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Carbon Blacks and Compositi_t;'ns Incorporating the Carbon Blacks -

The present invention relates to a class of new and uscful carbon blacks which are
suitable for various applications and particularly well suited for use in natural rubbers,
synthetic rubbers, clastomers, plastomers and/or blends or mixtures thereof. The present
invention also relates to new and useful polymer compositions (natural rubbers, synthetic
rubbers, elastomers, plastomers, and/or blends or mixtures thereof) which include the

" carbon blacks.

Carbon blacks are generaily produced in a furnace-type reactor by pyrolyzing a '

" hydrocarbon feedstock with hot combustion gases to produce combustion products

containing, pamculate carbon black.

Carbon bilacks may be utilized as pi gments fillers and/or reinforcing agents in
bolymer composmons As used herem ‘polymer” refers to a natural rubber, a symhet:c_ '
rubber, an. elastomer, a plastomer and/or blends or mixtures thereof. h )

Carbon blacks may also be utilized to impart elecmcal conducthty and protection

from uitraviolet (UV) degradation to polymer composntlons. For example, carbon blacks

are widely used to minimize the dé'gradation of polymer-compositions upo:i exposufe to

UV radiation. S_ubh UV radiation occurs as a component of natural sunlight. It is generally -

recognized that the degree of protection from UV degradation is improved upon use of
carbon blacks having a reduced particle size, for example no greater than 25 nanometers
(nm.}. Thereis generally believed 10 be addmonal benefits from the use of carbon blacks
having paltacle sizes no greater than 20 nm.

Carbon blacks arc incorporated into the poiymer composition through a variety of
mixing techniques. For carbon blacks which have acceptable chmctenstlc_s relating to UV

. protection, Tt is generally desirable to utilize those carbon blacks which will provide as low

a viscosity as possible, and thus improve fhe processability of the carbon black-potymer
composition mxmne Another desi_:'able feé_nm of carbon blacks used.in such applications
wou_ld be to maximize, to the extenl practicable, the relative content of carbon black in the )
carbon black-polymer composition mumlre In- order 10 minimize the tendency of a plastic
composition to absorb moisture, it is desirable to utilize carbon blacks which possess as low
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. a compound moisture absorpuon (CMA) as possible. The CMA is mdlcatwe of‘the :

moisture absorptlon capability of the carbon black aﬂer it has been compounded into the
polymer composmon of interest. ' _ _

Accordingly, it would be advantageoos to produce novel carbon blacks which impart -
improved viscosity or processability characteristics t0 polymer compositions into which the '
carbon blacks are incorporated. . -

It would also be advantageous to produce novel carbon blacks which impart iower
compound moisture absorptlon_charactensncs to polymer compositions into which the
carbon blacks are incorporated. ]

Further, it would be advamééeous to have novel polymer compositions which have

improved viscosity and/or processability characteristics, and lower compound moisture

. absorptlon

20

25
- 65-95 mg/g anda primary particle size of less than or equal to 20-nm. Preferably, the

These and other advamages are achleved by the carbon blacks and polymer

compositions of the present invention. : -

. .. -— . | ) . - . -

The present invention provides new ciasses of carbon blacks which may be _

- characterized as having an lodine adsorption number (I;No.} of 50-112 milligrams/gram

(mg/g)and a pnma.ry pamcle size measured in accordance with the procedures in ASTM '
Test Procedure D3849-89 (heremaﬁer denoled as “primary pamcle size™) of lessthanor —
equal to 25 nanometers (nm). Certain of the carbon blacks of the present invention may be

further characterized as having a CDBP (dibuty! absorption value of the crushed carbon

black) of less than or equal to 102 cubic centimeters DBP per 100 grams of carbon black
{cc/100g), measured in accordanoe w:th ASTM Test Procedure D3493-86.
In pamcular, the present invention provndes new carbon blacks having an I,'No of

- -carbon btacks have an I; No. of 73-94 mg/g andfor a primary particle size of less than or

30

equal to 19 nm. More preferably, the carbon blncks have an I, No. of 85-93 mglg and/ora |
primary particle size of Jess than or equalto 19nm. '

The present invention also prov:dcs new carbon blacks havmg an I;)Noof 100-1 12
mg/g and a primary particle size of less than or equal to 20 nm. Preferably the carbon
blacks have a pnmary pamcle size of less than or equal to 19 nm.
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'i'hb present in.ventioxi further provides new carboﬁ blacks having an i;No. of 65-1 12
mg/g; a primary particle size of less than or equal to 20 nm; and a CDBP of less than or
equal to 102 cc/100g. Preferably, the carbon blacks have an I, No. of 73-104 mg/g; a
primary pasticle size of less than or equal to 19 nm; and/or a CDBP of 70-100 cc/ 100g.
.More preferably, the carbon blacks have an I, No. of 75-99 mg/g, a primary pamcle size of
less than or equal to 19 nm; and/or 3 CDBP of 80-95 cc/lOOg

In addition, the present invention provides new carbon blacks_ having an I,No. of 50-

70 mg/g and a primary particie size of less than or equal to 25 nm. Preferably, the carbon

biacks have an I, No. of 55-65 mg/g and/or a primary pérticle size of from greater than 20
nm to 25 nm. _ S _ :

Further, the present invention provides new carbon blacks having an I,No. of 50-85
mg/g; a primary particle size of less than or equal to 25 nm; and a CL P of less than or
equal 0 96 cc/100g. Preferably, the carbon blacks have an I No. of 55-80 mg/g; 2 primary ~
particle size of from greater than 20 nm to 25 am; and/or a CDBP of 50-96 éc/ 100g. More

.praferably, the carbon blacks have an I, No. of 60-78 mg/g; a pnmary particle size of from

greater than 20 nm to 25 nm; and/of a CDBP of 50-96 cc/ lODg
In addltwn, the present mventnon pro\ndes polymer compositions which i mcorporate
the carbon ‘blacks of the present invention. As used herein ® polymer” refers broadly to any

~ natural rubber, synthetlc rubber, elastomer, plastomer and/or blends or-mixtures thereof.

'I'hc carbon blacks of the present invention may be produced by any process known
in the art. Preferably the carbon blacks of the present invention are produoed in a fumace '

. carbon black reactor havmg a first (combusuon) zone, a transmon zone, and a reaction zone '

wherein: _ . .
" acarbon Hhck-yiélding feedstock is injécted into a hot combustion gas stream; -
the resultant mlxmre of hot combustlon gases and feedstock passes into the reaction

pyrolysis of the carbon black-yleldmg feedstock is stopped by quenchmg ‘the mixture
when the carbon blacks of the present invention have been formed and wherem there is -

~ utilized a pnmary combustion level of greater than 300%, preferably at least 550%, more

preferably 650-1200% Preferably the overall combustlon level of the process for
producing the carbon blacks of the present invention is at least 22%, preferahly_ 22%to
35%, more preferably 25% to 28%. It is also preferred that the residence time for the
carbon black forming reactions in the process for producing the carbon blacks of the
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present invention is 0.55 second 10 9.9 seconds, more preferably 1.06 seconds to 8.01
seconds. The proee'ss for preparing the novel carbon blacks of the present invention will be
described in greater detail hereinafter. B '
The polymer eompositi'ons'of the pj'e'sent invention include natural rubbers, synthetic |
5 rubbers, el_a_siomets, plastomers, and blends or mixtires thereof. The amount of carbon
black utilized in the polymer compositions of the present invention includes any amount
effective to achieve the results desired for the intended end use of the polymer eorﬁposition,
such amounts being conventional and -well known to those of ordinary skill in the art.
Generaily, amounts of the carbon black product ranging from 0.5 to 300 parts by weight
10 can be used for each 100 parts by weight of polymer. It is, however, preferred to use
" amounts varying from 0.5 to 100 parts by weight of carbon black per 100 parts by weight of -
‘potymer and especially preferred is the uilization of from 0.5 to 80, rts by weight of
carbon black per 100 parts by weight of polymer.
Among the polymers suitable for Eée-with the present invention are— natural rubber,' '
15 synthetic rubber, e.g. polyisoprene and polybutadiene, .and theirderivatives sueh as
chlorinated mbber; copolymers of from about 10 to about 70 percent i:y weight of
styrene and from about 90 to about 30 percent by weight of butadiene, suckas a
copolymer of 19 parts styrene and 81 parts bﬁtadiene,- a ebpplyﬁer of 30 parts styrene
—and 70 parts butadiene, a eqpelyme'r_ of 43 parts styrene and 57 parts butadiene and a

20 copolymer of 50 parts styrene and 50 parts _tlutadiene; polymefs and copolymers of
eonjugited:iier_:es such as poiybutadien_e, polyisoprene, polychloroprene, and the like,
and copolymers of such conjugated dienes with an ethylenic group-containing monomer
eopolymenzable therewith such as styrene, methyl styrene, chlorostyrene. actylommle
2-vmyl-pyr|dme, S-methyl-z-vmylpyndme 5-ethyl-2-vinylpyridine, 2-methyl-5-

25 vinylpyridine, alkyl-substlmted acryiates, vmyl ketone, methy! isopropenyl ketone,

- methyl viny] ether, alphamethylene earboxyhc acids and the esters and amides thereof
such 2s acrylic acid and dmlkylacryllc acid amide; also suitable for use herein are
eopolymers of ethylene and other high alpha olefins such as propylene, butene-1 and

_ - pentene-1; particularly preferred are the ethylene-propylene copolymers wherein the .

30 ethyiéne content ranges from 20 to 90 ‘percent by weight and also the ethylene—propylene
polymers which addntlonally eontam a third monomer such as dicyclopentadiene, 1,4-
hexadiene and methylene norbomene Preferably the ethylene containing polymer -

© comprises: an ethylene-propylene copolymer or-an ethylene-propylene terpolymer. |
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More preferably, the ethylene comaihing polymer comprises ethylene propylene diene
monomer (EPDM). Also preferred is an ethylene contammg polymer comprising 0.5 to
98%, by weight, ethylene monomer. :

Additionally preferred polymerxc composmons are polyolefins such as -
polypropylene and polyethylene. ' -

Suitable polymers also include:

a) propylene homopolymers, ethylene homopolymers, and ethylene copolymers
and graft polymers where the co-monomers are sel_ected from butene, hexene, propene,
octene, vinyl acetate, acrylic acid, methecrylic acid, C, - C; alky! esters of acrylic acid,
C, - C; alky) esters of methacrylic acid, malezc anhydnde, half ester of maleic
anhydnde. and carbon monox:de; )

b) elastomers selected from naturz' rubber, polybutadiene, polyisoprene, random

* or block styrene butadiene rubber (SBR), polychloroprene acrylonitrile butadlene,

ethylene propylene co and terpolymers, ethylene propylene diene monomer{EPDM);
c) homopolymers and copolymers of styrene, including styrene - butadiene -

. styrene linear and radial polymer, aerylomtnle butadiene styrene (ABS) and styrene
N acrylomtrlle (SAN); .-

d) thennoplasncs mcludmg polyethylene terephthalate (PET) polybntylene
terephthalate (PBT), polycarbonates, polyam:des, polyvmyl chiorides (PVC), acetals;
- €) thermosets méﬁldmg polyurethme epoxres and pulyesters
An advantage of the carbon blacks of the present invention is that the carbon blacks
impart low viscosity to the polymer compositions into which they are mcorporated.
' Another advantage of the carbon blacks of the present invention is that the carbon
blacks impart low CIWA (compound moisture absorptmn) to the—polymer composmons into

~ which they are incorporated. _

- A further advantage of the carbon blacks of the present mvexmon is that the carbon
blacks may be meorporated at hsgh carbon black loadings into polymer compositions.

An advantage of the polymer composmons of the present invention is that the
polymer composmons have low viscosity. '

Another advanmge of the polymer compositions of the present invention is that the
polymer compositions ‘have low CMA (compound moisture absorption).
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‘funher advantage of the polymer composmons of the present invention is that the -
polymer compositions may incorporate high Ioadmg levels of carbon black.

Other advantages of the present invention will become apparent from the more

detailed description of the invention.

Brief Description of the Drawi

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. a

Figure 2 is a cross-sectional view of a portion of another type of fummace carbon
black reactor which may be utilized to produce the carbon blacks of the present invention.

