the viscosity
of the rubber or plastic composition. Increasing the carbon
black loading in a rubber or plastic composition normally
increases the viscosity of the composition at a given
temperature. Lower viscosity rubber or plastic compositions are
'advantageous becéuse thej are more easily processed.

In addition to a variety of other uses, such as tire,
hoses, belts, and plastics, carbon blacks are generally utilized
iﬁlcompositions intended for use as semi-conductive shielding
compounds for electric power cables. Electric power cables
generally consist of electrically conductive wires surrounded by
a dielectric insulating material which prevents escape of
elecéricity to the environment. These semi-conductive shielding
compounds are critical for long cable life because they reduce
the electrical stress between the conductive and insulating
portions of the cable. It is generally desirable in the
production of semi-conductive shielding compounds for electrical
power cables to use carbon blacks which impart electrical
conductivity to the shielding compound. In evaluating the
conductivity of a plastic composition, the composition's
resistivity is generally measured. However, it is widely
understéod that conductivity is simply the inverse of

resistivity. The required degree of conductivity in the
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shieldidg compound can be achieved by increasing the loading of
carbon black in the composition, but this also increases the
compound viscosity. Therefore, it is apparent that it is
advantageous to use a carbon black that imparts the required
degree of conductivity while minimizing the compound viscbsity,
The advantage of optimizing this combination of properties is
not limited to semi-conductive shielding materials for power
cables. |

The ASTM 300% moduius of a rubber compound is a measure of
the compound's stress-strain relationship. ASTM Test D3192
describes the evaluation of modulus for a rubber compound.
Carbon black specifications are often set based on the ability
of the carbon black to impart a range of modulus va}ués to a
compound within certain narrow tolerances. It is advantageous
to have a process that enables the carbon black producer to
manipulate a composition‘'s modulus for a given type of carbon
black. Additionally, for certain applications, such as off-the-
road automobile tires, a carbon black that imparts low modulus
to rubber compounds is considered advantageous. N

The Compound Moisture Absorption (CMA) property of a rubber
or plastic composition relates to the composition's tendency to
absorb moisture. It is generally desirable, for most

applications, to have rubber or plastic compositions that do not

absorb moisture. Therefore, it jis advantageous to have a carbon

black that, when incorporated into rubber or plastic
compositions, results in a lower CMA for the composition. Lower

CMA values are generally understood to relate to lower
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absorption of moisture.

‘As will be undersﬁood from the foregoing diacussion, it
would be advantageous to have a process for producing carbon
blacks that impart improved conductivity to plastic or rubber
compositions. It would be further advantageous to have class of
carbon blacks that impart improved conductivity and lower
viscoSity to plastic or rubber compositions.

It would also be advantageous to have a process for
producing carbon blacks that' impart lower modulus to rubber
compositions, lower CMA to plastic or rubber compositions and
lower viscosity to plastic or rubber compositions.

The process of the present invention achieves the afore-
mentioned advantages in addition to other advantages that will
become apparent to those of ordinary skill in the art from the
following description. -Similarly the carbon blacks of the
present invention achieve the afore-mentioned advantages and
other advantages that will become apparent from the following

description.

SUMMARY OF THE INVENTION
We have discovered a process for producihg carbon blacks
" both of a conventional type.and others which are novel as
described hereinafter, wherein an oxidant-containing stream such
as air, oxygen-enriched air, or combustion products of
hydrocarbon fuel and air is injected into the reactor in the
secondarf reaction zone at a point after the primary-reaction

zone in order to accelerate the rate of surface modifying
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reactions in the secondary reaction zone by raising the
temperature in the secondary reaction zone without interfering
with reactions which normally occur in the primqry reaction
zone. | '

The process is suitable for use in any carbon biack reactor
wherein the temperature of the effluent stream prior to the
downstream oxidant-containing stream injection is greater than
1982°C (1800°F) and less than 1482°C (2700°). The location of the

jdownstream oxidant-containing stream injection is -at any point"
downstream of the primary reaction zone and upstream of the
quench which terminates reactions in the effluent. The amouht

. of oxidant stream addition is sufficient to raise the reactor

'effLuent temperature by a minimum - amount, ATmn; depending on
residence time, t, after oxidant addition and before quenching,

defined by :

AT, = 870 - 3.44 x t [°C]
(AT, = 1598°F - 6.20 x (t,ms))

wherein t equals residence in milliseconds [ms]

and AT, resp. t are = 43.3[°C] (110°F) resp. = 180 [ms]

We have also discovered a new class of carbon blacks having
an iodine adsorption number (I, NO) of 35mg (milligrams) to 65mg;
a CTAB of 30 m?/g to 55 m?*/g; and I, NO/CTAB ratio of at least
1.12 mg/m?, preferably between 1.12 and 2.20 mg/m?, and more
preferably between 1.12 and 1.50'mg/m2; a CDBP (crushed dibutyl

phthalate absorption) of 75 cm’/100g (cubic centimeters
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Exanpl es 12 and 14 represent control runs

any downstream oxi dant addition. |In Exanples

dibutyl phthalate per 100 grams carbon black) to 95£mi/looq; a
tint value (TINT), in %, of not greater than 65%, preferably
between 30% and 65%. We have further discovered rubber and
plastic compositions'in which these carbon blacks are
incorpofated.

.The carbon blacks of the present invention may be produced
according to the process of the pfesent invention in a furnace
carbon black reactor having a first (combustion) zone, a
feedstock ‘injection zone, and a reaction zone consisting of a
primary reaction zone and a secondary reaction zone. In the.
feedstock injection zone, a carbon black yielding feedstock is
injected in any manner known to the art, into a hot combustion
gas stream. The resultant mixture of hot combustion gases and
feedstock passes first into the primary reaction zone and then
into the secondary reaction zone. Reaction is stopped by

quenching the mixture when the carbon blacks of the present

invention have been formed. Preferably reaction is stopped by a

quench injecting a quenching fluid. The process for preparing
the novel carbon blacks of the present invention will be
described in greater detail hereinafter. -
The rubbers for which the novel carbon blacks of this
invention are effective as reinforcing agents include any

natural and synthetic rubbers. Generally, amounts of the carbon

" black product ranging from about 10 to about 250 parts by weight

can be used for each 100 parts by weight of rubber. It is,
however, preferred to use amounts varying from about 20 to abouk

100 parts by weight of carbon black per 100 parts by weight of
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40 to about 80 parts of carbon black per 100 parts of rubber.
Among the rubbers suitéble for use with the present
invention are natural rubber and its derivatives such as
chlorinated rubber; copolymers of from about 10 to about 70
percent by weight of styrene and from about 90 to about 30
pe;cent by weight of butadiene such as copolymer of 19 parts
styrene and 81 éarts butadiene, a copolymer of 30 parts styrene
and 70 parts butadiene, a copolymer of 43 parts styrene and 57
parts butadiene and a copolymer of 50 parts styrene and 50 parts
butadiene, polymers and copolymers of conjugated dienes such as
polybutadiene, polyisoprene, polychloroprene, and the like, and
copolymers of such conjugated dienes with an ethylenic group-
containing monomer copolymerizable therewith such és styrene,
methyl styrene, chlorostyrene, acrylonitrile, 2-vinyl-pyridine,
5-methyl-2vinylpyridine, S-ethyl-2-vinylpyridine, 2-methyl-5-
vinylpyridine, alle Substituted acrylates, vinyl ketone, methyl
isopropenyl ketone, methyl vinyl ether, alphamethylene
carboxylic acids and the esters and amides thereof such as
acrylic acid and dialkylacrylic acid amide; also suitable for
use herein are copolymers of ethylene and other high alpha
olefins such as propylene, butene-l and pentene-l; particularly
preferred are the ethylene-propylene copolymers wherein the
ethylene content ranges from 20 to 90 percent by weight and also
the ethylene-propylene polymers which additionally contain a
third monomer such as dicyclopentadiene, 1, 4-hexadiene and

methylene norbornene.
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Any plastic is suitable for use with the present invention.
Among the plastics suitable for use with the novel carbon blacks
of this invention are polyethylene, including very low.deﬁsity,
high aensity, and linear low density. Also included are
copolymers such as ethylene ethyl acrylate, ethylene vinyl
acetate, and ethylene butyl acrylate. Compositions made from
blends of elastomers and plastics, both described above, are
also suitable for use.:

It is an advantage that the novel carbon blacks of the
present invention.impart, at a given resistivity, lower
viscosity to plastic and rubber compositions than conventional
comparable carbon blacks. |

It is a-further advantage that the process of the present
invention produces carbon blacks which impart, at a given
resistivity, lower viscosity to plastic and rubber compositions.

