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Patent Nos. 3,922 335; 3,401,020; and 2,785,964. An oil furnace process or producing carbon

FIELD OF fHE INVENTION:

The present invention relates to new oil fumnace carbon blacks having low sulfur and ash

levels, which are particularly well suited for use in plastic and rubber compositions intended for

cable shielding applications.

BACKGROUND:
Oil fumnace carbon blacks are generally

gladlg ggopjggg(x@ variety of

rnace process are
such as U. S. Patent Nos.

produced in a furnace-type reactor by

pyrolyzing an hydrocarbon feedstock with hot combustion gases to produce combustion

Y

products containing particulate carbon black. A variety of methods for producing carbon blacks .

by the oil furnace process are generally known and are described in U.S. patents, such as U.S.

blacks is also described in the commonly assigned U.S. patent application serial number

07/846,644, filed March 5, 1992, the disclosure of which is hereby incorporated by reference.

In one type of a furnace carbon black reactor, such as shown in U.S. Patent No.

3,401 020 1o 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, are
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 hydrocarbon feedstock commences. In this instance, pyrolysis refers (o the thermal

decomposition of a hydrocarbon. The resulung combustion gas mixture, in which pyrolysis is

occurting, then passes into a reaction zone where completion of the carbon black forming

reaction occurs.

In another type of 2 furnace carbon black reactor a liquid or gaseous fuel is reacted with

an oxidant, preferably air, in the first zone to form hot combustion gases. These hot

combustion gases pass from the first zone, downstream through the reactor, into a reaction zone

and beyond. To produce carbon blacks, a hydrocarbonaceous feedstock is injected at one or
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3,922, 335; 3,401, 020; and 2, 785, 964. An oi | furnace process for producing
carbon bl acks is also crlbed in the coimmonly assigned-U. S. pate
appl i cation serial ﬁﬂ(ﬁ%‘gﬁ 07/ 846, 644, filed March 5, 1992, (EP-A 639222>/11376
WO A 93/18094), the disclosure of which is hereby incorporated by
reference. In one type of a furnace carbon bl ackareactor, such as shown in
U S. Patent No. 3,401,020 to Kester et al., or U S Patent No. 2,785,964 to

Pol | ock, her ei.naf t gbre'deil ko lhé1 hoFﬁJelhBF&mUuﬁﬁﬂggﬁeh}ﬁ@ny The hfvﬁ%lza.rbonaceous $ fecdstock

preferably hydr ocar borfaceous, an oxI dant rably alr; are injecte

into a first zone madbé RAM, gwo.f@wﬁ Mm&ﬁ&ﬁh@iah@%rﬂﬁﬁﬁﬁtm&nhﬁ@ﬂwﬁﬂizbmbfom the
f eedstock in either gaseous, vapor or liduid formis also injected into the.

first zone wher eupoomipglicr gesisgean. Gh&rdﬂydhdudrcbmboﬁaemistfcmiktocbsm&wdmsarbbmou or
this instance, pyrolysis refers to the therna
natural gas, however other hydrocarboneous feedstocks such as acetylene are known in the arn.
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 feactioh_
zone. The feedstock may be injected into the path of the hot-combustion'gascs upstream of,
downstream of, and/or in the restricted diameter zone. Furnace carbon black reactors of this
_ type are generally described in U.S. Reissue Patent No. 28,974 and U.S. Patent No. 3,922 335,
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 c;ombusﬁon gas stream. In one
type of reactor, such as disclosed in Kstcr, feedstock is injec;ed, at one or more points, into the
same zone where combustion gases are being fc.onncd. In 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, since the hot combustion gas stream is continually
flowing downstream through the reactor, pyrolysis continually occurs as the mixture of
. feedstock and combustion gases passes through the reaction zone. The mixture of feedstock
and combustion gases in which pyrolysis is occurring is hereinafter referred to, throughout the
application, as "the effluent”. The residence time of the effluent in the reaction zone of the
reactor is sufficient, and under conditions suitable, to allow the formation of carbon blacks. |
"Residence time" refers to the amount of time which has elapsed since the initial contact
between the hot combustion gases and the feedstock. After carbon blacks having the destred
properties are formed, the temperature of the effluent is lowered 1o stop pyrolysis. This
lowering of the temperature of tﬁe effluent to stop pyrolysis may be accomplished by any
known ménncr. such as by injecting a quenching fluid, through a quench, into the effluent. A+
generally known to those of ordinary skill in the art, pyrolysis is stopped when the desired
carbon black products have been produced in the rcactor; One way of determining w&n

——
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deconposition of a hydrocarbon. The resulting conbustion gas m xture, in

whi ch.pyrolysis | ccurring, then passes into a reaction zone whe
conpl eti on of thgﬁocgﬁué%?? bl ack form ng reaction occurs. In anot herfpﬁ/ggg%‘flyﬁ

a furnace carbon black reactor a liquid or gaseous fuel is reacted with an
oxi dant, .preferably air, in the first zone to fd mhot combustion gases.

These hot conbustion gases pass fromthe first zone, downstreamthrough the
reactor, into a rEléF@b'ls'érﬁh%tlﬁﬁ’ee HoRPed ¢/ rsdampling the offlnert and measuripl 48 fdueng exuract level,

. hydr ocar bonaceous..f eedstock.,i s i njected at _one_or
y TOﬁlcnc extract level 1s n{easurcd by AS’i2 M D1618-8 "Carbon Black Extractables - Toluene

Discoloration®, The quench is generally located at the point where the nc;lucne extract level of
the effluent reaches an acceptable level for the desired carbon black product being produced 1n
the reactor. After pyrolysis is stopped. the effluent génerally passc.s through a bag filter system
to separate and collect the carbon blacks. |

Carbon blacks may be utilized as pigments, fillers, reinforcing agents. and for a \'anet;\;
of other applications. They are widely utilized as fillers and reinfof'cing pigmenﬁ in the
compounding and preparation of rubber composiﬁéns and plastic compositions. Carbon blacks
are generally characterized on the basis of properties including, but not limited to, surface areas,
surface chemistry, aggmgaxc sizes, particle sizes and crystallite dimensions. The properties of "
carbon blacks are analytically determined by tests known 1o the art, including cetyl-trimethyl-
ammonium bromide adsorption (CTAB) and dibutyi phthalate adsorption (DBP).

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 electriadly‘
conductive wires surrounded by a dielectric insulating material which prevents escape of
electricity to the environment. Semi-conductive shields are used to promote longer life in
underground power cables. Two semiconductive layers are typically used: 1) the "conductor
~. ' - shield" which surrounds the conductor wires and is in intimate contact with the inside surface of

the insulation layer, and 2) the "insulation shield” which surrounds the outer surface of the .
insulation layer. These shields act to increase cable life by reducing voltage stresses across the
insulation layer by providing a smooth interface at both the inner and outer surface of the
insulation. Requirements for both shielding layers include a specified degree of conductivity.
a;;pmpn'atc mechanical properties, including tensile strength and elongation to break, smooth
surface, as well as a high degree of chemical purity. The semi~conductive shields are compased
of a mixture of a polymer and some type of conductive filler. Carbon black has been found to
be conductive filler material that best meets all the requirements for this application.
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2 more '‘points into the path of the hot conbustion gas stream The

hydr ocar bonaceous feedstock may be liquid, gas or vapor,_and may be the

sanme or differentwoleemdsobie fuel utilized to formthe conbustion gaPCINUSIINM376
General ly the hydrocarbonaceous feedstock is a hydrocarbon oil or natural

gas. however other hydrocarboneous feedstocks su%h as acetyl ene are known

in the art The first (or conbustion) zone and the reaction zonfaJ may be
di vi ded by a choke or zqne of restrlct d di apeter whi mal ] er .in cross
section than the combusfiGMMRGfAUOf URderground pasyer q*ﬁés E%@P(?&kwﬁﬁ@“%é in

h t.Ir ea
of andior i 1 the P%éﬁ%@%&&%‘lhf&mﬁﬁﬁ B et i T s B S00T e

of this type are ggf&rnek b/ waleisdnt iR sblibikions, ST SSHRurZRd flatalNtaidR; WitkindTabie.
US. Parent No. 392

Under the normal voltage gradients which exist in the cable, these ionic materials tend to migrate
though the insulation layer. When a continuous pathway of water soluble, conductive ions is
formed through the insulation layer, the cable fails. Analysis of cables has §hown that the
concentration of ionic impurities such as sulfur, calcium and the like are higher in water trees
and in the insulation near the conductor shield than in the surrounding insulation material. One
possible source of these ionic impurities is the carbon blaﬁk filler in the conductor shield
compound.

Carbon blacks with low sulfur and cation impurity levels are advantageous for use in
long-life underground power cable shield compounds. The uniciue class of carbon blacks
produced from pure acetylene, referred to as "acetylene blacks" are considered to be the
industry standard for having the lowest sulfur and cation impurity levels. The calcium

| carbonate proecss and the acetylene gas process are generally used to manufacture acetylene
black.

However, the commercial availability of acetylene blacks is limited and acetylene blacks
are only commonly available within a narrow range of analytical and performance properties.
Furthermore, the cost of acetylene blacks is generally higher than the costs of carbon blacks
produced by the oil furnace process. | .

Thus, the majority of commercially available carbon blacks are produced using the oil
furnace process due to its efficient use of raw materials and flexibility for producing carbon
blacks with a wide range of .analyﬁczl and performance properties.

From the foregoing discussion, it is apparent that it would be advantageous o produce
carbon blacks that have ash and sulfur levels similar 10, equivalent to, or lower than, acetylene
blacks, using the oil furnace process. The furnace carbon blacks of the present invention
achieve this advantage and other advantages that will become apparent from the following

discussion and examples.
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~In:both types of processes and reactors described above, and in other

géneral ly known ctors and-processes, the hot conmbusti on gases ar

t enper at ur.e suff:’vgcgﬁf”‘i’go ef fect pyrolysis of the hydrocarbonaceous PrRlsshuze
feedstock injected into the conbustion gas stream |In one type of reactor,

- such as disclosed in Kester, feedstock is injectgd, at one or nore points,

into the sane zone where conbustion gases are being fornmed. In other type

reactors or processes the injection of the feedstock occurs, at one or nore

points, after the conbustion gas stream has been fornmed. In either type of

reactor. since theSUMMARYOFTHEINVENTIOMam is continually flow ng

" downstream through the reactor, pyrolysis continually occurs as the

m xture of feedstock andVehsvediscaveredgaswslasnioldumacsrathegblackethategotaino¥ paga eer

The m xture of feedsiock and conmbusti on gases jn whjch rolysi.s i s
occurring is herei HH'?‘P@KPH“Q%'F ?@&S%é@?ﬂm?%ﬁﬁﬁbﬁﬁ- Hﬁ’lé’a"e Eejsiliile dimensions ( L) and (Lo

of 30 angstroms (A) or less. Preferably the carbon blacks of the present invention contain 30

ppm, or less, ash and 30 ppm, or less, sulfur, and have a L, of 30 A or lessand a Loof 30 -

angstroms (A) or less. Most preferably the carbon blacks of the present invention contain 10

Ppm, or less, ash and 10 ppm, or less, sulfur, and have aL, of 30 A orlessand a L of 30

angstroms (A) orless. As used herein, "furnace carbon black” refers to a carbon black
pmdt_xced in a furnace process wherein a hydrocarbon feedstock is pyrolyzed with hot
combustion gases to produce combustion pmducfs containing particulate carbon black. The
new class of carbon blacks may have any combination of morphological/analytical properues
achievable by the oil furnace process.
For wire and cable applications, the carbon blacks of the present invention are
characterized by having the following combination of properties:
ash < 50 ppm;
sulfur < 50 ppm;
La<304;

Lc<304;

30 m2/g < CTAB < 135 m2/g; and

105 cc/100g < DBP < 170 cc/100g.
Preferably, for wire and cable applications, the carbon blacks of the present invention
are characterized by having the following combination of propertes:
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application, as "the effluent”. The residence tinme of the effluent in the -
reaction zone of the reactar  is sufficient, and under conditions suitable,
to allow the for Ne@PUKIM carbon bl acks. "Residence tinme" refers t8CTRBIINIIT6
anount of tinme which has el apsed since the initial contact between the hot
conbusti on gases and the feedstock. After carbongbl acks having the desired
properties are fornmed, the tenperature of the ef?luent Is |lowered to stop
pyrolysis. This Iovvering of the tenperature %}1 tﬂ? effluent to stop

pyrol ysis may beacconplished by any known n® BR®h as by injecting a

quenching fluid, through a quench, into the Jr|<% m:A general Iy known to

those of ordinary skill in the art, pyrol yS|Ss I § stopped when the desired
carbon bl ack products have been produced in tb,§<B@g&tor One way of
determ ni ng when

Lo<304;
30 m2/g < CTAB < 135 m2/g; and
105 cc/100g < DBP < 170 cc/100g. _
Most preferably, for wire and cable applications, the carbon blacks of the present invention
are characterized by having the following combination of properties:
ash < 10 ppm;
sulfur < 10 ppm;
L,<30 A;

Le<304;

30 m2/g < CTAB < 135 m?/g; and

105 cc/100g < DBP < 170 cc/100g.
Additional preferred carbon blacks of the present invention, for wire and cable applications, have
the following properties:
ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfui's 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
L,<304;

Lc<304;

120 m2/g < CTAB < 135 m2/g; and

105 cc/100g < DBP < 130 cc/100g.
Other additional preferred carbon blacks of the present invention have the following

combination of properties:
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3, pyrol ysi-s should be stopped is by sanpling the effluent and neasuring its
t.-ol uene. extract VEl .aoh0l UENE extract level is measured- by ASTM D618 :
Car bon Bl ack Extw?c 454?0@5 - Tol uene Discol ouration. The quench is gene?gaifllll’g’/"6

| ocdted at the point where the tolune extract |evel of the effluent reaches
an aceptable | evel for the desired carbon bl ack Pproduct being produced in

the reactor. After pyrolysis is stooped the effluent generally passes

t hr ough a bag filter systastik 50 ppRNREeEablyad130 spa, Inkst preferabBes b pph| acks.
Car bon bl acks may be utilized as pignents fillers, reinforcing agents and
for a variety sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
L,<30A: |
Lo<304A;

30 m2/g <CTAB <45 m=/g; and

105 cc/100g < DBP < 130 ¢c/100g.

We have also discovered new classes of rubber and plastic compositions containing the
carbon blacks, which are particularly useful for wire and cable, conducﬁve and other
applications. '

The carbon blacks of the present invention may be produced in a furnace carbon black
reactor having a combustion zone, a transition zone, and a reaction zone. A carbon black
yielding feedstock is injected into a hot combustion gas stream. The resultant mixture of hot
combustion gases and feedstock passes into the reaction zone. Pyrolysis of the carbon black
yielding feedstock is stopped by quenching the mixture after the carbon blacks of the present
invention have been formed. Preferably pyrolysis is stopped by 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 and plastics for which the novel carbon blacks of this invention are effective
include natural and synthetic rubbers and plastics. Generally, amounts of the carbon black
product ranging from about 5 to about 300 parts by weight can be used for each 100 parts by
weight of rubber or plastic (5-300 phr carbon black). Preferably amounts of the carbon black
product ranging from about 40 to about 90 parts by weight can be used for each 100 parts by
weight of rubber or plastic (40-90 phr carbon black).

Among the rubbers or plastics suitable for use with the present invention are natural
rubbér; synthetic rubber and their 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 percent by
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of ‘ot her applications. They are widely utilized as fillers and reinforcing:
pi gnents in the conpoundi ng and preparation of rubber conpositions and _
pl astic conpositiwao418a0bon bl acks are general ly characieérized on rdrausss/izze
basis of properties including but not limted to. surface areas. surface
chem stry, aggregate sizes particle sizes and cystallite dinensions. The
properties of carbon bl acks are analytically det € ni ned, by tests, known to
the art, including cetyl-trinmethyl- anmom um brom de adsorption (CTAB) and
di butyl phthal at e atrightsf Pwadiempiorh ag eopolgtatier ¢{0l? pags sivrens ansit81 pafts buthdiene, 8 espolymer
such as [err], hosofeﬁ38 belts, and plastijcs, carbon bl aclég? are general ly .

i

utilized in conposi?i PR FYTSPGRAG ewé@%émm&me FIsshifednd g7 pans

o ol ectrcal Iy conuaiehs aifs SRl of 86 bR ahd STREIARREE Tol e =

mat eri al whi ch prewepslymes®fBéhjiyated 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-pyridine, S-methyl-2-vinylpyridine, 5-ethyl-2-vinylpyridine, 2-methyl-5-vinyipyridine,
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'olef'ms such as propylene, butene-1 and penetene-1; particularly preférred 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. Addiﬁonally preferred
polymeric compositions are olefins such as polypropylene and polyethylene.

An advantage of the carbon blacks of the present invention is that the carbon blacks are
particularly well suited for use in power cable shielding compounds. The low sulfur and ash
levels of the carbon blacks of the present invention will help promote longer cable life by
minimizing the initiation of water trees in the insulation layer of the cable.

A further advantage of the present invention is that the carbon blacks are more
economical to produce than acetylene blacks, which require the use of acetylene as a feedstoch.

- Other advantages of the present invention will become apparent from the following m ne
* 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 to produce the carbon blacks of the present invention.
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electricity to the environnment. Sem -conductive-shields are used to pronote
| onger life in underground power cables. Two sem conductive |ayers_art
fypicaly used: MOPRA4%onduct or shiel d which surrounds the condf&4ys93/11376
wires and is in intimate contact with the inside surface of the insulation
| ayer, and 2) the "insulation shield" which surrounds the outter surface of
the insulation layer. These shields act to increase cable life by Teducing
vol tage stresses across the insulation |ayer by providing a snooth
interface at both the inner and outer surface of the isulation.

Requi rements for IRDEPAHIERRDESCRIPTIONOF THE INVENZIGNeci fi ed degree of
conductivity. appropriate nechani cal properties, including tensile strength
and el ongation to brealhsprsett inveniandedirestede new finage Farben blacks bavirg the following
chem cal purity. The sem -conductive shields are conposed of a m xture of a
pol ymer and Sone PSRFESSt conductive filler. Carbon black has been found to

ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm:;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
L, <30A;and

L.<30A.

For wire and cable applications, the carbon blacks have the following properties:
ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
| L,<304;

e 5_30 A;
30 m2/g < CTAB < 135 m2/g; and

105 cc/100g < DBP < 170 cc/100g.
Additional preferred carbon blacks of the present invention, for wire and abic applications, have
the following properties:
ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
La<304A;

Le<30A;

120 m2/g < CTAB < 135 m2/g; and

105 ¢c/100g < DBP < 130 cc/100g.
Gther additional preferred carbon blacks of the present invention have the following

combination of properties:
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be' conductive filler material that best neets all the requirenments for this
appl i cation. A common cause of underground power cable failure is
formation of "waigsed/fs6s" T the insulation |ayer of the cable. Opermuseniire
possi bl e cause of water trees is believed to be due to the presence of

wat er and water soluble ions, such as sulfur and netallic cautions. within
the cable. Under the nornal voltage gradients whi&h exist in the cable,
these ionic materials tend to migrate though the insulation |Iayer. Wen a
conti nuous pathway of water sashddCeppnt; prefieratly ¥S0ippmsmiost pieferateig <t I0rppongh t he

i nsul ation layer, the cable fails. Analysis of cables has shown that the
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;

L,a530A:

Lo <304;

30 m2/g < CTAB <45 m2/g; and
105 cc/100g < DBP < 130 cc/100g.

The carbon blacks of the present invention may be produced in a modular, also referred
to as "staged”, fumnace carbon black reactor. A section of a typical modular furnace carbon
black reactor which may be utilized to produce the carbon black of the present invention is
depicted in Figure 1. Other details of a typiml_ modular furnace carbon black reacior may be
found, for example, in the description contained in U.S. Patent No. 3,922,335, the disclosure of
which is herein incorporated by reference; and the description contained in U.S. patent
application serial number 07/846,644, filed March 5, 1992, the disclosure of which is hereby
incorporated by reference.

P;ref erably, the carbon black furnace is constructed using materials and procedures that
minimize the introduction of extraneous ash into the carbon black formation process.

U.S. patent application serial number 08/846,644 relates to a process for producing
carbon blacks 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 reactions in the secondary reaction zone by raising the temperature 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
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concentration of ionic inpurities such as sulfur. calciumand the like are
higher in water trees and in the insulation near the canductor s

in the surroundYVPngﬁ%qQI ation material. One possible source of t#é(géef{;?%ﬁ?%‘
impurities is the carbon black filler in the conductor shield conpound.

Car bon bl acks with |Iow sul fur and cation inpurijgjy | evels are advant ageous
for use in long-life underground power cable shield conpounds. The-uni que

class of carbon bkgeleriingds/faélions Rithe ANGELATRE MhaUACol dxdaht $tRfima8diB6n is sufficient -
"acetyl ene bl acks" are considered to be the industry standard for having

the | owest sul f urtoamisk thererdtor effiusnt teynperaiued by a ivémomlasiount 8B, hpdepeadipg ot esislence
and the acetyl ene gas are generally used to manufacture acetyl ene bl ack.

time, t, after oxidant addition and before quenching, defined by:
AT min = 1598° F - 6.20 x (t, ms); where AT qjn > 110° Fand t> 180 ms.

A furnace carbon black reactor that may be utilized to produce the carbon blacks of the

- present invention is depicted in Figure 1. Figure 1 illustrates a furnace carbon black reactor .2'. |
having a 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 diamelter, 11, begins is shown as D-1; the diameter of zone 12, as D-2;
and the diameter of zone 18 as D-3. The length of the 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 or the like. Among the fuels 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. Itis generally preferred, however, 1o
utilize fuels having a high content of carbon-containing components and in particular,
hydroarbonﬁ. The ratio of air to fuel varies with the 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 sho@n by the arrow in |

Figure 1. Carbon black-yielding feedstock, 30, is introduced at point 32. The distance {rom the
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However, the commercial availability of acetylene blacks is linmted and
aceylene bl acks are only conmonly available within a narrom/range of

anal ytical and pgubHQuRIGe Properties. Furthernore, the’ ‘cost of acq&mhgng;uqs
bl acks is generally higher than the costs of carbon bl acks produced by the
oi |l furnace process. Thus, the mgjority of comej¢ially available carbon

bl acks are produced using the oil furnace process due to its efficient use

of raw materials angy H&é%&# r(r% Jep%?gﬁg'g%{?l Ep dﬁ@;&gn Qo%gllgl 3%%!?0»%2{!:9% the

range of analytical and p rom
di scussion, it is aR@ApIeydesérital hireinMatboR] bREK-HAMRTY [BARRLES Wwwnaﬁueelméh%ora

bl acks that have ash and sul fur levels simlar to equi valent to or | ower
t han acetyl ene bl aphsalityel jeg vitich pdnl:u-iwrnweuﬁmmmmnsEhmemurmﬁmstmrgwmeam 0

bl acks of the present invention
insure a high rate of mixing and sheanng of the hot combustion gases and the carbon
black-vielding feedstock so as 10 rapidly 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 of the reaction, include, but are not limited to, the
following: olefins such as ethylene, propylene, butylene; aromatics such as benzene, toluene and
Xylene; centain satrated hydrocarbons; and volatilized hydrocarbons such as kerosenes,

* naphthalenes, terpenes, ethylene tars, aromatic cycle stocks and the like.

The mixture of carbon black-yielding feedstock and hot combustion gases (the
"effluent") flows downstream through zone 12 into zone 18. In one example described herein,
séeondary air 62 was injected at point 60 into zone 18. The distance from the beginning of

- zone 18, to point 60, is shown as "A" in Figure 1.