Figure 3 is a sample histogram of the weight fraction of the aggrcgats of a carbon
black sample versus the Stokes Diamete - in a ngen sample :

Figure 4 is a graph illustrating the effect of carbon black loading on the melt flow
index of polymer compositions containing carbon blacks of the‘prcs.ent invention. along -
with relevant data for polymbr compositions containing control carbon blacks, as described
in the Exaniples herein. . -

FigureSisa graph 1llustratmg the eﬁ'ect of carbon black Ioadmg on the apparent

" viscosity, ata shear rate of 100 st of polymer compositions containing carbon blacks of

the present invention, along with relevant-data for polymer compositions containing co_mrol

carbon blacks, as described in the Exa_:hples herein.

Detailed Description of the | .

. The present invention provndw carbon blacks and polymer compositions
- incorporating the carbon blacks. '

In one aspect, the present invention prov:des a carbon black_having: an I;No. of 65r

95 mg/g, preferably 73-94 mg/g, more preferabiy 85-93 mg/g; and a primary particle size
of iess than or equal o 20 nm, .preferably less than or oqual to 19 nm. “In‘more detail, these
carbon biacks include the following; | S

| Ia) a carbon black havmg an 1,No. of 65-95 mg/g and a pnmazy pmlcle size of less

than ercqual t0 20 nm;
2a) a carbon black having an 1,No. of 73-94 mg/g and a pnmary pamcle size of less
_than or equal to 20 nm; '
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3a) a carbon black havmg an lzﬂo of 85- 93 mglg and a primary pamcle size of less

" than or equal to 20 nm;
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4a) acarbon black havmg an l,’No of' 65-95 mglg and a primary particle size of less
than or equal to 19 nm; _

5a) a carbon black having an I;No. of 73-94 mg/g and a primary particle size of less
than or equal to 19 am; and : |

_6a) a carbon biack having an I,No of 85-93 mg/g and a primary particle size of less
than or equal to 19 nm.

In another aspect, the present invention provides a carbon black having: an I;No. of
100-112 mg/g; and a primary pasticle size of less than or equal to 20 nm, preferably less
than or equal 10 19 nm. In more detail, these carbon blacks include the following:

1b) a carbon black having an I,No. of 100-112 mg/g and a pnmary partu:le size of
less than or equal to 20 nm; and

2b)a carbon black having an I;No. of 100-112 mg/g and a primary pamcle size of
less than or equal to 19 nmi. o '

In a further aspect, the present invention provides a carbon black having: an INo. of
65-112 mg/g, preferably 73-104 mg/g, more preferabty 75-99 mg/g.j, a prihx-ary’panicle size
of less than or equal to 20 nm, preferably les; than or equal to 19 nm; and a CDBP of less
than or equal 10 102 cc/100g, preferably 70-100 cc/ 100g, more preferably 80-95 cc/100g.

In more detail, these carbon blacks include the fotlowing:

l¢) a carbon black havmg an [;No. of 65-112mg/g; a pnmary paruclc size of Jess -
than or equal to 20 nm; and a CDBP of less than or equal to 102 ccl 100g; '

2¢) a carbon black having an l-,No.-of 65-112 mg/g; a primary particle size of fess

_ than ar equal to 20 nm; and a CDBP of 70-100 cc/100g;

3c)m carbon black having I,No. of 65-112 mg/g; a primary particle size of less than

. orequal to 20 nm. and a CDBP of 80-95 cc/100g;

'4c) a carbon black having an_lzNo._of 65-112 mg/g; a ptii'nary panic-le size of less

than orequal to 19 nm; and a CDBP of less than or'equal t0-102 cc/100g; =

5¢) a carbon black having an IzNo. of 65-112 mg/g, a pnmary particle size of less
than or equal to 19nm;and a CDBP of 70-100 cc/ 100g;
6c) a carbon black having I;No. of 65-112 mg/g; a primary. pamcle size of less than

- orequal to 19 nm; and 2 CDBP of 80-95 cc/ 100g;”
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7c) a carbon black having an I;No. of-73-104 mg/g; a primary particlé_ size of less
than or equal to 20 nm; and a CDBP of less than or equai 10 102 cc/100g; -
8c) a carbon black having an I;No. of 73-104 mg/g; a primary particle size of les
_than or equal to 20 nm; and a CDBP of 70-100 cc/100g; .
5 "~ 9¢)a carbon black having I;No. of 73-104 mg/g, a primary particle size of less than
or equal to 20 nm; and a CDBP of 80-95 cc/100g; '
10c) a carbon black having an I;No. of 73-104 mg/g; a primary pnrtrcle size of less
than or equal to 19 nm; and a CDBP of less than or equal to 102 cc/100g; '
l1c) a carbon black having an I;No. of 73-104 mg/g; a primary particle size of less
10 than or equal to 19 nm; and'a CDBP of 70-100 cc/100g; '
12c) a carbon black having I,No. of 73-104 mg/g; a primary partlcle size of less than
or equai to 19 nm; and a CDBP of 80-95 cc/100g;
. 13¢) a carbon black having an I;No. of 75-99 myg, a primary pamcle size of less
than or equal to 20 nm; and a CDBP of less than or equal to 102 cc/100g;
15 14c) a carbon black having an lzNo. of 75-99 mg/g; a primary particle size of Jess
than or equal to 20 nm; and a CDBP of 70-100 cc/100g; ’ ' | _
15¢c) a carbon black having I;No. of 75—99 mg/g, a pnmary particle size of less than '
" or equal to 20 nm; and a CDBP of 80-95 cc/lOng,
- - = 16c) a carbon black having an lzNo of 75-99 mg/g, a primary pamcle size of less
20 thanor equal to 19 nm; and a CDBP of less than or equal to 102 cc/100g;
17¢)a carbon black havmg an 1,No. of 75-99 mg/g; a primary particle size of less
than or equal to 19 nm; and a CDBP of 70-100 cc/l 00g; and )
18c) a carbon black having I,No. of 75-99 mg/g; a pnmary particle size of less than
or equal to 19 nm; and a CDBP of 80-95 cc/IOOg. - .
25_ _In still anotheT aspect, the present mvcntlon provides new carbon blacks havmg an

— LNe. of 50-70 mg/g and a primary p_amcle size of less than or equal to 25 nm. Preferably,
the ;:a'!'bon blacks.ha_ve anl, Nc;.'of 55-65 inglg and/or a primary particle size of from
greater than 20 nm to 25 nm. In more detail, these carbon blacks include the following: |
1d) a carbon black havmg an 1;No. of 50-70 mg/g and a primary particle size of less
36 than or equalto 25nm; _
" 2d) a carbon black having an I;No. of 50-70 mg/g and a primary particle size of from
gmaterthanZOnmtoZSnm, : - - _ S
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3d) a carbon black havmg an J,No. of 55 65 mg/g and a primary pamcle size of less
than or equal to 25nm, and : .
4d) a carbon black having an IzNo of 55-65 mg/g and a primary particle size of from

greater than 20 nm to 25nm. _

In a further aspect, the present invention provides new carbon blacks having an I,No
of 50-85 mg/g; a primary pamclc size of less than or equal to 25 nm; and a CDBP of less
than or equal to 96 cc/100g. Preferably, the carbon blacks have an I, No. of 55-80 mg/g; a
primary particle size of from greater than 20 nm to 25 nm; and/or a CDBP of 50-96
cc/100g. More preferably, the carbon blacks have an I; No. of 60-78 mg/g; a primary
particle size of from greater than 20 nm to 25 nm; and/or a CDBP of 50-96 cc/100g. In

- more detail, these carbon blacks include the following:

1e) a carbon black having an I,No. of 50-85 mg/g; a primary particle size of less than

or equal to 25nm, and a CDBP of less than or equal to 96 cc/100g;

2¢) a carbon black havmg an I;No. of 55-80 mg/g, a-primary pamclé sme of less than
or equal to 25nm; and a CDPP of lcss than or equal to 96 cc/ 100g;

3¢) a carbon black having an I,No. of 60-78 mg/g; a primary particle size of iess than
or cqualto 25nm; and a CDBP of less than or equal to 96 cc/100g; L=

4e) a carbon black having an I;No. of 50-85 mgfg, a primary parncle;ze of less than
or equal to 25nm; and a CDBP of 50-96 cc/100g;

' Se)a carbon black having an [;No. of 55-80 mglg, a pnmary partlcle size of less than

or equal to ZSnm, and 2 CDBP of 50-96 tc/100g;

6¢) a carbon black having an I;No. of 60-78 mg/g; a primary pamcle size of less than |

. -or equal to 25nm; and a CDBP of 50-96 cc/100g;

 7¢) acarbon black having an };No. of 50-85 mg/g; a primary particle sme of fmm
g:eaterthan 20 nm t6 > 25 nm; and a CDBP of less thaw or equal-to 96 cc!lOOg,

- 8¢) a carbon black having an [;No. of 55-30 mg/g; a primary parhcle_ size of from

o gnat‘erthan20mrito25nm;anda-CIzBPoflssthanorcqual§o96cc/100g;_

30

9¢) a carbon black havihg kn'IzNo. of 60-78 mg/g; a primary particle size of from _
greater than 20 nm to 25 nm; and a CDBP of less than or equal to 96 cc/100g;
10¢) a carbon black having an I;No. of 50-85 mg/g; a primary particle size of from

 greater than 20 nm to 25 nm; and a CDBP of 50-96 cc/100g;

11e) a carbon black havmg an I,No. of 55-80 mg/g; a primary partlcle size of from
greater than 20 nm to 25 nm; and a CDBP of 50-96 cc/100g; and’ _ -
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12e):a"c'arbon black having an lsz. of 60-78 mg/g; 2 primary paniclé size of from

greater than 20 nm to 25 nm; and a CDBP of 50-96 cc/100g.

The carbon blacks of the present invention may be produced by any process but are
preferably produced in the manner described below. It should be understood however, that
although the process for producing the carbon blacks of the present invention is described
below with reference to one type of carbon black furnace reactor, the process may be
practiced in other types of carbon black reactor.

In particular, the carbon blacks of the present invention may be produced according
to the process of the present invention in a modular, also referred to as “staged,” furnace
carbon black reactor. A section of a typical modular fumace carbon black reactor which

‘may be utilized to produce the carbon blacks of the present invention is depicted in Figure

I Other details of a typical modular furnace carbon black reactor may be found, for

~ example, in the description contained in US Patent No. 3,922,335, the disclosure of which

is herein incorporated by reference.

Re_fcrring'-to Figure |, the éa:bon blacks of the prg.=s'ent invention may be produced in

‘a furnace carbon black reactor 2, haw:ng a combustion zone 10, which has a zone of

convekging diameter, 11, a transition zone 12, and reaction zone 18._ The end of the reaction

. zone'18 nearest the transition zone 12 has a zone, or zones, 17A and 17B, of a restricted

diameter. The diameter of the combustion zone 10, up to the point where the zone of
converging diameter Tl begins is shown as D-1; the diameter of zone 12, as D-2; the
diameter of zone 17A, as D-3A; the dlameter of zone 17B, as D—SB and the dlameter r of
zone 18, as D-4. The leng!h of the combusuon zone 10, up 1o the point where the zone of
converging diameter 11, begins is shown as L-1; the length of the zone of converging _
diameier, 11, is shown as L-2; the.length of the transition zone, 12, is shown as L-3; the
length of the zone, 17A, of restricted diameter, is shown as L-4A; and the length of the_
zone, 17B, of restricied diameter, is shown as L4B, _

To produce the carbon blabks of the present invention, hot combustion gases are
genemted in combustlon zone 10 by reactmg a liquid or gaseous fuel with a sunable

' oxldant such as air, oxygen, mixtures of mr and oxygen or the like. Among the fuels

suitable for use in reacting with the oxidant stream in combusuon zone 10, to generate the
hot combustion gases are included any of the readlly combust\ble gas, vapor or liquid

* streams such as natural gas, hydrogen, carbon monoxide, metnanc. acetylcne, alcohols, or

kerosene. It is generally preferred, however, to utilize fuels having a high content of
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c&rbon-containingcompone'ms and, in pa;ticular, hydrocarbons. 'l_‘he ratio of air to natural

- gas utilized to produce the _car_boﬁ blacks of the present invention is at least 30: l-, preferably

45:1 1o 100:1. To facilitate the generation of hot combustion gases, the oxidant stream may
be preheated. o

In order to produce the carbon blacks of the present invention, the primary
combustion level of the carbon black production process is greater than 300'.'/» and

 preferably at least 550%. More preferably, to produce the carbon blacks of the present

invention, the primary combustion level of the carbon black production process is 650-
1200%.