_Another advantage is that the process of the present
invention produces carbon blacks that impart lower modulus to
rubber compositions at a given carbon black loading.

It is a further advantage that the process of the present
invention may be utilized to produce carbon blacks that impart
lower CMA (compound moisture adsorption) to rubber and plastic
compositions. |

It is an advantage that the plastic compositions of the
pPresent invention are particulariy well suited for use as
electric cable semi-conductive sheathing, with improved
conductivity and processability characteristics.

Other advantages of the present invention will become
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apparent from the following more detailed description of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 is a cross-sectional view of a portion of one type
of furnace carbon black reactor which may be utilized in the
process of the present invention and to'produce the carbon
blacks of the present inventioh. -This carbon black reactor is
used in the examrles, but lS only typ1cal of the reactors which

may be used.

DETAILED DESCRIPTION OF THE INVENTION

) According to the process of the present invention, air,
oxygen-enrlched alr,.combustlon products of hydrocarbons and
oxygen, or any other ox1dant—conta1n1ng stream is injected in
any manner known to the art, into the carbon black containing
effluent stream. The effluent stream being at a temperature of
between 982 °C (1800° F) and 1482 °C (2700° F) prior to oxidant-

containing stream injection, . into the secondary reaction zone of

a reactor vessel at a point downstream of the primary reaction
zone in an amount sufficient'to_raise the temperature of the
effluent stream by a minimum amount, depending on the residence

time after oxidant addition and before quenching, defined by :

AT, =870 - 3.44 x t [°C]
(AT, = 1598°F - 6.20 x (t,ms))

i
r

wherein t equals residence time in milliseconds [ms]

S

and aT,, resp. t are = 43.3 [°C] (110°F) resp. = 180 [ms]
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of Exanple 13 has a | ower CMA than the conpound of Exanpl
conpound of Exanple 15 has a | ower CMVA than the conpound
Exanple 16, the conditions in the first-stage conmbustion
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~of 383 NnmB/h (14.3 KSCFH) was added to the reactor effluent 4.42 m(14.5

feet) downstream

The maximum allowable teﬁperature rise is limited by the melting
temperature of the carbon black reactor materials. The maximum
residence time is limited by the size of the carbon black
reactor.

| As will be understood by those of ordinary skill in the
art, the point of initial feedstock injection is the point where
carbon black formation begins. The primary reaction zone refers
to that portion of the carbon black reactor where the
hydrocarbon feedstock and combustion gases are undergoing the
major carbon forming reactions to form carbon black primary
particles and aggregates. This primary reaction zone may be
- further defined as the portion of the reactor downstream of the
point of feedstock injection and upstream of the point where the
expanding jet of combustion gases, feedstock, and carbon black,
issuing from the orifice linking the first-stage combustion
chahber wiﬁh the carbon black reactor, first contacts the wall
of the carbon black reactor. For the carbon black reactor
depicted in Figure 1, this primary reaction_zone (sometimes
referred to as the "recirculation zone") may be further defing?l
as extending from the entrance to the carbon black furnace to a
point approximately 3.8 x Furnace Diameters downstream into the
primary combustion zone, based on an average expansion angle of
150 for the expanding jet of combustion gases, feedstock, and
carbon black. These process definitions will be demonstrated by
example. These eiamples, howevezs, do not nécessarily define the

limits of this invention.
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The oxidant-containing stream may be injected in any manner
known to those of ordinary skill in the art. For example, the
oxidant-containing stream may be injected by attaching a conduit
to a port through the walls of the reactor leading to the
secondary reaction zone in the carbon black reactor and
injecting the stream through the port. In addition, the
downstream oxidant-containing stream may be injected by any
means ‘known to-the art. The process for producing carbon blacks:
of the present invention is suitable for use in any carbon black
reactor wherein the temperature of the reactor effluent stream
prior to downstream oxidant-containing stream addition is less
than 1482 °C (2700° F) and greater than 982 °C (1800°.EW;

Further, the oxidant-containing stream is injected in an amount
sufficient to raise the effluént 'temperature,. by heat -of
reaction and/or by sensible heat addition, by a minimum amount,
depending on the residence time in the reactor after oxidant

addition and before quenching, defined by:

ATy, = 870 - 3.44 x t [°C]

wherein t equals residence time in milliseconds [ms]

and aT,,6 resp. t are = 43.3 [°C] (110 °F) resp. = 180 [ms]

A cross-sectional view of a type of reactor in which the.
process of the present inventibn.ﬂay be practiced is depicted in
Figure 1. As will be understood, the process of the present
invention does not require any modification of the carbon black

reactor, other than the provision of a means for injecting the
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oxidant-containing stream, and therefore may be practiced in
other types of carbon black reactors, such as the types
generally discussed in the Background 'section.

Figure 1 depicts, in cross-sectional view, a modular, also
referred to as a “"staged”, furnace carbon black reactot of the
type generally disclosed in U.S. Patent No. 3,922,335, the
disclosure of which is hereby incorporated by reference. Figure
1 illustrates a furnace carbon black reactor 2, having a first-
stage combustion zone 10, which has a zone of converging
diameter 11; feedstock injection zone 12; and_reaction zone 18.
The diameter of the combustion zone, 10, up to the point where
the zone of converging diameter, 11, begins is shown as D-i; the
diameter of zone 12, as D-2; and the diameter of zone 18 as D-3.
The length of the first-stage combustion zone, 10, ﬁp to the
point where the zone of converging diameter, 11, begins is shown

~as L-1; the length of the zone of converging diameter is shown
as L;z; and the length of the feedstock injection zone is shown
as L-3. |

To produce carbon blacks, hot cdmbustion gases are
generated in combustion zone 10 by contacting a liquid or
gaseous fuel with a suitable oxidant stream such as air, oxygen,
mixtures of air and oxygen or the like. Ambng the fuels
suitable for use in contacting the oxidant stream in combustion
zone, 10, to generate the hot cambustion gases are included any
of'the readily combustible gas, vapor or liquid streams such as
natural gas, hydrogen, carbdn monoxide, methane, acetylene,

alcohols, or kerosene. It is generally preferred, however, to



and MFI data for acetylene black at two different Ioading%ﬂﬂﬁﬂﬂjﬂﬁﬁﬂ@ﬁﬁ,j
at. 40% |l oading is nearly identical to Exanple 15 and the [egrstrrrty=dar™
‘loading is nearly identical to Exanple 13. The M-l is nuch {o
acetyl ene bl ack compositions in both cases, indicating th$t t

conposi tions of Exanple 17 ‘have higher visgegsity at equiv
resistivity than Exanples 13 and 15.

utilize fuels having high content of carbon-containing
components and in particular, hydroéarbons. The ratio of air to
fuel varies with type of fuel.utilized. When natural gas is
utilized to produce the carbon blacks of the present invention,
the ratio of air to fuel may be from about 10:1 to about 100:1.
To facilitate the generation of hot combustion gases, the
oxidant stream may be'preheated.

The hot combustion gas stream flowé downstream from zones
10 and 11 into zones 12 and then 18. The direction of the flow
of hot combustion gases is shbwn by the arrow in Figure 1.
Carbon black-yielding feedstock, 30, is introduced at point 32.
The distance from the end of the zone of converging diameter,
li, downstream to point 32 is shown as F. In the examples
described herein, carbon black-yielding feedstock, 30, was
injected through a plurality of jets which penetrate into the
interior regions of the hot combustion gas stream to insure a
high rate of mixing and shearing of the hot combustion gases and
the carbon black-yielding feedstock so as to rapidly and.
completely decompose and convert the feedstock to carbon blaqE
particles and aggrégates.

Suitable for use herein as carbon black-yielding
hydrocarbon feedstocks, which are readily volatilizable under
the conditions in the reactor, are unsaturated hydrocarbons such
as acetylene; olefins such as ethylene, propylene, butylene;
aromatics such as benzene, toluene and xylene; certain saturated
hydrocarbons; and volatil%zed hydrocarbons such as kerosenes,

naphthalenes, terpenes, ethylene tars, aromatic cycle stocks and



35 TABLE 3 Exanpl e 12 13 14
Denka Acetylene Black D-I. mm 134 184 4
D-1. in 7.25 7.25 7.25 7.25 7. 07
107 107 107 107 D-2. in 4.2 412
4.2
18
the like.