Quench 40, located at point 42, injecting quenching fluid 50, is utilized to stop pyrolysis
of the carbon black-yielding feedstock when the novel carbon blacks of the present invention
are formed. Point 42 may be determined in any manner known to the art for selecting the
position of a quench to stop pyrolysis. One method for determining the position of the quench
to stop pyrolysis is by determining the point at which an acceptable toluene extract level for the
novel carbon blacks of the present invention is achieved. Toluene extract level may be measures
by using ASTM Test D1618-8&3 "Carbon Black Extractables - Toluene Discoloration”. Q is
the distance from the beginning of zone 18 to quench point 42, and will vary according to the
position of the quench.

Suitable quenching fluids for use in producing the novel carbon blacks of the present
inveqtion include quenching fluids known in the art, including, but not limited to, water.

After the mixture of hot combustion gases and carbon black-yielding feedstock is
quenched, the cooled gases pass downstream into any conventional cooling and separating
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‘achi eve this advantage and ot her advantages that will becone apparent from’ -
the faoll ow ng di scussion and exanpl es. 5 SUMVARY OF THE | NVENTI ON W
have di scovered av@e@wi4Mdiss o furnace carbon bl acks that contain S&TFP3/1376
per mllion (ppm ash or less, 50 ppmsulfur or less, and have crystallite
di-mensions ( [err] and ([err]) of 30 angstrontS (AB or less. Preferably the
carbon bl acks of the present invention contain 30 :

: means whereby the carbon blacks are recovered. The separation of the carbon black from the

gas siream is readily accomplished by conventional means such as a.precipitator. cvclone
separator or bag filter. This separation may be followed by pelletizing' using, for emp!e. a wet
pelletizer. Suitable, pelletizir_xg fluids for ﬁse in producing pelleted carbon blacks of the pfsem
invention include, but are not limited to, water. -

Any of the generally known and utilized wbon black-yielding hydrocarbon [ eeds'lgcks
quenching fluids and pelletizing fluids may be utilized to produce the carbon blacks of the
present invention provided that the ash icvel of the carbon blacks produced doés not exceed S0
Ppm; and provided that the sulfur level of the carbon blacks produced does not exceed 50 ppm.

The levels of ash and sulfur which may be present in the feedstock, quenching fluid anc
pelletizing fluid utilized in producing the carbon blacks of the present invention, may be
determined by a material balance around the carbon black production process. The input
streams in the carbon black production process are the combustion air, the primary fuel, the
feedstock, the quenching fluid and, if the carbon blacks are wet pelletized, the pelietizing fluid.
If the primary fuel is natural gas that contains no sulfur or ash, then only the feedstock,
quenching fluid and pelletizing fluid need to be considered. The outputs of the carbon black
production process are carbon black and effluent gases.

The theoretical ash and sulfur levels of a carbon black can be calculated from a material
balance as follows:

[(Feedstock rate, poundslhour) x (Feedstock ash, ppm) +
(Quenchrate, pounds/hour) x (Quench ash, ppm) + (Pelletizing
fluid rate, pounds/hour) x (Pelletizing fluid ash, ppm))

~ Ash, =
{Carbon black rate, pounds/hour)
[(Feedstock rate, pounds/hour) x (Feedstock sulfur, ppm) +
(Quenchrate, pounds/hour) x (Quench sulfur, ppm) +
(Pelletizing fluid rate, pounds/hour) x (Pelletizing fluid sulfur,
~ ppm)] :
Sulfur, ppm =

(Carbon black rate, pounds/hour)

’I'hu.s.. in order to produce the carbon blacks of the present invention:
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ppm or |less, ash and 30 ppm or less, sulfur, and have a [err] of 30 A or

|l ess and a [err] of 30 angstroms (A) or |less. Mdst preferably the carbon

bl acks of the pregsent..inveniion contain 10 ppm or |ess, ‘ash and 1,

| ess. sul fur and‘ﬁ%@@‘gﬁ[err] of 30A or less and a [err] of 30 ang@%@gﬁgngbs
(A) or |ess. As used herein "furnace carbon black” refers to a carbon

bl ack produced in a furnace process wherein a hydrocarbon feedstock is
pyrolyzed with hot conbuston gases to produce comnbustion products

cont ai ni ng particul a n bl ack, ., The new class of carbon bl acks may
- [@easd f i instout) x (Feedsioek)
((RnEhiGte I

have any conbination of I 5 rEH“é)s* achi evabl e by

the oi |l furnace process. Phftizwb iRidE G ¢ ﬁg‘ ?I,U.J:PF %q‘rgon bl acks
of t'he present invention.are r‘%ar acterize y_having_the %O d: I)I < 50 ppm. ash
conbi nati on of properties. (Carbon black rate. pounds/hour) = )

It is well known that approximately 50% of the sulfur in the feedstock exits the carbon
black process in the effluent gas. Thus the calculated sulfur level set forth above is the -
theoretical maximum. In general, in order to produce the carbon blacks of the present invention:

[(Feedstock rate, pounds/hour) x (0.50)(Feedstock sulfur, ppm) +

(Qucnc_:h_xatc, pounds/hour) x (Quench sulfur, ppm) +
(Pelletizing fluid rate, pounds/hour) x (Pelletizing fluid sulfur, ppm)]

(Carbon black rate, pounds/hour) < S0pem. sulfur
| The following Léting procedures are used in evaluating the énalytical and physical
properties of the carbon blacks of the present invention.,

The cetyl-trimethylammonium bromide absorption value (CTAB) of the carbon blacks
was determined according to ASTM Test Procedure D3765-85. The DBP (dibutyl phthalate
value) of the carbon blacks was determined according to the procedure set forth in ASTM
D3493-86. '

* The ash level, sulfur level and crystallite dimensions LpandL¢ were determined by the

following procedures.
ASH CONTENT DETERMINATION

The ash level of the carbon blacks was determined by calculating the ash percentage
from a metals analysis of the carbon black. The ash level is defined as the sum of the oxides of
the following elements: Al, Ba, Ca, Cr, Fe, Mg, Ni, Si, Sr, V, Zn, K and Na. The calculation of
ash percentage from metals anaiysis assumes that the metals are present in the ash as oxides
and that the thirteen elements measured are the only ones present in the ash at significant
concentrations. The ash percentage is calculated by summing the lchls of the oxides of the
thirteen elements measured. Each oxide is calculated as follows:

Na20, ppm = (Na, ppm) x (Molecular Wt. N230O) / 2 x (Atomic Wt. Na)
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ash [err] 50 ppm sulfur [err] 50 ppm f[err] [err] 30 A, 30 [err] CTAB
[err] 135 [err] and 105 cc/|00g [err] DBP [err] 170 cc/l1.00g. Pref eicatisbaniazs
for wire and cabl@ 95’;58%°Pcat rons, the carbon blacks of thé present invention
are characterized by having the foll owi ng conbi ??t i on of properties:

Al203, ppm = (Al, ppm) x (Molecular Wt. Al203) / 2 x (Atomic Wt Al)
Cr203, ppm = (Cr, ppm) x (Molecular Wt. Cr203) / 2 x (Atomic Wt. Cr)

MgO, ppm = (Mg, ppm) x (Molecular Wt. MgO) / (Atomic Wt. Mg)
SO, ppm = (Sr, ppm) x (Molecular Wt SrO) / (Atomic Wt. Sr)

NiO, ppm = (Ni, ppm) x (Molecular Wt. NiO) / (Atomic Wt. Ni)

BaO, ppm = (Ba, ppm) x (Molecular Wt. BaO) / (Atomic Wt.. Ba)

Fe203, ppm = (Fe, ppm) x (Molecular Wt. Fe203) / 2 X (Atomic Wt Fe)

Ca0, ppm = (Ca, ppm) x (Molecular Wt. Ca0) / (Atomic Wt Ca)
SiOp, ppm = (Si, ppm) x (Molecular Wt. SiO2) / (Atomic Wt. Si)

V20s, ppm = (V, ppm) x (Molecular Wt. V205,) / 2 x (Atomic Wt. V)

Zn0, ppm = (Zn, ppm) x (Molecular Wt. ZnO) / (Atomic Wt. Zn)
K20, ppm = (K, ppm) x (Molecular Wt. K20) / 2 x (Atomic Wt. K).

The amount of each element, in ppm, was determined by an elemental analysis of the
carbon black by Inductively Coupled Plasma (ICP) and Atomic Absorption (AAS)
spectrophotometry. The analysis involves ashing, fusing and dissolving a sample of carbon
black followed by the spectrophotometric analysis of the solution. The results are calculated
based on the weight of the carbon black. The analysis is based on the atomic emission and
atomic absorption of cations.

The following equipment and reagents were utilized:

1) Analytical balance - readable t0o 0.1 mg
2) Platinum crucibles and covers - 50 ml capacity
3) Muffle furnace (Blue M model #E-514A,
manufactured by Blue M, Blue Island, IL)
4) Desiccator

5) Support, steel rod with a rectangular base - approx. 18 inches tali
Support ring, extension, iron - approx. 3 inches in diameter
Connector for the support ring
triangle, fused, silica covered - appox. 2 inches on a side
Meker type, high temperature burner
Tongs, crucible type, platinum tipped
6) Polypropylene volumetric flasks - 100.0 mi
) Inductively Coupled Plasma (ICP) Spectrometer
manufactured by INSTRUMENTS, SA., JY-38 Sequential Scanning
High Resolution Spectrometer and an H-20 external monochromator
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6.ash [err] 30 ppm sulfur'[err] 30 ppm [err] [err]30 A: 30 [err] CTAB
[err] 135 [err] and 105 cc/100g [err] DBP [err] 170 cc/l00g. Most

preferably for wg o3Rshogabl™®. applications, the carbon bl acks of tlpeTnsssinisze
present invention are characterized by having the follow ng conbination of
properities ash [err] 10 ppm 16

8) - Atomic Absorption (AAS) Spectrometer
manufactured by PERKIN ELMER, Model 603, dual element (Na-K)
hollow cathode tube source

9) Deionized water (18 megobm)

10)  Fusion flux: Lithium tetraborate (Li2B407)
BAKER #4503-01 Flux Grade BAKER ANALYZED' Reagent

11)  Hydrochloric Acid (HC1) - reagent grade 36.5-38.0%

: BAKER #9535-03 BAKER ANALYZED'
12)  Nitric Acid - (HNO3) - concentraton: 69.0-71.0%
' BAKER #9601.03 BAKER ANALYZED' Reagent .

13) ICP metal standards for both the ICP and AAS calibrations .
The standards were of high purity, stable formulation, and easily soluble
in a 5% HNOS3 solution. The standards used were from SPEX
industries of N.J..

The following technique was utilized with the equipment and reagents listed above. The

sample preparation was done singularly and a blank was not run.

L Cleaned and dried Pt crucibles were prepared as follows:
1. The Pt crucibles were boiled in HC1 for 15 minutes. (in a2 hood)
2. The Pt crucibles were then rinsed in deionized water, dried in an oven,
and cooled in the desiccator.
(care was taken not to contaminate the crucibles with Na from contact
with the technician's hands through the use of tongs)

II. Sample weights:
The weight of the crucible was recorded. .
Carbon black was placed into the crucibles until they were 2/3 full and
the weight of the carbon black sample was determined.

. The crucibles were placed into a cold muffle furnace and heated t0 550° C. The
samples were left in the muffle furnace for about 16 hours (overnight) or until
the carbon black was completely ashed.

IV.  The samples were cooled in the desiccator and reweighed to determine the ash
weight.

V. 1.0 grams of lithium tetraborate was added to each crucible and mixed with the
sample ash (or blank).

VI The Pt crucible was covered with a Pt crucible cover, and the covered crucible
was placed in the triangle supported by the ring held by the stand and heated
with the bumner (in 2 hood). The flux-ash mixture was brought to fusion
temperature (850 deg C) and then the flux mixture was held at a temperature of
1000 deg C for about 30 minutes or until the ash is dissolved. The melt was
swirled occasionally to obtain good mixing and to help the dissolution.

VII.  The flux was cooled as follows: the hot crucible was swirled to coat the sides
with a thin layer of flux. This action helped aid the dissolution of the flux. The
crucible was immediately dipped into a container of cold water to an equivalent
height of the contained fusion. The rapid cooling cracked the flux for more
efficient dissolution. :

This Sheet Has Been Rerlaced

AR




sulfurferr] 10 ppm [err] 30A; [err] <30A; 30 [err] < fCTAB ; 135 [err]:
105 cc/100g [err] DBP [err] 170 cc/100g. Additional preferred car

bl acks of. the prE3&#t4*hvention for wire and cable applications, %%3@%9?.{&1376
foll owi ng properties. ash [err] 50 ppm preferably [err] 30 ppm
nostpreferably [err] 10 ppm sulfur[err] 50 ppm7 preferably [err] 30 ppm
nost preferably [err] Q??prm [ err] <30A: :

Approximaltely 40 ml of a 5% HNQO3 solution was added to the cold crucible o

dissolve the flux. Heating and the action of a small magnetic stirrer was also
utilized as necessary to help dissolution.

IX.  When the flux was dissolved, the contents of the crucible was added 10 a clean
acid washed 100.0 ml plastic volumetric flask. (When Be was used as an
internal ICP standard (10 ug/ml] - than 2.0 ml of 500 ug/ml Be solution was

added to the flask). The volume was brought up to the 100 ml mark with 5%
HNO3 solution.

The ICP was calibrated using the proper procedures for the instrument and checks are
made for interferences between elements: Multi-element standards were used to simplify the
analysis. Calibration and recalibration are performed by the ICP computer. Each element was

divided between four standards with a concentration range as follows: (in_ug/ml)

Al 0-50 Mg 0250 V 020
Ba 0-250 Mn 0-20 Zn  0-20
Ca 025 Ni  0-20 Zr 020
Cc 020  Si 05
~Cu  0-20 Sr 0250
Fe 0-50 Ti 020

The standards were matrix matched to the samples.
The AAS was calibrated with individual standards each time a series of analyses were
run. The standards were a mixture of K and Na with a 1% by weight addition of Li2B407 and

a 5% by volume addition of HNO3.
K-Na K-Na
STD 1 000 ugm STD 5 50  pgml
2 050 * 6 10 -
3 10 - 7 25 -
4 25 v

. The first group of metals were run on the ICP. The computer atiached to the ICP
performs the calculations based on ﬁainplc weights, dilutions, and volumes. The results were %

element by weight of carbon black. A blank correction was unnecessary if the analysis
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[err] 30 A; 120 [err] [err] CTAB [err] 135 [err] and 105 cc/100g[err] DBP
[err] 130 cc/100g. Ot her addtional preferred carbon blacks of the present

i nventi on have t heofogliksowi g~ conbi nation of properties: ~ 7 ash [mcrr}uS?ﬂus%
ppm preferably[err] 30 ppm nmost preferably [err] 10 ppm

18

standards are matrix matched to samples.
The Na and K analysis were done on the AAS and the results are in pg/ml. A blank
correction was unnecessary if the analysis standards are matrix matched to samples.

{AAS xg/m1)(100.0 ml)
The calculation to ug/g of CB =

(sample wt. [gram])
The per cent ash is calculated as follows:

(weight of the ash{grams])(100)

% ash by wt. =
(weight of the CB sample [grams])

The ICP results were reported to the nearest ug/gram. The K-Na results are reported to
' the nearest 0.1 ug/gram. Be was added as an internal standard to improve the precision of the
analysis when using the ICP.

SULFUR CONTENT DETERMINATION

A wavelength dispersive x-ray fluorescence spectrophotometric procedure was used 1o
measure the total sulfur content of carbon blacks. The following equipment and reagents were
utilized: |

Analytical balance - readable 10 0.1 mg.
SPEX Mixer/Mill Model 8000 - ball and pestle impact grinder
SPEX 13 mm Die Set (1/2 inch diameter) with two 13 mm polished steel petlcts
(Model 3613)
CARVER Hydraulic Press - with a capacity of at least 12 tons
X-ray fluorescence spectrometer;, RIGAKU Model 3070
with an Rh target end window x-ray tube
computer controlled with data handling
Weighing/mixing vial - disposable polystyrene
CHEMPLEX cat. no. 1133 - 75 mmx 26 mm diam.
7. Ball pestles, 8 mm
CHEMPLEX cat. no. 1208
8. Boric acid 1/2 gram tablets - spectrographic grade
CHEMPLEX cat no. 750
blending, grinding, and briquetting additive
-9, 1 inch square plastic boxes
10.  BaSO4 - Barium Sulfate (powder) Certified Reagent
FISHER SCIENTIFIC CO. cat. no. B-68
11.  SpectroBlend
CHEMPLEX cat. no. 660
- 12.  Label tape - for sample labels.
13.  Masking tape - 1 inch wide - for sealing the vial tops.

b WM

o

A 0.25 gram (+/- 0.0010g) sample was weighed into a labeled mixing vial containing
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sulfur [err] 50 ppm preferably [err] 30 ppm nost preferably [err] 10 ppm

[err] [err] 30 [err] CTAB < 43 [err], and 105 cc/1COg [err] DBP r
.cc/100g. W haMoa#i®oi scever ed new cl asses of rubber anhd pl ast i[P?rlu}sﬂﬁBm

conposi tions containing the ‘carbon bl acks, which are particularly useful
for wwre and cable , conductive and other applijgati ons. The carbon bl acks
of the present invention nmay be produced in a furnace carbon bl ack'reactor

B?\é IC ng 2 conbust iR bAIP BesearldRBIIA gri b8AES:Id BBIEts A A BRBleilfNR] W Hepard (6AHE 01
that could later be transferred to the plastic box. The vial top was taped closed on the vial to
prevent leakage.

The vial and contents were then mixed for 15 minutes using the SPEX mill. The bali
pestle was removed and the contents of the vial were then poured into the 1/2 inch die and
pressed at 20,000 pounds for about 20 seconds. The formed pellet was then transferred to l'l:_le -
labeled plastic box without scratching the pellet faces.

The x-ray set up was as follows:

X-rav set-up

P-10 detector gas

helium atmosphere

X-ray tube at 40 KV, 65 milliamps - Rh end window wbe
Element Code: S 05; Group: CB-S (RIGAKU System)

S K-alpha Ge crystal wavelength - 110.700 degrees
background correction wavelength - 109.700 degrees

S0 second count time

10 mm sample holder - 15 mm diaphragm
A two standard calibration table was used to prepare a plot of corrected intensity versus
- weight % S. The standards consisted of carbon blacks previously analyzed by a combustion-
gravimeteric method and were as follows: | |
CBSI = 0.001%S
' CBS4": = 084%S
CBSR = reference standard (calibration alpha update)
(10.0000g BaSO4 + 1.0000g Spectroblend - mix 15 to 20 min)
(make a pellet with a portion of the mix.)
NOTE: This reference standard was constructed with BaSO4 to avoid any
volatility problems with sulfur with repeated reuse of the sample pellet.
The samples were run and their sulfur content calculated as weight % S of the carbon
black by the x-ray computer. The results are reported to the nearest part per million (ppm).
The standard deviation of the method is 16.4 ppm.

DETERMINATION OF CRYSTALLITE DIMENSIONS [ 5 and L

The crystallite dimensions La and L ol'the carbon black were determined by an x-ray

This Sheet Has Been Reilaced

DAV




yirel ding feedstock is injected into a hot conmbustion gas stream The
resultant m xture of hot conmpustion gases and feedstock .. passes into the
reaction zone. Pymd4B®8 of the carbon bl ack yiel ding feedstock i sPETAEPHU3IT6
by quenching the m xture after the carbon blacks of the present invention
have been formed. Preferably pyrolysis is stoppesgh by injecting a quenching
fluid. The Process for preparing the novel carbon blacks of the present

i nvention will be [ddp ! &;Bog%fa@kﬁl-rh@qmg P‘Fhe‘:;’g‘i‘m%‘ s &\m\f@%’&d’&%m

pl astics for which € Nnov carbon acks o Invéntion are erfective

I ncl ude nat ural anﬁoﬁyﬁtxbﬁyhﬂfmh%&rﬁm; pl astics. Cenerally amounts of
the carbon bl ack product ranging fromabout 5 to about 300 parts by wei ght

can be used for each 100) pard-spaoingyihgatersde sepdphion distangd inshgstro(s bé&@@eptarbon layers
carbon bl ack). Preferably anwhh sregbughheparalieband dghidisiant in a graphitic or turbostratic carbon;

2) L¢: The average crystallite dimension in angrstoms in the C-direction, i.e. the
height of the "stack" of carbon layers; '

3) La: The average crystallite dimension in angstroms in the A-direction, i.e. the
average laver diameter.

The procedure for determining the x-ray diffraction pattern was as follows.

First a sample of the carbon black was dried in an oven at 125° C for approximately one
hour. Approximately one-quarter inch of the dried sample was poured into a die, containing a
standard open holder for a horizontal goniometer. The carbon black in the die was then crushed
with a brass rod using a circular motion. After crushing the crushed carbon black was broken
up with a spatula. The crushing and breaking up of the carbon black was then repeated one
time.

Approximately one half of the carbon black was then removed from the die and the
remainder was pressed to 7 tons. The pressed pellet was then removed from the pellet holder.

An x-ray pattern of the pellet was obtained using a standard powder diffraction syétcm
with a copper x-ray tube run at 40 KV (kilovolts) and 55 milliamps. A step-scan control system
was utilized to obtain the diffractogram between 8° and 72°, 26 angle increments of 0.05° witha
3 second count interval.

The digitized raw data was transferred toa VAX computer system for procéssing and
determination of d-spacing, Laand Lo. An IRB 6 carbon black was analyzed by the same

procedure for use as a control standard.

The rubber and plastic compositions in the following examples were evaluated utilizing
the following test procedures.
The Melt Flow Index, ("MFI") of the compositions was determined according 10 the .

‘procedure set forth in ASTM D1238-89.
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product rangi ng from about 40 to about 90 parts by wei ght can be used for

each 100 parts by wei ght of _rubber or plastic (40-90 phr. carbon b
Anong the rubbeW® W140asti'cs suitable for use with the present iir,l@‘g[ﬁ%%sgrllys

are natufal rubber, synthetic rubber and their derivatives such as

chl orinated rubber, copolyners of from about 1&lto about 70 percent by

wei ght of scyrene and from about 90 to about 30 percént by wei ght of

but adi ene such as copoFRensiung regiStivigyrof thesompesitions ies Glerprimedsn tha fellbwingnanper.
copol ymer of 30 parts styrene and 70 parts butadi ene, copol ypmer, of 4
parts styrene andTBei"‘ﬂ‘é‘F%/

wesistivity (VR) of a specimen is the product o? its electrical resistance (ﬁ) 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 6
inches and a width 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 directiox__l.of extrusion.
A half inch wide strip of sil.ver paint (in this instance DAG#416 from Acheson Dispersions,
Port Huron, Michigan was used) is applied to both sides of the end of the coupon. The top,
bottom, and edges of the coupon are covered within the half inch dimension. After the paint has
dried, the compounds' width, thickness, and the distance between the painted areas is measured -
using appropriate gauges. The coupons are placed across one S inch by 16 inch polycarbonate
sheet 5o that the painted ends are off the polycarbonate sheet. The three coupons are amranged
so that they are separated at least 0.25 inches from each other. Another polycarbonate sheet of
.the same dimensions is placed on top of the coupons. Both polycarbonate sheets are secured
using appropriate fasteners. Brass shims, 0.25 inch by 0.5 inch in dimensiOns. are placed over
the painted areas on the top and bottom of the exposed ooupoh ends. Appropriate clips are
attached on the end of the wxres {0 the brass shims. A digital multimeter, (in this case a Digitec
H10-2120 from United Systems Corp., Dayton, Ohio was used) is utilized to determine the
electrical resistance. The electrical resistance has units of ohms while A and L have units of
square centimeters (¢m?) and centimeters (cm), respectively. Therefore the volume resistivity

has units of ohms-cm.