As referred to herem, the primary combustion level represents the amount of oxidant
such as air used in the first stage of a multi-staged process relative to the theoretical amount
of oxidant required for the complete combustion of the first stage.hyw. ocarbon to carbon

dioxide and water. For purposes of eonvemence, the primary combustion leve! is expressed

_interms.ofa percentage.

The theoretical amoum of oxidant required for the complete combustion of the first
stage hydrocarbon to carbon dioxide and water is referred to herein as the “Atr—to-bum-Gas
Ratio”, and expressed as a ratio of volumes of theoretical oxidant and ﬁrst stage
hydrocarbon. The quantmes of exldant and first stage hydrocarhon may be described in

'any convenient and consistent set of units. ' -

_The pnmary combnstxon evel may be determmed acoordmg to the followmg

formula:

(Measured Air Rate)x100 -

- * (Measured Gas Rate) x (Air-to-burn-Gas Ratio)

where: - - : ) : o -
“Measured Air Rate”- = the volumetric flow rate of air mtroduced into
- ~ the combustion zone of the reactor measured at
_ ) standard conditions of tempemmm and pressure
“Measured Gas Rate” = _the volumetric-flow rate of gas introduced into
' ] : . -the combustion zone of the reactor measured at

standard conditions of temperature and pressure

and the “Measured Air Rate”, :he “Measured Gas Rate” and the “Alr-to-bum-Gas Ratio’
are in a set of mutually consnstent units. . '
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As used herein, “standard conditions of temperature' and pressure” refer to a temperamre of
273 Kelvin (K)and a pressure of 101.3 kllo Pascals (kPa) when descnbmg air or gas, and
“standard conditions of temperature and pressure” refer to a'temperature of 288.6 K and a
pressure of 101.3 kPa when describing oil or feedstock.
5 Thehot combustion gas stream flows downstream from zones 10 and 11 into zones
12, 17A, 17B and then 18. _Tﬁe direction of the flow of hot combustion gases is shown in
Figure 1 by the arrow. Carbon black-yielding feedstock 30 is introduced at point 32 Jocated
in zone 12. The feedstock may be introduced either through a probe 15, having end, 34 or -
preferably radially inward through a plurality of .openings positioned in the wall of zone 12
0 at point 32, or a combination of the two. Suitable for use herein as carbon black-yielding
. hydrocarbon feedstocks, whieﬁ are readily volatilizable under the conditions of the |
reaction, are unsawrated hydrocarbons such as acetylene; olefins su- " as cthylene,
‘propylene, butylene; a_romatics such as benzelze, toluene and xylene; certain saturated
hydrocarbons; and volatilized hydrocai‘bons such as kerpsenes, naphthalenes, terpenes,
: erhylene tars, aromatic cycle stocks and the like. - i '
~ The distance from point 32 downstream to the begmmng of the zone, 17A,0f -
restricted diameter in the reaction zone is shown as F-1. In certain of the examples -
described herein, carbon black-yielding feedstock 30, was injected radially inward through
~a pluraliiy of openings positioﬁed in the 'fwall of zone 12 at point 32, the resulting jets_
20 penetrating into the interior regions of the hot combustion gas stream so as to rapidly
decompose and convert the fee:i-Stock' to the novel carbon blacks of the present invention.
In other of the exampies described herein, carbon black-yielding feedstock, 30, was
m_;ecﬂed outward in a substantially axial downstream direction through a plurality of
_ opemngs at the end 34, of probe 15, the resuiting jets penetrating into the exterior regnons
25  of the hot combustion gas stream so as to rapidly decompose and convert the feedstock to
- thecarbon blacks. The distance from the end of the pro'be 15 to the beginning of zone 17A -
- wshownasF—Z _ o o - -
- In order to produce the ca.rbon blacks of the present mventlon, the overall
. combustion level of the carbon black production progess is preferably at east 22%, more
30 preferably 22 to 35%, and even more preferably 25 to 28%. : T -
As referred to herein, and known to those skilled in the art, the overall combustion
- Jevel represents the total amount of oxidant such as air used in the carbon forming process
- relative to the amount of oxidant required for the complete combustion of the total amount
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“of hyd-ro_carbbn used in the carbon forming process to form carbon dioxide and water. The

overall combustion level is usx;ally E.xpre;';sed as a percentage.

For purposes of convenience, the amount of oXidant required for th#_éomplete
combustion of the carbon b!ack-ﬁclding feedstock to carbon dioxide and water is referred
to as the Air-to-bur;:-Oil Ratio, and_ expressed as a ratio of volumes of thet;fetical oxidant
and carbon black-yielding feedstock. The quantities of oxidant and carbon black yielding
feedstock may be described in any convenient and consistent set of units.-

The overall combustion level may be determined according to the following formula:

Overall Combustion Lévcl, %= :
- (Measured Air Rate)x100

(Measured Gas Rate) x (Air-to-bumn-Gas Ratio) + -
(Measured Oil Rate) x (Air-to-bumn-Oil Ratio)

where: _ 3 _ . ' -

“Measured Air Rate” — = . the volumetric flow rate of air introduced into
' ' the combustion zone of the réactor measured at
. standard conditions of temperature and pressure
—  “Measured Gas Rate” the volumetric flow rate of gas introduced into
the combustion zone of the reactor measured at -
' standard conditions of temperature and pressure.

“Measured Qil Raie?_’ = the volumetric flow rate of oil introdueed into |
' - _ the reactor measured at standard conditions of
_ temperamre and pressure. '

and the “Measured Air Rate” the “Measured Gas Rate”, the “Measured Onl Rate the “Air-

to-burn-Gas Ratio™ and the “Axr to-bum-Oxl Ratio” are in a set of mumally consistent units.

The mxxturc of carbon black-yleidmg feedstock and hot combusuon gases flows

downst:eam through zones 12, 17A,17B and into zone 18. Qnench 40, iocated at point 42,

injecting quenching fluid 50, which in the examples described herein was water, 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 determmed in any manner known to the
art for selecting the posmon of a quench to stop pyrolysis. -

One n_:ethod for determining the position of the quench utilized to stop pyrolysis is

40 by determining the point at which an acceptable toluene extract level for the novel carbon

13
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A

blacks of the present invention is achieved. T oluene extract level may be measured by
using ASTM Tesi Procedure D1618-83, “Carbon black extractables Toluene -
Discoloration.” | | | '_

Ina preferrcd'ambodiment 6f the proc&ss for producing the carbon blacks of the
present ihvention, the iocation of the quench is determined in such manner as to ensure that
the resultant nominal residence time for the carbon black forming reacdon_ﬁ in the reactor is
0.55 second to 9.9 scconds and preferably 1.06 to 8.01 seconds. The nominal residence
time in the reactor is defined herein as uie time nominally required for the oxidant traveling
through the reactor to travel from the point of injection of carbon black-yielding feedstock

10 the point of quench, if the oxidant were unaltered by any of the processes occurring in

any of the stages of the staged reactor, anid where the volumetric flow rate of the oxidant is

deﬁned at standard conditions of tcmper:mre and pressure.
- After the mixture of hot combustxon gases and carbon black-yneldmg feedstock is

quenched, the cooled gases pass downstream into any- conventlonal cooling and : separating

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

A the gas stream is readily accomplished by conventional means such as a preéipitator . _

cycione separator or bag filter. Thls separatxon ma _y be followed by pelletizing using, for -

examplc a wet pelletizer. = -

~Figure 2 illustrates a section of another conﬁguratlon of a carbon black reactor which
may be -unhze_d to produce carbon blacks qf the pz_esent_ invention and was utilized to-
produce certain of the carbon blacks described in the Examples set forth herein. The -

 reactor, 2, illustrated in Figure 2 is subs_tant.ially' identical 15 the reactor illustrated in Figure

1 and the reference nul;:erals utilized in Figure 2 are used in the same manner as in Figure

1, with the following excepuons
— In the reactor-iflustrated in Flgure 2, the reacuon zone further compnses zones 18A,

18B and 18C. Zone 18A is located adjacent to zone 17B. Zone 18B is located adjacent to
zone 18A and is angied at an angle.Q as shown in Figure 2. Zone l-SC is Jocated adjszent
to zone 18B. The diameter of zone 18A is shown as D-4A; the-diameter of zone 18B, as D-
4B, and the diameter of zone 18C, as D-4C. The length of the zone, 18A is shown as L-5A;
the length of each of the sections of zone 18B, in a direction pari\llel to the horizontal, are
cither L-SB or L-5C as shown in Fi igure 2. |

The polymer composmons of the present mvennon compnse a polymer and a carbon _.

M



Rt

WO 97/28222

10

15

~ 30

- | PCT/US97/00682
Thus, in-one aspéct,' the present invention provid_cé polymer compositions comprising
a polymer and a cérbon black having an I,No. of 65-95 mg/g, preferably 73-94 mg/g, more
préferably 85-93 mg/g; and a primary particle size of less than or equal to 20 nm, -
preferably less than or equal to 19nm. Inmore detail, these polymer compositions include
the following: , o
1a) A polymer composmon comprising a polymer and a carbon blacks having an
IyNo. of 65-95 mg/g and a primary particle size of less than or equal to 20 nm;
' 2a) A polymer compbs‘ition comprising a potymer and a carbon black having an -
ILNo. of 73-94 mg/g and a primary particle size of less than or equal to 20 nm; .
3a) A polymer cbnipos’ition compﬁsing a polymer and a carbon black having an
I;No. of 85-93 mg/g and a primary particle size of less than or equal to 20 nm;
4a) A polymer composition aompnsmg a polymer and a carbon black hawng an
I;No. of 65-95 mg/g and a primary particle size of less than or equal to 19 nm; . -
* 5a) A polymer composition comprising a polymer-and a carbon bIg_ck-having an
I;No. of 73-94 mg/g and a primary particle size of less than or equal to 19 nm; and -
B 6a) A polymer compos'it'-ion bo_mprising a polymer and a carbon black having an '

I;No. of 85-93 mg]g and a primary particie size oflessthanor equaito 19 nm. _  _

In another aspect, the presént invention provides a polymer composition comprising
a polymer and a carbon black having an I;No. of 100-112 mg/g; and a primary particle size
of less than 6r eqﬂai to 20 nm, preferably less than or equal to 19 nm. In more detail, these
polymer compositions: incfude the following: T |

1b) A polymer composmon compnsmg a polymer and a carbon black havmg an  _ -
I:No. of 100-112 mp/g anda primary particle size of less than or equal to 20 nm,

2b) A polymer ¢ompésitidn comprising a polymer and a carbon black Having an _
INo. of 100-112 mg/g and a primary particle size of less than or equal to 19 nm.

_ In a further aspect, ﬁe present invén'tion provides a polymer composition co'ﬁlpriéing _
apolymerand a carbon black having an l;No of 65-112 mglg. preferably 73-104 mg/g,
more preferably 75-99 mg/g, a pmnary pamcle size of less than or equal to 20 nm,
preferably less than or equal to 19 nm; and a CDBP of less than or equal to 102 ¢c/100g,
prefer_ably 70-100 cc/100g, mofe preferably 80-95 cc/100g. In more detail, these polymer

-compositions include the foliowing: '
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le)A pol'ymer composition compnsmg a polymer and a carbon black havmg an

IzNo of 65-112 mg/g; a primary particle size of less than or equal 10 20 nm; and a CDBP of

less than or equal to 102 cc/100g.