The mixture of carbon black-yielding feedstock and hot
¢ombustion,gases flows downstream through zone 12 into the
carbon black reactor, zone 18. The carbon black reactor, zone
18, may generally be divided into two zones in the present
invention: the primary reaction zone and the secondary reaction
zone. The primary ieaction.zone extends from the outlet of zone
12 to approximately 3.8 reactor diameters downstream in zone 18
Air or other oxidant-containing stream is

The

(3.8 times D-3).
'injected into the effluent at point 62 through line 60.
axial distance between the beginning of zone 18 and downstream
to point 62 is shown as A and shall be at least 3.8 x (D-3) in a

reactor of the configuration shown in Fig. 1- in order to reap
the bénefits of this invention. 1In order for the oxidant-
containing stream to penetrate the effluent, the oxidant-
containing stream is injected at a pressure above the pressure
of the effluent. The oxidant-containing stream may be injected
through a nozzle, or simply through an open orifice.

Quench 40, located at point 42, injecting quenching fluid
50, is utilized to stop the reactions in the effluent.
According to the process of the present invention, quench 40, is
located at a position 42 which allows at least the minimum
residence time, previously defined; after the injection of the
oxidant-containing stream at poiﬁt 62 though line 60. - Q is the
distance, from the beginning of zone 18 to quench point 42, and

will vary according to the position of the gquench.

After the mixture of hot combustion gases and carbon black-
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yielding feedstock is quenched, the cooled gases pass downstream
into any conventional cooling and separating devices whereby the
carbon blacks are recovered. The separation of the carbon black
from the gas stream is readily accomplished by conventional
means such as a precipitator, cyclone separator or bag filter.
This may be, but is not necessarily, followed by some means of
densification, such as pelletization and drying.
_ The novel carbon blacks of the present invention are

bounded b} the following properties:

35 m2/g £ I; No. £ 65 m2/g

30 m/g <

CTAB < 55 m2/g

1.12 mg/m? < I, No./CTAB ratio
Tint < 65%

75 cnf /100g < CDBP < 95 o /100g

In a preferred embodiment of this invention, the I, Number/CTAB
ratio range is from 1.12 to 2.20 mg/m?, and more preferably is
from 1.12 to 1.50 mg/m2. It is preferred that the TIﬁT range
ffdm 35% to 6§5%. We have further discovered novel rubber and
plastic compositions in which these carbon blacks are —
incorporated.

The following te&ting procedures are used.in the
determination and evaluation of the analytical properties of the
carbon blacks of the present invention, and the physical
properties of the rubber compositions incorporating the carbon
brﬁcks of the present invencion.

CTAB of the carbon blacks was determined according to ASTM
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Test Procedure D1765-85. [odine number ([; Ho.) of the calbon
blacks was determined according to ASTM Test Procecure D1510.
Tinting strength (Tint) of the carbon blacks was determined
according to ASTM Test Procedure D3265-85a. The CDBP (Crushed
Dibutyl fhthalate) of the carbon black pellets was determined
according to the procedure set forth in ASTM D3493-86.

The rubber and plastic compositions in' the folleowing
examples were evaluated according to the following test
procedures. The viscosity of the compositions was determined
according to ASTM D3835-79. The mcdulus, tensile and elongation'
of the rubber compositions were measured by the procecure set
forth in ASTM D412. The Melt Flow Index, MFI, of the
compositicns was determined_by ASTM D1238-89.. The pdlyme: that
was used in these éxamples was ethylene ethyl acrylate (E24)
having a MFI of 6 g/ 10 min and a density of 0.931 g/cm3. The
compositions consisted of carbon black and EEA only.

The volume resistivity of the coméositions was determined
in the following manner. The volume rgéistivity (VR) of a
specimen is the product of its electrical resistance (R) and its
cross sectional area (A) divided by its effective length (L) as _
shown by the following equation:

VR=RxA/L

The electrical resistance was determined as follows. A coupon
having a length of 152 mm (6 inches) and a width of 38 mm (1.5 inches)

is cut from an extruded tape. Two coupons are needed for each
b}
compound and they are cut from the tape so that the length is in the

direction of extrusion. Apply a 12.7 mm (half inch) wide strip of a
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silver paint, (1n this‘ instance DAG#416  from Acheson

Dispersions, Port Huron Michigan, was used) to both sides of the
end of the coupon. Cover the top, the bottom, and the edges of

the coupon within the 12.7 mm (half inch) dimension. After the

paint has dried,'measure'the compounds width, thickness, and the
distance between the painted areas using appropriate gauges.

Place the coupons across one 127 mm (5 inch) by 406 mm (16 inchl '

poljcarbonate sheet so that the painted ends are off the
polycarbonate sheet. 'Arrange three coupons so that they are.

separated at least 6.35 mm (C.25 inches) from each other. Place:

- another polycarbonate sheet of the same dimensions on top of the

Secure both polycarbonate sheets using appropriate
Place 6.35 mm (0.25 inch) by 12.7 mm (0.5 inch)

coupons. -

fasteners.

brass shims over the painted areas on the top and bottom of the
exposed coupon ends. Attach appropriate clips on the end of

wires to the brass shims. A digital multimeter, (in this case
a Digitec H10-2120 from United Systems Corp., Dayton, Ohio, was
used) should be used to determine the electrical resistance.

The electxical resistance has units of ohms while A and L have

units of square centimeters (cm?) and centimeters (cm),
respectively. Therefore, the volume resistivity has units of
ohms-cm. | '

The Compound Moisture Adsorption (CMA) of the Com9031t10ns
was determined accordlng to the following procedure. A
previously dried compound sample is placed in a cabinet that
maintains an atmosphere of a constant humidity level for a
predetermined period of time. After this period, the moisture

absorption is calculated from the relative weight gain of the
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composition. The details of the procedure are as'follows. A
sample of 25 grams of compound is granulated using a grinder
with a 4 millimeter screen. From this product a sample of 2

grams is dried at 60 °C (140° F) under 257 mm (10 inches) of

vacuum for a minimum of 2 hours and a maximum of 16 hrs.. A
humidity cabinet (such as Blue M Model FR-251B-1 or equivalent)

is set to a temperature of 27 °C (80° F) and 87.pércent relative

humidity. After drying, the samples are placed in the humidity

cabinet for a period of seven days, after which the weight gain

~is determined by means of an appropriately accurate balance.

The;gMA value is expressed as the moisture absorption at 27 °C
(80° F) and 87:percent relative'humidity for seven days relative
to.tﬁe original weight.

The effectiveness and advantages of the present 1nventlon

w111 be further illustrated by the following examples.

EXAMPLES _
To demonstrate the effectiveness of the present invention

.and the advantages of the new products resulting from this

invention, experiments were conducted in a carbon black
producing process in a reactor substantially described herein,
and as depicted in Figure 1 with the geometry set forth. 1In all
examples, the primary fuel for the combustion reaction was
natural gas supplied to the carbon black forming process at
about ambient temperature of approximately 25 °C (77 °F). The

liquid feedstocks utilized in all examples were commercially

available hydrocarbon mixtures having properties listed in Table

1.
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Table 1. Properties of Liquid Hydrocarbon Feedstock

Feedstock Type " A ﬂ B C " D "'

H/C Ratio u 0.94 | 0.94 1.03 0.97 “

7.20 7.30' 8.00 7.51

Hydrogen (Wt ‘%)

Carbon (Wt %) .- 1 91.6 )| 92.5 | 92.4 92.4

API Gravity - 15.5/15.5 °C 3.3, 5.4
' (288.6/288.6K) '

BMCT (Visc-Graw) 132 118

EXAMPLES 1 - 7 oo
‘Examples 1 - 7 in Table 2 illustrate the effect of oxidant
addition location on carbon black product ‘properties. In
Examples 1, 2 and 3, combustion air -at a rate of 1340 Nm*/h (50
KSCFH) and natural gas at a rate of 55.2 Nm’/h (2.06 KSCFH) were’
combusted in the first-stage combustion zone and feedstock was ..
injected at point 32 at a rate of 492 2 (130 gallons) per hour.
These conditions were held approximately constant for each of
these examples and in each case the effluent was quenched at a
distance of 14 m (46 feet) downstream of the point of oil
injection. Example 1 was a cbntrol run in which no downstream
oxidant was added to the effluent. The resulting carbon black -
of Example 1 had an Iodine number of 31.7‘mg/§, a CTAB of 30.1
m?*/g, a Tint of 39.4%, and an Iodine Number/CTAB ratio of 1.05
mg/m?. In Example 2, air preheated to 399 °C (750 °F) was added
to the effluent through port 60 at a rate of 766 Nm*/h (28.6
KSCFH) at a. point 2.44 m (8 feet) downstream of the reactor
inlet. This distance is-equivalént to 2.7 reactor diameters,
which is within the primary reaction zone which was previously
described, and is not within the criteria of this invention.