The effectiveness and advantages of the present invention will be f urther illustrated by

the following exampies.

EXAMPLES 1-2

Examples of the novel furnace carbon blacks of the present invention were prepared in a
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but adi ene and a copol yner of 50 parts styrene and 50 parts butadi ene;

pol ynmers and copol yners of conjugated di enes such as pol yburadi ene .
pol yi scprene. pol wahysguspgr en€,- and the |ike, and copol yners of suchpcTusenisze
conj ugated di enes with an ethyl enic group-containi ng nononer

copol yneri zabl e therewith such as styrene. nethyl styrene, chlorostyrene,
acrylonitrile. 2-vinyl-pyridine, 5-nethyl-2-vinyl28yridine, :

5- et hyl - 2-vi nyl pyzi di ne, 2-nethyl -5-vinyl pyridine, alkyl-substituted

acryl ates, vinyl ketsnaer,gengtllydestritend hepimnand akdemicted infagury I, wilinipg tetrbastqr conditions
al phamet hyl ene carboxylic acids and the esters and am des thereof such as
acrylic acid and di3digpemery et forthdn TableddEhe fuekyilized indhy comtystioageactian wasnatural gas

are copol yners of ethylene and other high.al pha olefins such as, l.enge,
but ene- 1 and penet HRBISH O HEteacior gt Sbop ambicot [emipegtiugs. apprmgmately 77 F. The liqud

et hyl ene-propyl ene goRply Ufizd \M]&E g*z@n&l&%va@ EQX\Inﬁngﬁ:la?l_g QLSBHJ@EM%&%JJ:RM@P having the
to 90 percent by .

properties indicated in Table 1 below:

Table 1
Feedstock

Hydrogen)Carbo;l Ratio ' 1.03
Hydrogen (wt.%) 8.00
Carbon (wt.%) 92.4
Sulfur (ppm) | <20
Ash (ppm) 6
A.P.L. Gravity 15.6/15.6°C

(60/60° F) {ASTM D-287] 104

BMCI (Visc-Grav) 85

The quenching fluids utilized in each example was water having the ash and sulfur levels set
forth in table 2. This fluid was also utilized for pelletizing in Example 2.
Table 2 - Ash and Sulfur Analysis of Quenching/Pelletizing Fluid

Fluid
Ash (ppm) 3
Sulfur (ppm) <03

The reactor conditions and geometry were as set forth in Table 3 below.
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wei ght and al so the et hyl ene-propyl ene polymers which additionally contain
a third. mononer such as dicycl opentadi ene. 1, 4-hexadi ene and met hylengse3/1 376
nor bor nene. Addi YPIMHRIY preferred pol yneric conpositions are ol efins suc
as pol ypropyl ene and pol yet hyl ene. An advantage of the carbon bl acks of the
present invention is that the carbon bl acks ar erbarticul arly well suited

for use in power cable shielding conpounds. The |ow sul fur and ash-l evel s

of the carbon bl acks of the present i nventi oTABHE3hel p promote | onger

cable life by mniTm Zi Ng THe TTrtiat T on-or—wal o]~ 11 ee “the-Thnsur attom- ———
| ayer of the-cable. A further advanrtege—s Siegdss e ntof—i-s- t hat
carbon bl acks are grprig econom cal to produce,du acetyl%f bl acks, which
requi re the use ofp.aggtyl ene as a feedstock. 74
present invenion \B-Blinbecone apparent fromtgg followi g nore

L-1.in. . 27 27
L-2,in. 12 12
L-3;in. 12 12
F.in. 6 6
AL NA 16.5
Qft 90 90

Oil Inj Pr. 32, )

Tips # x Size, in.) . 9x0.070 18 x 0.052
-Oil Rate 32, gph 760 %40
Oil Press. 32, psig _ 250 140
Oil Preheat, 32, °F 200 200
Total Comb. Air, kscfh 450 450
Tang. Comb. Air rate, 62, kscfh NA 125
Comb.Air Preheat, °F 1100 900
Natural Gas, kscfh : 16.4 82
Air/Bum Gas Ratio 9.7 9.7
K+, gK+/100gal oil 0.1 0
Q H20 rate, gph 1215 1800
. Temp. at Q, °F 1470 1400
Pell. Fluid Rate, Ibs/hr NA _ 3660

Inj. = Injection; Comb. = combustion; Press. = pressure

232 = Point 32 on Figure 1; gph = gallons/hour; psi=pounds/square inch; in.= inches; ft.= feet;
F = degrees Fahrenheit; kscfh = standard cubic feet/hour, in 1000's

K+ = potassium; gK+/100gal oil = grams K+/100 gallons feedstock (oil)

NA = not utilized; Tang. Comb. Air rate, 62 = Tangential air rate at point 60 in zone 18

Pell. Fluid Rate = pelletizing fluid rate; Ibs/hr = pounds per hour.

The carbon blacks produced in Example runs 1-2 were analyzed according to the procedures -

described herein. The properties of the two example carbon blacks, two control carbon blacks
and a typical acetylene black are set forth in Table 4 below.
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detail ed description of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS:
Figure is a cross-sectional.-.view of a portion of one type of furnace
carbon bl ack rea o148 ch.nmay be utilized to produce the carbon BEFRUR¥/AIPT6
the present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON: The
present invention is directed to new furnac carfgon bl acks having the
follow ng properties: - :

Table 4: Carbon Black Analytical Properties
Carbon Black Control 1 Example 1 Control 2 Example 2 Acetylene Black

CTAB (m%g) 130 130 35 35 60
DBP(cc/100g) 112 112 124 110 220
Ash (ppm) 90 <30 220 <30 <30
Sulfur (ppm) 200 <30 3000 <30 <30
La(A) 213 21.5 - 225 24 33
Le(A) 15.7 156 18.1 19.6 34

The Example runs described herein illustrate the effect of feedstock and quenching fluid
ash and sulfur levels on carbon black ash and sulfur levels. The analytical properties of CTAB |
and DBP were the same for the Example 1 and the Control 1 carbon blabks. However, the total
ash level of the Control 1 carbon black is 90 ppm and the total sulfur level of the Control 1
carbon black is 200 ppm. In contrast, the Example 1 carbon black, a carbon black of the present
invention, had a total ash level of <30 ppm and a total sulfur level of <30 ppm.

Similarly, the resulting analytical properties of CTAB and DBP of the Example 2 and
Control 2 carbon blacks were similar. However, the total ash and sulfur levels of the Example 2
carbon black, a carbon black of the present invention, were much lower than the total ash and
sulfur levels of the Control 2 carbon black.

The acetylene black is provided in Table 4 for comparison purposes. As shown in
Table 4, the Example 1 carbon black and the Example 2 carbon black, carbon blacks of the

present invention, have ash and sulfur levels comparable 10 the acetylene black.

EXAMPLE 3:

Ethylene ethyl acrylate (EEA) compositions containing the carbon blacks of Example 1
and Control 1 were prepared and evaluated. The EEA utilized has an MFI (melt flow index) of
6 ¢/10 min. and a density of 0.931 g/cm3. The compositions consisted of carbon black and
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ash [err] 50 ppm preferably [err] 30 ppm nost preferably [err] 10 ppm
sul.fur [ferr] 50 ppm preferably [err] 30 ppm nost preferbly [err]

[err] 30 A andM&I¥13¥ A For wire and cabl e applicatiof the car bo&Pn‘I’eaC 376
have thee followi ng properties ash [err] 50 ppm preferably [err] 30 ppm
nost preferably [err] 10 ppm sulfur[err] 50 pp# preferably [err] 30 ppm
most preferably [err] 10 ppm [err] 30 [err] [err] CTAB [err] 135 Ferr] and
105 cc/ 100g [err] EBAPoierr] 170 cc/ 1 00g.

Two EEA compositions, A and B, each containing 38%, by weight, carbon black were
prepared using the carbon blacks of Example 1 and Control 1 as shown in Table 5 below: -

Table 5
EEA Composition Carbon Black Wt % Carbon Black
A Control 1 . 38
B Example 1 _ 38 '

The EEA compositions were prepared utilizing a Wemner-Pfleiderer twin screw mixer,
The volume resistivity and MFI of each of the EEA Compositions, A and B, was

evaluated according to the procedures described herein. The results are set forth in Table 6:

_ Table 6
EEA Comm"tion Volume Resistivity @ 20° C MFL
A | 97 ohm cm 39.6 g/10 min.
B _ 64 ohm cm 409 g/10 min.

These results show that EEA compositions utilizing the carbon blacks of the present invention
having ash and sulfur levels less than or equal to 50 ppm (EEA Com.position B) have volume
resistivity and MFI values substantially equivalent to the EEA composition produced with the
control carbon black.

EXAMPLE 4:

Ethylene ethyl acrylate (EEA) compositions containing the carbon blacks of Example 2
and Control 2 were prepared and evaluated. For further comparison purposes, an EEA
composition containing an acetylene black having the analytical properties listed in Table 4
above, was also prepared. The EEA utilized has an MFI (melt flow index) of 6 g/10 min. and a
density of 0.931 g/cm3.

The compositions consisted of carbon black and EEA only, each containing 40%, by
weight, and were prepared utilizing a Banbury mixer. The components of the three EEA
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Addi ti onal preferred carbon bl acks of the present invention for wire and
cabl e -applications, have the follow ng properties ash[err] 50 ppm

preferably [err] \’&@qmmoom)st preferably [err] 10 ppm sulfur[err] mwmxms
preferably [err] 30 ppm nost preferably [err] 10 ppm [err] [err] 120

[err] CTAB [err] 135 [err] and 105 cc/100g [err].,QBP [err] 130 cc/l00g.

O her additional preferred carbon blacks of the present invention have the

fol l'owi ng conbi natiof, ok BEARELL LSS Table 7 below:

Table 7
EEA Composition Carbon Black WL % Carbon Black
Cc Control 2 40
D Example 2 40
E Acetylene Black - 40

The volume resistivity and MFI of each of the EEA Compositions, C, D and E, was

evaluated according to the procedures described herein. The results are set forth in Table 6:

| Table 6

EEA Composition Volume Resistivity @ 20°C MFL
C o 20 ohm cm 43.6 g/10 min.
D 27 ohmcm | 43.0 2/10 min.
E | 35ohmcm 4.i £/10 min.

These results show that EEA compositions utilizing the carbon black of the present invention
having ash and sulfur levels less than or equal to 50 ppm (EEA Composition D) have volume
resistivity and MFI values substantially equivalent to the EEA Composition produced with the
Control carbon black. | _

Moreover, these results also show that EEA compositions incorporating the carbon
blacks of the present invention, (EEA Composiion D) has a substantially equivalent volume
resistivity value, but a lower MFI value 1n companson with EEA compositions incorporating u
typical acetylene black (EEA Composition E). The higher MFI value imparted by the carbon
black of the present invention (EEA Composition D) indicates a hi gher fale of flow which
indicates a lower viscosity and in tumn indicates that the composition is advantageous for

| extrusion processing.
As a result of the carbon blacks of the present invention having ash and sulfur levels

less than or equal 1o 50 ppm, it is expected that the carbon blacks of the present invention will
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10 ash [err] 50 ppm preferably [err] 30 ppm nost preferably [err] 10

ppm. sul fur [er ?8@ preferably [err] 30 ppm rTDstreferabI Yo assbandss
.ppm. [err] QY 30 [err] CTAB [err] 45 [err]; and 105 cc/|00g

[err] DBP [err] 130 cc/IOOg'.'
27

minimize the initiation of water trees in compositions intended for use as semi-conductive
shiclding compounds for electric power cables. Therefore, power cables using wire shielding
compositions incorporating the carbon blacks of the present invention would be expectcd to
have longer service lives than power cables using wire shielding compositions incorporating
heretofore known non-acetylene carbon blaﬁks.

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.
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The carbon bl acks of the p | ' may be produced in a nodul ar,
also referred to as "stage mmm“tﬂlﬁ% n bl ack feactar. A section of a
typi cal nodul ar wamsadso ca r which may be utilizedCirg/s93/11376
produce the carbon bl ack of the present invention is depicted in Figure 1.
QG her details of a typical nodular furnace carbaeg bl ack reactor may be
found, for exanple, in the description contained in U S. Patent No.-
3,922,335, the di sgf gauge of which is herein incorporated by reference; and
the description contained in U. S. patent application serial nunber
07/ 846, 644, fil ed Wadtdimb, 1992, the disclosure of which is hereby
I ncaor porated by

1. A fumace carbon black having an ash level less than or equal to 50 ppm; a sulfur

level less than or equal to 50 ppm, a Lg less than or equal 1030 A and a L¢ less than or equal 10
30 4. |

2. The carbon black of claim 1 wherein the ash level is less than or equal 1030 ppm.and
the sulfur level is less than or equal to 30 ppm.

3. The carbon black of claim 1 wherein the ash level is less than or equal to 10 ppm and
the sulfur level is less than or equal to 10 ppm. |

4. The carbon black of claim 1 further characterized by having a CTAB of 30 -135
m2/g and a DBP of 105 - 170 cc/100g.

5. The carbon black of claim 2 further characterized by ixaving aCTABof 30-135
m2/g and a DBP of 105 - 170 cc/100g.

6. The carbon black of claim 4 whcfcin the CTAB is 120 -135 m%/g and the DBP is
105 - 130 cc/100g.

7. The carbon black of claim 5 wherein the CTAB is 120 -135 m¥g and the DBP s
105 - 1130 cc/100g.

8. The czrbon black of claim 4 wherein the CTAB is 30 - 45 m2/g and the DBP is 105 -
130 cc/100g. |

9. The carbon black of claim 5 wherein the CTAB is 30 - 45 m2/g and the DBP is 105 -
130 cc/100g.

10. The carbon black of claim 4 wherein the CTAB is 130 m¥g, the DBP is 112
cc/100g, the Lais21.5 A, the Le is 15.6 A, the ash level is less than 30 ppm and the sulfur levcl
is less than 30 ppm.

11. The carbon black of claim 4 wherein the CTAB is 35 m?%/g, the DBP is 110
cc/100g, the Lais 22.4 A, the L is 19.6 A, the ash level is less than 30 ppm and the sulfur icvel

is less than 30 ppm.
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ref erence. (EP-A 629222, WO- A 93/ 18094 Pr eferabl y, the carbon bl ack
furnace is constructed usi r‘ilmﬂmu “ﬁmﬂ] rocedures that mninize the

i ntroducti on ofwessmaeeous on bl ack formati on pPET&KSR3I/11376
‘U.S. patént application seri al ‘nuriber 0%/ 846,644 relates to a process for
produci ng carbon bl acks wherein an oxi dant-contai ning stream such as air,

oxygen-enriched air, or conbustion products of2%hydrocarbon fuel and air, is
injected into the reactor in the secondary reaction zone at a point after

the primary-reaction 29na dothpasifén of RatB Etpiisinkea akritidelecred fromy theg®up consisting
nodi fying reactions in the
of rubbers, plastics, and mixtures thereof; and a f urnace carbon black having an ash level less

than or equal to 50 ppm, a sulfur level less than or equal to SO ppm and a L less than or equal
1030 A and a L¢ less than or equal t030 A.

13. The composition of claim 12 wherein the carbon black has an ash level less than or
equal to 30 ppm and a sulfur level less than or equal to 30 ppm. |

14. The composition of claim 13 wherein the carbon black has an ash leve:l less than or
equal to 10 ppm and a sulfur level less than or equal 10 10 ppm. |

15. The composition of claim 12 wherein the carbon black hasa CTAB of 30 -135
m?2/g and a DBP of 105 - 170 cc/100g.

16. The composition of claim 12 \.vhercin the carbon black has a CTAB of 120 -135
m2?/g and a DBP of 105 - 130 cc/100g.

17. The composition of claim 12 wherein the carbon black has a CTAB of 30 - 45 m3/p
and a DBP of 105 - 130 ¢cc/100g.

18. The composition of claim 12 wherein the carbon black is present in an amount
between S and 300 phr. |

19. The compc;sition of claim 12 wherein the carbon black is present in an amount

between 40 and 90 phr.

-
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secondary reaction zone by raising the tenperature in the secondary -
react-i on zone W tho lAterfering with reactions which ngrmally oc |

the prinmary reac%odéhf%oﬁe. The process is suitable for use in -any %@B%ﬂ““"
bl ack reactor wherein the tenperature of the effluent streamprior to the
downst r eam oxi dant - cont ai ni ng stream i nj ecti Py {s greater than [err] [err]
and less than [err] [err] The location of the downstream oxi dant-cont ai ni ng
streaminjection is at any point downstream of the primary reaction zone

and upstream of the quench

3 < 1
S~ \ - - <
¥ 2
©
-~
'\m |
o) = o
N\ w
b <
S N

FIGURE 1

—
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qioga14-q Thos

" whi &h mary reaeigons in the effluent. The anmobunt of oxidant stream
addi ti ML&E&' ﬂ'cb‘ iL1{o raise the reactor effl ue[]t terrperature by a
m ni mjmjanmount, [err] de¢pendi ng cn residence tine n 1 Crvmsizyas:
addi ti|or $ gqliefiching defined by: [err] = I;XCEMEM sli%Eks SdG )
([err]| s V\/nere [er ]110 F and t [err] 180 ns. A1 ‘Eté?rbo?ﬁgﬁﬂacﬁo paged .a7.
react qr Lndr mey—e—uti |i zed to produce the carbon KQIYE) t hePdsed s¥rip raged’_zn.
i nventlion is depicted i p“Figure 1. Fi gure 1 i'l I ust r< "a‘“ﬁ%ﬁacléﬂg@‘ér da paged™...
bl ack reactor 2. having a compisiqily {E@ @ﬁﬂéfne ataged .%. to paged .z,
convergi ng di ameter 11; feedstock |nJe |on zone and reaction zone 18.
The di aneter of the conbustion zone, 10 up to the ppi DATEhEFERECEIPT ... 33(17........

FIELD OF THE INVENTION:
The present invention relates to new oil furnace carbon blacks having low sulfur and ash

levels, which are particularly well suited for use in plastic and rubber compositions intended (or

cable shielding applications.

BACKGROUND:

Oil fumace carbon blacks are generally produced in a fumnace-type reactor by
pyrolyzing an hydrocarbon feedstock with hot combustion gases to produce combustion
products containing particulate carbon black. A variety of methods for producing carbon blacks .
by the cil furnace process are generally known and are described in U.S. patents, such as U.S.
Patent Nos. 3,922,335; 3,401,020; and 2,785,964. An oil furnace process for producing carbon
blacks is also described in the commonly assigned U.S. patent application serial number
07/846,644, filed March 5, 1992, the disclosure of which is hereby incorporated by reference.

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 1o Pollock, hereinafter "Kester" and
"Pollock” respectively, a fuel, preferably hydrocarbonaceous, 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 also injected into the first mﬁe whereupon pyrolysis of
the hydrocarbon feedstock commences. In this instance, pyrolysis refers to the thermal
decomposition of a hydrocarbon. The resulung combustion gas mixture, in which pyrolysis is
occurring, then passes into a reaction zone where completion of the carbon black forming
reaction occurs. |

In another type of a furnace carbon black reactor a liquid or gaseous fuel is reacted with

an oxidant, preferably air, in the first zone to form hot combustion gases. These hot

combustion gases pass from the first zone, downstream through the reactor, into a reaction zone

and beyond. To produce carbon blacks, a hydrocarbonaceous feedstock is injected at one or
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tainas

the zone ? INRE ter 11 begins is shown as D-1; the diameter of
zone 12. m&w nmeter of zone 18 as D-3. The length of the
conbustion gone. 10 up to}the point where the zone of converging dianeter,
11, beging ils GBMAR 3897.-1; |the I ength of the zone of convering dianeter is
shown as lf-2._and the lenptp of the feedstock injection zone is shown as
L-3. To pfoduce carbon bl'acks hot conbution gases are generated in
conmbust i ofr—zere—10-hy _copnacfing a liquid or gaseous fuel with a suitable
. oxi dant gheregpaintsioio thspah of the hgipembustiontzas #isawi Thehyaieearbonaepols teedsienk | i ke.
“Among the fuels suitable for use in contact] t he oxi dant,. streamin _
conbust i AR QUi gas aryapasradmay berke AEE °EQH’%%§§ m%&%‘ggulﬁé 9 fﬁlﬂ‘ H¥ed any
P e on iR SR Gy WA aocarbOh o E SRk RiHeRR B ST 8 92

- natural gas, however other hydrocarboneous feedstocks such as acetylene are known in the-an, i

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. Fumnace carbon black reactors of this

~ type are generally described in U.S. Reissue Patent No. 28,974 and U.S. Patent No. 3,922,335

In both types of processes and reactors described above, and in other generally known
reactors and processes, the hot combustion gass are at a temperature sufficient to effect
pyrolysis of the hydrocarbonaceous feedstock injected into the éombusﬁon gas stream. Inonc
type of reactor, such as disclosed in Kester, feedstock is injec;cd, at one or more points, into the
same zone where combustion gases are being fc;nncd. In 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, since the hot combustion gas stream is continually
flowing downstream through the reactor, pyrolysis continually occurs as the mixtwre of
 feedstock and combustion gases passes through the reaction zone. The mixuwure of feedstock

and combustion gases in which pyrolysis is occurring is hereinafter referred to, throughout the
application, as "the effluent”. The residence time of the effluent in the ma;ction zone of the
reactor is sufficient, and under conditions suitable, to allow the formation of carbon blacks.
"Residence time” refers to the amount of time which has elapsed since the initial contact
berween the hot combustion gases and the feedstock. After carbon blacks having the desired
properties are formed, lhe temperature of the effluent is lowered to stop pyrolysis. This
lowering of the temperature of thL: effluent to stop pyrolysis may be accomplished by any
known manner, such as by injecting a quenching fluid, through a quench, into the effluent. A~
generally known to those of ordinary skill in the art, pyrolysis is stopped when the desircd
carbon black products have been produced in the reactor. One way of determining when
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ohol s, or kerosene. It is generally

el s having a high content of

in particular. hydrocarbons. The ratio of
of fuel utiized. Wien natural gas is
utilize to pr hon |blfacks of ghe present invention, the ratio of
air to fuel be fron1about 1¢:1 to about 100 1. To faC|I|tate t he

ti th d.
g ot O TP B Sk e T T AL B ASATELE
zones 12 afghchd@fraddevel \omelistR8 bl AT Etl & yain Bl BeRbUsls OTolgages s
shown by the arrow in Figure 1 Carbon a -yielding feedstock. 30, iIs

i nt r oducedisdolgpiont. Brt quéfich i€l pérlerdls @odatedidt the Boint where the toluene extract level of

morioxi de, meth REPLAGEW' -

preferred. however, v -
car bon- cont ai nf ng . ent-s -gn
air to fuel vris %E'ﬁaﬁ@’t p

the effluent reaches an acceptable level for the desired- carbon black product being produced in
the reactor. After pyrolysis is stopped. the effluent generally passc.s through a bag filter system
to separate and collect the carbon blacks.

 Carbon blacks may be utilized as pigments, fillers, reinforcing agents, and for a vane:'};
of other applications. They are widely utilized as fillers and reinforcing pigmcm:; in the
compounding and preparation of rubber compositions and plastic compositions. Carbon blacks
are generally characterized on the basis of properties including, but not limited to, surface areas,
surface chemistry, aggregate sizes, particle sizes and crystallite dimensions. The properties of
carbon blacks are analytically determined by tests known 1o the art, including cetyl-trimethyl-
ammonium bromide adsorption (CTAB) and dibutyl phthalate adsorption (DBP).