2c) A polymer composition comprising 2 polymer and a carbon black heving an
I,No. of 65-112 mg/g; & primary particle size of less than or equal to 20 am; and a CDBP of
70-100 cc/100g. '

3c) A polymer composition comprisihg a polymer and a carbon black having I,No. of
65-112 mg/g; a primary particle size of less than or equal to 20 nm; and a CDBP of 80-95
cc/t00g. |
4c) A polymer composition compnsmg a polymer and a carbon black having an

LNo. of 65-112 mg/g; a primary pamele size of less than or equal to 19 nm; and a CDBP of

less than or equal to 102 cc/ 100g. - _
5c) A polymer composition comprising a polymer and a carbon black having an’

' lzNo of 65-112 mg/g; a primary particle size of less than or equal to 19 nm, ‘and a CDBP of

70.100cc/100g. - - - - : ;

6¢) A polymer- composmon compnsmg a polymer and a carbon black having IzNo of

65-112 mg/g; a primary partxcle size of less than or equal to 19 nm; and a CDBP of 80-95

" cc/100g, -

7c} A polymer eomposition comprising 'a'.polymer and a carbon black having an
I;No.of 73- 104 mg/g;a prlmary partlcle size of less than or equal to 20 nm; and a CDBP
of less than orequal to 102 e/ 100g. ' B
8c) A polymer composmon comprising a polymer and a carbon black havmg an

.lzNo. of 73-104 mg/g; a primary particle size of less than or egqual to 20 nm; and a CDBP

© of 70-100 cc/100g.

. 25

30

9%)A polymer eomposmon comprising a polymer and a carbon black having J,No. of
73-104 mg/g, a pnmary particle size of Tess than or equal to 20 nm; and a.CDBP of . 80-95_
10c) A polymer composition comprising a polymer and a earbon black having an
IzNo. of 73-11 04 mg/g; a primary particle size of less than or equal to 19 nm; and a CDBP
of less than or-equal to 102 cc/100g. a :
1ic) A polymer composmon compnsmg a polymer and a carbon blaek havmg an
I:No. of 73-104 mg/g, a primary particle size of less than or equal to 19 nm, and a CDBP

- of 70-100 cc/100g.
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12c) A polymereomposntlon compnsmg a polymer and a carbon black havmg LNo.
of 73-104 mg/g; a primary particle size of less than or equal to 19 nm; and a CDBP of 80-
95 ¢cc/100g. , : |
13¢) A polymer composition cemprising a polymer and a carbon black having an
I:No. of 75—99 mg/g; a primary particle size of less than or equal to 20 nm; and a CDBP of
less than or equal to 102 cc/100g. - : '

14c) A polymer composition comprising a polymer and a carbon black having an
i;No. of 75-99 mg/g; a primary particle size of less than or equai to 20 nm; and a CDBP of
70-100 cc/100g.

15¢) A polymer composition comprising a polymer and a carbon black having I,No.
of 75-99 lng/g; a primary particle size of less than or equal to 20 nm; and a CDBP of 80-95
cc/ ll)ﬂg. | | '

16¢c) A polymer conlposiﬁon comprising a polyrper and a carbon black having an
I:No. of 75-99 mg/g, a primary particle size of less than or equal to 19 nm; and a CDBP of
Iess than or equal to 102 cc/lOOg .

17c) A polymer composmon comprising a polymer and a carbon black havmg an
I;No. of 75-99 mg/g, a primary partlcle size of less than or equal to 19 nm; and a CDBP of
70-100 cc/100g. - -

- 18c) A polymer composition compnsmg a polymer and a carbon black havmg I:No.

of 75-99 mglg, a prlmary particle size of less than or cqual-to 19 nm; and a CDBP of 80-95°

ccl 100g. o : o ) .
~* Instill another aspect, the present invention provides new polymer compos:ttons
eompnsmg a polymerand a carbon black having an I;No. of 50-70 mg/g and a primary

- particle size of less than or equal to 25 nm. Preferably, the carbon black has an I, No of 55-

65 mg/g and/or a pnmary particie size of from greater than 20 nm to 25 nm. In-more detaal, -

these polymer compositions include the followmg
1d) A polymer composition compnsmg a polymer and a carbon black havmg an

. 1;No. of 50-70'mg/g aiid a primary partxele size of less than or equal to 25 nm.

2_d)' A polymer composition comprising a polymer anda carbon black having an
I>Ne. of 50-70 mg_,lg and a pnmary particle size of from greater than 20 nm 10 25 nm.

- 3d) A polymer composition compriéing a polymer and a carbon black having an
I;NS. of 55-65 mg/g and a primary particle size of less th_in or equa_l to 25nm.
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4d) A polymer composmon compnsmg a polymer and a carbon black havmg an”
I:No. of 55-65 mg/g and a primary particle size of from greater than 20 nm to 25nm.

In a further aspect, the present invention provides new polymer compositions
comprising a polymer and a_carboo black having'a_n I:No. of 50-85 mg/g; a primary .particle
size of less than or equal to 25 nm; and a CDBP of less than of equal to 96 cc/100g.
Preferably, the carbon black has an I, No. of 55-80 mg/g; a primary particle size of from
greater than 20 nm to 25 nin; and/or 2 CDBP of 50-96 cc/100g. More preferably, the

' carbon black has an I, No. of 60-78 mg/g; a primary particle size of from greater than 20
'nm to 25 nm; and/or a CDBP of 50-96 cc/100g. In more detail, these polymer

composmons include the following: : .
le) A polymer composition comprising a polymer and a carbon black having an
I,No. of 50-85 mg/g; a primary particle size of less than or equal to 25nm; and a CDBP of

- less than or equal to 96 cc/ 100g

2e) A polymer composmon comprising a polymer and a carbon black havmg an -
[1Nb of 55-80 mg/g; a primary pamcle size of less than or equal to 25nm, and 2 CDBP of
less than or equal to 96 cc/ lOOg

3e) A polymer composmon comprising a polymer and a carbon black having an

I;)No. of 60-78 mg/g; a primary partlcle size of less than or equal to 25nm; and a CDBP of

less than or equal 1o 96 cc/100g.
4¢) A polymer composition compnsmg a po _ymer and a carbon black l:avmg an
I,No- of 50-85 mg/g, a primary partxcle size of less than or equal to 25nm; and a CDBP of -

' 50-96 cc/100g.

Se) A polymer eomposmon comprlsmg a polymer and a carbon black having an

~ LNo. of 55-80 mg/g, a pnmary part!cle size of less than or egual to 25nm, and a CDBP of

50-96 cc/ 100g.” ' ' —
 6e)A polymer composntlon compnsmg a polymer and a carbon black havmg an
I,No. of 60-78 mglg, a pnmary pamcle size of less than or equal to 25nm; and a CDBP of

50-96 cc/100g. o - )
Te)A polymer composmon comprising a polymer and a carbon black having an

" 1,No. of 50-85 mg/g; a pnmaxy pamcle size of from greater than 20 nm to 25 nm; and a

CDBP of less than or equal to 96 cc/} DOg

18 ' .7
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8¢) A polymer co'mirosition comprising a polymer and a carbon black having an
‘INo. of 55-80 mg/g; a pnmary particle size of from greater than 20 nm to 25 nm; anda
CDBP of less than or equal 10 96 cc/100g. '
. - 9¢) A polymer composition comprising a polymer and a carbon black haln’ng an
5. I)No. of 60-78 mg/g; a primary particle size of from greater than 20 nm to 25 nm; and a
CDBP of less than or equal to 96 cc/100g.
10e) A polymer composition comprising a polymer and a carbon black having an
1,No. of 50-85 mg/g; a primary pnrtxcle size of from greater than 20 nm to 25 nm; and a
. CDBP of 50-96 cc/100g. -

10 . 1le) A polymer composition compnslng apolymeranda earbon black lmvmg an
INo. of 55-80 mg/g; 2 pnmary pamcle size of from greater than 20 nm to 25 nm; and a
CDBP of 50-96 cc/100g. _ _ '

12¢) A polymer composition eompnsmg a polymer and a carbon black havmg an
- I;No. of 60-78 mg/g; a primary pamcle size of from greater than 20 nm to 25 nm; .anda _
|5 CDBPof50-96cc/100g. = — -

Although any'amount of carbon black effective to aehreve an mtended end use may
“be utilized in the polymer commsntlons of the present invention, generally, amounts of the
: - carbon black ranging from about 0. 5 to about 300 parts by weight can be used for each 100
. 20 parts by welght of polymer It is, however, preferred to use amounts varying from about
0 5 to about 100 parts by welght of carbon black per 100 parts by weight of polymerand
especlally preferred is the utilization of from about 0.5 to about 80 parts by weight of

carbon black per 100 parts by welght of polymer
B "The polymer composmons may inciude other conventional additives sueh as eunng
25 agents, pn_:cessmg additives, hydroeafbon oils, accelerators, coagents, antioxidants and the
" Asused herein “polyrhet” irleludes natural rubbers, synthet:e rubbers, elastomers,
plastomers, and/or blends or mixtures thereof. Examples of polymers suitable for use ir in the i
' polymer composmons of the present invention are included in the listing set forth above
30 The polymer compositions of the present invention may be produced by any manner
known in the art for._ combining polymers and particulate components.

19
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The following testing procedures were used in the determination and cvaluation of

~ the analytical properties of the carbon blacks of the present invention, and the propemes of

the polymer compositions incorporating the carbon blacks of the present invention.
The CTAB (cetyl trimethy! ammonium bromide adsorption area) of the carbon _
blacks was determined according to ASTM Test Procedure D3765-85. |
" The I, No. was determined according to ASTM Test Procedure D1510.
~ The Tint value (“Tint”) of the carbon blacks was detummed aceordmg tothe
procedure set forth in ASTM D3265. '
The DBP (dibutyl phthalate absolptlon value) of the carbon black pellets was
determined according to ASTM Test Procedure D2414.
The CDBP (crushed dibutyl phthalate absorption value) of the carbon black pe!lets :
was detenmned aceordmg to the procedure set forth in ASTM D3493-86. o
~ The toluene extract level of the carbon blacks was determined utlllzmg a Milton Roy
Speetrome 20 Spectrophotometer, manufactured by Milton Roy, Rochester New York
accordmg to ASTM Test Procedure D1618. o -
The particle size of the carbon blacks was determined accordmg to the procedure set
forth in ASTM D3849-89. - - - - -

Dmode, Dst and ADS0 valsies for the carbon biacks were determined from a

_ thismg_ram of the Stokes diameter of the carbon black aggregates of the respective carbon

black samples versus the relative freq'tieney of their occurrence in that sample, as shown in

Figure 3. A lnstogram is made of the Stokes diameter of the aggregates of the ‘carbon
black sample versus the relative frequency of their occurrence in a given sample.

For Examples 1 through 14 and for Examples 26 through 33, the data used to
generate the hxstogram were determined by the use of adisk centrifuge such as the one _
manufactured by .loyce L_oebl Co. [.td of Tyne and Wear, United ngdom “The ‘following

"procedure is a modlﬁcauon of the procedure described in the instruction manual of the

Joyce Loeb} disk centrifuge file reference DCF 4.008 published on Febmary 1, 1985, the
teachings of which are hereby incorporated by reference, and was used in determining the .
data. o | I

| The'procedure isas follows. Ten mg (milligrams) of a carbon black sample are
weighed in a weighing vessel, then added to 50 c¢ of & solution of 10% absolutc cthaol
and 90% distilled water whlch mcludes 0.05% NONlDET P-40 surfactant ('NONIDET P-.

40} 1s a reglstered trademark for a surfactant manufacmred and sold by Shell Chemical Co.).

20
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The resulting spspéﬁsion is dispersed by means of ultrasonic energy for 15 minutes using
Sonifier Model No. W 385, manufactured and sold by Heat Systems Ultrasonics Inc.,
Farmingdale, New York. ' _
Prior to the disk centrifuge run the followmg data are entered into the computer
which records the data from the disk centrifuge:
| 1. The speciﬁc gravity of carbon black, taken as 1,86 glec;
2. The volume of the solution of the carbon black dispersed in a solution of water
‘and ethanol, which in this instance is 0.5 cc.; |
3. The volume of spin fluid, which in this instance is 10 cc of water;

4. The viscosity of the spin fluid, which in thxs instance is taken as 0.933 centipoise

933x10% Pascal-seconds (Pa-s)) at 23 degrees C,
- 5. The denslty of the spin fluid, which in this instance is 0.9975 g/cc at 23 degrees
C; o o - i
6. Thedisk speed, which in this instance is 8000 rpm; . - -
7. The data sam_-pling interval, which in this instance is 1 second. '

The disk centrifuge is operated at 8000 rpm while the stroboscope is operating. Ten cc of

 distilled water are injected into the spinning disk as the spin fluid. The turbidity level is set

£0 0: and | cc of the solution of 10% absolute ethano! and 90% distilled water is injected as

20

3o

a buffer llqmd The cut and boost buttons of the disk centnfnge are then operated to
prodnce a smooth concentration gradient between the spm fluid-and the buffer hqmd and
the gradient is monitored vu_sually. When the gradxent beeqmes smooth such that there is no
distingnishable boundary between the two fluids, 0.5 cc of the dispersed carbon black in
aqueous ethanol solution is injected into the spinning disk and data collection is started
immediately. If streaming occurs the run is aborted. The disk is spun for 20 mimnes
following the i injection of the a:spersed carbon black in aqueous ethanol solution.