01 344 1 316 183 Rise F 0 580
601 311 ién‘é’*\gm na 0. 56 naa © 0.55 0.69
Resi denge LI S
‘ THIS SHEET HAS BEEN
=== REPLACED
24

0 0 0 0 Rate. kscfh
0 Zone 2 Tenperature Rise. [err]

The carbon black product of Example 2 had an lodine number of 53.9 mg/g, CTAB of
43.3 m?g, Tint of 61.5%, and a CDBP of 68.4 cm/100g. The relatively large increase
in Tint (56%) and CTAB (44%), along with the large drop in CDPB, as compared to
Example 1, indicate that the downstream oxidant addition has interfered with the major
carbon black particle and aggregate' forming reactions which normally occur in the

primary reaction zone of the carbon black furnace. The addition of an oxidant-

" containing stream under the cohditions of thisi nvention-does not affect or interfere with

the formatlon of carbon black particles and aggregates which normally occurs in the

. pnmary react:on zone

In Example 3, a downstream oxidant stream composed of .air was injected into

the reactor effluent at a rate of 766 Nm?/h (28.6 KSCFH) at a distance 6.86 m (22.5 feet)

0

{7.5 reactor diamt_eters) downstream of the ‘reactor inlet, which was clear|); in the
previously defined secondary reaction zone, downstream of the primary reaction zone
in the carbon black reactor of Figure 1. The carbon black of Example 3 had an lodine
Number/CTAB ratio of 1.21 mg/m? and a CDBP of 82.8 cm/100g, both of which are
characteristic of -the new class of products. Also, the Tint and CTAB of Example 3 are
only slightly different (6% and 7%, respectively) than those of Example 1, indicating that
the downstream oxidant addition in this case has not interfered with reactions in the
primary reaction zone in which carbon black primary particles and aggregates ére
formed. The major effect of the downstream oxidant-stream addition in Example 3 has

been to raise the lodine Number/CTAB ratio and accelerate the reactions typical of

This Sheet Has Been

T
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the secondary reaction zone in the carbon black reactor.

| In Examples 4 and 5, the first-stage combustion air rate
was 1340 Nm’/h (50 KSCFH) and the first-stage gas rate was 55.2
Nm3/h (2.06 KSCFH). Feedstock was 1njected at point 32 at a rate
of 492 2/h (130 -gph), and “the reactions .were stopped by
quenChing with water at 8.53 m (28 feet) downstream from the

reactor inlet. 1In Example 4, no downstream oxidant was added to
' the reactor, and the resulting carbon black had an Iodine number
of 3i. .3 m/g, a CTAB of 31.2 nﬁ/g, an Iodine Number/CTAB ratio of
1. 00 mg/nﬁ{ and a Tint of 40. 3%. In Example 5, air preheated to
399 °c (750 °F) was 'used as the downstream oxidant and was added'

ko the reactor at a rate_of 766 Nm*/h (28.6 KSCFH) position 4.42

- m (14.5 feet) downstream of .the reactor inlet, which is -

eqdivalent.tb_4.8 reactor diameters downstream of the reactor
inlet and downstream of the primary reaction zone, as previously |
defined for the reactor depicted ih Figure 1. The resulting-
' carbon black of Example 5 had an Iodine number of 42.2 mg/g and
a CTAB of 34.7 m?/g, for an Iodine number/CTAB ratio of 1.22
mg/m?, and a Tint of 43.5%. Comparing Examples 4 and 5.shows
that the -Iodine number/CTAB ratio has been significantly
increased by adding downstream oxidant at 4.8 reactor diameters
downstream, but the CTAB and Tint have been changed only .
slightly (11% and 8%, respectively). Therefore, the carbon
particle and aggregate forming reactions occurring in the
primary reaction zone have not been affected by adding preheated
air to the reactor at a position 4.8 reactor diameters
downstream of the reactor inlet. °
Examples 6 and 7 show that oxidant may be added at 4.0
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reactor diameters downstream of the reactor inlet without
substantially altering the carbon black particle and aggregate

forming reactions which are occurring in the primary reaction

zone. In Example 6 and 7, combustion air at a rate of 938 Nm3/h
(35 KSCFH) and natural gas at a rate of 44.5 Nm*/h (1.66 KSCFH)

were supplied to the first-stage combustion chamber. Feedstock

was 1njected at point 32 in both examples, at a rate of 318 2/h
(84 gph) 1n Example 6 and 356 £/h{ (94 gph) in Example 7. The

"dlfference in feedstock rate was necessary to account for slight

differences in feedstock propertles and provide roughly:.

equivalent overall combustion 1evels, and ‘thus equivalent-

.reaction conditions, in the primary reaction zone for each

example. In Example 6, no downstream oxidant-containing stream
was -added to the reactor and the‘resulting carbon black had an

a CTAB  of 40.3 m?/g, an Iodine

Iodine number of 42 mg/q,
number/CTAB ratio of 1.04 mg/m?, and Tint of 53%. In Example 7,
the combustion products of 536 Nm*/h (20 KSCFH) air and 29.2

Nm*/h- (1.09 KSCFH) natural gas were used as the downstream

oxidant and were added to the reactor at 3.66 m (12 feet)

downstream of the reactor inlet, which is equivalent to 4.0

reactor diameters downstream of the reactor inlet. Comparing
the analytical_ properties of Examples 6 and 7 shows that Example
7 has significantly higher Iodine number and Iodine number/CTAB
ratio, but CTAB and Tint are only slightly higher than for
Example 6 (12% and 4%,

addition of the combustion products at 4.0 reactor diameters

respectively). This indicates that

does not interfere with the carbon black particle and aggregate

forming reactions of the primary reaction zone.
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Examples 8 and 9 _

Examples 8 and 9 in Table 2 demonstrate that an oxidant-
containing stream composed of either air or the combustion
products of air and natural gas may be added to the reactor

effluent, in the manner of this invention, with the same

'beneficial results on the carbon black products. In Example 8

and 9, primary combustion air at a rate of 938 Nm*/h (35 KSCFH)
and natural 'gas at a rate of 24.7 Nm'/h (0.92 KSCFH) were added.

:to the first-stage combustion chamber, and feedstock was added:

at. point 32 at a rate of 310 2/h (82 gph). 1In Example -8, a

downstream oxidant-containing stream composed of air at a .rate

- of ‘455 Nm°/h (17-KSCFH) was added to the reactor effluent 4.12

m (13.5 feet) downstream of the point of.‘oil injection. A

carbon black having an Iodine number of 59 mg/g, a CTAB of 41.7
m’/g, a DBPA of 135 cm/100g was produced. In Example 9,
combustion products of 536 Nm*/h (20 KSCFH) air and 27 Nm*/h

(1.01 XKSCFH) natural gas, resulting in 100% excess air above the

stoichiometric amount, were added to the reactor effluent 4.12

m (13.5 feet) downstream of the point of oil injection. The

-carbon black of Example 9 had analytical properties essentially

identical to those of Example 8. Further, the compound
performance properties of 90 °C Tape Resistivity, MFI, and CMA
$ for the carbon blacks of Examples 8 and 9, when compounded in
EEA at 38% loading, were essentially identical. The carbon
blacks and compounds'of Exémples 8 and 9 are further examples of

the novel products of the present invention.