In addition to a variety of other uses, such as tre, hoses, belts, and plastics, carbon
blacks are generally utilized in compoesitions 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. Semi-conductive shields are used to promote longer life in
underground power cables. Two semiconductive layers are typically used: 1) the "conductor
shield" which surrounds the conductor wires and is in intimate contact with the inside surface of
the insulation Jayer, and 2) the *insulation shield" which surrounds the outer surface of the
insulation layer. These shields act to increase cable life by reducing voltage stresses across the
insulation layer by providing a smooth interface at both the inner and outer surface of the
insulation. Requirements for both shielding layers include a specified degree of conductvity.
appropriate mechanical properties, including tensile strength and elongation to break, smooth
surface, as well as a high degree of chemical purity. The semi-conductive shields are composed _
of 2 mixnure of a polymer and some type of conductive filler. Carbon black has been found to
be conductive filler material that best meets all the requirements for lthis application.

. This Sheet Has Been Rei

A




end of the zonREPLACEMENTSHEEd|aneter. Fi. downstreamto point. 32 is
shown as F. |1 tfhe exanpr 65 dés¢ri bed herein carbon bl ack-yi el di ng
"feedst ock 30 g i Rj i h¢ formof a plurality of jets which
penetrate int theﬁ:Sﬁtﬁ'&eﬁ!%@jI egi ons of the hot conbustion gas streamto
I nsure a hi gh jr ate~ef-mrxi=rrg=aNng sheari ng of the hot conbustion gases and
the carbon bi dck-Yi el ding feedsjock so as to rapidly and conpletely

deconpose and convert the feedstock to carbon hack particles and .
aggr egat es. Sui fERMEONSRLS “P@%PW%WG&P%&{“@V%&@W@PBi°ﬁgwﬁ‘§’a‘f’%§deon

feedst ocks, abhalliB] Bk the hbltOIch pbl AT LGac 1 Uher 2Es i§ BORVES R dBE 1 e

) : 1
reaction i REMG ut —are no
presence of water and water soluble ioris, such as sulfur and metallic cations, within the cable.

Under the normal voltage gradients which exist in the cable, these jonic materials tend to mi grale
though the insulation layer. When a continuous pathway of water soluble, conductive ions is
formed through the insulation layer, the cable fails. Analysis of cables has shown that the
concentration of ionic impurities such as sulfur, calcium and the like are higher in water trees
and in the insulation near the conductor shield than in the surrounding insulation material. One
possible source of these jonic impurities is the carbon black filler in the conductor shield
compound.

Carbon blacks with low sulfur and cation impurity levels are advantageous for use in
long-life underground power cable shield compounds. The unic.gue class of carbon blacks
produced {rom pure acetylene, referred to as "acetylene blacks” are considered to be the
industry standard for having the lowest sulfur and cation impurity levels. The calcium
carbonate ﬁmdess and the acetylene gas process are generally used to manufacture acetylene
black.

However, the commercial availability of acetylene blacks is limited and acetylene blacks
are only commonly available within a narrow range of analytical and performance properties.
Furthermore, the cost of acetylene blacks is generally higher than the ;:osts of carbon blacks
produced by the oil furnace process. |

Thus, the majority of commercially available carbon blacks are produced using the oil
furnace process due to its efficient use of raw materials a.nd flexibility for producing carbon
blacks with a wide range of 'analyticzl and performance properties.

From the foregoing discussion, it is apparent that it would be advantageous to produce
carbon blacks that have ash and sulfur levels similar to, equivalent to, or lower than, acetylene
blacks, using the oil furnace process. The (urnace carbon blacks of the present invention
achieve this advantage and other advantages that will become apparent from the following

discussion and examples,
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fol'l owi ng: ol ef | ng : I mivibbine pr opyl ene butyl ene; aromatics such as
benzene, tol uen ; drtaln saturated hydrocarbons ; and

vol atilized hy rocap ] ker osenes. napht hal enes, t er penes,

and the like. The mxture of carbon
bl ack-yi el di ng |f eedst ock and conbustion gases (the effluent”) flows
downst r eam t hr OUgHE—zeRe~L2. Nt 0 fone 18.7 In one exanpl e descri bed herein
secondary air 62 was injected at point 60 into zone 18. The di stance from
the beginning of Zone 18 to point60, is shown as "A" in Figure 1. Quench

40, |l ocate guenching fluid 50, is utilized to stop
pyrol ysis gy% car% Ef%’é@b I el di ng feedstock when the novel carbon
bl acks of the pmi’:ﬁvéduk&wgﬂ%&h%@w%faﬁséﬂma%hfﬂac@mﬂwbnaﬂxStﬁ;&a%%bﬁed in

any manner known to the art for selecting the
million {(ppm) ash or less, 50 ppm sulfur or less, and have crystallite dimensions ( L) and (L)

of 30 angstroms (A) or less. Preferably the carbon blacks of the present invention contain 30

ppm, or less, ash and 30 ppm, or less, sulfur, and have a L, of 30 Aorlessanda Leof30

angst:"oms (A) or less. Most preferably the carbon blacks of the present invention contain 10 -

Ppm, or less, ash and 10 ppm, or less, sulfur, and have a L, of 30 A or lessand a L. of 30

angstroms (A) orless. As used herein, "furnace carbon black” refers to a carbon black
produced ina f urnace process wherein a hydrocarbon feedstock is pyrolyzed with hot
combustion gases to produce combustion products containing particulate carbon black. The
new class of carbon blacks may have any combination of morphological/analytical propertes
achievable by the oil furnace process.

For wire and cable applications, the carbon blacks of the present invention are
characterized by having the following combination of properties:

ash < 50 ppm;
sulfur < 50 ppm;
La<304;

1.<30 A;
30 m2/g < CTAB < 135 m2/g; and
105 cc/100g < DBP < 170 cc/100g.

Preferably, for wire and cable applications, the carbon blacks of the present invention
are characterized by having the following combination of propertes:
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position of G pyrolysis. One nethod for determ ning the
.posi tion of ks %xﬂftﬁiﬁ gp pyrolysis is by determning the point at
whi ch an accept abI e toluend gxtract |evel for the novel carbaon. blacks of
t he present]inven® MaR M8 aghijeved. Tol uene extract |evel may be neasured
by using ASTM Test D 1618- |" €arbon Bl ack Extractables - Tol uene

Di scoloratibbn™ ~@Ts The dfstjance from fhe begi nning of zone 18 to quench
point 42. and.will vary accorfding to the position of the quench. Suitable
guenching fluids for use in produci ash £3@ppmyvel carbon bl acks of the
present invenction include quenching fluids known in the art, including,.
but not linmited to. water. After t5a/Wisd0RPE:of hot conmbustion gases and
carbon bl ack-yi el ding feedstock is qr_ggégzg t he cool ed gases pass
downstream into any conventional coo d separating

L. <30A;

30 mzlg <CTAB <135 m:"lg; and
105 cc/100g < DBP < 170 ¢c/100g.
Most preferably, for wire and cable applications, the carbon blacks of the present invention
are characterized by having the following combination of propertes:
ash < 10 ppm; |
sulfur < 10 ppm;
L,<30 A;

Lc53OA;

30 m2/g < CTAB < 135 m?/g; and
105 cc/100g < DBP < 170 cc/100g.
Additional preferred carbon blacks of the present invcntién, for wire and cable applications, have
the following prbpenis:
ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
La<30A;

Le<304;
120 m2/g <CTAB <135 mZ/g; and
105 cc/100g < DBP < 130 cc/100g.

Other additional preferred carbon blacks of the present invention have the following

combination of properties:
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REPMGEMEN]T BHEE'F bon bl acks are recovered. The separation of the carbon

ck fromtTne reamis readily acconplished by conventional neans

h{a it t r. cyclone separator or bag filter. This separation
eﬁ%"?m? peiletizing using for exanple a wet pelletizer.
resent [ nve|

g fluids for use in producing pelleted carbon blacks of
n incI ude, but are not limted to ~water. Any of the
general l'y ar b pn feedstocks.
quenchi ng fl ui ds and p P‘i’%ﬁﬁﬂb‘?%ﬁ?&w% rE'ﬂ é??gﬁrgr oduce the
carbon bl acks of thQuifur < 50 ppm, preferably < 30 ppm, ostprcfcrably_<_10ppm.

La<30A;

Lo<304;

30 m2/g <CTAB <45 m2/g; and

105 ¢c/100g < DBP < 130 cc/100g.

We have also discovered new classes of rubber and plastic corhpositions containing the
carbon blacks, which are particularly useful for wire and cable, conductive and other
applications.

The carbon blacks of the present invention may be prodiiced in a fumace carbon black
reactor having 2 combustion zone, a transition zone, and a reaction zone. A carbon black
yielding feedstock is injected into a hot combustion gas stream. The resultant mixture of hot
combustion gases and feedstock passes into the reaction zone. Pyrolysis of the carbon black
yielding feedstock is stopped by quenching the mixture after the carbon blacks of the present
invention have been formed. Preferably pyrolysis is stopped by 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 and plastics for which the novel carbon blacks of this invention are eff ective
include natural and synthetic rubbers and plastics. Generally, amounts of the carbon black
product ranging from about 5 to about 300 parts by weight can be used for each 100 parts by
weight of rubber or plastic (5-300 phr carbon black). Preferably amounts of the carbon black
product ranging from about 40 to about 90 parts by weight can be used for each 100 parts by
weight of rubber or plastic (40-90 phr carbon black).

Among the rubbers or plastics suitable for use with thc present invention are natural
rubbér: synthetic rubber and their derivatives such as chlorinated rubber; copolymers of from
about 10 to about 70 percent by weight of styrene and from about 90 to aﬁout 30 percent by
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ST AT STILLT
present inz F“&%ﬁ%ﬁﬁ‘nm the ash | evel of the carbon bl acks produced
.does not exicged 50 and provided that the sulfur |evel of the carbon
“bl acks producit eaiﬁgg%ﬂ gxdeed 50 ppm The | evels of ash and sul fur which
may be pres n the feeddtack, quenching fluid and pelletizing fluid
utilized in produci ng the carjbon bl acks of the present invention, may be
det er m ned Y <} nce aroun®l the carbon bl ack -producti on
process. The input streams in the carbon black production process are
t he conbustigitel bitadiendsuch rs copolynfeuef 19 pane stveead sndkparts ihutadigas @leppajyrhérui d
and, if the carbon bl acks are wet pelletized, the pelletizing fluid. If the
primary fIS0 RRES f¥tens and Yparts hredicem a£PpRlymer of 4B PaTs BYreassid I/ RaAs onl y t he

feed . ' fluid | letizi flui d b i dered. Th
out put o o EIFREH Bloraithcrf 3 sieiie pranents Syl el 8 ng T

ef fl uent @as®thers of conjugated dienes such as polybutadiene, polyisoprene, polychloroprene, and the

like, and copolymers of such con}ﬁgat.cd dienes with an ethylenic group-containing monomer
copolymerizable therewith such as styrene, methy! styrene, chlorostyrene, acrylonitrile, .
2-vinyl-pyridine, S-methyl-2-vinylpyridine, S-ethyl-2-vinylpyridine, 2-methyl-5-vinvipyridine,
alkyl-substituted acrylates, vinyl ketone, methyl isopropchyl 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-1 and penetene-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 dicycloi:entadicne, 1.4-hexadiene and methylene norbornene. Additionally preferred
polymeric compositions are olefins such as polypropylene and polyethylene.
An advantage of the carbon blacks of the present invention is that the carbon blacks are
. particularly well suited for use in power cable shielding compounds. The low sulfur and ash
levels of the carbon blacks of the present invention will help promote longer cable life by
minimizing the initiation of water trees in the insulation fayer of the cable.
A further advantage of the present iﬁvemion_ is that the carbon blacks are more
economical to produce than acetylene blacks, which require the use of acetylene as a feedstoch.
Other advantages of the present invention will become apparent from the following mesre
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 to produce the carbon blacks of the present invention.
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The theoreti cal BERLAQEMENFQ

Jroma materi al b<l| ance a
[ (Feedst ock rat ¢. W%I(
(Quenchr at e, poupd >/ hour %’(}ZJ ch ash, ppm) + (Pelletizing fluid rate
pounds/ hour) x [Pe€ I ash, ppm] Ash. ppm (Carbon bl ack rate,
pounds/ hour) [ ( dstock rate poynds/ hour) X (Feedstock sulfur, ppm +
(Quenchrat e, pounds/hourJX—{t€+edch sulfur, ppm) + (Pelletizing fluid rate,
pounds/ hour) -x (Pelletizing fluid sulfur.

DETAILED DESCRIPTION OF THE INVENTION:

' P el s of a carbon bI ack can be cal cul at ed
(1 pound/ hour 0. 45 g/ hour)
Feedst ock ash. ppr‘r) +

The present invention is directed 10 new furnace carbon blacks having the following
properties:
ash < 50 ppm, preferably < 30 ppm, most pre{erably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
La<304;and

Lc<30A.

For wire and cable applications, the carbon blacks have the following properties:
ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;

30 m2/g < CTAB < 135 m2/g: and

105 cc/100g < DBP < 170 cc/100g.
Additional preferred carbon blacks of the present invention, for wire and mﬁle applications, have
the following properties:
ash < 50 ppm, prefex';bly < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
La<304;

Lo<304;

120 mzlg <CTAB < 135m2/g; and

105 cc/100g < DBP < 130 cc/100g.
Giher additional preferred carbon blacks of the present invention have the following

combination of properties:
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Sul fur, ppm ]Oté Cbhon bl agk jrate. pounds/hour) Thus. in order to
,_produce t he caf bon MARSI99T tihe present invention: [ (Feedstock rate.
pounds/ hour) xj ( k.ash,] 5pn) (Quenchrate, pounds/hour) x (Quench
ash. ppm + (Pelleti zi ng fluid ate. pounds/hour) x (Pelletizing fluid ash.

ppni [err] 50 ‘ppm—ash 10

ash < S0 ppm, preferably < 30 ppm, most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
La<304;

Le<304;

30m2/g <CTAB <45 m3/g; and
105 cc/100g < DBP < 130 cc/100g.
The carbon blacks of the present invention may be produced in 2 modular, also referred

10 as "staged”, furnace carbon black reactor. A section of a typical modular furnace carbon
black reactor which may be utilized to produce the carbon black of the present invention is
depicted in Figure 1. Other details of a typical modular furnace carbon black reactor may be
found, for example, in the description contained in U.S. Patent No. 3,922,335, the disclosure of
which is herein incorporated by reference; and the description contained in U.S. patent
application serial number 07/846,644, filed March 5, 1592, the disclosure of which is hereby
incorporated by reference.

P.referably. the carbon black furnace is constructed using materials and procedures that
minimize the introduction of extrafieous ash into the carbon black formation process.

U.S. patent application serial number 08/846,644 relates to a process for producing
carbon blacks 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 1o accelerate the rate of surface
modifying reactions in the secondary reaction zone by raising the temperature in the secondary
reaction zone without interfering with reactions which nommally 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 6xidant-contajning 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
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(Garbon bl ack rhtg. pounasi1o It is well known that approximately 50%

of  the sul fur i th kjeqits the carbon bl ack process in the

“ef fluent gas. :j pﬁiﬁggMat ed sulfur level set forth above is the
maxji

the present invention [(Feedstoc

t heoreti cal | { in order to produce the carbon bl acks of
sul fur, ppm +

rate.pounds/ hour) x (0.50) (Feedstock

s/ hours x (@Quench sul fur, ppm +
(Pel I et i z{yhgn idnics %emorﬂwgﬂ%z‘da@m YThe afoB loP bidhelt Surdabrtiodi ol suTiciaRm) |
[err]50 ppm. sul fur (Carbon black rate, pounds/hour) The follow ng testing

pr ocedur e@® raisethe mdtor elNaviheifderange bire ndfialut dntdint, ATG,; pligpdndinlg on residence

time, t, after oxidant addition and before quenching, defined by: -
AT jn = 1598°F - 6.20 x (1, ms); where AT qin > 110°Fand t> 180 ms.

| A furnace carbon black reactor that may be utilized to produce the carbon blacks of the
present invention is depicted in Figure 1. Figure 1 illustrates a furnace carbon black reactor 2
having a 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 1o the point where
the zone of converging diameter, 11, begins is shown as D-1; the diameter of zone 12, as D-2;
and the diameter of zone 18'as D-3. The length of the 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 or the like. Among the fuels suitable for use in contacting the
oxidant stream in combustion zone, 10, to generats the hot combustion gases are included any
of the readily combustibie gas, vapor or liquid streams s'uch-as natural gas, hydrogen, carbon
monoxide, methane, acetylene, alcohols, or kerosene. Itis generally prefefred, however..to
utilize fuels having a high content of carbon-containing components and in particular,
hydrocarbons. The ratio of air to fuel varies with the type of fuél 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
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properties of the MMEWWF@{EN{WM present i nvention. The

cetyl -trinmet hyl annoitfturm—bromt-deyalsor pti on val ue (CTAB) of the carbon

bl acks was deternin %%élﬁ 1o }ASTM Test Procedure D3765-85. The DBP
(di butyl phthal atje va?a@? e{c@rbon blacks was determ ned according to
the procedure set| flort-hmim -ASIM.ID3493-86.. The ash level , sulfur level and
crystallite dinensions [err] and [érr] wer e det er i ned by the foll ow ng
procedur es. ’H’ég CONTENTDETERM- | ON The ash | evel of the carbon bl acks
was det er nf %&&P&%"&FTEH@ diametershl. gV RSEPRM HEPTiRGHR I8 ShasnAsS- dmbeysi s of

the car bongbl 6k ded e ih S8n b RLNE Pl S0 S Ghald'h Q1SR &

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-vielding feedstock so as to rapidly and completely décomposc 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 of the reaction, include, but are not limited to, the
following: olefins such as ethylene, propylene, butylene; aromatics such as benzene, wluene and
xylene; certain saturated hydrocarbons; and volatilized hydrocarbons such as kerosenes,
naphthalenes, terpenes, ethylene tars, aromatic cycle stocks and the like.

The mixture of carbon black-yielding feedstock and hot combustion gases (the
"effluent”) flows downstream through zone 12 into zone 18. In one example described herein,
séeond:«;ry air 62 was injected at point 60 into zone 18. The distance from the beginning of
zone 18, 1o point 60, is shown as "A" in Figure 1.

Quench 40, located at point 42, injecting quenching fluid 50, is utilized to stop pyrolysis
of the carbon black-yielding feedstock when the novel carbon blacks of the th invention
are formed. Point 42 may be determined in any manner known to the art for selecting the
position of a quench to stop pyrolysis. One method for determining the position of the quench
to stop pyrolysis is by determining the point at which an acceptable toluene extract level for the
novel carbon blacks of the present invention is achieved. Toluene extract level may be measured
by using ASTM Test D1618-83 *Carbon Black Extractables - Toluene Discoloration”. Qis
the distance from the beginning of zone 18 to quench point 42, and will vary according to the
position of the quench.

- Suitable quenching fluids for use in producing the novel carbon blacks of the present
invendon include quenching fluids known in the art, including, but not limited to, water.

After the mixture of hot combustion gases and carbon black-yielding feedstock is

quenched. the cooled gases pass downstream into any conventional cooling and separating
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the follow ng el . Fe. Mg. M. Si Sr, ,V. Zn. K and Na.
The cal cul ation from netals analysis assunes the netals
are present in thefagspreow gnd that the thirteen el enents neasured
are the only one ' sh at significant concentrations. The ash
percentage is cajc g the ldevel s of the oxides of the
thirteen el ene : oxide is cal cul ated as fol *lerr]
ppm = ( Na. mpgwhxrcbwmc ® gacpyered. zshc(ssamamﬁoeowh ola2§ lé? hepm =

(Al ppm X (stl}/bmlmel% rea%;r ly accom[plenghred b/v2cm)1(vc(n€gnal means suélx gs a precipitator, cyclone

separator or bag filter. This separation may be followed by pelletmng using, for example. a wet
pelletizer. Suitable, pelletizing fluids for use in producing pelleted carbon blacks ol the present
inventon include, but are not limited to, water. ' |

Any of the generally known and utilized carbon black-yielding hydrocarbon feedstocks
quenching fluids and pcllcﬁn'ng fluids may be utilized to produce the carbon blacks of the
present invention provided that the ash level of the carbon blacks produced does not exceed 50
ppm; and provided that the sulfur level of the carbon blacks produced does not exceed S0 ppm.

The levels of ash and sulfur which may be present in the feedstock, quenching fluid anc
pelletizing fluid utilized in producing the carbon blacks of the present invention, may be
determined by a material balance around the carbon black productioﬁ process. The input
streams in the carbon black production process are the combustion air, the primary fuel, the
feedstock, the quenching fluid and, if the carbon blacks are wet pelletized, the pelletizing fluid.
If the primary fuel is natural gas that contains no sulfur or ash, then only the feedstock,
quenching fluid and pelletizing fluid need to be considered. The outputs of the carbon black
production process are carbon black and effluent gases.

The theoretical ash and sulfur levels of a carbon black can be calculated f rom a material

balance as follows:

[(Feedstock rate, pounds/hour) x (Feedstock ash, ppm) +
(Quenchrate, pounds/hour) x (Quench ash, ppm) + (Pelletizing
fluid rate, pounds/hour) x (Pelletizing fluid ash, ppm)]

Ash, ppm =
(Carbon black rate, pounds/hour)
[(Feedstock rate, pounds/hour) x (Feedstock sulfur, ppm) +
(Quenchrate, pounds/hour) x (Quench sulfur, ppm) +
(Pelletizing ﬂmd rate, pounds/hour) x (Pelletizing fluid sulfur,
ppm)]
Sulfur, ppm =

(Carbon black rate, pounds/hour)

Thus, in order to produce the carbon blacks of the present invention:

his Sheet Has Been Replaced

HIIIIHIIII\ -




[err] ppm- (Cr. pWﬁM}; [err] / 2 x (Atonic W. C) MyO. Ppm
= (My. ppm x (Molecular W. MO | {(Atomic W My) SrO ppm= (Sr. ppm X

(Mol ecul ar W SrO)_/ (AAIVMAR ¥07S) INO ppm = (N ppm) x (Ml ecular W
NiO / (Atomic W Ni) BaO ppm= (Ba ppnm) x (Ml ecular W BaO / (Atom'c
W. Ba) -[err] ppm ¥ (F& ppim X (Mol gcular W [err]) /2 x (Atonic W Fe)
Ca0 ppm = (Ca. ppid_x (blec . [&fr])/ (Atonic W Ca) [err], ppm =
(Si. ppm) x (Molecular W [err]/ (Atomc W Sl) [err] pppm = (V. ppr‘r) X

Mol I W = (Zn. Mol ecul a
f/\l Zﬁg);J _ ?r( At O Eéd#ﬁ te, pougds/hour) X (\gtedvzock ash, p;g)rg i (zn. pem x ( oA
C zc@:oundslhour) X (Quench ash, ppm) + '

(Pelletizing fluid rate, pounds/hour) x (Pelletizing fluid ash. ppm)]

< 50 ppm. ash

(Carbon black rate, pounds/hour) !
Itis well known that approximately 50% of the sulfur in the fesdstock exits the carbon

black process in the effluent gas. Thus the calculated sulfur level set forth above is the

theoretical maximum. In general, in order o produce the carbon blacks of the present inventions
[(Feedstock rate, pounds/hour) x (0.50)(Feedstock sulfur, ppm) +

(Quenchrate, pounds/hour) x (Quench sulfur, ppm) +
(Pelletizing fluid rate, pounds/hour) x (Pelletizing fluid sulfur, ppm)]

< 50 ppm, sulfur
(Carbon black rate, pounds/hour)

The following t&t.ing procedures are used in evaluating the analytical and physical
propertes of the carbon blacks of the present invention. .