" Followmg the 20 minutes of spmmng, the disk is stopped, the tempemture of the spin ﬂu:d '

is measured, and the average of the temperature of the spin fluid measured at the beginning
of the run and the temperature of the spin fluid measured at the end of the run is entered

* into the computer which records the data from the disk centrifuge. The data are analyzed

according to the standard Stokes equation and are presented using the following eeﬁnitions:
- Carbon black aggregate - a discrete, rigid colloidal entity that is the smallest .
dispersible unit; it is composed of extensively coalesced particles;
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2015, manufactured and sold by Heat Systems Ultrasonics Inc., Farmingdale, New York.

Stokesdrameter the diameter of a sphere which sediments in a viscous medium in a
cengnfugal or grawtatlona! field acoordmg to the Stokes equation. A non-spherical object, |
such as a carbon black aggregite, may also be'fepreserited in terms of the Stokes diameter
if it is considered as behaving as a smooth, rigid sphere of the same density, and rate of
sedimentggion as theeb_}ect -The customary units for expressing Stokes diameter are

Mode (Dmode for reporting purposes) - The Stokes diameter at the point of the peak

. (Point A of Figure 3 'herein) of the distribution curve for Stokes diameter.

Median Stokes diameter - (Dst for reporting purposes) the point on thé distribution
curve of Stokes diameter where 50% by weight of the sample is either larger or smaller
(Point H of Figure 3 herein). It therefore represents the median value of the determination.
A non-spherical object such as & carbon black aggregate may also be spresented in terms |
of the Stokes diameter if it is considered as behaving as a smooth, rigid sphere of the same .
density and rate of sedlmematlon as the non-spherical ob_yect '

ADS50 - The width of the plot of the mass distribution, measured at the half-maximum
point of the mode, which is a measure of the breadth of the aggregate size distribution. [t
'was determined in the followmg manner. As shown in Figure 3, a line B is drawn from the

“peak A of the histogram in a direction paralie} to the-Y axis, to and ending at the X exis at

point C of the hlstogram The midpoint F of the resultam line B is determined and a line G
is drawn throngh the rmdpomt F thereof paraliel to the X axis. Line G intersects the
dtsmbunon curve of the hxstogram at two points D and E. The absolute value of the

* difference of the Stokes dlameters of the carbon black aggregates at points D and Eis the
~ ADS0 value. '

For Examples 15 through 25,2 dlsk cemnfuge manufactured by Bmokhaven
lnstruments, Model BI-DCP (manufactnred by Brookhaven Instrumems Corp., 750 Blue -
Point Road, Holtsville, NY i 1742 USA), was used to. generate the-hxstograms desenbed
enrher The following procedure was used. o ' S

Ten mg (milligrams) of a carbon black sample are welghed ina wenghmg vessel,
then added to 25 cc of a solution of 10% absolute ethanol and 90% distilled water mcludes |
0.025% NONIDET P-40 surfactant ('NONIDET P-40i isa registered trademark for a .
surfactam manufactured and sold by Shell Chemlcal Co ). The resultmg suspensnon is
dispersed by means of ultrasomc energy for 10 minutes using Sonicator Model No. XL

S22
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Prior to the disk centrifuge run the'ffollgyllng_deia are entered into the computer

" which records the data from the disk centrifuge:

1. The specific gravity of carbon black, taken as 1.86 glec;

2. The volume of the solu!xon of the carbon black dlspersed in a solution of water
and ethanol wl'uch in tlus mstance is 0 2 €c.;

3. The volume of spm ﬂmd which in tlns instance is 10 cc of water;

4, The v:scosny of the spin fluid, which i in this instance is taken as 0.933 centipoise
(9.33 x 10* Pascal-seconds (Pa-s)) at 23 degrees C; ' |

5. The density of the spin fluid, which in this instance is 0.998 g/cc at 23 degrees G

6. The disk speed, which in this instance is 4000 rpm;

T . The data sa_mplmg interval, which in tl_ns instance is | second.

Tt . disk centrifuge is operate_d at 4000 rrn while the stroboscope is operating. Ten cc of a.

mixture of distilled Water and'sucrose'solution, of which distilled water constitutes 9 ccand

the sucrose solution I cc, are injected into the spinning disk as the spin fluid. The turbidity
level is set to 0 and ] cc of the solution of 10% absolute ethanol and 90% distilled water is

 injected as a buffer liquid. The cut and boost- buttons of the disk centnfuge are then

operated to produce a smooth concentration grgdlent between the spin fluid and the buffer -
liquid and the gradient is monitored visually. When tl:e gradient becomes smooth such tnat
“there is no distinguishable boundary between the two fluids, 0.2 cc of the dispersed carbon

black in aqueous ethanol solutjon is injected into the spinning disk and da_ta collection is
started immediately. If streaming occurs the run is aborted. The disk is span for such a

" length of time as is needed for the detector response to return to the baseline following the -

injection of the dispersed carbon black in aqueous ethano} solution. Following the time
period of spinning, the disk is stopped, the temperamre of the spin fluid is measured with |
the bmlt—m-tempemnme probe, and the average of the temperature of the spin fluid
measured at the begmmng of the run and the temperature of the spm fluid measured at the
~end of the run is entered into the computer v whieh records the data from the-disk centrifuge.
The measurements of apparem v:scosuy and melt flow index were performed on
polymer composmons prepared by incorporating the carbon black samples into linear low
density polyethylene (LLDPE) at a 35%.Joading by mass of carbon black in the mixture
“with the polymer, except where a different loadlng of carbon black 1is specified hereundef._

_ " The followmg procedure was used to prepare the mixture of caxbon black and polymer

havmg a 35% loading by mass of carbon black in the mixture. This procedure was also
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followed when loadings different from 35% by mass of carbon black weére needed, except

that the relative proportions of carbon black and polymer weére modified to the levels

‘needed to yield the desired loading of carbon black in the mlxture

Both 420.7 grams carbon black and 781.4 grams linear iow dens:ty poiyethylene
(LLDPE) identified as DFDA7510 for carbon blacks from Examples { through 14 and
GRSN7510 for carbon blacks from Examples 26 through 33 were charged into a Farrel

. laboratory Banbury mixer having a mixing chamber with a volume of 1100 cubic

centimeters. DFDA7510 polyethylene and GRSN7510 polyethylene are manufactured and
sold by Union Carbide. The initial temperature of the mixing step was about 120° F, (322
K) and the mixing was performed for 3 minutes: the first 30 seconds at 77 rpm, the next 45
seconds at 116 rpm, and the remainder of the mixing time at 155 rpm. Following mixing,
the product was sheeted off on a two roll mill at 180° F (355 K) into 3/8 in="1 (0.0095 m)

thick sheets. The sheets were then cut into strips and run through a dicer converting them

into cubes of 3/8 inch (0.0095 m) per side. The product wasscreened to ensure that only
uniformly-sized pieces were used for subsequent testing.
“The apparent v:snos:ty\Vas measured according to the pmcedure set forth in ASTM

'D3835-93A ata temperature of 190° C. For polymer compositions containing carbon

blacks from Exemples 1 through 14, these measurements utitized a Gottfert Capillary
Rheometer Model 1501 with a capillary of 30 millimeter (mm) length and 1 mm diameter.
For polymer compositions cohtaining carbon blacks from-Examples 26 through 33, these

' measurements unhzed a Monsanto Processablhty Tester with a capiliary of 20 millimeter

" (mm) length and 1 mm diameter.

In order fo prepare sample specimens for measurement of the coefficient of
absorption (CdA), the above mixture of carbon black and LLDPE, comaining 35% by mass
of carbon black, was charged into the Banbury mixer with as much addmonal LLDPE as
was requlred to resuitina final mixture containing 2.5% by mass of carbon black. The
prodnet mixture from this step was then used for measunng the COA. The COA was
measured according to the procedure set forth in ASTM D3349-86

The melt flow index was measured in accordance thh_ASTM Test Procedure
D1238-90, utilizing a tempereture of 190° C for polymer compositions containing carben_

blacks from Examples 1 through 14 and a temperamre of 230° C for polymer compositions

contammg carbon blacks from Examples 26 through 33 and a 21.5 kg weight and adapted

to include the following:

24
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) “Flowrange, | Suggested weight | Time interval Factor for
g/10 min _ of samplein | = flow, obtaining rate in
. o __cylinder,g -~ ‘min g/10 min
- >1.0t03.5 ' 3.0-5.0 3.00 3.33
>35t10 - . 50-80 - 1.00 10.00
g = gram(s)

10

=15

min = minute(s) _ . _

* The appropriate mass of carbon black-containing polymer composition was weighed .
out, charged into the cylinder of the Keyness Model 2051 or equivalent extrusion '
plastoﬁleter, ahd compaéted. The pistdn_w_as _inserted. into the cylinder and with a 1100
gram weight on the piston, the charge preheated for 6 minutes at the test temperature. After -
the preheat time period was complete, the preheat weight was removed from the piston and .
replaced with the test weight, 21 5 kg for the results described in Table 4. Simultancous
with disappearance of the nofch on the piston into the cylinder, extrudate at the bottom of
the die orifice was cut with a sharp spatula or knife and the test time interval begunWhen

- the test time intervai ended, extrudate at tﬁc‘bottqm of the die orifice was cut and weighed.
This weight was recorded and converted into the meaSured Melt Fiow Endex result by

multiplying with the appropnate factor in the pre\nous table.”

Compound moisture absorption (CMA) was measured on a mixture of carbon black

and-polymer prepared ina Brabender plasncorder at 100° C using 35.75 grams of the .
LLDPE polymer referred to prevnously and 19. 25 grams carbon black. The rotors were

' ~ turned on to 60 rpm gﬁaer _the d_eslrec_l temperature was reached, and the weighed quar_mt_les

20

of polymer ahd carbon black charged through the loading chute over a 30 second period. A
10 ,000 k:logram welght was added to the chute ram, pumng the ingredicnts down to flux.

| - The weights ‘and chiute were removed after flux. The rotor speed was adjusted to 60 rpm,
- the Brabender ram lqw_ered and the-compound mixed for five minutes. Aﬁer this time

' period was complete, the éompound wasrem_bved and passed twice throi:gh' a two-roll mill. _

The resulting sheets were diced into jmallér_pieces for CMA testing. _
CMA testing was performed on the above mixture containing carbon black and
polymer according to the following pfocedure. The compound to be tested, after being

- diced as mentioned in the previous paragraph, was sieved through 4 mesh and 10 mesh

screens, and the -4, +10 fraction was saved for use. A Wiley Mill with a 4 mm screen-

. Model #3 or equivalerit, was tumed on and approximately 25 grams of screened compound
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dropped into it. The granulated compound was removed and stored in a sealed labelled jar.
A clean dry. weighing bottle and its cover Werc"weighed on an Ainsworth Mode! 10 or
equivalent analytlcal balance, and this weight recorded to the fourth decimal place 2.0
grams + 0.1 gram of granulated compound were placed in this weighing bottle. The
weighing bottle, with its cover ajar, was placed i in-a vacuum oven, the oven door was sealed

- and the oven and vacuum turned on. The temperature was set at 140° F (333 K) and the

vacuum set at 10 inches mercury (Hg) (33.9 kPa). The sample was left in the oven for at
least 2 hours and at most 16 hours, |

A Blue M Model FR-251B-1 or equivalent humidity cabinet was set at 80° F (300 K)
and 83% relative humidity. When drying of the sample was complete, the vacuum oven
was turned off, the vacuum released, the door opened quickly, and the cover placed on the
sample bottle wlthout touching the cover dlreetly with hands; either gloves or forceps were

used for this purpose The sample bottle was. placed into 2 plastic container containing a

~desiccant. The container was sealed and the bottle allowed to cool for about thirty minutes

at ambient temperature Then the bottle was weighed on the analytlcal balance. Handling
the bottle with gloves or forceps only, the weight was recorded to thie fourth declmal placc

The bottle was then placed in the humzdnty cabinet. Whien more than one bottle was tested

at the same tlme, at least two inches space were lcﬁ between the chamber walls and each
sample bottle, and each sample bottle was at least a half mch away from every other sample
bottle. The bottle was unco_vered and the cover left ajar on the bottle. The inner door of the

‘chamber was closed and sealed. Then the_onter door was closed The bottle was leﬁ in the

humidity chambcr for sevcn days at the temperatul:e and relatlve humtd:ty stated

_ prevnously.