’
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(50 kscfh) and natural gas at a rate of 55.2 [err] (2.06 kscf

supplied to-the first-stage conbustion chanber, and Ilqufw_: A
‘injected at a rate of 515 [err]/h (136 gph) at point 32.
‘which was varied in these exanples was the rate at which
added to the secondary * reaction zone in the carbon bl a
air being added to the effluent at a point 4.42 m (14.5 f
the reactor inlet. In each of these exanples, the reactid
guenching at a point [err].53 m (28 feet)z%Pmnstrean1of ’

Examples 10 - 11
Examples 10 and 11 in Table 2 demonstrate that an oxidant-
containing stream composed of either combustion products of air
and natural gas or an air stream enriched with oxygen may be
added downstream in the carbon black reactor to achieve the
desired effects of this invention. In Example 10, the
combustion products of 804 Nm’/h (31 KSCFH) air and 47 Nm’/h
. {1.74 KSCFH) natural gas are added to the reactor through a port
‘located 3.66 m (12 feet) downstream from the reactor inlet to
produce a carbon black with Iodine number of 58 mg/g:and CTAB of
46 M*/g, for an Iodine number/CTAB ratio.of 1.23 mg/m?. In
Example 11, a gas stream comprised of 201 Nm®/h (7.5 KSCFH) air
" mixed with 40 Nm*/h (1.5 KSCFH) oxygen, resulting in 34% 0,, is
added to the reactor via a probe inserted through a port in the

reactor walls into the secondary reaction zone of the carbon
black reactor at a distance 9.14 m (30 feet) downstream of the
reactor inlet. Table 2 shows that the analytical properties of

the products of Examples 10 and 11 are very similar and fulfill

the requirements for the improved products of this invention.
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respectively, was added to the reactor at 4.42 m (14.5 fdeti) of

the reactor inlet. In conparing the carb bl ack anal yti ¢ali_properties fgo

these exanpl es, the |odine nunber increases as

TABLE 2
Example ¥ t 2 3 4 5 [} 7 3 9 10 I
D-1l. mm 184 184 184 184 134 134 134 134 184 184 194
D-L. in 725 | 725 |72 | 725 |725 [725 |25 725 |25 |2 |12
D-2. mm w07 | 107 107 w7 |7 |7 |07 |17 w07 | 160 107
D-2. in 1.2 42 }4Y 4.2 42 42 4.2 4.2 4.2 6.3 4.2
D-3. mm 914 | 914 914 914 |91s fos o913 |9ws 91s | 686 914
D-3. in 36 36 36 36 36 36 36 36 36 7 36
L-1, mm 610 | 610 |.610 610 - | 610 |60 | 610 | 610 610 | 610 610
L-1, in 24 24 24 24 24 2 24 24 21 b1} 21
L-2. mm 305 | 305 305 305 |30s {305 305 |305 305 | 305 305
L-2.in 12 2 12 12 2 12 12 12 12 2 12
L3, mm 229 | 229 229 |29 |229 |229 [229 |29 229 |29 229
L3, in 9 9 9 9 9 9 9 9 9 9 9
F. mm s | 14 lis 116 | 1e e e {14 e |14 14
F in 45 |as 4.5 45 |45 las |as |45 45 |as 4.5
A m NA |24+ |63 |NA 442 |NA |3.66 |396 |39 |366 3.9
A ft NA |8 25 | Na |1es [ Na |12 13.5 135 |2 13.5
Qm 14 14 ) 853 |853 |14 14 14 14 853 |14
Q f 46 46 . |36 28 28 4 46 46 46 23 46
Qil Inj. Pt. 32 2 32 2 £ 7] 32 32 32 32 Exl 32
’ 9x

Tips # x 9x 9x 9x 9% 9 9x 9x 9x 9x 9x
size mm 09t [o091 foo1 |09t |091 (091 fo09L {091 ;0S5 {lé 0.91
in 0.036 | 0.036 | 0.036 | 0.036 | 0.036 | 0.036 | 0.036 | 0.036 | 0.036 | 0.055 | 0.056
Feedstock
Rate, Uk a92 | 492 [492 492 |49z |38 |[318 |30 310 |36 |42
Rate, gph 130 | 130 130 130 [130 |8 84 82 82 149 12
{reedstock -

" Temp., °C 177 |77 177 177 j177 |38 38 93 93 93 93
Tempt.. F 350 | 350 350 350 (350 jtwo |wo |200 J200 |20 200
Feedsock Type | A A A A A c A D D A c
K+ Addition
g/1000 1 ail 8.2 2 8.2 225 |22 |0 0 0 o 1.93 g
qm/t00gatoil | 3.t | 3.1 3.1 08 |085 {0 0 0 0 0.73
Primacy Comb. :

Aic, Nm'h 1340 | 1340 1340 1340 | 1340 | 977 977 | 97 977 1474 ;;74
Air. kscth 50 50 50 50 50 35 35 35 35 55 !
Primacy Comb. . !
Air Temp. °C | 399 | 399 199 399 {399 |sw0 | 454 |39 9 | as2 482 |
Air Temp. F 750 | 1350 750 750 | 750 | 950 |8s0 | 750 750 | 00 900

>
Primary Nat. .
Gas. Nm'/h ss2 |ss.2 |ss2 |ss2 |ssa |4ss |99 J2s6 |2e6 |05 552
Gas, kscth 206 | 206 |206 |206 |206 {17 149 {092 |o92 st |2e
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previ ously descrlbed this capability of redu0|ng the nodul us in rubber is

an advant age—of—thrs—procygss. —EXanpijes 19— ajcatrcplatet renperatur e

rise of 43.|BA[fer Pyl ef ), Yxhildr’ts |tHe | ° O R N R
Secandary Air . .
Rate, Nar'/h 0 766 766 0 766 0 536 453 536 331 201
Rate, kscth 0 8.6 28.6 Q 3.4 0 20 7 20 31 1.5
Secundary Gas
Rawe, Nen¥h 0 0 0 0 0 0 289 |0 271 | 45.8 0
Rate, kscth 0 0 0 0 0 0 1.08 (4] 1.01 1.71 Q
Secondary
Oxygen
Rate, Nm*/h 0 ] 0 0 0 0 0 0 0 0 40.2
Rate, kscth a . Q 10 0 0 0 0 0 0 0 1.5
Zone 2 _
Temperanre

I Rise, °C V] 221 353 0 353 0 147 247 256 225 192

Rise, F 0 430 668 0 668 0 296 477 493 437 377
Zone 2 ‘na 1.03 0.52 na 0.56 na 1.00 1.29 1.15 Q.35 0.33 .
Residence
Time, s
Quench Temp. . - .
°C 732 732 732 732 732 732 732 732 732 732 7..:2
13 1350 | 1350 1350 1350 | 1350 | 1350 | 1350 | 1350 1350 | 1350 1350




advantages of this invention. Further, the resi dence t|r®
in the secondary reaction zone of the reactor after the
downst r eam oxi dant-containing streamis 0.240 seconds (2
Exanple 19. In Exanple [err], the calcul ated tenperaturg¢ : ]
(482 [err] and the residence tine of tfie effluent in the secondary react |
39 zone is 180 ns. It is understood that the chem cal rEacrrors—ot

Table 2 - Continued

EXAMPLE # 1 2 3 4 5 6 7 8 9 10 11
Iodine J1.7]53.9139.1131.3|42.2] 42 54 56 | 57 58 56
Number, mg/g
CTAB, m2/qg 30.1 43.3132.2131.2|34.7140.3| 45 41 | 42 47 46
N, Surface 27.8(47.5 29.5/36.6{38.0{48.5 $0.5[42.0]51.9

Area, mi/qg
I2/CTAB 1.05]1.24}1.21|1.00{1.22|1.04] 1.2 |1.36{1.35[1.23|1.22
Ratio, mg/m2 .

Tint, % 39.4161.5/41.8 40.3]43.51 53 55 1 49 | 49 57 57
DBPA,/IOO 153.2{85.3§133.1}139133|162{139}135]134] 1321160
q
CDE% 76.6}68.4/82.878.9]76.7} B9 | 88 | 84 | 84 | 86 | 91
cm’/lOOf;
CB LOADING, ' 38.0/38.0
WTS
MELT FLOW , 42.2| 42
INDEX
TAPE 13, |13,
RESISTIVITY 8004 500
@ 90C,
OHEM-CM
CMA.$ - 0.12]0.16
NATURAL ,
RUBBER 300%

MODULUS,

$ from IRB-6

Examples 12 - 15

Examples 12 -~ 17 in Table 3 illustrate the improved plastic
and rubber compound properties which result from using carbon
blacks produced by this invention. In these examples, carbon
blagks with nearly identical Iodine Number and DBPA were
prepared both with and without using downstream oxidant-
containing stream addition. The resulting carbon blacks were
then compounded in rubber and/or plastic in the manner described
previously and the performance of eacn was evaluated.

Considering first Examples 12 through 15 of Table 3, the

natural gas flow rate to the first-stage combustion chamber was



T

t he secondary reaction zone are subject to an |ncreaseHBELﬁgg&ﬁHEBSHﬁE@ as

tenperature increases. It is also understood that thd rjate o
di ffusion of the oxidant streamw th the effluent wllf ijncng
-increasing tenperature. Therefore, it is clear that the condltlons of
.Exanpl e 19 and 21, having the | owest tenperature risetir

‘reaction zone due to addition of downsgz eam oxi dant, and the shortest
residence tinme in the reactor after addition of the secondary oxrtam—ahd

bef ore quenching (as conpared to the other exanples), denonstrate the
benefits of this invention.