The cetyl-trimethylammonium bromide absorption value (CTAB) of the carbon blacks
was determined according to ASTM Test Procedure D3765-8S. The DBP (dibutyl phthalate
value) of the carbon blacks was determined according to the procedure set forth in ASTM
D3493-86. '

The ash level, sulfur level and crystallite dimensions L, and L were determined by the

following procedures.
ASHCO D NATION

The ash level of the carbon blacks was determined by calculating the ash percentage
from a metals analysis of the carbon black. The ash level is defined as the sum of the oxides of
the following elements: Al, Ba, Ca, Cr, Fe, Mg, Ni, Si, Sr, V, Zn, K and Na. The calculation of
ash percentage from metals analysis assumes that the metals are present in the ash as oxides
and that the thirteen elements measured are the only ones present in the ash at significant
concentrations. The ash percentage is calculated by summing the levels of the oxides of the
thirteen elements measured. Each oxide is calculated as follows:

N220, ppm = (Na, ppm) x (Molecular Wt. NaxO) / 2 x (Atomic Wt. Na)
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[err], ppm =(K ppm) [X fivbreeetas |
of each elenent in |pgm was termnped by an el enental analysis of the
carbon bl ack by Ind ctiv@lsyM md Plasma (1 CP) and Atomic Absorption

gt nal vsifsti nvol ves ashing. fusing and

di ssolving a sanpl e |of carbon bl ack f Ilgv\ed by the spectrophotonetric

anal ysi s of the sel Utroftr—the—iesiiis at® cal cul ated based on the wei ght of
t he carbon bl ack. The analysis is based on the atonic em.ssion and atomc
absor ption of ééz%rvgmﬂfé-wm)w&w‘?l@%qmlpﬁm)é%d(éé%m% re utilized:
1) Anal ytical balance - readable to 0.1 ng 2) Pl ati num cruci bl es an
covers - 50 nm G2@adipmy=(Cr, ppm) x (Molecular Wt. Cr203) / 2 x (Atomic Wt. Cr) :

MgO, ppm = (Mg, ppm) x (Molecular Wt. MgO) / (Atomic Wt. Mg)

SrO, ppm = (Sr, ppm) x (Molecular Wt. SrO) / (Atomic Wt Sr)

NiO, ppm = (Ni, ppm) x (Molecular Wt. NiO) / (Atomic Wt. Ni)

BaQ, ppm = (Ba, ppm) x (Molecular Wt. BaO)/ (Atomic Wt. Ba)

Fea03, ppm = (Fe, ppm) x (Molecular Wt. Fe203) / 2 x (Atomic Wt Fe)

Ca0, ppm = (Ca, ppm) x (Molecular Wt. CaO) / (Atomic Wt. Ca)
SiO2, ppm = (Si, ppm) x (Molecular Wt. SiOp) / (Atomic Wt Si)

V20s, ppm = (V, ppm) x (Molecular Wt. V20s,) / 2 x (Atomic Wt V)

ZnO, ppm = (Zn, ppm) X (Molecular Wt. ZnO) / (Atomic Wt. Zn)
K20, ppm = (K, ppm) x (Molecular Wt. K20) / 2 x (Atomic Wt. K).

The amount of each element, in ppm, was determined by an elemental analysis of the
carbon black by Inductively Coupled Plasma (ICP) and Atomic Absorption (AAS)
spectrophotometry. The analysis involves ashing, fusing and dissolving a sample of carbon
black followed by the spectrophotometric analysis of the solution. The results are calculated
based on the weight of the carbon black. The analysis is based on the atomic emission and
atomic absorption of calion.é.

The following equipment and reagents were utilized:

1) Analytical balance - readable 10 0.1 mg
2) Platinum crucibles and covers - 50 ml capacity
3) Muffle furnace (Biue M model #E-514A,
manufactured by Blue M, Blue Island, IL)
4) Desiccator

5) Support, steel rod with a rectangular base - approx. 18 inches 1all
Support ring, extension, iron - approx. 3 inches in diameter
Connector for the support ring
triangle, fused, silica covered - appox. 2 inches on a side
Meker type, high temperature burner
Tongs, crucible type, platinum tipped
6) Polypropylene volumetric flasks - 100.0 ml
T Inductively Coupled Plasma (ICP) Spectrometer
manufactured by INSTRUMENTS, SA., JY-38 Sequential Scanning
High Resolution Spectrometer and an H-20 external monochromator -

N
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3)" Muffl e furnaBEPLﬁGEMBNTTSHgET -514A. manufactured by Blue M Bl ue

Island. IL) 5) SUpports, steel {rdéd with a rectangul ar base - approx. 18
inches tall (48 cry Su?mqﬂgrqgwe tension, iron - approx. 3 inches in
di aneter (8 cm) Conrjector for thelsdypport ring triangle fused, silica

covered appox.{ Z=nmehres-otiaSide (5 cm Meker type, high tenperature
burner Tongs, cruclble type, platinymtilgped 6) Pol ypr opyl ene vol unetric
flasks - 100.0 m 7) I nductively Coupled Plasnma (I CP) Spectroneter

8) Atomic Absorption (AAS) Spectrometer
manufactured by PERKIN ELMER, Model 603, dual element (Na-K)
hollow cathode tube source

9) Deionized water (18 megobm)

10) Fusion flux: Lithium tetraborate {(L.i2B407)
BAKER #4503-01 Flux Grade BAKER ANALYZED' Reagent

11)  Hydrochloric Acid (HC1) - reagent grade 36.5-38.0%
BAKER #9535-03 BAKER ANALYZED'

12) Nitric Acid - (HNO3) - concentration: 65.0-71.0%
BAKER #9601.03 BAKER ANALYZED' Reagent

13)  ICP metal standards for both the ICP and AAS calibrations .
The s1andards were of high purity, stable formulation, and easily soluble
in a 5% HNOS3 solution. The standards used were {rom SPEX
industries of N.J..

The following technique was utilized with the equipment and reagents listed above. The

sample preparation was done singularly and a blank was not run.

L Cleaned and dried Pt crucibles were prepared as follows:
1. The Pt crucibles were boiled in HC1 for 15 minutes. (in 2 hood)
2 The Pt crucibles were then rinsed in deionized water, dried in an oven,
and cooled in the desiccator.
(care was taken not to contaminate the crucibles with Na from contact
with the technician's hands through the use of tongs)

11 Sample weights:
The weight of the crucible was recorded. _
Carbon black was placed into the crucibles until they were 2/3 full and
the weight of the carbon black sample was determined.

Il The crucibles were placed into a cold muffle furnace and heated to 550° C. The
samples were left in the muffle furnace for about 16 hours (overnight) or until
the carbon black was completely ashed.

IV.  The gi‘a.mplm were cooled in the desiccator and reweighed 1o determine the ash
weight.

V. 1.0 grams of lithium tetraborate was added to each crucible and mixed with the
sample ash (or blank).

VL. The Pt crucible was covered with a Pt crucible cover, and the covered crucible i
was placed in the triangle supported by the ring held by the stand and heated :
with the burner (in a hood). The flux-ash mixture was brought 1o fusion
temperature (850 deg C) and then the flux mixture was held at a temperawre of
1000 deg C for about 30 minutes or until the ash is dissolved. The melt was
swirled occasionally to obtain good mixing and to help the dissolution.

VII.  The flux was cooled as follows: the hot crucible was swirled to coat the sides
with a thin layer of flux. This action hetped aid the dissolution of the flux. The
crucible was immediately dipped into a container of cold water 10 an equivalent
height of the contained fusion. The rapid cooling cracked the flux for more
efficient dissolution.
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Approximately 40 ml of 2 5% HNO3 solution was added to the cold crucible w0
dissolve the flux. Heating and the action of a small magnetic stirrer was also

utilized as necessary to help dissolution.

When the flux was dissolved, the contents of the crucible was added 10 a clean
acid washed 100.0 ml plastic volumetric flask. (When Be was used as an
intemnal ICP standard (10 ug/ml] - than 2.0 ml of 500 ug/ml Be solution was
added to the flask). The volume was brought up to the 100 ml mark with 5%
HNO3 solution. _

The ICP was calibrated 'using the proper procedures for the instrument and checks are

made for interferences between elements. Multi-element standards were used to simplify the

analysis. Calibration and recalibration are performed by the ICP computer. Each element was

divided between four standards with a concentration range as follows: (in_ug/ml)

Al

Ba
Ca
Cr
Cu
Fe

0-50
0-250
0-250
0-20
0-20
0-50

Mg 0-250
Mn 020
Ni 0-20
S 0-50
Sr 0-250
Ti 0-20

The standards were matrix matched to the samples.

v 0-20
Zn 020
-

0-20

The AAS was calibrated with individual standards each time a series of analyses were
run. The standards were a mixture of K and Na with a 1% by weight addition of Li2B407 and

a 5% by volume addition of HNO3.
K-Na
STD 1 0.00
2 0%
3 1.0
4 25

K-Na
xg/ml STD 5 50
" 6 10 "
" 7 25 g

pg/ml

The first group of metals were run on the ICP. The computer attached to the ICP

performs the calculations based on éamplc weights, dilutions, and volumes. The results were %

element by weight of carbon black. A blank correction was unnecessary if the analysis
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10)  Fusion fluw R]EMEMZ - ate [err] BAKER *4503-01 Fl ux G ade BAKER

ANALYZED Reagent | 11)
BAKER #953S- 03 BAKER

ifc Acid (HO) - reagent grade 36.5-38.0%
Nitric Acid - (HNG3) - concentration:

69. 0- 71. 0% BAKER #QQO JALYZED Reagent 13) | CP netal standar.ds

for both the | CPl and AA
stable fornul ati

ifons T e standards were of high purity.

tandards

10 samples.

The Na and K analysis were done on the AAS and the results ate in ug/ml. A blank

correction was unnecessary if the analysis standards are matrix matched to samples.

(AAS pg/m1)(100.0 ml)

The calculation to ug/g of CB =
| (sample wt. [gram})

The per cent ash i's calculated as [ollows:

% ash by wt. =

(weight of the ash{grams])(100)

(weight of the CB sample [grams])

The ICP results were reported to the nearest ug/gram. The K-Na results are reported to

" the nearest 0.1 ug/gram. Be was added as an internal standard to improve the precision of the

analysis when using the ICP.

SULFUR CONTENT DETERMINATION

A wavelength dispersive x-ray fluorescence spectrophotometric procedure was used to

measure the total sulfur content of carbon blacks. The following equipment and reagents werc

utilized:

hh W=

o

11.

- 12,

13.

Analynczl balance - readable 10 0.1 mg.
SPEX Mixer/Mill Model 8000 - ball and pestle impact grinder
SPEX 13 mm Die Set (1/2 inch diameter) with two 13 mm polished steel pellets.
(Model 3613)
CARVER Hydraulic Press - with a capacity of at least 12 tons
X-ray fluorescence spectrometer; RIGAKU Model 3070
with an Rh target end window x-ray tube
computer controlled with data handling
Weighing/mixing vial - disposable polystyrene
CHEMPLEX cat. no. 1133 - 75 mmx 26 mm diam.
Ball pestles, 8 mm
CHEMPLEX cat. no. 1208
Boric acid 1/2 gram tablets - spectrographic grade
CHEMPLEX cat. no. 750
blending, grinding, and briquetting additive
1 inch square plastic boxes
BaSO4 - Barium Sulfate (powder) Certified Reagent
FISHER SCIENTIFIC CQ. cat. no. B-68
SpectroBlend
CHEMPLEX cat no. 660
Label tape - for sample labels.
Masking tape - 1 inch wide - for sealing the vial tops.

A 0.25 gram (+/- 0.0010g) sample was weighed into a labeled mixing vial containing
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The fol | ow ng teclﬁnl
The sanpl e

.. 'f.!é%@ik é:i with the equi pnent and reagents |isted

prpration Was dene singularty and a bl ank was not run.
: Cl eaned and [dr]i e€Q 3MARM8Z ble$ were prepared as foll ows: 1. The Pt
crucibles boiled ijn{Ha_for 15 minftes. (in a hood) 2. The Pt crucibles

were then rinsed ijn deionized water| dried in an oven, and cooled in the
desi ccator. (care Hot—t-akeb-lol.t.a-f0oNt apg nate the crucibles with Na from
contact with the technicians hands through the use of tongs) I1I. Sanpl e

vei ght's.  Tiwo bl pghiles ahd 4£1/2 e BIR 24A%abI&S: 0K 886ble label was prepared for the vial

that could later be transferred to the plastic box. The vial top was taped closed on the vial to

prevent leakage,

The vial and contents were then mixed for 15 minutes using the SPEX mill. The bal
pestle was removed and the contents of the vial were then poured into the 1/2 inch die and
pressed at 20,000 pounds for about 20 seconds. The formed pellet was then transferred to the
labeled plastic box without scratching the pellet faces.

The x-ray set up was as [ollows:

X-rav set-up

P-10 detector gas

helium atmosphere

X-ray tube at 40 KV, 65 milliamps - Rh end window tube
Element Code: S 05; Group: CB-S (RIGAKU System)

S K-alpha Ge crystal wavelength - 110.700 degrees
background correction wavelength - 109.700 degrees

30 second count time

10 mm sample holder - 15 mm diaphragm

A two standard calibration table was used to prepare a plot of corrected intensity versus
weight % S. The standards consisted of carbon blacks previously analyzed by a combustion-

gravimeteric method and were as follows:

CBS1 = 0.001%S
CBS4" = 084%S
CBSR = reference standard (calibration alpha update) -
(10.0000g BaSO4 + 1.0000g Spectroblend - mix 15 to 20 min)
(make a pellet with a portion of the mix.)
NOTE: This reference standard was constructed with BaSO4 to avoid any

volatility problems with sulfur with repeated reuse of the sample pellet.

The samples were run an& their sulfur content calculated as wght'% S of the carbon
black by the x-ray computer. The results are reported to the nearest part per million (ppm).
The standard deviation of the method is 16.4 ppm.

DETERMINATION OF CRYSTALLITE DIMENSIONS Laand Lo

The crystallite dimensions L, and L¢ of the carbon black were determined by an x-ray
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Carbon bl ack was they were 2/3 full and the
Wwei ght of the cafbgn [f%% H@grrp ej was determned. I11. The cruci bl es
were placed intojaico furhace and heated to [err]. The sanples
were |eft in thejnf-fe-furnace. about 16 hours (overnight) or until the
carbon bl ack was{conpl etely ashed.{ | V. ,4 The sanples were cooled in the

desi ccator and rewer ghed 1o de ne the ash wei ght V. 1.0 grans of

| ithium . d ' ' | ] sanpl e
ash (or Brafy; PGF SbotBEdiHRE uhal BE Ly il bl Thal iy e BB = Cover
and the Qqpygaesry diffialiéh patem are:

1) d-spacing: The average separation distance in angstroms between carbon layers
which are roughly parallel and equidistant in a graphitic or turbostratic carbon;

2) L¢: The average crystallite dimension in angrstoms in the C-diréction, i.e. the
height of the "stack" of carbon layers;

3) La: The average crystallite dimension in angstroms in the A-direction, i.e. the
average laver diameter.

The procedure for determining the x-ray diffraction pattern was as follows.
First a sample of the carbon black was dried in an oven at 125° C for approximately one
hour. Approximately one-quarter inch of the dried sample was poured into 2 die, containing a
‘standard open holder for a horizontal goniometer. The carbon black in the die was then crushed
with a brass rod using a circular motion. After crushing the crushed carbon black was broken
up with a spatula. The crushing and breaking up of the carbon black was then repeated one
time.
- Approximately one half of the carbon black was then removed from the die and the
remainder was pressed to 7 tons. The pressed pellet was then removed from the pellet holder.
An x-ray pattern of the pellet was obtained using a standard powder diffraction system
with a coppei' X-1ay tube run at 40 KV (kilovolts) and 35 milliamps. A step-scan control sysiem
was utilized to obtain the diffractogram between 8° an& 72°, 26 angle increments of 0.05° with a
3 second count interval.
The digitized raw data was transferred to a VAX computer system for processing and
determination of d-spacing, Laand Le. An IRB 6 carbon black was analyzed by the same

procedure for use as a control standard.

The rubber and plastic composiﬁons in the following examples were evaluated utlizing
the following test procedures.
The Melt Flow Index, ("MFI") of the compositions was determined according to the

procedure set forth in ASTM D1238-89.
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was'placedint LAC L fled by the ring held by the stand and
heated with the b rneraﬁin a hoqd)Y. The flux-ash m xture was brought to
fusi on tenperatyr (9 AR nd then the flux m xture was held at a
tenperature of [j0dQ. C for alpoyt 30 m nutes or-until the ash is i
di ssol ved. The t was swrled ocgasi onglll y to obtain good m xing and to
hel p t he di ssol Ut . ux was cool ed as follows: the hot
cruci bl e was swir tQ _coat t sides.with a thin layer_of flux. This
action hel ped :lqhaIv?ﬂ"é“?if%@%’l%?%ﬁ%#ﬁ@“ﬁ‘ Vardeteppined Pﬁ‘gf fﬂ?@w\m%mﬂ?ﬁ'edi ately
di pped i ntghedoRmizirifiRiy PURTFON £kplaines i 1 H i

contai ned fusion. The r%g?dpcoo I ng clrsac e x{%ﬂ%‘l‘xﬁé&%ﬂ* or %&%&X{lﬁn@ﬁtgm

di ssol ut i @ross 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 6
inches and a width 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 exu-usic‘an.
A half inch wide strip of silver paint (in this instance DAG#416 from Acheson bispersions.
Port Huron, Michigan was used) is applied to both sides of the end of the coupon. The top,
bottom, and edges of the coupon are cove_red within the half inch dimension. After the paint has
dried, the compounds' width, thickness, and the distance between the painted areas is measured .
using appropriate gauges. The coupons are placed across one 5 inch by 16 inch polycarbonate
sheet so that the painted ends are off the polycarbonate sheet. The three coupons are arranged
so that they are separated at least 0.25 inches from each other. Another polycarbonate sheet of
_lhe same dimensions is placed on top of the coupons. Both polycarbonate sheets are secured
using appropriate fasteners. Brass shims, 0.25 inch by 0.5 inch in dimensions, are placed over
the painted areas on the top and bottom of the exposed coupon ends. Appropriate clips are
attached on the end of the wires to the brass shims. A digital multimeter, (in this case a Digitec
H10-2120 from United Systems Corp., Dayton, Ohio was used) is utilized to determine the
electrical resistance. The electrical resistance has units of ohms while A and L have units of

square centimeters (cm?2) and centimeters (cm), respectively. Therefore the volume resistivity

has units of ohms-cm.

The effectiveness and advantages of the present invention will be further illustrated by

the following examples.

. EXAMPLES 1-2

Examples of the novel fumnace carbon blacks of the present invention were prepared in a
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eﬁiﬁlﬁﬁw g*i)YE%'S%[err] solution was added to the cold.

crucible to dissdlv
stirrer was al so jut
flux was dissol vdad,

e the flux. aging and the action of a small nagnetic
i | haedARIpYECessary to help dissolution. LX When t he
the contents o t he crucibl e 'was added to a clean acid

washed 100.0 nml gl dst+

| CP standard [erri-

ci{fl ask (Wien Be was used as an internal

- than 20 nl_of 500.herr] Be solution was

reactor generally described herein, and as depicted in Figure 1, utilizing the reactor conditions

and geometry set forth in Table 3. The fuel utilized in the combustion reaction was natural gas

supplied to the reactor at about ambient temperature, approximately 77° F. The liquid

feedstock utilized in the examples was a commercially available hydrocarbon mixture having the

ﬁmpen.ies indicated in Table 1 below:

Table 1

Feedstock
HydrogerVCarbo;l Ratio 1.03
Hydrogen (wt.%) 8.00
Carbon (wt.%) | 924
Sulfur (ppm) <20
Ash (ppm) 6
A.P.I. Gravity 15.6/15.6°C
(60/60° F) [ASTM D-287] 104

BMCI (Visc-Grav) 85

The quenching fluids utilized in each example was water having the ash and sulfur levels set

forth in table 2. This fluid was also utilized for pelletizing in Example 2.

Table 2 - Ash and Sulfur Analysis of Quenching/Pelletizing Fluid

. Fluid
Asappm) - 3
Sulfur (ppm) <03

The reactor conditions and geometry were as set forth in Table 3 below.
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added to the flaskREP
Jerr] solution. Thert

i nstrunent and chgc s' are nmade fqr
Mul i - el enent st andal d9 $MAR 092 {t

brought up to the 100 m mark with 5%
ed using the proper procedures for the
i nterferences between el enents.

simplify the analysis. Calibration and

recalibration ar orned by the |l CP ¢conputer. Each el enent was divi ded
between four stgndards with a conceéntration range as follows. (in
[err] Al 0- 50 . My 0-25 Vv 0-20 Bd 0- 20
Mo0-20_ . _Zn_ 0-20Ca _PABBR3 N o020 7
0-20 O 0- 20 S R 50"2‘[&55‘&‘5{_;8{5 """"""""""""""
| . Ex. 1 Ex.2
D-1,in. 20.5 20.5
D-2,in. 12.4 10.4
D-3.in. 36 45
L-L.in. 27 27
L-2,in. 12 12
L-3.in. 12 12
F.in. - 6 6
A.fL NA 16.5
Qft . 90 %0
Gil Inj P 32, ) -
Tips # x Size, in.) 9x0.070 18 x 0.052
Oil Rate 32, gph 760 940
Oil Press. 32, psig 250 140
Gil Preheat, 32, °F 200 200
. Total Comb.Air, kscfh : 450 450
Tang. Comb. Air rate, 62, kscfh NA 125
Comb.Air Preheat, °F 1100 900
Narural Gas, kscfh 16.4 8.2
Air/Bumn Gas Ratio 9.7 9.7
K+, gK+/100gal oil 0.1 0
QH20 rate, gph 1215 1800
Temp. at Q, °F 1470 1400
Pell. Fluid Rate, bs/hr NA 3660

———o—
P

Inj. = Injection; Comb. = combustion; Press. = pressure
32 =Point32 on Figure 1; gph = gallons/hour; psi=pounds/square inch; in.= inches; ft.= feet;
F = degrees Fahrenheit; kscfh = standard cubic feet/hour, in 1000's :

K+ = potassium; gK+/100gal oil = grams K-+/100 gallons feedstock (oil)
NA = not utilized; Tang. Comb. Air rate, 62 = Tangential air rate at point 60 in zone 18
Pell. Fluid Rate = pelletizing fluid rate; lbs/hr = pounds per hour.