Followmg the stated time period_for res:dence inthe hurmdlty chamber the chamber
doors were opcned and the bottie sealed with its cover. The bottle was agam placed in the
‘plastic container containing desiccant; only gloves or forceps were used to handle the

' bottle Each covered bottle was wenghed on the analytical balance The CMAWas

computed from the gain in weight of the sample.
The features and advantages of the carbon blacks and the polymer composxt:ons of
the present invention are further |llustrated by the followmg Examples.

26
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Thirty three carbun‘b*lécks were prepared in a reactor generally described herein, and
as depicted in either Figure 1 or Figure 2 (as specified hereunder) utilizing the conditions

and geometry set forth in Table 2. The carbon blacks produced in examples 3-10 are
furnace carbon blacks of the present invention with the carbon blacks produced in exalﬁples o
* L-and 2 being the correspondmg controls. The carbon blacks produced in examples 12-14
are also furnace carboa blacks of the present invention with the carbon black produced in
' exampie 11 bemg the corresponding control. The carbon blacks produced in examples 15-

25 are control carbon blacks. The carbon blacks produced in examples 26-29 are famace
carbon blacks of the present invention with the carbon blacks produced in examples 30-33
being the concspondmg conu'ols e ' '

The fuel utilized in the combustion reaction was natural gas. Typical propems of
the type of llqmd feedstock utilized in Examples I- 14 are set forth in Table 1. _Properties
of the liquid feedstock utilized in Examples 15-33 are set forth in Table 1A,
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Hydrogen (wt. %) 7.2
Carbon (Wt. %) 91.6
{'H/C ratio . 0.94

-| AP} gravity 2.7
15.6/15.6° C (60° F)

" BMCI (Visc-Grav) 143
Air-to-burn-Oil Ratio 10900.4
(SCM air/m’ oil) .
Specific gravity 15.6/15.6°C (60°F) 1.10

'SCM = standard cubic meter
m = meter

Table 1A - Examples 15-33

Measured Properties for Examples | 15-25 26, 30 27-29, 31-33.
- { Hydrogen (wt. %) _ ' 7.2 7.0 7.1 '

| Carbon (wt. %) 91.5 91.1 914

H/C ratio 0.94 0.91 093

AP gravity NM 3.1 29

15.6/15.6° C (60° F) ' -

BMCI (Visc-Grav) INM 137 136

Alr-to-bum-Oll Ratlo 111269 10999.5 11070.3
1(SCM: air/m’ oil) - : :

Specific gravity 15.6/15.6°C 1.105 1.102 1.10

(60°F) T . i . .

~SCM = standard cublc meter
" m=meter :

T | NM—NotMcasured"

"The reictor conditions and geometry utilized in eic_h mple were as set fér_th_in

Table 2 below. In Examples 16 ﬂwough 18, each oriﬁce used to inject feedstock was _

equipped with spmner inserts. In Examples 19 and 26 -the feedstock was m)e.cted into-the

- process in a substantiaily axial downst.ream dnrectlon through a 0 09 mch (0. 00229 meter

(m)) dlameter pressure atomizing oil txp dlschargmg from the end, 34, of ‘probe 15, whlch

was retracted approxxmately 0.8 inches (. 02 m) from the-axial mldpomt of the second

,stage of the present process. The oil tip was Monarch spray tip number F-94-120-45 made
' by Monarch Manufacturing (Phlladelphla, PA, USA)

28
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. L S Table2 - ' _
. o Example L L2 3 4 5
. ' ~ Figure T 1 1 1 1 1
[ Dlim 0.51 051 0.51 051 | 051
- D2,m 031" 0.31 0.31 0.31 0.31
D3A,m 0.46 0.46 0.46 0.46 0.46
I D3B,m 0.46 0.46 046 0.46 0.46
Dam 1 114 | 14 | L4 1.14 1.14
D-4A, m NA "~ NA NA NA NA
—  D4B,m NA NA NA NA NA
— D-4C,m NA NA — NA NA NA
L1, m 0.30 0.30 0.30 0.30 ~0.30
2m | 074 0.74 0.74 0.74 | 0.74
L3, m 030 030 0.30 0.30 0.30
L4A,m | 023 023 023 023 023
L-4B, m 0 0 0 0 . 0
L-5A,m NA NA "NA .] NA NA
_ LSB,m | NA NA | NA - NA T NA
) . — L-5C,m NA- NA " NA NA NA
— F-l,m -: 0.15 ~0.15 . | . 015 0.15 0.15
F2,m NA NA NA NA NA-
Q,m 4.57 157 - 4.57 ~4.57 4.57
. Qdeg. NA NA - | NA. " NA NA

o R tn = meters; no. = number; deg. = degrees; K = degrees Kelvin;

) Tip(s) 32, 34 = Points 32 or 34 in Figures 1 and 2; cm = centimeters; Comb. = Combustion;
kPa = kiloPascal; SCMS = standard cubic meters per second (273 K, 101.3 kPa);

5- K+ = potassium; g = grams; Temp. = Temperature; § = second(s); Q = quench;

' E(x) = exponential (10°); NA = not applicable - '
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Table 2 (continued) E
Example 1 2 | 3 - 4 =5
" Figure 1 1 1 1 1
[ Oil injection tips, 12x 12x 12x 12x 12 x
32 . 0.198 0.198 0.211 0211 0211

(no. x size, cm) - : . _

Oil rate, m'/s 1.27E-03 | 1.27E-03 | 1.28E-03 | 1.38E-03 | 1.36E-03
" Oil preheat, K. 478 478 " 478 478 478
Oil pressure, kPa 1741 1824 1535 1762 1721

Comb. Air, 4019 | 4.019 4.019 4.019 4.019

SCMS . ' _ g
~ Comb. Air 922 922 922 922 922
Preheat, K .' : . S

" Natural Gas, 0.060 0.060 0.042 0.060 0.060

' SCMS - _ L ' _

Air-to-burn-Gas 9.7 9.7 9.7 9.7 9.7

Ratio . ' I

Air/Gas, . 67.5 6.5 96.4 67.5 675

_ SCM/SCM : -

Primary 696 696 ~.994 696 696
Combustion ' -

Level,% : : .

Overall - 279 279 . | 279 25.7 ~26.0
Combustion I : '
“Level,% - -

K+, gKtmoil | 11.04 B.35 ~10.91 10,12 10.25
Residence Time,s |  1.06 -| 1.06 1.06 1.06 1.06
 Temp. 2t Q, K 978 1018 982 987 992
Quench pressure, 735 ' —708 . 708 T 694 708

: kPa -

m = meters; no. = number; deg degrees, K degrees Kelvin;

Tlp(s) 32, 34 = Points 32 or 34 in Figures 1 and 2; cm = centimeters; Comb. = Combustion;
kPa= klloPnscal SCMS = standard cubic meters per second (273 K, 101.3 kPa);
Kt+= potassmm, g = grams; Temp. = Temperature; s = second(s); Q = quench;
E(x) exponcnnal (10" 4 NA - not applicable

30
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- . Table 2 {continued) o - . p
- Example -6 7 8 .9 10 Ce- -
Figure R "1 1 1 - 1
D-I,m 0.51 051 ]| 051 0.51 0.51
D-2,m 031 031 | 031 031 031
D-3A.m . 046. | 046 | 046 0.46 0.46
D-3B, mr 0.46 0.46 0.46 0.46 0.46
D-4, m T 114 114 .14 1.14 1.14
D4A,m NA NA NA NA NA
D-4B, m NA NA NA "NA. NA
D-4C, m NA NA NA NA — NA
L-1,m - 0.30 —0.30 0.30 030 0.30
L2, m ~ 0.74 074 | 074 0.74 0.74
L3, m 0.30 0.30 0.30 030 030
L-4A, m 0.23 023 | 023 023 023
L4B,m 0 0 0 0 0
L-5A, m NA | N NA NA NA
L-5B, m NA NA | NA _ NA “NA
—__LSC.m " NA .| NA NA | NA_ NA
"~ F-lL,m 0.15 | 0.15 0.15 0.15 | Q.15 -
F-2,m _NA NA NA . NA NA -
: , M 2438 . 24.38 13.72 " 13.72 4.57 .
Qdeg. NA NA .| NA NA “NA

31
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. ~ Table 2 (continued) o
Example . 6 7 8 9 10
Figure 1 i 1 T 1
Oil injection tips, | 12 x 0.211 12x 12x0211 | 12x0.218 | 12x0.218
3R 0.218 .
(no. x size, cm) _ _ - )
Oil rate, m'/s 1.36E-03 | 1.38E-03 | 1.36E-03 | 1.38E-03 | 1.38E-03
Oil prebeat, K 478 478 478_ 478 478
Ol pressure, kPa_| 1714 1445 1707 1452 1452
Comb. Air, SCMS 4.019 4.019 4.019 4.019 4.019
Comb. Air 922 922 922 922 922
Preheat, K _ . .
Natural Gas, 0.060 0.042 0.060 0.042 0.042
SCMS R
Air-to-burn-Gas 97 97 9.7 9.7 9.7
Air/Gas, 675 | 964 67.5 96.4 96.4
. SCM/SCM _ " : -
Primary 6% | 994 696 994 994
Combustion - :
Level% -
~ Overall 26.0. 26.0 ~26.0 ~26.0 26.0
‘Combustion - : . ' _ -
Level, % : L _ _
K+, gK+mol | 1025 | —901 "6.84 6.6 6.76
"I Residence Time, s .| - 5.85 5.85 3.27 3.27 1.06
[ Temp. at Q, K 1003 1015 _ 1015 1020 1018
Quench pressure, | .722- 749 694 673 708
kPa : s : :

.32
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_ “Table 2 (continued) )
- Example 11 12 13 14 -
Figure 1 1 1 1

D-I,m 0.51. 051 0.51 0.51

D-2,m 031 . 031 0.31 031
D-3A, m 0.46 0.46 0.46 046

~ D-3B,m - 0.46 0.46 0.46 0.46

D4, m 1.14 “1.14 1.14 1.14

— D-4A,m NA NA NA NA

T D4B,m_ NA NA NA NA

' D-4C, m NA NA NA NA

' L-Im 0.30 0.30 0.30 030

L2.m 0.74 0.74 0.74 0.74

L3, m 0.30 0.30 ~0.30 0.30

L4A. m 0.23 0.23 023 0.23

L-4B, m 0 0 ) ]

L-5A, m NA | NA NA NA

L-5B, m NA ~ NA NA NA

L-5C.m NA NA - NA NA

F-1,m 0.15 0.15 0.15 0.15

F-2, m NA NA NA NA

- Qm ~13.72 2743 |  24.38 18.29
Qdeg. NA NA NA NA -
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T . Table2 (continued)
Example 11 12 13 14
‘Figure _ 1 1 1 1
Oil injection tips, | 12 x 0.198 12x 12x0.218 [12x0.218
32 0218
(no. x size, cm) - : :
Oil rate, m’/s 1.28E-03 [ 1.32E-03 | 1.31E-03 | 1.32E-03
Oil preheat, K 478 478 478 478
Oil pressure, kPa | 1686 | 1293 1287 1293
Comb. Air, SCMS 4.019 3.019 4.019 3.019
Comb. Air 922 | 887 897 897
.Preheatg( I :