53 Nm’/h (2.0 KSCFH) the primary combustion air flow rate was

1340 Nm*/h (50 KSCFH), and the combustion air preheat temperature

was 399 °C (750 °F). The resulting primary combustion level is

estimated at about 250%. In each of these cases quenching was

performed at 8.53 m (28 feet) downstream in the reactor.

Examples 12 and 14 représent control runs in which carbon blacks
having certain Iodine number and structure levels (DBPA) were
prepared using the carbon black producing furnace shown in
Figure 1 without any downstream oxidant addition. 1In Exémples
12 and 14 there were obtained carbon blacks with 42 mg/g Iodine
number, 141 cm?/100g DBPA and 61 mg/g Iodine number, 133 cm?/100g
DBPA, respectively, These carbon blacks were compounded in EEA
at 44% loading and tested for MFI, Tape Resistivity at 90 °C, and
CMA %. The results of these tests are listed in Table 3.
Examples 13 and 15 represent runs in which carbon blacks having
approximately the same Iodine number and structure levels as in
Examples 12 and 14 were obtained by using the downstream oxidant
addition process of the curfent invention. In these cases,

additional preheated combustion air at a rate of 766 Nm’/h (28.6

KSCFH) was added to the carbon black reactor at a distance 4.42

m (14.5 feet)-downstream of the point of oil injection and the

oil feedstock rate was adjusted to give carbon blacks with the
desired Iodine number. The resulting carbon blacks of Examples
13 and 15 have nearly the same Iodine number and DBPA as the
carbon blacks of Examples 12 and 14, reSpectively, but the I2
Number/CTAB ratio of'the carbon blacks from Examples 13 and 15
are above 1.12 mg/m? whereas the’ I2 Number/CTAB ratio of the
carbon black from Example' 12 is below



_ TOED] AFELBR
40 TABLE 4 EXanpl e 18 19 20 21 m;-m___".__‘-_gﬁ’f SHEET
184 194 184 184 D.1. in 7.25 7.15 7.45
7.25 D-2. mm 107 107 107 107 O+ 2 43 JUN 1998
4.2 4.2 4.2 '
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1.12 mg/m? and the TINT of Example 14 is above 65%. The carzbon
blacks of Examples 13 and 15 were compounded in EEA at 44%
loading and tested for Melt Flow Index, Tape Resis:ivity at 30
°C, and CMA %. Referring to Table 3.and comparing the compound
performance of Example 13 with Example 12 and that of Bxample 15
with Example 14, the ratio of Tape Resistivity at 90 °¢/MFI is
much lower for Example 13 than BExample 12, and lower for Example
15 than Example 14. A lower value of this ratio indicates that
the cbmpéund has lower resistivity at a fixed viscosity. Also,
the compound of Example 13 has a lower CMA than the compound of
Examples 12, and the compound of Example 15 has a lower CMA than
the-coﬁpound of Example 14.

In Example 16, the conditions in the first-stage combustion
chamber and rate of feedstock injection at point 32 were
essentially identical to those ;sed in Example 12. In Example
16, however, preheated air at a rate of 383 Nm‘/h (14.3 KSCFH)

was added to the reactor effluent 4.42 m (14.5 feet) downstream

of the point of oil injection. The carbon black product of

Example 16 exhibits analytical properties consistent with novel
products claimed under this invention. Further, the 300%
modulus in Natural Rubber and the 300% ﬁodulus in SBR are both
lower than the properties of similar rubber compounds produced
with conventional carbon black from Example 12. As previously
explained, imparting a lower modulus in rubber at a given carbon
black lcading is a desirable property of carbon black in many

applications.

»

Example 17 is acetylene black, which is not produced by the




D-3. mMm

36 36
610 L-1. in
305 305
12 L-3. mm
9 9
114 F. in

914 914 914 914 D- 3. mJMREpL"’A :

36 36 L-1. mm 610 610 m=td
24 24 24 24 L-2.
305 305 L-2. in - 12 i 1o 1SJUN {1998
229 229 229 229 L-3. |
9 9 F. mm " 114 114 114
4.5 4.5 4.5 4.5 -

furnace process, and is shown here as a reference. This
material is generally considered one of the best types of carbon
black available for use-in plastic compositions for medium
voltage underground cable sheathing compounds. The Iodine
Number, CTAB;.TINT, and CDBP all are outside the ranges of the
novel products of this invention. Also shown are resistivity
and MFI data for acetylene black at two different loadings. .The
resistivity at 40% loading is nearly jdentical to Example 15 and
the resistivity at 38% loading is nearly identical to Exémple
13. The MFI is much lower for the acetylene black compositions
in both cases, indicating that the compositions of Example 17
have higher viscosity at equivalent electrical resistivity than

Examples 13 and 15.



A m

NA - 14.5
8.53 Q ft
32 32

9x size mm
- 0.036

0. 036

NA 4.42 a.42 | 4.42 A tREPLACEMENT SHEET
14. 5 14. Q m 8.53 q. 55 3. 93
28 - 23 28 28 G| {I1j.4BtJUN 1998
32 32 Tips # X 9x X 9x
0.91 0.91 0.91 0.91 irn
0. 036 0.03 6 Feedg§ock o
TABLE 3
Example # 12 13 t4 15 16 17
‘ Denka
Acetylene
Black
D-1, mm (34 184 {34 134 184
D-l, in 7.25 7.25 7.25 7.25 7.25
D-2. mm 107 107 107 o7 107
D-2.in 4.2 4.2 4.2 4.2 42
D-3. mm 914 914 914 914 914
D-3, in 36 36 36 36 36
L-l, mm 610 | 610 610 610 | 610
L-l, in 24 24 24 24 24
fl L-2, mm 305 305 30s 305 305
L-2,in 12 12 12 12 12
L-3, mm 229 229 229 229 229
L-3, in 9 9 9 9 9
F, mm 114 114 114 114 114
F. in 4.5 4.5 4.5 4.5 4.5
A, m NA 4.42 NA 4.42 4.42
A, NA 14.5 NA 145 | 145
Qm 8.53 | 8.53 8.53 853 | 853
Qf 23 28 28 28 28
Qil Inj. Pr. 32 2 2 32 32
Tips # x 9x 9x 9x ox 9x
size mm 0.91 0.91 0.91 0.91 0.91
in 0.036 { 0.036 | 0.036 | 0.036 | 0.036
Feedstock |
" Rate, Uh 413 492 394 443 443
" Rate, gph nz 130 104 117 117
Feedstock
Temp., °C 177 177 177 177 177
Tempt.. F 350 350 350 350 350
Feedstock Type | A A A A A
K+ Addition
8/1000 1 oil 2.25 ]| 2.25 2.25 225 | 225
qm/ 100gal oil 085 | 0385 0.33 085 | 0.35
Primary Comb.
Air. Nm"h 1340 .| 1340 1340 1340 1340
Air, kseth S0 50 50 50 S0
Primary Comb.
Aic Temp. °C 399 39 399 399 399
Air Temp. F 730 730 750 750 750




Rate. 1/h 515 515 515 515 Rat,
136 136 136 136 Feedstock Tenp.. [err]
177 177 177 Tenpt[err] 350 34
350 Feedstock Type A A A A
| oil 2.25 . 2.25 2.25 2.25 gm 10094
-0.35 0. 85 0.85 Primary Conb. 36

v
EA

0
K
I

TABLE J - Continued

=

1 2Y
T

e SHEET

+
oi

s ;350
AU 958

Primacy Nac
Gas. Nen'/ly 53 53 53 53 53
Gas, kscth d 2 2 2 2
Air/Gas Burn 9.9 9.9 9.9 9.9 9.9
Ratio :
Secondary Aic
Race, Nm’/h 0 766 Q 766 383
Rate, kscth 0 ] 28.6 0 28.6 14.3
Secondary Gas
Rate, Nm'/h 0 0 0 0 0
Rate, kscth 0 V] 0 0 -0

ﬂ Secondary
Oxygen
Rate. Nm’/h 0 0 0 0 0
Rate, kscth 0 0 0 0 0
Zone 2

” Temperature
Rise, *°C 0 304 0 316 183
Rise, F 0 580 g | 601 361
Zone 2 na 0.56 naa 0.55 0.69
Residencs
Time, s
Quench Temp.
*C 732 732 732 732 732
F 1350 | 1350 1350 1350 1350 _




Air. [err]

- 41 Table 4 -Continued

1340 1340 1340 1340 A {RELLGSEMENT SHEET
50 50 Primary Conb. Air Tenp. [efr] . 399
399 399 Air Tenp. F 750 750 T8JdUN 199875p
37

TABLE 3 - Continued

[EXAMPLE # 12 13 1K) L5 18 17
Iodiné Numbec, ma/g 42 42 61 63 47 86
CTA3. m2/g 40 33 S4 47 42 '{5

N2 Surface Area, mi/q #37.1 36.6 52.8 54.5 4L.5 a7
I2/CTA3 Ratic, mg/m2 1.05 1.2 1.13 1.34 1.12 Jt1.15
ITint, % 43 4 4 69 57 53 67
DBPA, ¢m3/100¢g 141 133 132 357 %35 igg
CDB2, ¢m3/100 80 77 85

S0 . Cm g |

C3 LOADING, WT% 44.0 44.0]j44.0 44.0 40 18
MELT FLOW INDEX 13.9 |18.5 |I5.7 10.7 4.0 7 4
ITAPE RESISTIVITY & 17298 3680 [2065 ||S04 4433707
90C, OHM-CM

CMA, % i0.22 H§0.12 H0.31 i0.16
- | I | .