The carbon blacks produced in Example runs 1-2 were analyzed according to the procedures
described herein. The properties of the two example carbon blacks, two control carbon blacks
and 2 typical acetylene black are set forth in Table 4 below.
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0- 250 Fe 0-50 Ti 0- 20 The standards

rfi x matchea 6}t e sanples, The AAS was calibrated w th individual
st andar{ds eQWAmlg\lla gy s¢rifes of analyses were run. The standards were a
urg qf K and WI hia 1% by wei ght addition of Li2B407 and a 5% by
vol ure jaddr tion—of- . | K-Na 24 K-Na STD 1
[err] ~ STD| 5 5.0 Terr] 2 0.50 "
103 1.0 Table 4: Carbon Black ArfaRical Properties
Carbon Black  Control 1 Example 1  Contol 2 Example2  Acetylene Black
CTAB (m¥g) 130 130 35 35 60
DBP (cc/100g) 112 112 124 110 220
Ash (ppm) 90 <30 220 <30 <30
Sulfur (ppm) 200 <30 3000 <30 <30
La (A) 213 21.5 225 24 33
Le(A) 15.7 156 18.1 19.6 34

~ The Example runs described herein illustrate the effect of feedstock and quenching {luid
ash and sulfur levels on carbon black ash and sulfur levels. The analytical properties of CTAB
and DBP were the same for the Example 1 and the Control 1 carbon blacks. However, the total
ash level of the Control 1 carbon black is 90 ppm and the total sulfur level of tht;. Control 1
carbon black is ﬁOO ppm. In contrast, the Example 1 carbon black, a carbon black of the present
invention, had a total ash level of <30 ppm and a total sulfur level of <30 ppm.

Similarly, the resulting analytical properties of CTAB and DBP of the Example 2 and
Control 2 carbon blacks were similar. However, the total ash and sulfur Jevels of the Example 2
carbon black, a carbon black of the present invention, were much lower than the total ash and
sulfur levels of the Control 2 carbon black.

The acetylene black is provided in Table 4 for comparison purposes. As shown in
Table 4, the Example 1 carbon black and the Example 2 carbon black, carbon blacks of the |

present invention, have ash and sulfur levels comparable to the acetylene black.

EXAMPLE 3:

Ethylene ethyl acrylate (EEA) compositions containing the carbon blacks of Example |
and Control 1 were prepared and evaluated. The EEA utilized has an MFI (melt flow index) of

6 g/10 min. and a density of 0.931 g/cm3. The compositions consisted of carbon black and
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-attached to the I1CP perforns the Cal cul ati ons bas§dan sanpl e wei pghts,
di lutions, and volunes. The results were % el engn ' chr bon
bl ack. A blank correction was unnecessary if the 8 bt pndards
are matrix matched to sanples. The Na ané K anallys En t he AAS
and the results are in [err]. A blank

EEA only. .

Two EEA compositions, A and B, each conwaining 38%, by weight, carbon black were

prepared using the carbon blacks of Example 1 and Control 1 as shown in Table 5 below:

Table 5
EEA Composition Carbon Black Wt % Carbon Black
A -~ Control 1 38
B Example 1 38 .

The EEA compositions were prepared utilizing a Wemer-Pfleiderer twin screw mixer.
The volume resistivity and MFI of each of the EEA Compositions, A and B, was

evaluated according to the procedures described herein. The results are set forth in Table 6:

Table 6
EEA Composition Volume Resistivitv @ 20° C MEF1
A 97 chmcm 39.6 g/10 min.
B _ 64 ohm cm 40.9 g/10 min.

These results show that EEA compositions utilizing the carbon blacks of the present ipvenﬁon
having ash and sulfur levels less than or equal to 50 ppm (EEA Composition B) have volume
resistivity and MFI values substantially equivalent to the EEA composition produced with the
-control carbon biack.

EXAMPLE 4:

Ethylene ethyl acrylate (EEA) compositions containing the carbon blacks of Example 2
and Control 2 were prepared and evaluated. For further comparison purposes, an EEA
composition containing an acetylene black having the analytical properties listed in Table 4
above, was also prepared. The EEA utilized has an MFI (melt flow index) of 6 #/10 min. and 2
density of 0.931 g/fem3.

The compasitions consisted of carbon black and EEA only, each containing 40%, by
weight, and were prepared utilizing a Banbury mixer. The components of the three EEA
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correction was unnecessary if the anal ysis standards
sanples. (AAS [err])( 100.0 m) The calculation to |
wt. [gran]i). The per cent ash is calculated as foll
ash[granms])( 100) % ash by wt. = (weight of the CB s
results were reported to the nearest [err]. The K-
to the nearest 0.1-[err]. Be was added asian interngl
t he precision of the

compositions are shown in Table 7 below:

Table 7
EEA Composition Carbon Black W1, % Carbon Black
C Control 2 40
D _ Example 2 . 40

E Acetylene Black 40

The volume resistivity and MFI of each of the EEA Compositions, C, D and E, was

evaluated according to the procedures described herein. The results are set forth in Table 6:

Table 6
EEA Composition Volume Resistivity @ 20°C MF1_
C 20 ohm cm 43.6 g/10 min.
D 27 ohm cm ' 43.0 /10 min.

E 35ohmcm 4.1 ¢/10 min.

These results show that EEA compositions utilizing the carbon black of the present invention
having ash and sulfur levels less than or equal to 50 ppm (EEA Composition D) have volume
resistivity and MFI values substantially equivalent to the EEA Composition produced with the
Control carbon black.

Moreover, these results also show that EEA compositions incorporating the carbon
blacks of the present invention, (EEA Composition D) has a Substamially equivalent volume
resistivity value, but a lower MFI value 1n companson with EEA compositions incorporating a
typical acetylene black (EEA Composition E). The higher MF value imparted by the carbon
black of the present invention (EEA Composition D) indicates a highcr rate of flow which
indicates a lower viscosity and in turn indicates that the composition is advantageous for
extrusion processing.

As a result of the carbon blacks of the present invention having ash and sulfur levels

less than or equal to 50 ppm, it is expected that the carbon blacks of the present invention will
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anal ysis when using the 1 CP. SULFUR CONTENT DETE
di spensive x-ray fluorescence specropphotonetric
nmeasure the total sulfur content of carbon bl acks.
and reagents were I. Anal ytical balance - readpble™to 0.1 ny.
SPEX M xer/M || Mdel 8000 - ball and peside inpac
mmDi e Set (1/2 inch dianeter) with two 13 mm pol i '
3613) 4. CARVER Hydraulic Pregg - with a Tapacity of at |least 12

( Mbdel

tons 5.

E‘X gth

cedure was usqdito
heofphqug'g eq I prent

~oeT 3. S EX 13
shed steel pelle

X-ray fluorescence spectroneter, R GAKU Mbdel 3070
minimize the initiation of water trees in compositions intended for use as semi-conductive

shielding compounds for electric power cables. Therefore, power cables using wire shielding
compositions incorporating the carbon blacks of the present invention would be expected to
have longer service lives than power cables using wire shielding compositions incorporating
heretofore known non-acetylene carbon blacks.

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.

—

This Sheet Has Been R

LT



and wi ndow x-ray tube conputer &@BLA@FMBNMHE é‘éta

lwllﬂllllmllfﬂtlﬁul ez el pesires: B m@ e ey
_ QM LA :

1208 8 Bori'c cid 1/2 gramtabl ets - spectrograph VPLEX cal
no. 750 blending, grinding and briquetting additijv l.ach
pl astic boxes 28

CLAIMS

We Claim

1. A fumace carbon black having an ash level less than or equal to 50 ppm; a sulfur

level less than or equal to S0 ppm, a Lg less than or equal to 30 A and a L less than or equal 10

30A.

2. The carbon black of claim 1 wherein the ash level is less than or equal to 30 ppm.and
the sulfur level is less than or equal to 30 ppm.

3. The carbon black of claim 1 wherein the ash level is less than or equal to 10 ppm and
the sulfur level is less than or equal to 10 ppm.

4. The carbon black of claim 1 further characterized by having a CTAB of 30-135
m?/g and a DBP of 105 - 170 cc/100g.

5. The carbon black of claim 2 further characterized by ixaving aCTAB of 30-135
m2/g and a DBP of 105 - 170 cc/100s. '

6. The carbon black of claim 4 wherein the CTAB is 120 -135 m2/g and the DBP is
105 - 130 cc/100g.

7. The carbon black of claim 5 wherein the CTAB is 120 -135 m¥g and the DBP is
105 - 130 cc/100g. |

8. The mrbon black of claim 4 wherein the CTAB is 30 - 45 m2/g and the DBP is 105 -
130 cc/100g.

S. The carbon black of claim 5 wherein the CTAB is 30 - 45 m2/g and the DBP is 105 -
130 cc/100g.

10. The carbon black of claim 4 wherein the CTAB is 130 m¥%g, the DBPis 112
cc/100g, the Lais 21.5 A, the Lo is 15.6 A, the ash level is less than 30 ppm and the sulfur level

is less than 30 ppm.

11. The carbon black of claim 4 wherein the CTAB is 35 mg, the DBPis 110
cc/100g, the Lais 22.4 A, the Lcis 19.6 A, the ash level is less than 30 ppm and the sulfur level

is less than 30 ppm.

—
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12. A composition of matter comprising: a material selected from the group consisting
of rubbers, plastics, and mixtures thereof; and a furnace carbon black having an ash level less

than or equal to 50 ppm, a sulfur level less than or equal to 50 ppm and a Ly less than or equal

t0 30 A and a L¢ less than or equal t030 A.

13. The composition of claim 12 wherein the carbon black has an ash level less than or
equal to 30 ppm and a sulfur level less than or equal to 30 ppm. )

14. The composition of claim 13 wherein the carbon black has an ash lcve:l less than or
equal to 10 ppm and a sulfur level less than or equal to 10 ppm. |

15. The composition of claim 12 wherein the carbon black has a CTAB of 30 -135
m¥g and a DBP of 105 - 170 cc/100g.

16. The composition of claim 12 ;vherein the carbon black hasa CTAB of 120 -135
m2/g and a DBP of 105 - 130 cc/100g.

17. The compasition of claim 12 wherein the carbon black has a CTAB of 30 - 45 m/g
and a DBP of 105 - 130 cc/100g.

18. The composition of claim 12 whcreinlthe carbon black is present in an amount
between 5 and 300 phr.

19. The compc;sition of claim 12 wherein the carbon black is present in an amount

between 40 and 90 phr.
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pestles and two 1/2 gram boric acid tablets.
prepared for the vial that could |ater be transferred
tcp was taped closed on the vial to prevent
contents were then mxed for 15 m nutes using the SP
pestl e was renoved and the contents of the vial were
1/2 inch die and pressed at 20,000 pounds for about .
pellet was then transferred to the.labgged plastic bax _w thout scratchi

t
of

Y

X.
and

he
med

the pellet faces. The x-ray set up was as follows: X-ray set-up P-10

det ect or

LOW ASH CARBON BLACKS
ABSTRACT

Novel furnace carbon blacks that impart advantageous
properties to rubber and plastic compositions and may be
utilized in the place of acetylene blacks. The furnace
carbon blacks have an ash level less than or equal to 50
ppm, preferably less than or equal to 30 ppm, most
preferably less than or equal to 10 ppm, a sulfur level
less than or equal to 50 ppm, preferably less than or equal
to 30 ppm most preferably less than or equal to 10 ppm, a
L, less than or equal to 30A and a L, less than or equal to
30A. Also disclosed are novel rubber and plastic
compositions incorporating the novel furnace carbon blacks
which exhibit advantageous .properties, particularly in
extending the useful service life of power cables produced
using the compositions. |

FIGURE.1.
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hel i um at nosphere x-ray tube at 40 KV, 65 mllianps -
El ement Code S 05; G oup CB-S (RIGAKU System) S K-alp
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standard calibration table was used to prepare a pl ¢t of correc d
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LOW ASH FURNACE CARBON BLACKS

FIELD OF THE INVENTION:

The present invention relates to new oil furnace carbon blacks having low sulfur and ash

levels, which are pérticularly well suited for use in plastic and rubber compositions intended for

cable shielding applications.

- BACKGROUND:

Oil furnace 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 by the oil furnace

process are generally known and are described in U.S. Patents, such as U.S. Patent Nos.
3,922,335; 3,401,020; and 2,785,964. An oil furnace process for producing carbon blacks is also
described in the commonly assigned U.S. patent application serial number 07/846,644, filed
March 5, 1992, (EP-A 629222, WO-A 93/18094), the disclosure of which is hereby incorporated

by reference. .

- 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, hercinafter "Kester" and
"Pollock" respectively, a fuel, preferably hydrocarbonaceous, 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 also injected into the first zone whereupon pyrolysis of

the hydrocarbon feédstock 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

reaction occurs.

In another type of a furnace carbon black reactor a liquid or gaseous fuel is reacted with

an oxidant, preferably air, in the first zone to form hot combustion gases. These hot combustion

gases pass from the first zone, downstream through the reactor, into a reaction zone and beyond.

To produce carbon blacks, a hydrocarbonaceous feedstock is injected at one or

15



: REFLALRMEN T Mingi :
DETERM NATI ON OF YETALTTTE DI MVE IO\IS [err] and [err] The crystallite
di mensions [err] ahd [ef17]% 998e car bon bl ack were determ ned by an x-ray
20 anal ysis of thejcarbon acks. rhe three basic crystallinity Paraneters
that may be obtai ned™from ATR-TEY di ffraction pattern are: 1)
d-spaci ng: The avenage separatli tance tn angstrons between carbon
| ayers which are roughly paraIIeI and GQUidI stant in a‘graphitic or
urbostratic carbon;

MOre poInts into the path of the hat combusticn gas stream. The hydroczrbamccom {eedstock
may be liquid, gas or vapor, and may be the same or different than the {uel utilized o form the
combustion gas stream. Generally the hydmcnrbcnac:ou&_ t’éedstock ts a hydrocarban ail or
nameral gas. however other hydrocarboneous (eedstocks suéh as acetylene are kown 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 cbmbustion gases upstream of,
downstream of, and/cr in the restricted diameter zone. Furnacs carbon black reactors of this
type are generally described in U.S. Reissue Patent No. 28,974 and U.S. Patent No. 3.522.335.
[n both types of processes and reactors described above. and in other generally known
reactors and processes, the hot combustion gases are ar a :eznpexamr:sufﬁ&m to effect
pyrolysis of the hydmgrbonaceous feedsmock injac:i:d into the éombustion gas stream. [noone
type of reacrtor, such as disclosed in Kester, feedstock is injected, at one or more poiats, into the
same Zone where combustion gases are being formed. In other type reactors or processes the
injecton of the fesdstock occurs, at one or more paints, after the combustion gas stream has
been formed. In cither type of reactor, since the hot combustion gas stream is continually
flowing downstream through the reactor, pyrolysis continually occurs as the mixmre of
{eedswock and combustion gases passes through the reaction zene. The mixture of feedstock
and combustion gases in which pyrolysis is occurring is hereinafter referred to, throughout the
application, as "the efTlueat®, The residence time of the effluent in the reaction zone of the -
reactor is sufficient, and under conditions suitable, 1 allow the formation of carben blacks.
“Residence time* refers 10 the amount of time which has elapsed since the initial contact
between the hot combustion gases and the feedstock. Alfter carbon blacks having the desired
properties are formed, the temperature of the effluent is lowered to stop pvrolysis. This
lowering of the temperanre of the effluent (o stop pyrolysis may be-accomplished by any
inown manner, such as by injecting a quenching {Iuid, through a quench, into the effluent. A
generally known o those of ordinary skili in the art, pyrolysis is stopped when the desired
arbon black products have been produced in the reactor. One way of determining when



[err]: .Thi

2) i ey I}Jite dinension in angrstons in the
C-direction. i.g. ht of tihe "stack" of carbon layers: 3) [err]
The average crypt 198'&5. ory in angstrons in the A-direction. i.e. the
average | ayer dja - pracegdure for determning the x-ray diffraction

a pattern
an oven at [err

was| as foIIovvs Flrst\a sanpl e of the carbon black was dried in
y one Rour. Approxinately one-quarter

inch of the dried sanple was poured.into a die containing a standard open
hol der  f or pvoil@f LR Q! t [ s.Lhen
crushed WI%h a braggj t%c?t %ﬁ?aﬂé e S:?luprll onhﬁ%é{‘eg‘%%ﬁl‘s ‘%hlcw
crushed caTdicdnelkek ov@ss ke ddrn-\mmj 18428 "thcn E]ﬁk‘E"zh@Jm -qQfhene

breaki ng up of the carbon black was then repeated one

Discolorauen™ The quench is generally located at the pont where the wiuene axuact leve! ef
the effluent reaches an accaptakic leve! for the desired carbon black product being produced n
the reactor. After pyrolysis is stopped. the effluent generally passes through 2 tag fliter sysiem
to separae and collect the carben blacks. |

Carbon blacks may de utilized as pigments, fillers, reinforcing ageats. and for a. vanery
of other applications. They are widely utilized as (illers and reinforcing pigments in the
compaunding and preparation of rubber compositions and plastc compositons. Carbon biacks
are gen@ly chamctetized on the basis of prapertes inciuding. but not limited W, surfacs areas,
surface chemistry, aggregate sizes, partcie sizes and crystallite dimensicns. The properties of
carbon blacks are anz!yti’auy determined by tests known o the an, xmdndmg cetyl-trimethyl-
ammonium bromide adsorption (CTAB) and dibutyl pirhalate adsorption (DBP).

In addition @ a variety of other uses. such as tre, hoses, belts, and p(as&m,wbon
blacks are generally ntilized in compositions intended for use as semi-conductive shiclding
compounds for electric power cables. Electric power cables generaily cousist of elecrically
conductive wires surrounded by a dielectric insulating material which preveats escape of
elecicity o the environment. Serui-conductive shields are used to promote loager life in
tnderground power cables. Two semiconductive layers arc typically use: 1) the *conducior
shield” which surrounds the conductor wires and is in intimate conmct with the inside surface of
the insulation layer, and 2) the “insulation shield* which surrounds the outer surface of the
insuladon layer. These shields act to increass cable life by reducing voltage stresses across the
insulation layer by providing a smooth interfacs at bath the inner and outer surface of the
insulatico. Requirements for both shielding layers include a specified degree of conductviry.
appropriate mechanical properties, including tensile strength and elongarion t break, smooth
surface, as well as a high degree of chemical purity. The semi-conductive shields are composed
of a mixture of 2 polymer and some type of conductive filler. Carbon black has been found 1
be canductive filler material that best meets all the requirements for this application.



¢= 'bpn bl ack was then renoved fromthe die
and the renmai ndej S pressed tons. The pressed pellet was then
removed fromthe pe}l | 17 BioW d¥38 X-ray pattern of the pellet was obtai ned
using a standard|{p¢wder diffract|oh systemw th a copper x-ray tube run at
40 KV (kilovolts)} and 35 mlTi1anps|. A step-scan control systemwas utilized
to obain the diffiractogramhetweent8 and &7, 20 angle increnents of [err]
with a 3 second count interval. The digitized raw data was transferred to a
VAX conputer Sy efuh6i cnw&aﬁawszuaagoﬁéwmmablxpﬂanﬁuda 0P PR e i ]

and [err]. An IRB 6 carbon bl ack was anal yzed by the sanme procedure use
as a cont r che ealaitarisyer dhize ratid cCnearasilll afist of eSS is belived @ tehite fhe owi ng

exanpl es were evaluated utilizin _
presences of water and water sclubg ions, such as sulfur and metilic cations. witun the cable.

EPt AL
Appr oxi mat el y onéRfR_g %{‘

Under the normal valtage gradients which exist in the cable, these ianic materials tend 10 migrate
though the insulagon layer. When a continuous pathway of water solubie, conduciive ions is
formed through the insulation tayer, the cabie {ails. Analysis of cables has shown that the
.concentration of icnic impurities such as sulfur, calcium and the like are higher in water tress
and in the insulation pear the conductor shield than in the surrounding insulation material. One
possible source of these ionic impurities is the carbon biack filler in the conductor shield

Carbon blacks with low sulfur and cation impurity levels are advantageous for use in
long-life underground powa- cabie shield compounds. The umquc class of carben biacks
prodtmdfmmpureaccuj!ene, mfermdro&s *acetvlene blacks" are considered to be the
indusxy standard for havmg the lowest sulfur and cation impurity levels. The calcium
carbogate process and the acetylene gas process are generally used to manufacture acetylene
k. | |

However, the commercial availabhility of acetylene biacks is limited and acetylene blacks
are only commonly available within a narrow range of analytical and performance properties.

" Furthermore, the cost of acetylene blacks is generally higher than the costs of carbon blacks
produced by the oil furnace process.

Thus, the majority of commercially available carbon blacks are produced using the oil
furnace process due 1o its efficient use of raw materials and flexibility for producing carbon
blacks with a wide range of analyucd and performance propems.

From the foregoing discussion, it is apparent that it would be advantageous @ producs
carbon blacks that have ash and sulfur levels similar to, cquival-cnt w, or lower than, acetylene
blacks, using the oil furnace procsss. The furnace carbon blacks of the present inventon
achicve this advantage and other advantages that will become apparent {rom the following

discussion and examples.



the following te Melt Flow Index, ("MFI") of the

conposi tions was WSM ng to the procedure set forth in ASTM

D1238- 89- The fvdl'une resi st1vity of the conpositions was determ ned in

t he fol | ow ng .marjngr ?U q{»gre résistivity (VR of a specinen is the _
product of its el eCtrlca resistqang¢e (R) and its cross sectional area (A

divided by its ef as st‘g)wn by the foll ow ng equation: VR
=Rx A/ L ' : -

SUMMARY OF THE INVENTION
We have discovered a new class of {urmace carbon blacks that contain 3O garts per

rmlhon (ppm) ash cr less, S0 ppm sulfur or less, and have c-ystaune dimeansions { L) and (L)

of 30 angstroms (&) or less. Preferably the carbon biacks of the present inventdon contain 30
ppm, or less, ash and 30 ppm, or less, sulfur, and bave a1, of 30 A arlessand 2 Lo of 30

angstroms (A) or less. Most preferably the carben blacks of the present invention contain 10
pom, ar less, ash and 10 ppm, or less, sulfur, and have a L, of 30 A or lessand a L of 30

angstroms (A) or less. As used herein, *furnace carbon black” refers to  carbon black
produced in a furnace process wherein a hydrocarbon {eedstock is pyrolyzed with hot
combuston gases © prodme combustion products ccnraxmng particulate carbon black. The
new class of carbon blacks may have any combination of morphological/analytical properties
.achxevablebytheoilfmaccpmws.

For wire and cable applications, the carbor biacks of the present invention are
characterized by having the following combination of properties.

ash < S0 ppm;
sulfur < 50 ppm;
La<30A:

Lc<304A;

30m2g < CTAB < 135 m2/g: and

105 cc/100g < DBP < 170 cc/100g.
Preferably, for wire and cable applu:mous the carbon blacks of the present invention
arc characterized by having the {oliowing combination of propertes: |



The el ectrica

%B’Ei termned as follows. A coupon having a
kength of 6 i

LS8 width of 1.5 inches (4 cm) is cut from an

extruded tape.l T eeded for each conpound and they are cut
fromthe tape |sd tha;¢Uh\e1? fé is in the direction of extrusion. A half
inch wide stri al-At (i n this instance DAG#416 from Acheson

Di spersi ons, M Chl gan was used), is applied to both sides of the
end of the coupon. Fom and edg%s of the coupon are covered

within the hal 1T 1 nch di rren3| on. After the paint has dried, the conpounds’
wi dth, thickness, and the distance bet #8530 pai nted areas is measured
usi ng appropri ate gauges. The coupons are ggﬁced across one 5 inch by the
16 inch (12 x 40 cn) pol ycarbonate shed HE® t he pai nted ends -are off
t he pol ycarbonate sheet. The three coup ns <3 &, arranged so that they are
‘separated at least 0.25 inches (0.6 cm bm each ot her. Another

Le<30A;

30 m%/g < CTAB < 135 zﬁzig; and
105 cef100g < DBP < {70 c</1008.
Most préfcxably. for wire and cable applicadons, the carbon blacks of the preseat invention
are characterized by baving the following combinaton of pmperﬁes:
- | ash < 10 ppm:
sulfur < 10 ppm:
La<304;

Le<304;

30 m2/g < CTAB < 135 m2/g; and
105 cc/100g < DBP < 170 ¢c/100g.
Additional preferred carbon blacks of the preseat invention, for wire and cable applications. have
the following properties: |
ash < 50 ppm, preferably < 30 ppm. most preferably < 10 ppm;
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
| Lo<304A;
Lc_<_30_.3.:

120 m2/g < CTAB < 135 m/g: and

_ 105 cc/100g < DBP < 130 cc/100g.
Other additional preferred carbon blacks of the present invention have the following
combination of properties:



pol ycar bonate shee REPLAGBMENFFBS sions is placed on top of the coupons.
Both pol ycarbonatels - i using appropriate fasteners. Brass
shins, 0.25 inch b 1.2 cm in dinensions, are placed over
t he painted areas pn tt om of the exposed coupon ends.
Appropriate clips prl e end of the wires to the brass shi ns.
A digital multimetpr, (in this caseja Digitec H10-2120 from United Systens
Corp., Dayton, Ohio was useo) TS UrTlized to deternine the electrical

resi stance. The el ectrj,c resi st h units of ile A and L have
units of square centi r%qgkg Tﬂ@‘a‘ﬁ s:@i%m%@eeﬁ&?ﬂmmm y.