Natural Gas, 0.060 | 0.042 0.045 0.042
SCMS o _ '
Air-to-burn-Gas 9.7 9.7 9.7 9.7

Ratio o
Air/Gas, 67.5 96.4 88.5 96.4
SCM/SCM : R :
Primary 696 994 913 994
.Combustion o '
Level,% ' o o
Overall 276 27.1 27.2 27.1
Combustion b :
Level, % . _ : o
K+, g K+m’oil [~ 10.67 6.58 6.87 6.58
{ Residence Time, s 327 | 6.58 5.85 437
Temp. atQ, K -~ 1089 | 1089 ~1078 — | . 1086
Quench pressure, 749 701 735 728
he e U B e

C.34
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- = Table 2 (continued) -

Example 15 16 17 18- 19
Figure 2 1 R 1 1
D-1, m 0.18 0.18 0.18 0.18 . 0.18
D-2,m 0.13 0.13 0.13 0.13 0.13
D3A,m. 0.25 7 0.25 025 025 | 0.25
D-3B,m- 0.69 0.69 ~0.69 0.69 0.69
" D4, m_ NA | 069 0.69 0.69 ~ 0.69
"D-4A, m 0.91 NA NA NA NA
[ D4B,m 0.86 NA NA NA NA
D-4C, m . 0.91 " NA NA NA NA
-I.m 0.61 0.61 0.61 0.61 0.61
L-2, m 0.30 " 0.30 030 0.30 030
L3, m 022 0.22 ~0.22 — 022 022
L4A, m 0.25 0.25 025 025 025
L4B, m 0.09 ~ 0 0 -0 0

1L-5A, m ~ 4.80 — NA NA- NA NA
L-5B.m 0.15 NA NA NA NA
L-3C, m 0.46 NA | NA NA NA
F-,m 0.11 T 001 0.1 0.11 0.11

F-2,m NA “NA NA NA T 0.13
Q,m 791 302 302 . 3.02 T 8.02

~ Cdeg. 315 NA | NA | NA_ NA
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- _Table 2 (continued) .
Example 15 - 16 17 18 19
Figure 2 1 g T 1
—Oil injection tips, | 4 x 0.206 4x 4x0079. | 4x0.079 | 1x0.229
32 -1 0079 . - (Tip 34)
(no. x size, cm) . L
Oil rate, m'/s 1.36E-04 | 1.29E-D4 | 1.38E-D4 | 148E-04 | 1.34E-04
Oil preheat, K 400 402 308 399 203
Oil pressure, kPa 253 3402 3836 4394 1604
Comb. Air, SCMS | 0.447 0447 0.447 0.447 0.447
Comb. Air 755 755 755 755 755
Preheat, K : '. o
Natural Gas, 0014 | 001 - 0.011 0.012 0.011
SCMS '
Air-to-burm-Gas 9,68 9.68 9.68 9.68 9.68
" Ratio . . _
Air/Gas, 319 392 39.2 38.5 39.0
SCM/SCM - ' ‘ .
~ Primary 330 - 405 405 397 402
.Combustion - :
 Level% - B L .
“Overall 272 28.7 27.2 254 27.9
- Combustion ; : -
. Level, % o .
1 K+ gK+/moil 0 0 0 0 -0
Residence Time,s | - 10.39 | 631 6.31 631 _6.31
 Temp.atQ, K 1005 1005 1005 1005 1005 _
| Quench pressure, 542 701 715 722 784
. kPa et
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: Table 2 (continued) _
Example 20 21 22 - 23 24 -
Figure 1 e 1 1 1
_ _ D-l,m ~0.18 0.18 0.18 0.18 0.18
- L ~ D-2,m 0.13 0.13 0.13 0.13 0.13.
: D-3A,m 0.25 0.25 025 0.25 0.27
~— D3B,m 0.69 0.69 . 0.69 0.69 0.27
D-4,m 0.69 0.69 0.69 0.69 034
— D-4A,m NA NA NA NA NA
D-4B, m NA NA NA NA NA
D-4C, m NA NA NA NA NA
Lm 0.61 0.61 0.61 0.61 0.61
L-2,m 0.30 0.30 0.30 0.30 ~0.30
L-3,m 0.22 022 0.22 0.22 022
L4A, m 0.25 025 025 0.25 1.60
L-4B, m ~ 0 0 0 0 0
TL-SA,m NA NA NA NA “NA
S L-5B, m NA " NA NA NA NA
S C L-5C, m NA - NA NA NA NA
- - F-1.m 0.11 0.11 0.11 0.11 T 0.11
" F-2,m - 0.13 NA NA _ NA NA
Q. m - 8.02 8.02 8.02 8.02 1.77 |
Q deg. NA- “NA NA NA NA

vl
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_ . .= Table 2 (continued) _
Example 20 21 T 22 23 24
Figure 1 1 1 1 1
I Oil mection tips, | 1x0.229 4x 4x0206 | 4x0206 | 4x0.140
32 (Tip 34) 0.206 '
(no. x size, cm) - - _ :
Oil rate, m’/s 1.40E-04 | 1.00E-04 | 1.77E-04 | 1.86E-04 | 2.08E-04
Oil preheat, K 401 400 404 404 302
[ Ofl pressurc, kPa_| - 1769 349 329 342 1583
Comb. Air, SCMS 0.447 0.633 0.633 0.633 0.744
"Comb. Air 755 755 755 755 894
Preheat, K - ' - :
Natural Gas, 0.012 0.016 0.016 "0.01 0.022
SCMS o | B o '
Alr-to-burn-Gas 9.68 9.68 9,68 9.68 968
Ratio - B o -
Air/Gas, 382" 385 3835 68.0 347
SCM/SCM : .
“Primary 395 | 397 397 702 359
Combustion T - : : )
Level,% _ : '
Overall "26.7 27.8 29.8 203 294
Combustion _ -
Level, % R -
K+, gK+Hmoil | 0 —F 0 0 0 2.96
I Residence Time, § 6.31 - 4.45 3.45 4.45 0.1
| Temp.atQ,K 1005 1005 1005 1005 1005
Quench pressure, . 749 39 405 411 804
kon. ]
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. Table 2 (continued)

- Exampie . 25 26 27 28 29°
Figure _ 1 T 1 1 2
D-1,m 0.18 0.18 0.18 0.18 0.18
D2, m 0.13 0.16 0.16 0.16 0.16
D-3A,m 0.27 0.19 0.19 0.19 0.19
D-3B, m 0.27 0.19 0.19 0.19 0.69
D4, m 0.34 0.69 0.69 0.69 "NA

“D-4A, m “NA "NA NA~ NA 0.91
D-4B,m NA NA NA- NA 0.86
D-4C, m NA NA NA NA 0.91
LlLm 0.61 0.61 0.61 0.61 0.61
L2, m 030 030 030 0.30 0.30
13, m 0.22 022 " 022 0.22 0.22
L-4A, m 160 | 013 | 013 —0.13 0.13

~L-4B, m 0 0 0 ) 3.54
L-5A, m NA NA “NA s 1.60
L-5B,m NA . "NA NA NA 0.15
L-5C, m NA NA - NA NA 0.46
F-I.m 0.11 0.11 0.11 0.11 0.11
“F-2, m NA NA ~ NA NA NA —
" Q,m 3.05 329 —3.29 3.29 530
Qadeg. NA " NA NA NA 31.5

39
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- -+ Table 2 (continued)
Exampie 25 26 - 27 28 29
~ Figure 1 1 1 1 2
Oil injection tips, | 4x0.118 | 9x 9x0.140 | 9x0.140 | 9x0.140
32 . 0.140 '
(no. x size, cm) _ _ :
Oil rate, m'/s 2.00E-04 | 1.98E-04 | 1.98E-04 | I.98E-04 | 1.98E-04
Oil preheat, K 387 409 417 434 436
Ol pressure, kPa 2334 384 384 377 384
Comb. Air, SCMS 0.744_| 0595 0.595 0.595 0.595
Comb. Air " 755 755 755 755 755
Preheat, K ' . .
Natural Gas, 0.041 0.009 0.009 0.009 0.009
SCMS : ' ,
Air-to-burmn-Gas 9.683 9.64 931 961 9.64
‘Ratio : R .
Air/Gas, 18.1 6 .8 67.2 672 67.8
SCM/SCM : :
Primary 187 703 722 700 703
Combustion ' ' : T
Level,% _ .
_ Overall 28.4 264 | 26.2 26.2 262
= Combustion L ' :
| Level, % i S
K+ gK+moil -| O 1.35 186.24 187.13 187.13
‘Residence Time, s 0.29 1.86 1.86 1.86 3.01
Temp. at Q, K 1005 1006 ] 1004 1005 - 1005
| Quench pressure, "708 425 446 460 329
. _kpa . . ] _ .

40
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- o, = Table 2 (continued) -
~ Example- 30 . | 3l 32 33

|~ Figure =~ 2 1 2 1
T DLm 0.18 918 | o018 | 0.8
D2,m 0.16 016 | 016 0.16

D-3A, m 0.19 0.19 019 0.19
D3B,m _ 0.69. "0.19 0.69 0.19

D4,m T NA | 069 | NA 0.69

D4A, m 091 | NA 091 NA

[ D4B,m 0.86_ NA 0.86 NA

~ D4C,m 091 | NA 091 NA
L-I,m 0.61 961 | 0.6 0.61

L2, m 0.30 0.30 0.30 0.30

L3, m 0.22 022 | 022 0.22
“L4A,m 0.3 | 0.3 0.13 0.13

~ L-4B,m 3.54 0 354 0
“L-5A.m 1.60 YA |- 1.60 NA
“L3B,m 015 | NA 0.15 NA
L-5C,m 046 NA 046 NA

- F-l,m . 0.1 0.11 0.11 0.11
F2,m NA | NA NA NA

Qm 930 3.29 ~9.30 329 -

“Odeg | 315 - | NA | 315 - NA

41 -
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Example -30 31 32 33
Figure 2 1 2 1
Oil injection tips, | 9x 0.097 9x | 9x0.097 | 9x0.097
32 ' 0.097 . ' N
(no. x size, cm) . :

Oil rate, m’/s 1.69E-04 | 1.70E-04 | 1.70E-04 | 1.70E-04
~Oil preheat, K 428 434 432 449
Oil pressure, kPa 942 963 908 921

"Comb. Air, SCMS 0.595 0.595 0.595 0.595
Comb. Air 755 755 755 755
Preheat, K :

Natural Gas, —0.042 | 0.042 0.042 0.039

SCMS _ _ :
Air-to-burn-Gas 935 9.35 9.32 10.30
Ratio o . '
Air/Gas, 14.0 14.1 14.0 15.1
SCM/SCM o _
" Primary 150_ 151 150 146
Combustion ' - '
Level, % . : -
Overall ~ 26.3 26.2 126.1 26.0
Combustion -

Level, %

K+, g K+/m’ oil 188.75 | I88.53 "188.16 188.16

Residence Time,s |- 8.01 1.86 ~ 8.01° 1.86

Temp. at Q, K 1005 1005 1008 1005

Quench pressure, 363 501 370 487

kPa — : -
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© The analytical properties of the carbon blacks produced in Examples 1-33 were
analyzed by the procedures described herein. The resuits are reported in Table 3. =

_ ) " Table 3
- Example I 2 - 3 4 5
1, No, ﬂg{_& 1209 117.0 104.2 895 | 915
CTAB, m'/g 1089 105.8 982 87.0 88.5
Tol. Extract, % _ 100 100 100 100 100
“Tint, % 109.4 106.4 104.4 9.8 995
DBP, cc/100 g 103.9 107.1 101.2 101.4 1023
~ CDBP, cc/100 g 91.8 90.7_ 9.0 889 87.9
Dmode, nm 112 117 118 128 123
Dst, nm 110 116 116 127 122
. AD50, nm ' 96 101 102 | '™ 101
Particle size, nm 14.67 14.99 16.34 18.45 17.92

Tol.__Extréct = Toluene Extract Level
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| " Table 3 (continued)

Exampic : N 9 iD
T, No, mye 987 | 859 9.1 B4 | 729
~ CTAB, m‘lg 88.7 788 87.1 793 792
Tol. Extract, % 700 700 700 100 700