NATURAL RUBBER 300% lrz.a “ -1.5 [+0.7

MODULUS, 5 from IRB-6 | !

Examples 18 - 21

Examples 18 - 21 in Tablé 4 demonstrate the effect of

downstream oxidant stream addition rate on carbon black
analytical properties and the reduction in 300% modulus in
rubber resulting from compounds made with these carbon blacks.

In each of these examples, combustion air at a rate of 1340 Nm’/h

(50 kscfh) and natural gas at a rate of 55.2 Nm%ﬂl(z.oslkscfh)
were supplied to the first-stage combustion chamber, and liquid

feedstock was injected at a rate of 515 £/h (136 gph) at point

32. The only parameter which was varied in these examples was
"the rate at which.preheated air was added to the.seccndary
-.reaction zone in the carbon black reactor, this air being added
to the effluent at-a point 4.42 m (14.5 feet) downstream of the

reactor inlet. In each of these examples, the reactions were
stopped by quenching at a point 8.53 m (28 feet) downstream of
"the reactor inlet. '




Primary Net. Gas. [err] 55.2 55.2 55.

2. 06 2. 06 2. 06 2.06 Air/ Gas
9.7 9.7 Downstream Air Rate. [err]
536 Rate. kscth 0 5 10
Gas Rate. [err] 0 0 0 0
0 0 0
38

Example 18 was a control run in which no downstream oxidant stream was
added to the reactor from which a carbon black having an lodine number of 24 mg/g,
a CTAB of 28 m%g, and a Tint of 39% was obtained. In Examples 19, 20, and 21, an’
additional 134, 268 and 536 Nm*h (5, 10 and 20 kscfh) air, respectively, was added

to the reactor at 4.42 m (14.5 feet) downstream of the reactor inlet. In comparing the

carbon black analytical properties from these examples, the lodine number increases as

doWnStream _okid'aht addiil"on rate is increased. There is essenﬁélly véry little effect on

CTAB sdrface'area or Tint as the dow-nstream_ oxidant raté is increased, indicating that

carbon forming reactions in the primary reaction zone have not been affected by

increasing the oxidant stream addition rate. In comparing the 300% modulus:in both NR

and 'SB:R, expressed as a percentage deviatioq from a standard sample, for compounds |
containing the carbon blacks from these exémples, the modulus is reduced as the

downstream oxidant-containing stream addition rate is increased. As previously

described, this capability of reducing the modulus in rubber is an advantage of this.
process. |

Examples 19, with a calculated temperature rise of 43.3 °C (110 °F), exhibits the

smallest increase in temperature of any examples which demonstrate the advantages of
this invention. Further, the residence time of the effluent in the secondary reaction zone
of the reactor after the addition of the downstream oxidant—confaining stream is 0.240
seconds (240 milliseconds) in Example 19. In Example 21': the calculated temperature

rise is 250 °C (482 °F) and the residence time of the effluent in the secondary reaction




Downstream Oxygen Rate. [err] Rate, kscth 0
0 0 Zone 2 Tenperature Rise. [grrf] -
250 Rise. F 0 110 224 | 153&&69%82
0.24 0. 22 0.18 Residence Tine. s

| REPLACEMENT SI;IEET
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zone is 180 ms. It is undarstood that the chemical r=2actiens of
the secondary reacticn czone are subject to an iacrease in
reacticn rate as temperature increases. It 1s also understood
that the rate of mixing and diffusion of the oxidant stream with
the effluent will increase with incresasing temperature.
Therafore, it is clear that the conditions of Example 19 and 21,
having the lowest temperature rise in the secondary reaction
zone due to addition of downstream exidant, and the shortest

' residence time in the reactor after addition of the secondary
oxidant and before quenching (as ccmpared to the cther

examples), demonstrate the benefits of this invention.



Quench Tenp. [err] . 732 732 732 REPLAC?MM SHEET
1350 1350 1350 1350 42 Table 4 - Continued BEXAMPLE #
18 19 20 21 lodi ne Number, nmg/g | 24 13 JUN 11998
29 34
40 '
TABLE 4

Example # 18 19 20 21

D-1. mm 134 184 184 134

D-l.m 7.25 7.15 7.25 7.25

D-2. inm 107 107 107 107

D-2.in 4.2 1.2 42 12

D-3. mm 914 | 914 914 914

D-3. in 36 36 36 36

L-1. mm 610 | 610 610 610

L-l.in 24 24 24 24

L-2, mm ' 305 | 305 305 305

L-2.in 12 12 12 2

L-3. mm 229 | 229 229 229

L-3.in 9 9 9 9

E. mm e |t |ue | 11e

F in 4.5 4.5 4.5 4.5

A, m NA | 442 4.42 4.42

A, tt NA 14.5 14.5 14.5

Qm 8.53 | 8.53 8.53 3.53

Qtt 28 -] 28 23 23

Oil Inj. Pt. 32 32 32 32

Tips # x 9x 9x 9x 9%

size mm 0.91 0.91 0.91 0.91

in 0.036 | 0.036 | 0.036 | 0.03

6
Feedstock
Rate. l/h 515 | 515 |sts |sis |
J Race, gph 136 136 136 136
# Feedstock

Temp., °C 177 177 177 177

Tempt., F 350 | 350 350 350

Feedstock Type A A A A |

K+ Addition

2/1000 1 oil 2.25 | 2.25 2.25 2.25

ym/ 100gat oil 0.85 | 0.35 0.85 0.85

Primary Comb. s

Air, Nm'h 1340 | 1340 1340 1340

Air, kscth 50 S0 50 3

Primacry Comb. .

Air Temp. °C 99 I 399 399

Air Temp. F N EAD) 730 730 730




40

CTAB, [err] | 28 29 29 30 \BERLAGEMENT SHEET
[err] 28. 2 26.5 28. 4 29.2 12/ CTAB Rat| o, [err]
0.857 0 .934 1.00 1.13 Tint, % 39 13 JUN 1998
40 DBPA, [err] 150 158 144 145
CDBP, [ err] 83 80 78 - 77 CBLOADI NG W% TAPE
RESI STIVITY [err] 90 ¢, NATURAL RUBBER %bo% 21. 7 .19, 7
17. 1 8.3 MODULUS, % from | RB-6
TABLF 4 - Continuad

Primary Nat.

Gas. N’/ 55.2 55.2 55.2 55.2

Gas, kscth 2.06 2.06 2.06 2.06

Aic/Gas Burn Ratio 9.7 9.7 9.7 9.7

Downstream Air

Rate, Nm'/h Q 134 268 536

Rate, kscth 0 5 10 20

Downstream Gas

Rate, Nm¥h 0 0 0 0

Rate, kscth 0 0 0 0

Downstream Oxygen

Rate, Nm*h

Rate, kscth 0 0 0 0

0 0 0 0
Zone 2
Temperature Rise, °C { 0 433 107 250
" Rise, F 0 1o |24 |a4s2 “

Zone 2 NA 0.24 0.22 0.183° .

Residence ;

Time. s

Quench Temp.