Therefore the vol une g el S&d ¥dot ¥ ni of ohns. The, ef f ectiveness
; sd‘tyﬁnlgr?\rlge}%?'?g 3t0 Bjﬁlfplﬁr%%@ly-? % at ed by the

and advant ages of the presen Wil
foll owi ng exanpl es. Ly<304;
Le<304;
- 30 mzlgscrAB <43 mzlg:and

105 c2/1C0g < DBP < 130 c/100g.

We have also discovered new classes of rubber and i:lasu'_c compositions containing the
carbon blacks, which are particularly useful for wire and cable. conductive and other

The carbon blad:s of the present invention may be prodticad in a furnace carbon black
reactor having a combusuon Zone, a transition zone, and a reaction zone, A carbon biack
yielding feedstock is injected into 2 hot combustion gas stream. The resuitant mixture of hot
combustion gases and feedstock passes into the reaction zone.  Pyrolysis of the carbon biack
yielding feedstock is stopped by quenching the mixwre after the cibon blacks of the present
invention have been formed. Preferably pyrolysis is stopped by injecting a quenching fTuid.
The process for preparing the novel carbon biacks of the present invention will be described in
greater detail hemnafter

The rubbers and plastics for which the novel carbon blacks of this invention are effective
include narural and synthetic rubbers and plastics. Generally, amounts of the carbon black
pmduc:mngingfmmaboqtsroabcuszambywdghtmbeusedformh 100 parts by
weight of rubber or plastic (5-300 phr carbon black). Preferably amounts of the carbon black
product ranging from about 40 to about 90 parts by weight can beused for each 100 parts by
weight of rubber ar piastic (40-90 phr carbon black).

Among the rubbers or piasdcs suitable for use with the present invention are natural
rubber. synthetic rubber and their derivatives such as chlorinated rubber; copolymers of from
about 10 to about 70 percent by weight of styrene and from about SO to about 30 percent by
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furnace carbon bl acks of the present
reactor generally described herein and
the reactor conditions and geonetry set
i in the conbustion reaction was natura
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feedstock utilized in tge exanpl es was a comrercially .

avai l abl e hydrocar
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weight of butadiene suck as copolymer of 19 parts styrenc and 81 parts butadiene. a copolvmer.

of 30 parts styrene and 70 parts butadiene, a copolymer of 43 parts sq)rene and 57 parts

butadicne and a copolymer of SO parts styrene and 50 parts bumdiehe: polymers and

copolymers of conjugated dienes such as polybutadiene, polyiscpreae, polychlorcprene, and the

like, and copolymers of such conjugated dienes with an ethvienic group~conmining menaomer

copalymerizable therewith such as styrene, methyl styrene, chicrostyrene, acryionitrile,

2-vinyl-pvridine, S-methyi-2-vinvipytidine, S-ethyl-2-vinylpvridine, 2-methyl-5-vinvlpyridine,

alkyl-substituted acrylates, vinyi ketone, methy! isopropenyl ketone. methy! vinyi ether,

alphamethylene carboxylic acids and the esters and amides thereaf such as acrylic acid and

dialkylacrylic acid amide; also suitable for use herein are ccpolymers of ethylene and other high

alpha clefins such as propylene, butene-! and penetene-1: particularly preferred are the

ethylene-propylene copolymers wherein the cthylene content ranges from 20 to 50 percent by .
weight and also the ethylene-propylens polymers which additionally contain a third monomer
such as dicyclopentadiene, 1.4-hexadiene aud methylenc norbornene. Additonally preferred
polymeric compositions are olefins such as polypropylene and polyethylene.

An advaptage of the carbon blacks of the present invention is that the carbon blacks are
particularly well suited for use in power cable shielding compounds. The low sulfur and ash
levels of the carbon blacks of the present invention will heip promote longer cable life by

minimizing the initation of water trees in the insulation layer of the cable.
A further advantage of the present inventon is that the carbon blacks are maore
economical o produce than acerylene blacks, which require the use of acarylence as a {eedstock.

Other advantages of the present invention will become apparent {rom 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 uilized to produce the carbon blacks of the present invention.



propertles I ndi cat ei o, Table 1 Feedst ock Hydrogen/ Carbon |
C _M_W SBTL W %9 | 8. 00

Ratio

Carbon (W% ' 92. 4 Sul fur (ppm

< 20 Ash (ppm . 17 ' 6 AP.1. Gavity [err] [err]
[ ASTM D-287] . | 10".l‘!{q 1998_ .

DETAILZED DESCRIPTION OF THE INVENTION:
The present invention is directed © new furnacs carben blacks naving the following
properues | |
ash < 5O ppm, preferably < 30 ppm. mcst preferably < 10 ppm:
sulfur < 50 ppm. preferably < 30 ppm, mest preferably < 10 ppm:
La<30A:and
Le<304.
"For wire and cable applications, the carbon blacks have the (cilowing properties:
ash < SO ppm, preferably < 3C ppm, most preferably < 10 ppm:
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;
!  L<304;

Lc<304;

30 m2/g < CTAB < 135 m?/g; and

105 ce/100g < DBP < 170 c/100g.
Additional preferred carbon blacks of the present invention, for wire and cable applications, have
the following properties: |

ash < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm:
sulfur < 50 ppm, preferably < 30 ppm, most preferably < 10 ppm;

120 m/g < CTAB < 135 m2/g; and

105 ¢c/100g < DBP < 130 cc/100g.
Other additicnal preferred carbon biacks of the present invention have the following

combination of properties:



BMCI (Vi sc- Grav ' 85 The quenching fluids utilized in
each exanpl e was Wi CHeELE$h and sulfur levels set forth in table
2. This fluid was |a ‘s%AngE'}g"céHﬁEfTw pelletizing in Exanple 2. Table 2 - Ash
and Sul fur Anal ysijs jof enching/ Pekl etizing Fluid Fluid Ash (ppm

3 Sulfur (ppm <0.73 N9 agt dr conditions and geonetry were as set
forth in Tabl e 3 Hellow |

10

ash = 50 ppm, preferably < 30 ppm, most preferably = 10 ppm;
sulfur = 50 ppm, preferably = 30 ppm, most preferably = 10 ppm;
' © L, = 30 &; '
L. = 30 &;
30 m*/g = CTAB = 45 m*’/g; and
105 cc/100g = DBP = 130 cc/100q.

The carbon blacks of the present invention may be produced in
a modular, also referred to as "staged", furnace carbon black
reactor. A section of a typical modular furnace carbon black reactor
which may be utilized to produce the carbon black of the present
invention is depicted in Figure 1. Other details of a typical modular
furnace carbon black reactor may be found, for e-xample, in the
description contained in U.S. Patent No. 3,922,335, the disclosure

- of which is herein incorporated.by reference; and the description
contained in U.S. patent application serial number 07/846,644, filed
March 5, 1992, the disclosure of which is hereby incorporated by
reference. (EP-A 629222, WO-A 93/18094). j

Preferably, the carbon black furnace is constructed using
materials and procedures that minimize the introduction of extraneous
ash into the carbon black formation process.

U.S. patent application serial number 07/846,644 relates to a
process for producing carbon blacks 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 reactions in the
secondary reaction zone by raising the temperature 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
(980°C) and less than 2700°F (1480°C). The location of the downstream
oxidant-containing stream injection is at any point downstream of the
primary reaction zone and upstream of the quench



TABLE 3 CARBON BLA

Ex. 2 b1, in. (cm

20.5 (52) . 12.4 (31)
10.4 (26) D-3, in. 36 (91) . 45 (114). L-1,
i n. 27 (68) L-2, in.

12 (30) 12 (30)

12 (30)

11

which terminates meactions in the effluent. The amount of oxidant stream addition is sufficient
Q raise the reacter effluent emperature by a minimum ameunt, AT qin, depending cn residencs
ume, t, after oxidant addition and before quenchuing, defined bv:

AT min = 1598° F - 6.20 X (¢, ms); where AT i > 110° F and t > 180 ms.

A [urnacs carbon blac!{ reactor that may be utilized 1o produce the carbon biacks of the
preseat invention is depicted in Figure 1. Figure | illustrates a fumace carben black reactor 2,
having a combustion zoae 10, which has 2 zone of canverging diameter 11; feedstock injection
2one 12; and reaction zone 18. The diameter of the combustion zone, 10, up © the point where
the zone of converging diameter, 11, begins is shown as D-1; the diameter of zome 12,25 D-2;
and the diameter of zone 18 as D-3. The length of the combustion zone, 10, up © 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 stzéwn as
L-3.

To produce carbon blacks hot combustion gases are generated in combustion zone 10
by contacting a liquid or gaseous fue with a suitable oxidant stream such as air, oxygen.
mixtures of air and axygen or the like. Among the fuels suitable for use in contacting the
qaddmsnmminwmbmﬁonm 10, 1o generate the hot combustion gases are included any
of the readily combustible gas, vaporcrliquidst:umssuchas pamral gas, hydrogen, carbon
monoxide, methane, acetylene, alcohols, or kerosene. It is generally preferred, however, o
utilize fuels having a high content of carbon-containing components and in particular,
hydrocarbons. The ratio of air o fuel varies with the type of fuel utilized. When naqural gas is
utilized o produce the carbon biacks of the present invention, the ratio of air to fuel may be
from about 10:1 to about 100:1. To facilitte the generation of hot combustion gases, the
oxidant stream may be preheated. |

The hot combustion gas sweam flows downstream from zones 10 and 11 into zones 12
and then 18. The direction of the flow of hat combustion gases is shown by the arrow in

Figure 1. Carbon black-yielding feedstock, 30, is introduced at point 32. The distance from the



F, in. REFLACEMENST SHEET o 6 (15) A ft. (m

Ng\ . 15 (5) Q ftl m ' 90 (27)

90 (27) Gl Inj PL 32, Ti i geq in.) 9 x 0.070 -

18 x 0.052 9x1. 7nm _ TﬁﬁUﬁ 1ygl%x:.:»mwm Gl Rate 32, gph 760
[err] 940 (3.5 ferrt—S+—Pressy 32, psig 250 (17 bar)

140 (9 bar) QI Preheat, 32, [err] . 200 [err] . 200 (93
[err] Total Conmb. AT, KSCfh 250 (13 [err] 450 (13 [err]

end of e zone of converging diamezer, Fi. downswream to pearat 32 is shown as F. [a the
examples described h:rein carben black-vielding (eedstock, 30, was injecied in the {orm of a
plurality of jets which penetrate int the imzn’aﬁr regions of the hot combustion gas stream o
insure 2 high fate of mixing and shearing of the 1ot combustion gases and the carbon
black-yielding {eedstock so as to rapidty and compietely decompese and conver the feedstock
o carben biack partcles and aggregates. |

Suitable for use hersin as carbon bhcﬁ-yidding hydrocarbon feedszocks, whuch are
veadily volatilizabie under the conditions of the reaction, inciude, but are not limited w. the
{ollowing oleﬁns such as ethylens, propyliene, butyiene; aromatics such as benzene, toiuene and
xyleae; e=Trin samurated hydrocarbons; and volasilized hiydrocasbons such as kercsenes,
naphthalenes, terpenes, etylene wars, aromatic cycle stocks and the like.

The mixpure of carbon black-yictding fesdstock and hot combustion gases (the
“efTluent”) flows downstream through zone 12 into zoe 18. In one example described herein,
secondary air 62 was injected at point 60 into zone 18. The distance from the beginning of
zone 18, to point 60, is shown as *A" in Figure 1.

Quench 40, located ar point 42, injecting quenching fluid 50, is utilized to stop pyrolysis

 Of the carbon biack-yielding feedstock when the novel carbon blacks of the present inveation

are formed. Point 42 may be determined in any mammer known to the art for selecting the
position of a quench to stop pyrolysis. One method for determining the position of the quench
™o stop pyrolysis is by det=rmining the point at which an acceptable toluene extract level for the
novel carbon blacks of the present invention is achieved. Toluene extract fevel may be measured
by using ASTM Test D1618-83 "Carbon Black Extractables - Toluene Discoloration”. Q is
the distance from the beginning of zone 18 o quench point 42, and will vary according 1 the
position of the quench.

Suimble quenching fluids far use in producing the novel carbon blacks of the present
inveation include quenching fluids known in the art, inciuding, but not limited to, water.

After the mixrure of hot cambustion gases and carben black-vielding feedstock is
Quenched, the cooled gases pass downstream into any canventional cooling and separaung



[T Desehdiirant

Tang. Comb. Air r PLACEMENT, SHE 125 (3.6 [err] Conb. Air

Rreheat, [err] _ 1100 (593 [ err] 900 (482.[err] Natural Gas,
kscfh 614 19. JUN %598h) 8.2 (0.23 [err] Air/Burn Gas Ratio
9.7 9.7 K+, gK+/]Opgal oil 0.1 (0.269 [err]

O Qferr] rate, gph— 1p15 (4.6 [err] 1800 (6.8 [err]
Tenp. at Q F 1470 (BOO ©)i3 1400 (760 C Pell. Fluid
Rate, |bs/hr NA ' 3660 (0.5 kg/h) Inj. = Injection;
Conb. = corsass visrebyRhe syrborcbipeia asureeovdd - Tho sapera@éh @nhd<caghanalddk igpithe
gal | ons/ hour; psi .= pounds/square inch; in. = inches; ft = feet;

g@as sweam 15 readily accomplished by convenuonal means such as a precipinter. cvclone
SeLarawor or tag fikter. This separanon may be t‘ollowéd by peiletzing using. fcr example. a wet
pelledzer. Suitable, pelletzing (luids for use in producing pelleted carben blaci;'s of the present
invendcen include, but are not limited to, water. -

Aay of the genemlly known and utilized carbon black-vieiding hydrocarbon fe=dstocks,
queaching fluids and pelledzing {luids may be utilized to procucs the carbon biacks of the
present inveation provided that the ash levet of the carben blacks pmfiuccd does act excsed 50
ppm; and provided that the suifur level of the carbon biacks producsd does not exceed 50 ppm.

| ‘The levels of ash and sulfur which may be present in the fesdstock, quenching fluid and
pelletizing fluid txtiliédinpmducing the carbon blacks of the present invention, may be
determined by a material balance aroumd the carbon biack production process.  The input
minmewbmﬁnckpmducdcnpmmmembusﬁmair, the primary fuel, the
feedstock, the quenching fluid and, if the carbon blacks are wet pefletized, the pelletizing fluid.
If the primary fuel is namral gas that conmins no sulfur or ash, then cnly the fesdstock,
quenching fluid and peiletizing fiuid need to be considered. The outputs of the carbon black
production process are carbon: hlack and effiuent gases.

The thearetical ash and slfur levels of 2 carbon biack can be calculated from a marial

balance as follows: (1 pound/hour = 0.45 g/hour)

[(Feedstock rate, pounds/hour) x (Feedstock ash, ppm) + .
(Quenchrate, pounds/hour) x (Quench ash, ppm) + (Pelletizing
fluid rate, pounds/hour) x (Pelletizing {luid ash, ppm)]

Ash, ppm =
(Carbon black rate, pounds/hour)
[(Feedstock rate, pounds/hour) x (Feedstock sulfur, ppm) +
(Quenchrate, pounds/hour) x (Quench sulfur, ppm) +
(Pelletizing fluid rate, pounds/hour) x (Pelletizing fluid sulfur,
ppmy)]
Sulfur, ppm =

(Carbon black rate, pounds/hour)

Thus. in order to produce the carbon blacks of the preseat inventon:
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[(Feedstock rate, pounds/hour) x (Feedstock ash, ppm) +
{Quenchrate, pounds/hour) x (Quench ash, ppm) +
(Pelleuzing fluid rate. pounds/hour) x (Peileuzing (luid ash. pom)|

< 50 ppm. ash
(Carten black rate, pounds/hour) :

It is weil known that approxamatety 50% of the sulfur in the fesdstock exits the carbon
black process in the effluent gas. Thus the calculated suifur level set forth above is the
theoretical maximum. In general in order to producs the carton blacks of the present invention:

[(Feedstock rate, pounds/hour) x (0.50)(Feadstock sulfur, ppm) +

(Quenchrate, pounds/hour) x (Quench sulfur, ppm) +

(Pelledzing fluid rate, pounds/hour) x (Pelletizng fluid sulfur. pem)]

(Carbon black rate, pounds/hour)

< 30 ppm, suifur

The following testing procedures are used in evaluating the analytical and physical
properties of the carbarf biacks of the preseat inveation,

The cetyt-rimethylammonium bromide abscrption vaiue (CTAB) of the carbon biacks
was determined according to ASTM Test Procedure D3765-85. The DBP (diburyl phthalate
value) of the carbon biacks was determined according to the procedure set forth in ASTM
D3493-86.

Theashlud.aﬂfmleﬁlandaymlﬁmdimmsiom%and%mdmmimdbyh

following procedures,
ASH CONTENT DETERMINATION

The ash levet of the carbon blacks was determined by calculating the ash percentage
from a metals analysis of the carbon biack. The ash ievel is defined as the sum of the oxides of
the following clements: AL Ba, Ca, Cr. Fe, Mg, Ni. Si. Sr, V, Zo. K and Na. The culcuiadon of
ash percentage from metals analysis assumes that the metals are present in the ash as oxides
and that the thirteen elements measured are the only ones present in the ash at significant
concenmratons. The ash percentage is calculated by summing the levels of the oxides of the
thirteen elements measured. Each oxide is calcutated as follows:

Na20, ppm =(Na, ppm) x {Molecular Wt. N22O) / 2 x (Atomic Wt. Na)



24 Table 4.

Exanpl e |
130

124 -
220

3000
22.5
18.1

Cont r ol
35
110

< 30
< 30
22. 4

Car bon Bl ackiK

ties Carbon Black Control |
' letlyl ene Bl ack CTAB [err]
> 17 JUN 199860| OBP (cc/ | 00g) 112

' As or 90 [err]
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<30 ppm 200 <30
<30 _[ SLLlunfliure 21. 3 215
3 [err] : 15.7 15.6

130
112
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CraQ3, ppm = (Cr, ppm) x (Molecular Wt. Cr303) / 2 x (Atomic Wt Cr)

MgO. pom = (Mg, ppm) x (Molecular Wt MgO) / (Awomic Wt Msg)

SrQ, pom = (Sr, ppm) x (Molecular Wt. SrQ) / (Atomic Wt St)

NiQ, ppm = (Ni, ppm) x (Molecular Wt. NiO) / (Atwmic Wt Ni)

BaO, ppm = (Ba. ppm) x (Molecular Wt. BaO) / (Atomic Wt. Ba)

Fe203. ppm = (Fe, ppm) x (Moiecular Wt. Fez03) / 2 x (Atomic WL Fe)

Ca0, ppm = {Ca, ppm) x (Moclecular W, C20) / (Atcmic WL Ca) -
SiC, ppm = (Si. ppm) x (Molecular Wt SiQ3) / (Atomic Wt. Si)

V20s. ppm = (V, ppm) x (Molecular We. V20s.) / 2 x (Atomic W, V)

ZaQ, ppm = (Zn, ppm) x (Motecular Wt ZrO) / (Atomic Wt Zn)
of
K20, ppm = (X, ppm) x (Molecular Wt. K20) / 2 x (Atomic Wi K).

The amount of each element, in ppm, was determined by an elemental analysis of the

carbon black by Inductively Coupled Plasma (ICP) and Atomic Absorption (AAS)
spectrophotometry. The analysis involves ashing, fusing and dissolving a sample of carbon
black followed by the spectrophotometric analysis of the soiution. The results are calculated
based on the weight of the cachon black. The analysis is based on the atomic emission and
atomic absorption of catioas. |

The following equipment and reagents were utilized:

Analytical balance - readable 10 0.1 mg
Platinum crucibles and covers - SO ml capacity
Muffle furnace (Blue M model #E-514A,
manufactured by Biue M, Blue Island. [L)
Desiceator

Suppoart, steel rod with a rectangular base - approx. 18 inches tall (48 cm)
Support ring, extension, iron - approx. 3 inches in diameter (8 cm)
Conrector for the support ring
triangle, fused, silica covered - appox. 2 incheson aside (S5 cm)
Meker type, high temperatre bumner
Tongs, crucible type, pladnum tipped
Polypropylene volumetric flasks - 100.0 ml
[nductively Coupled Plasma (ICP) Spectrometer
manufactured by INSTRUMENTS, SA., JY-38 Sequential Scanning
High Resolution Spectrometer and an H-20 external monochromator
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is 90 ppm and the tjotial sulfur |ev

ash and sul fur levels. The anal yti cal
ane, for the Exanple 1 and the Control

ish [ evel of the Control 1 carbon bl ack
of the Control 1 carbon black is 200

ppm In contract, tlhe Exanple I carbdn black, a carbon black of the present
I nvention, had a td err{g30 ppm and a total sulfur |evel of
< 30 ppm. Simlarly, the resulti ng anal ytical properties of CTAB and DBP of

t he Exanple ang) @nkmlcgwcmmgj %m&, were simlar. However, the
total ash and sul fur | evehs drboy PERI {E,Rf‘b[@&[l@b@(&@@g,ﬁihwt(pl ack
of the present invention, mﬂewe:ammémbwmthan the total ash and sul fur

| evel s of the Cﬁhtro&lmm(bﬂ!umbﬂhe acet | ene black is provided in

Table 4 for co ri sp um Aetraberaigsg
m%) W?&%:R #4503-01 Flux Gmde ‘BA.&(...'-'_R ANALYZED' Reagent

* 1) Hydrochloric Acid (HC1) - reagent grade 36.5-38.0%

BAXER #6535-03 BAKER ANALYZ=D'

12)  Nimic Acid - (HNQ3) - concentragon: 69.0-71.0% _
BAKER #9601.03 BAKER ANALYZED' Reagent

13)  IC2 meul standards {or both the [CP and AAS calibrations
The standands were of high purity, stable {crmulaticn. and easily soluble
in a 5% NO3 soluton. The standards used were from SPE:(
industries of NJ..

The following technique was utilized with the equipment and reagenrs listed above. The
sample.pmpatmion was done singuiarly and a blank was not run.

L Claned and dried Pt crucibies were pxepared as follows:
The Pt crucibles were boiled in HC1 for 15 minutes. {in a hocd)
2. The Pt ccucibles were then rinsed in deionized water, dried in an oven,
and cocled in the desicoator.
(care was taken not to contminate the crucibles with Na from contact
with the technictan's bands through the use of tongs)

1. Sample weights:
The weight of the crucible was recorded.
Carbon black was placed into the crucibles until they were 2/3 full and
the weight of the carbon black sample was determined.