°C 732 732 732 | 732

F 1350 | 1350 1350 1350

L_—_=——__—-—__-———_——L_—-——l




It should be clearly understood that the fornms of the presen.Rgggggggggg;§ggﬁT
herein described are illustrative only and are not intended § Opt=t=

scope of the invention. The present invention includes all npd fi%ﬁébﬁnﬁ
falling within the scope of the follow ng clains,. 43 New! pLA 11738
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Table ¢ - Continued

. EXAMPLE # 18 19 20 | 21
Iodine Numrcer, mq/q 2% 27.1. 29 34
CTAB, mi/qg 28 29 29 30

N2 Surface Area, m2/q 28.2 26.5 28.4 29.2
I2/CTA3 Ratio, mg/m2 0.857 0.934 1.00 1.13
Tint, % .39 39 40 4Q

DBPA, cm3/1Q00qa 150 158 144 145
CDBP, cm¥ 100qg 83 80 78 77

CB LOADING, WTS
MELT FLCW INDEX
TAPE RESISTIVITY & 90C,

QHM-CM
aa,
NATURAL RUBBER 300% 31.7 19.7 17.1 8.3

MODULUS, % from IRB-§

It should be clearly understocd that the forms of the
present iavention herein described are illustrative only and are
not intended to limit the scope of the invention. The present
invention includes all medifications falling within the scope of

the followiné claims.



A prbcess for producing carbon blacks conprising: a) reacti
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conposed of carbon bl ack and' conbusti on gases; b) i nj ecti ng
cont ai ni ng into the reactor at a | ocation
the car bonmmmmmmmumgnd aggregat es ave been forned; c)
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and recovering

I
t he carbon bl ack product. 2. The procegg of claim1l wherei
oxi dant-containing streamis injected '

mnmtre

NEW CLAIMS 1+2

A process for producing carbon blacks comprising:

a) reacting an oxidant, primary fuel, and carbon black feedstock in a
reactor to form an effluent composed of carbon black and
combustion gases;

b) injecting a stream containing 5dditional oxidant into the reactor at a
location after which the carbon black particles and aggregates ave
been formed; |

c) passing the effluent through the reactor;

d) cooling, separating, and recovering the carbon black product.

The process of claim 1 wherein the oxidant-containing stream is injected
into the reactor at a location where the temperature of the effluent in the
reactor is between 982°C (1800°F) and 1482°C (2700°F), and in an
amount sufficient to raise the effluent temperature by a2 minimum amount
depending on residence time of the carbon black in the reactor after
oxidant-containing stream addition as defined by:
AT, = 870 - 3,44 x t [°C]

(AT iy = 1598°F - 6.20 x (t, ms))
wherein t equals residence time in milliseconds [ms]
and

AT resp tare = 42,3°C (110°F) resp. 2 180 ms.
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reactof [ betwean l{[err] and [err] and in an amunt suff]
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time of fhe car ki in the reactor after oxidant- cont
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x (t, hs wherein t equal s reS|dence ti I n #PLtheconds_;ns;_ nd [err]
resp t%@m rerTT—180 ns. 4F THIS SHEET HAS BEEN r’i

_ REPLACED

3. The process of Claim 2 wherein the oxidant-containing stream

is air.

4. The process of Claim 2 wherein the oxidant-containing stream

is air enriched with oxygen.

5. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air.

6. The prccess of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and oxygen.

7. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air and

oxygen.

8. Carbon black products characterized by having an Iodine
Number of 35 to 65 mg/g, a CTAB of 30 to 55 m2/g, an Iodine
Number/CTAB ratio of at least 1.12 mg/m2, a TINT of less than

65t, and a CDBPA of 75 to 95 cmi /100g.

9. The products of Claim 8 wher?in the Iodine Number/CTA3 ratio

is between 1.12 and 2.20 mg/m2.

— e

This Sheet Has Been R,

T



3. The process of Caim2 wherein the oxidant-containi g

The process of Claim 2 wherein the oxidant-containing stiI'Gaskts—et-r=
enriched with oxygen. 5. The process of Claim2 whereinithe '

aggﬁbc

Qb gl Il |

oxi dant-containing streamis the hot combustion products df
fuel and air. 6. The process of Claim2 wherein the oxi dang_-con
stream 45
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PROCESS FOR PRODUCING CARBON BLACKS AND
NEW CARBON BLACKS

ABSTRACT
A process for producing carbon blacks comprised of mixing

an oxidant, primary fuel, and carbon black feedstock to
form carbon black particles and aggregates, passing the

mixture through a reactor, cooling, separating, and

recovering the carbon black product. The improvement

comprises the addition of a secondary oxidant-containing

stream to the reactor such that the secondary oxidant

gstream does not interfere with the formation of the carbon

black particles and aggregates in the reactor. Also
disclosed are new carbon black products defined by the

following parameters : 35 m’/g s I, No. = 65 m?/g : 30 m*/g

s CTAB s 55 m?/g; 1.12 s I, No./CTAB ratio; Tint s 65 %: 75

cc/100g = CDBP = 95 cc/100g. Alsc disclosed are rubber
and/or plastic compositions containing these new carbon

blacks.

FIGURE 1.
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The carbon black product of Example 2 had af; lodine number of 53.9 mg/g, CTAB of
43.3 m¥g, Tint of 61.5%, and a CDBP of 68.4 cri/100g. The relatively large increase
in Tint (56%) and CTAB (44%), along with the large drop in CDPB, as compared to
Example 1, indicate that the downstream oxidant addition has interfered with the major
carbon black particle and :a':ggregate formihg reactions which normally occur in the
primary reaction zone of the carbon black furnace. The addition of an oxidant-
" containing stream under the cdnd'itions of this invention-does not affect or interfere with
. the formation of carbon black particles and aggregates which normally occurs in the
primary reaction zone. |

In Example 3, a downstream oxidant stream composed of .air was injected into
the reactor effluent at a'rate of 766 Nm>/h (28.6 KSCFH) at a distance 6.86 m (22.5 feet)
{7.5 reactor diameters) downstream of the reactor inlet, which was clearly; in the
previously defined secondary reaction zone, downstream of the primary reaction zone
in the carbon black reactor of Figure 1. The carbon black of Example 3 had an lodine
Number/CTAB ratio of 1.21 mg/m? and a CDBP of 82.8 cmi#100g, both of which are
characteristic of the new class of products. Also, the Tint and CTAB of Example 3 are
only slightly different (6% and 7%, respéctively) than those of Example 1, indicating that
the downstream oxidant addition in this case has not interfered with reactions in the
primary reaction zone in which carbon black primary particles and aggregates are
formed. The major effect of the downstream oxidant-stream addition in Example 3 has

been to raise the lodine Number/CTAB ratio and accelerate the reactions typical of
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Examples 8 and 9 o

Examples 8 and 9 in Table 2 demonstrate that an oxidant-
containing stream composed of elther air or the combustion
products of air and natural gas may be added to the reactor
effluent, in the manner of this invention, with the same
beneficial results on the carbon black products. In Examﬁle 8
and 9, primary combustion air at a rate of 938 Nm*/h (35 KSCFH)
and natural 'gas at a rate of 24.7 Nm*/h (0.92 KSCFH) were added.

sto the first-stage combustion chamber, and feedstock was added:

at. point 32 at a rate of 310 £/h (82 gph): In Example 8, a
downstream oxidant-containing stream composed of air at a rate

. of ‘455 Nm*/h (17:KSCFH) was added to the reactor effluent 4.12

m (13.5 feet) downstream of the point of-‘oil injection. A
carbon black having an Iodine number of 59 mg/g, a CTAB of 41.7
m?*/g, a DBPA of 135 cm%100g was produced. In Example 9,
combustion products of 536 Nm*/h (20 KSCFH) air and 27 Nm*/h
(1.01 KSCFH) natural gas, resulting in 100% excess air above the
stoichiometric amount, were added to the reactor effluent 4.12
m (13.5 feet) downstream of the point of oil injection. The
carbon black of Exaﬁple 9 had analytical properties essentially
identical to those of Example 8. Further, the compound
performance properties of 90 °C Tape Resistivity, MFI, and CMA
% for the carbon blacks of Examples 8 and 9, when compounded in
EEA at 38% loading, were essentially identical. The carbon
blacks and compounds of Examples 8 and 9 are further examples of

the novel products of the'present invention.
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3. The process of Claim 2 wherein the oxidant-containing stream

is air.

4. The process of Claim 2 wherein the oxidant-containing stream

is air enriched with oxygen.

5. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air.

6. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and oxygen.

7. The process of Claim 2 wherein the oxidant-containing stream

is the hot combustion products of a hydrocarbon fuel and air and

oxygen.

8. Carbon black products characterized by having an Iodine
Number of 35 to 65 mg/g, a CTAB of 30 to 55 m2/g, an Iodine
Number/CTAB ratio of at least 1.12 mg/mi, a TINT of less than

65%, and a CDBPA of 75 to 95 cm>/100g.

9. The products of Claim 8 wherein the Iocdine Number/CTA3 ratio

is between 1.12 and 2.20 mg/mi.