II.  The crucibles were placed into 2 cold muffle furnace and heated 0 550° C. The
samples were left in the muflle furmace for about 16 hours (ovemnight) or until -
the carbon black was completely ashed.

IV.  The samples were cooled in the desiceator and reweighed to determine the ash

V. 1.0 grams of lithium tetraborate was added w each crucible and mixed with the
sample ash (or blank).

VL. The Prcrucible was covered with a Pt crucible cover. and the covered crucible
was placed in the triangle supported by the ring held by the stand and heated
with the burner (in 2 hood). The flux-ash mixture was brought to fusion
temperature (850 deg C) and then the (fux mixmre was held at a temperature of
1000 deg C for about 30 minutes or until the ash is dissoived. The melt was
swirled occasionally to obmin good mixing and to help the dissolution.

VIL.  The flux was cooled as follows: the hot crucible was swirled to coat the sides
with a thin layer of flux. This action helped aid the dissolution of the flux. The’
qucible was immediately dipped into a container of cold water o an equivalent
height of the conmined fusion. The rapid cocling cracked the flux for more
efficient dissolution.



Table 4. the Exa REPLACMT@ and the Exanple 2 carbon bl ack, carbon
bl acks of the predernt rnventtom=—faye ash and sul fur | evels conparable to

t he acetyl ene bl adk |E hyl ¢ne et hyl acrylate (EEA) -conpositions
contai ning the car bq X@bﬂ!@ 18;& E] apple I and Control 1 were prepared and
eval uated.. The EEA U N | (melt flow index) of 6 g/10 min. and
a density of 0.93[1 g/cnB. The corrp S|t|qas consi sted of carbon bl ack and
25

VII. Approximately 40 ml of 5% HNO3 solution was added to the cc!d crucible wo

dissolve the {lux. Heating and the action of 2 small magneuc stirrer was also
utilized a5 necessary to help dissolution. _

B4 When the flux was dissolved, the contents of the crucible was added © 2 clean
acid washed 100.0 mi plastic volumetric flask. (When Be was used as an
intemal [CP stndard [10 xg/ml] - than 2.0 mi of SO0 ug/ml Be solution was

- added to the {lask). The volume was brought up to the 1C0 ml mark with 5%
HNOC3 solution.

The [CP was calibrated using the proper procedures for the mstrumenl. and c:hecss are
made for interferences between elements. Multi-element standards were used to simplify the
analysis. Calibration and recalibraton are performed by the ICP .compu:e:'. Each element was
divided between four standards with a concentration range as follows: (in xg/ml)

Al 0-50 Mg 0250 V020
Ba 0250 Mn 020 Zn 020
G 250 Ni 020 Z 020
Cc  0-20 Si 050
Cu 020 Sc 020
Fe 00 Ti 020

The standards were matrix masched ®© the samples.
The AAS was calibrated with individual standards each time a sesies of analyses were
-run. The standards were a2 mixmure of K and Na with a 1% by weight additon of Li2B407 and

a 5% by volume addition of FINC3.
K-Na K-Na
$STD 1 000 pg/ml STD 5 50 pgm
2 05 6 10 .
3 10 7 25 .
a4 25 -

The first group of metals were run on the [CP. The computer attached to the ICP
performs the calculations based on sample weights, dilutions, and volumes. The results were %

clement by weight of carbon black. A blank correction was unnecessary if the anal vsis



| EEA onl y. T R5IA and B. each contai ni ng 38% by weight,

car.bon bl ack L g the carbon bl acks of Exanple- | and Control
| as shown i ?T ble 5 EEA Conposition Car bon Bl ack
W . 9% Carbon{Bljac -~ Control 1 38

B B0 - 38 The EEA
conposi tions re prepared utifizing aW? ner-Pfleiderer twin screw m xer.
The vol une resistivity~ant-#+ of each of the EEA Conpositions. A and B.

was eval uat rding _to the procedures described herein. The results are
set forth i%%‘é:”nﬂxmﬁjmpﬂmmess _ :

The Na and K analysis were done on the AAS and the results are in gg/ml. A blank
correction was unnecessary if the analysis stindards are matrix matched o samples.

(AAS #«g/mi)(100.0 mi)
(sampie wt. [gram])

The calculation to ugfg of CB =

The per cent ash is calculated as follows:
(weight of the ash(grams])(100)
(weight of the CB sample [grams])
.The ICF resuits were reported (o the nearest ugfgram. The K-Na results are reported 1o

% ash by wt. =

the mo.l_ug!gmm. Be was added as an internal standard to improve the precision of the
analysis when using the ICP.

SULFUR CONTENT DETERMINATION

A wavelength dispersive x-ray fluorescence spectrophotometric procedure was used to

measure the tomai sulfur content of carbon blacks. The following equipment and reagents were
utfized:

Analytical balance - readable %0 0.1 mg.

SPEX Mixer/Mill Mode! 8000 - ball and pestle impact grinder

SPEX {3 mm Die Set (1/2 inch diameter) with two 13 mm polished stee! peflets.

(Model 3613) .

CARVER Hydraulic Press - with 2 capacity of at least 12 wns

X-ray (luorescence spectrometer; RIGAKU Model 3070

with an Rh target end window x-ray tube

camputer conwotled with dara handling

Weighing/mixing vial - disposable polystyrene
CHEMPLEX cat. no. 1133 - 75 mmx 26 mm diam.

7. Hall pestles, 8 mm '

S
. oric aci gram tabiets - specyographic grade
al-lEMPLEX cat. no. 750
ending, grinding, and briquetting additive
9. 1 inch squars plmgr::ndmgm Fene
10.  BaSQq - Barium Sulfate (powder) Certified Reagent
FISHER SCIENTIFIC CO. cat. no. B-68
ll.  SpectroBlend
CHEMPLEX cat. no, 660
12.  Label tape - for sample labels,
13.  Masking tape - | inch wide - for sealing the vial tops.

Mh WP

o

A 0.25 gram (+/- 0.0010g) sample was weighed into a labeled mixing vial containing
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M-T A
mn. B

Vol une Resistivity @20 C

97 ohmcm . 39.69/10

i n. . M 64 ohm c 409 g/ 10
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car bon bl
contai nin

that could later be wansferred to the plastic box. The vial tcp was taped closed on the vial @
prevent leakage. '

The vial and contents were then mixed {or 15 minutes using the SPEX mill. The ball
pestle was removed and the contents of the vial were thea poured nto the 1/2 inch die and

pressed at 20.000 pounds for about 20 seconds. The formed gellet was then transferred to the

- labeied plastic box without scratching the pellet faces.

The x-ray sat up was as follows:

X-rav set-up

P-10 detector gas

helium atmosphere

x-ray tube at 40 KV, 65 miiliamps - Rhc'xdmndow tube
Element Code: S 05; Group: CB-3 (RIGAKU System)

S K-aipha Ge cryswl wavelength - 110.700 degress

background correction wavelength - 109.700 degrees
30 secorid count time

10 mm sample holder - 15 mm diaphragm
A twa standard calibration table was used to prepare a plot of corrected intensity versus
weight % S. The standards consisted of carbon biacks previcusly analyzed by a combustion-
gravimeteric method and were as follows:
CBS1 = 0.001%S
CBS4 = 084%S
CBSR = reference standard (calibration alpha update

(10.0000g BaSOg4 + 1.0000g Spmnblend mix 15 1© 20 min)

_ (make a pellet with a portioa of the mix.)
NOTE: Thisrcfcrcncestamiardﬁas'consuucmdwithBasmtoavoidany
volatility problems with suifur with repeated reuse of the sampie pellet
~ The sampies were run and their sulfur content calculated as weight % S of the carbon
black by the x-ray computer. The resuits are reported o the nearest part per million (ppm).
The standard deviation of the method is 16.4 ppm. .
DETERMINATION OF CRYSTALLITE DIMENSIONS Laand Le

The crysmailite dimensions Lg and L¢ of the carbon black were determined by an x-@y

EEA conposition produced with the control

Sl AN o U B Y 8 o 0L

to



and Control 2 V‘;@WLA(‘@M}:WSHEET val uated. For further conparison purposes,
an EEA conposi tfi -t~&1-ﬁ|—ﬁg--' nfacetyl ene bl ack having the anal yti cal

properties |i stec n_Tabl e aboye, was al so prepared. The EEA utilized
has an MFI (nelt mw JHHé‘ﬁ?a g/ 10 min. and a density of 0.931 [err]
The conpositiorjs lconsi sted of _gafbon black and EEA only. each contai ning

40% by wei ght,} and were prepare utilizk®g a Banbury m xer. The conponents
of the three EEA 26 '

_unnlysis of the carbcn blacks. The three basic crystallinity parameters that may be obtatned

from an x-ay diffraction partern are:

D d-spaciag: The average separaticn distancs tn angstroms between carben lavers
which are roughiy parallel and equidistant in a graphitic cr aurbestrauc carbon;

2) Le: The average crystallite dimension in angrstoms in the C-directon, i.e. the
‘height of the "stack* of carben layers:

3) La: ‘nm average crystallite dimension in angstroms in the A-dxrr:c.:on i.e. the
average layer diameter.

~ The procadure for detzrmining the x-ray diffraction panem was as folicws.
First a sample of the carbon black was dried in an oven at 12.’5° C fcr approximately one
~ hour. Approximately one-quarter inch of the dried sample was poured into a die, containing a
standard open helder for a horizontal goniometer. The carben black in the die was then crushed
with a brass rod using a circular modon. After crushing the crushed carbon black was broken
up with a spamia. The Crushing and breaking up of the carbon black was thea repeated one
time. '
Appraximately one balf of the carbon black was then removed from the die and the
remainder was pressed © 7 ons. The pressed pellet was then removed from the pellet holder.
| An x-ray panern of the pellet was obtained using a standard powder diffraction system
with 2 copper x-ray tube run at 40 KV (kilovolts) and 35 rhilliamps. A step-scan control system
was utilized to cbtain the diffractogram between 8°and 72°, 26 angle increments of 0.05° witha
3 second count interval.
The digitized raw data was ransferred © 2 VAX computer svstem for processing and
ldemrmimlion of d-spacing, La and L. An IRB 6 carbon black was anafyzed by rh.e same

procedure for use 2s a control standard.

The rubber and plastic compositions in the following examples were evaluated utilizing
the following test procedures.
The Melt Flow [ndex, (*"MFI") of the compositions was determined according to the

procedure set farth in ASTM D1238-89.



conposi tions ar bel ow. Table 7 EEA Conposition

Car bon - Bl ack on Bl ack C ' Control 2

40 D ' nplej2f - 40 E
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The volume resistivity of the compositions was determined in the following manner. The
volume resistivity (VR) of a specimen is the prbduct 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 6 inches
(15 cm) and a width of 1.5 inches (4 cm) 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.
A half inch wide strip of silver paint (in this instance DAG#416 from Acheson Dispersions, Port
Huron, Michigan was used) is applied to both sides of the end of the coupon. The top, bottom, and
edges of the coupon are covered within the half inch dimension. After the paint has dried, the
compoundé’ width, thickness, and the distance betweeﬁ the painted areas is measured using
appropriate gauges. The coupons are placed across oné 5 inch by the 16 inch (12 x 40 cm)
polycarbénate sheet so that .':he painted ends are off the pélycarbonate sheet. The three coupons are
arranged so that they are separated at least 0.25 inches (0.6 cm) from each other. Another
polycarbonate sheet of the same dimensions is placed on top of the coupons. Both polycarbonate
sheets are secured using appropriate fasteners. Brass shims, 0.25 inch by 0.5 inch (0.6 x 1.2 cm) in
dimensions, are placed over the painted areas on the top and bottom of the exposed coupon ends.
Appropriate clips are attached on the end of the wires to the brass shims. A digital multimeter, (in
this case a Digitec H10-2120 from United Systems Corp., Dayton, Ohio was used) is utilized to
determine the electrical resistance. The electrical resistance has units of ohms while A and L have
units of square centimeters (cm?) and centimeters (cm), respectively. Therefore the volume resistivit.y

has units of ohms-cm.

The effectiveness and advantages of the present invention will be further illustrated by the

following examples.

EXAMPLES 1-2

Examples of the novel furnace carbon blacks of the present invention were prepared in a
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supplied to the reactor at about ambient temperature, aporoxxmnueh T F. Theliqud
feedstock utilized in the exampies was a commercially available hydrocarbon mixwre having the

properties indicated in Table 1 below:

Tabie |
Feedstock

_ Hydrogen/Carbon Ratio _ 1.03

Hydrogen (wt.%) 80

Carbon (Wt %) 924

Sulfur (ppm) <20

Ash (ppm) . 6

APL Gxavuy 15.6/15. 6°C

(60/60° F) [ASTM D-287] 10.4
BMCI (Visc-Grav) 85

The quenching fluids usilized in each example was water having the ash and suifur levels set
forth in table 2. This fluid was aiso utilized for pelletizing in Example 2.
Table 2 - Ash and Sulfur Analysis of Quenching/Pelletizing Fiuid

Fluid
Ash (ppm) 3
Sulfur (pptm) <03

The reactor conditions and geometry were as set forth in Table 3 below.
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TABLE 3

CARBON BLACKS

_ Ex. 1 Ex. 2

D-1, in. (cm) 20.5 (52) 20.5 (52)
D-2, in. 12.4 (31) 10.4 (26)
D-3, in. 36 (91) 45 (114).
L-1, in. 27 (68) 27 (68)
L-2, in. 12 (30) 12 (30)
L-3, in. 12 (30) 12 (30)
F, in. : . 6 (15) ' 6 (15)
A. ft. (m) NA 16.5 (5)

T Q, ft. (m) 90 27) 90 (27)
Oil Inj PL 32,) ' _ . a
Tips # x Size, in.) ’ 9 x 0.070 18 x 0.052

o 9x1.7mm 18 x1.3 mm
Oil Rate 32, gph 760 (2.8m*/h) 940 (3.5 m*/h)
Oil Press. 32, psig 250 (17 bar) - . 140 (9 bar)
Oil Preheat, 32,°F -~ 200 (83°C) - 200 (93 °C)
Total Comb. Air, kscfh 450 (13 m*/h) 450 (13 m*/h)
Tang. Comb. Air rate, 62, kscth NA 125 (3.6 m*/h)
Comb. Air Preheat, °F 1100 (593 °C) 900 (482 °C)
Natural Gas, kscfh © 16.4 (0.46 m*/h) 8.2 (0.23 m’/h)
Air/Burn Gas Ratio 9.7 9.7
K+, gK+/100gal oil 0.1 (0.269 K+/m®*) 0
Q H,0 rate, gph 1215 (4.6 m°/h) 1800 (6.8 m*/h)
Temp. at Q, °F 1470 (800 °C) 1400 (760 °C)
. Pell. Fluid Rate, Ibs/hr . NA 3660 (0.5 kg/h)

Inj. = Injection; Comb. = combustion; Press. = pressure

32 = Point 32 on Figure 1; gph = gallons/hour; psi = pounds/square inch; in. = inches; ft = feet;
°F = degrees Fahrenheit; kscfh = standard cubic feet/hour, in 1000°s

K+ = potassium; gK+/100gal oil = grams K+/100 gallons feedstock (oil)

NA = not utilized; Tang. Comb. Air rate, 62 = Tangential air rate at point 60 in zone 18

Pell. Fluid Rate = pelletizing fluid rate; lbs/hr = pounds per hour.

The carbon blacks produced in Example runs 1-2 were analyzed according to the procudures
described herein. The properties of the two example carbon blacks, two control carbon blacks

and a typical acetylene black are set forth in Table 4 below.
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ilTustrative only. Table 4: Carbon Black Analytical Properties

Carbon Black  Coentrol | Example 1 Contral 2 Examgie 2 Acztvlene Black
CTAB (m¥g) 30 | B30 35 35 60

DBP (ccfl00g) 112 gt 124 110 22

Ash (ppm) SQ <30 . 220 <30 <30

Suifur (pom) 200 <30 30C0 <30 <30

lad) 213 aLs 25 = 24 33

Lech) 157 156 18.1 19.6 34

The Example rups described herein illustrate the effect of feedstock and quenching fluid
ash and sulfur levels on carbon black ash and sulfur levels. The analytical properties of CTAB
and DEP were the same,for the Example | and the Control 1 carben blacks. However, the total
ash level of the Control | carbon black is 90 ppm and the total sulfur level of the Control 1
casbon biack is 200 ppm. In contrast, the Example 1 carbon biack. a carbon biack of the present
invenﬁon,hadamtalashleveiof<30ppmax;dato!al sulfur level of <30 ppm.

Similarly, the resulting analytical properties of CTAB and DBP of the Examplc 2 and
Control 2 carbon blacks were similar. However, the total ash and suifur levels of the Example 2
c:a"bonblack.acarbonbﬁckofﬂ!cptmuinvenﬁon.mn@uchiowathanmctmal ash and
sﬂfmlwdsoftheCmunlzmm

The acatylene black is provided in Tabie 4 for comparison purposes. As shown in
Table 4, tbcE.nrxxple 1 carbon biack and the Example 2 carbon black, carbon blacks of the
present invention, have ash and sulfur levels compamble to the acetyiene black.

EXAMPLE 3:

Ethylene ethyl acrylate (EEA) compositions containing the carbon blacks of Example 1
and Coutrol 1 were prepared and evaluated. The EEA utilized has an MFT (melt flow index) of
6 2/10 min. and a dé.nsity of 0.931 glem3. The compositions consisted of carbon bilack and
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Twa EEA compositions, A and B, each containing 38%, by weight, carbon black were

prepared ustng the carbon blacks of Example | and Control | as shown in Table 5 beiow:

Table 5
EEA Compcsitcn Carbon Black Wt, & C:xrbon Black
A Contral | 38
B Exampie 1 38

The EEA compoauons were prepared utilizing a Wemcr-Pﬂc:derer twin screw mixer.
The volume resistivity and MEF ofec.‘xot‘lhe::AComposmous.AandB was
evaluated accarding to the procedures described herein. The resuits are set forth in Table 6:

. Table 6
Composition Volume Resistvitv @ 20°C . MEL
A ! 97 chm cm ' 396 g/10 min.
B _ 64 chm cm 40.9 g/1Q min.

These results show that EEA compositions utilizing the carbon blacks of the present inveation
having ash and sulfur levels less than or equal 10 50 ppm (EEA Composition B) bave volume

resistvity and MFI vaiues substantially equivaient © the EEA composition produced with the

control carbon black.

EXAMPLE 4:.

~ Ethylene ethyl acrviate (EEA) compositions containing the carbon biacks of Example 2
and Control 2 were prepared and evaluated. For further comparison purpases, an EEA
composition conmining an acetylene biack having the analvtical properties listed in Tabie 4
above, was also prepared. The EEA utilized has an MFT (melt flow index) of 6 g/10 min. and 2
density of 0.931 g/em3.

The compositons consisted of carbon black and EEA only, each containing 40%, by

wetight, and wén: prepared utilizing 2 Banbury mixer. The components of the three EEA
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plxigdns are shown in Tabie 7 below:

Table 7 _
EEA Composition Carbon Black Wt % C.u'bdn Slack
< Control 2 ' a0
D Exampie 2 _ 40
E Acztylene Black <0

The volume resistivity and MFI of each of the EEA Compositions, C. D and E, was
evaluated according © the procedures described herein. The results are set forth in Table &

Table 6
Composition Volume Resistivitv @ 20° C MFL
c - 30 chm cm 43.6 ¢/10 min.
D 27 chm cm 43.0 ¢/10 min.
E 35chmem 4.1 ¢/10 min.

These results show that EEA compositions utilizing the carbon biack of the present invention
having ash and sulfur levels less than or equal to S0 ppm (EEA Composition D) have volume
resistivity and ME] values substantially equivalent to the EEA Composition producsd with the
Control czrbcn black. '

Moreover, these results also show.lhal EEA compositions incorporating the carbon
blacks of the present invention, (EEA Composition D) has a substantiaily equivalent volume
resistivity value, but a lower MFI value in comparison with EEA compositions incoxpc:ﬁzing a
typical acetylene black (EEA Composition E). The higher MF1 value imparted by the carbon
black of the present invention (EEA Composition D) xndxum:s a higher .raxe of flow which
indicates a lower viscosity and in turn indicates that the composition is advantageous for
extrusion processing. |

As a result of the carbon blacks of the present inventon having ash and sulfur levels
less than or equal to SO ppm, it is expectad that the carbon blacks of the present invention will
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29 7. Use of afuREBbAC ,

precedi ng cl ai ns,
S e
, Tondreut

57and 300 phr. 8.
t he precedi ng cl ai
bet ween 40 and 90

mimmize the initation of water .tms n e_ﬁmpas’dons intended for use as semi-conductive
shielding compounds far electric power cables. Therefore, power cables using wire shielding
compcsitons incorperating the carbon bi;dé: of the preseat inveation would be expected ©0
have longer service lives tan power cables using Wire shiclding compesitions incorporating
heretofore known non-acetylene carbon biacks.

o It shouid be clearly understood that the forms of the present invention herein described

are illustradve o:xly
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Claims:

L Useofaﬁ;maézcnrbonb[ackhavingmashlm!l&sthanoreqm.ltoso
ppm. a sulfur level less than or equal o 50 ppm and a La less than or
equal © 30 A and a Lc less or equal w 30 A as a component of 2 cable
shiciding.

2. Useofaﬁmcecafbonblackaccm'dingmclaimlwhereinthecnrbon_
blackhasanash!cve!lesstha.noreqmltomppmandammrlevelless

r.hanotequalroBOppm

3. Useofaﬁuﬁacswbonbhckaccntdingmdaimlorz, wherein the
carbon black bas an ash level less than or equai to 10 ppm and a sulfur
level less than or equal to 10 ppm.

4.  Use of a furnace carbon black according to anyone of the preceding claims
wherein the carbon black has 2 CTAB of 30 - 135 /g and a DBP of 105
- 170 cx’f100 g.

5.  Use of a furnace carbon black according o anyone of the preceding
claims. wherein the carbon black has a CTAB of 120 - 135 m¥g and 2
DBP of 105 - 130 cmx’/100 g.

6. Use of a furnace carboa black according w anfons of the precading
claims. wherein the carbon biack has a CTAB of 30 - 45 m'/g and 2 DPB
of {05 - 130 cur'/100 ¢.
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7. Useof a furnace carbon black according to anyone of the preceding

claims, wherzin the carbon black is present in an amount betwesn 5 and
300 phr. |

8. Use of a furnacs carbon black according to anyone of the precading
claims, wherein the carbon black is present in an amount berwesn 40 and
S0 phr.

9. Lse of 2 furnace carbon black according t0 anyone of the preceding claims
in a composition of mamer comprising a material selected from the group
* consisting of rubbers, plastics, and mixmres thereof.
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KOW ASH FURNACE CARBON BLACKS

ABSTRACT

Novel furmace carbon blacks that impart advantageocus
properties to rubber and plastic compositions .and may be
utilized in the place of acetylene blacks. The furmace
carbon blacks have an ash level leas than or equal to 50
ppm, preferably less than or equal to 30 ppm, most
preferably less than or equal to 10 ppm, a sulfur level
less than or equal to 50 ppm, preferably less than or equal
to 30 ppm most preferably less than or equal to 10 ppm, a
L, less than or equal to 30A and a L. less than or equal to
30A. Alsc disclosed are novel zrubber and plastic
compositions {:‘.ncorporating the novel furnace carbon blacks
which exkibit advantageous .properties, particulaxly in
extending the useful service life of power cables produced
using the compositions.

FIGURE 1.
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