Tink, % 9.1 516 | 066 503 B8
DBP, cc/100 8 1006 1017 | 1060 1100 T
CDBF, cc/100 g 856 85.7 §8.6 99 | 922

Dmode, om 127 136 125 138 129

Dst, nm 125 137 125 143 130

AD30, om 0 10 00| 116 7|

] “Particic size, nm 17.48 1924 16.70 755 | 1841
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- |  Table3 (continued) o
Bxample B §V) 3 T
T, No, mge 1357 58 503 853
CTAB, m/g 986 77.0 76.3 75.7
Tol. Extract, % 00 100 0 - | 100
Tt % "105.0 R 91,1 507
DBP o100 | 1060 T01.0 To1.1 1037
CDBP, c/100 g 98 849 8.7 255
Dst, nm "NM NM NM NM
~AD30, nm NM. NM NM NM
Particle size, nm 15.07 1964 ~18.99 16.74

NM = not measured
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--Table 3 (continued)

_ Example 5 16 T
T, No, mg/g Tz | %0 03 636
CTAB, m7g 6 | B2 733 599
Tol. Extract, % 700 B | 100 160

~Tnt, % 86.1 025 | %z 7%
" DBP, cc/100g 1586 | 1615 1633 162.1
CDBP, o100 & 99.8 107.1 021 | 993
~ Dmode, nm 122 125 134 135

Dst, om 135 | 146 166
~ADS0, amm T101 95 ] 106 | 130
Particle size,nm | 29.70 ~16.74 2332 33.55
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R - _ Table 3 (continued) -
~ Example ] 20 ] 2 22
I, No, mg/g 713 623 713 %63
CTAB. w7 | 633 348 633 5356
Tol. Extract, % | - 100- 160 935 2
T, % 741 Fo 66 -1 - 800 | 92
DBP, cc/100 g 1533 149.9 150.5 154.2
CDBF,cib0g | 975 | 961 %8 | 1028
Dmode,am | 146 152 119 107,
~Dst, nm 177 o4 | 158 135
~ADS0, nm 5T i3 138 116 -
~Paricloszeam | 22.66 ®91 | 3260 023
" Example RS 7 S
T, No, mg/a 954 — 5T %61
T CTAB,m7 | 80 | 1005 - 854
" Tl Bxtract, % R 5%
Tk, % 905 oo [ 1051 _
DEP, co/100 T — 1377 1904
CDBP, co/100 5 ST X A 1032 | 1020
Dimode, m % 5 | 109
~Dst, nm | 132 9 108
AD30, nm_ — 97 69 71
" [ Paricle size, om 3155 1500 A
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. -Table 3 (continued) = )
~Example 7% T 2 39
I, No, mp/g 586 X 715 806
CTAB, m'lg ®T | Ba 767 X]
Tol Extract, % 82 97 90 100
T, % 794 T06.5 1053 1043
I DBP, cc/100 g 128.5 594 56.8 52.2
—CDBP, co/i00 g 1005 — 378 566 538
Dmode,am | 15 B 105 T04
Dst, nm TR I 112 110
~AD50, nm 1% | 108 105 104
barfcle sze,om | 2144 | 2434 | BAT TETH
| " - Table 3 (continued)
Exampic 30 31 32 33
I; No, mgg 100.0 T 1032 T
CTAB, m7g 503 5 516 A
Tol Extact, % | 100 | 98 0 |- 100
Tint, % T 1128 1130 T16.1 BTN
DBP,cc/i00g | 770 — 53 o BE W< X
CDBP, cc/100 726 Tz [ 667 680
Dmods, nm 5 51 5 T
Dst, nm = 54 37 51
DW0.am | 66 | el 64
Paricle size,nm | B30 | 255 | 22 | 25
5 - - - '
Examples 34-55 T -= i

The effectiveness and advantages of the carbon blacks and the polymer compositions

of the present invention are i_llusﬁated by this set of F.xamp;es. .
_ Polymer compositions A, B, C, D, E, F, G, H, 1, J, K, L, M and N-were prepared to

10 evaluate the apparent viscosity,l melt flow index and coefficient of absorption properties of

'—polj!mer compositions incorboratir_xg the carbon blacks of Examples 1-14_ which includg

48 -
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carbon blacks of the present invention and control cérbon blacks. Polymer compositions O,
P,Q.R,S, T, Uand V were, prepared to evaluate the apparent viscosity and melt flow index
of polymer composmons mcorporatmg the carbon blacks of Examples 26-33 whlch include
carbon blacks of the present invention and control carbon blacks.
- Each of the carbon ,blacks produced in Examples 1-14 and 26-33 was incorporated
- ‘fnto polymer compositions at a 35% loading by mass of carbon black into the polymer
composition. Polymer compositions A-N were produced utilizing the carbon blacks
produced in Examples 1-14. Polymer compositions C, D, E, F, G, H, | and J were polymer
compositions of the present invention containing furnace carbon blacks of the present
_invention, with polymer compositions A and B being the corresponding controls. Polymer
compositions L, M.and_N were also polymer compositions of the present invention _
containing furnace carbbn' blacks of the present invention, with polymer comnosition K
" being the corresponding coﬁtrol Polymer compositions O-V were produced utilizing the _
carbon blacks produced in Exampies 26-33. Polymer composmons O,P, Q and R were
polymer compositions of the present invention containing furnace carbon blacks of the |
present invention, with polymcr composmons S5, T, Vand U, respectlvely, being the
_correspondmg controls. _
The polymer composmons A-V were prepared as follows '
Both 420.7 grams carbon black and 781.4 grams Tinear low density polyethylenc
(LLDPE) identified as DFDA7510 for carbon blacks from Examples 1 through 14 (polymer
compositions A-N) and GRSN7510 for carbon blacks from Examples 26 through 33
(pglymér compositions O-V) were charged into a Farrel laboratory Bﬁnbury mixer having a
mixing chamber with a vblumé of 1100 cubic centimetefs. DFDA7510 pdlyethylene and
GRSN7510 polyethylene arc manufactured and sold by Union _CarBide. The initial |
1emperamre of the mixing step was about 120° F (322 K;), and the mixing was perfonned'
for 3 minutes: the first 30 seconds at 77 rpm, the next 45 seconds at 116 rpm, and the

remainder of the mixing tlme-at 155 rpm. Following mnung, thzrproduct was sheeted oﬂ' on

atwo roll mill at 180° F (355 K) into 3/8 inch {0.0095 m) thick-sheets. The sheets were
then cut into strips and run through a dicer converting them into cubes of 3/8 inch (0 0095
m) per side. The product was screened to ensure that only umformly-snzed pieces were used

for subsequent testing. _ , -

The properties of the polymer compoéitions were evaluated in the manner described -

_ébove and the results are rc'pmted_in Ta_blé 4. As described above, evaluation of certain

49 o
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properﬁes of the polymer compositions was performed at carbon black loading levels
 below 35% which were achieved utilizing additional LLDPE:

Table 4 :
Example Number 34 35 36 37 38
Polymer A B C D E
Composition i '
Carbon Black 1 2 3 4 5
Apparent Viscosity, :
Pa-s, at shear rates
Of: E .
100s " 2331 2342 2246 2211 2257
3005 1122 1130 1083 1098 1068
600s’ 688 696 668 679 679
1000 s 471 478 457 466 466
Melt flow index, 3.12 3.17 3.40 4.18 429
g/10 min : - S
'COA, k Abs Unit/m 451.4 467.7 442.4 420.7 408.4

s = per second; g = gram; min

thousands

50

Carbon Black = carbon black from example run #; Pa-s = Pascal seconds
= minute; k Abs Unit/m = Absorbance units per meter, in
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Table 4 (continued)

Example Number 39 40 : 41 42 43
. Polymer . F G H I ]

" Composition _

Carbon Black 6 7 8 9 10
Apparent Viscosity, '
| - Pa-s, at shear rates
of: _
100s” 2194 - 2160 2246 2240 2359
3005 1070 | 1064 1098 1104 1136
600s 663 661 678 689 697
10005 457 455 467 473 471
Melt flow index, 6.58 7.83 5.49 7.56 383
g/10 min
COA, k Abs Unitm 428.0 421.3 419.6 416.0 414.4
‘Tabie 4 (continued)
5 \ _ . .
Example Number 44 . 45 46 47
Polymer K L M N
_ Composition , _
‘Carbon Black 11 12 - 13 14
Apparent Viscosity, . - -
Pa-s, at shear rates. : . - ——
of: . . ) - .

_ 100s— 2160 1966 2006 2023
300s" . 1058 - | . 988 1001 1009
600s™ . 656 622 _ 628 633
1000s” ] 451 ' 429 .. 433 436

" Melt flow index, NM NM NM _ NM
- /10 min ) :
COA, k Abs Unit/m 427 377 386 370

:NM_=_' Not Measured

L)
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Example Number 48 49 50 51
Polymer §) P Q R
Composition : :
Carbon Black 26 27 28 29
Apparent Viscosity,
Pa-s, at shear rates
of: ' : -
100s" 2795 2087 2201 2087
300s 1357 1001 1047 998
600s ' 834 618 647 615
1000 s ' 546 427 429 409
Melt flow index, 10.80 15.90 12.56 24.54
/10 min :
COA, k Abs Unitm " NM NM NM NM
NM = Not Measured
' Table 4 (continued) .
Example Number 52 53 54 55
' Polymer S T U v
Composition '
Carbon Black 30 31 32 33
Apparent Viscosity, z
" Pa-s, at shear rates
~ of - - .
—_ 100s” 2236 2253 2236 2279
- 300s” _ 1073 1 1078 - 1073 1090 -
600s " 660 663 666 677
1000 s ' 455 459 451 459
Melt flow index, 11.00 8.10 1130 6.97
2/10 min . :
COA, k Abs Unit/m ~ NM NM NM NM i
NM = Not Measured - B

~ The process of manufacture of polymer compositions cdntaining carbon black

involves one or more steps of handling a mixture of carbon black and molten polymer. The

v'iscosity of this mixture of carbon black and molten polymer is an important property in

determining the ease of its processability. A lower viscosity impro\ies the processability of

~ said mixture of carbon black and molten polymer, and therefore is a particularly important

15 ~ and useful property of such compositions. The data presented in Table 4 clearly show that

the polymer compositions C, D, E, F, G, and H of the present invention, containing carbon

52

blacks of the present invention, exhibit a iowe_r' apparent viscosity at the shear rates
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speéiﬁed. in comparison With the corresponding éonlrol polymer compositions A and B.
The data presemed in Table 4 also show that the polymer compositions L, MandN of the
present invention, containing carbon blacks of the present invention, exhibit a lower
apparent viscosity at the shear rates specified, in compérison with the corresponding control
5 polymer composition K. Polymer compositions I and J of the present invention exhibit
viscosities at the shear rates specified which are comparabie to the viscosities of the
| corresponding control polymer compositioﬁs A and B. It is believed the viscosities

exhibited by polymer compositions I and J are attributable to the fact that carbon blacks 9
and 10, utilized in polymer compositions | and J respectively, have higher structure levels

10 (as indicated by their DBP vaiues) than control carbon blacks I and 2 utilized in polymer
compositions A and B respectively. '

A higher melt flow index is another indication of the improved processability
characteristics of a composition containing a njixture of carbon black ax_id molten polymer,
and thus is also a particularly desirable property where improved processability is sough.

15 The data presented in Table 4 clearly show that the polymer éompositions C,D,EF,G,
and H of the preselit invention, containing carbon blacks of the present invention, exhibit
higher melt flow indices in comparison with the con‘cspondmg control polymer -

- compositions A and B. The data presented in Table 4 also show that the polymer ~
compositions L, M and N of the present invention, containing carbon blacks of the present

20 invention, exhibit higher melt flow indices in comparison with the corresponding contro!

polymer composmon K. -
“Table 4 also provides apparent vnscosuy and melt flow index dala on polymer
composmuns comammg carbon blacks from E.xamples 26 through 33.
As shown in table 4, polymer composmons, P, Qand R compnsmg carbon blacks of the -
25 present invention from Examples 27; 28 and 29 have lower vlscosny and higher melit
- indices in comparison with their respebtivg control compositions T,V and U, incorporating

carbon blacks from Examples 31, 33 and 32. The data in Table 4 indicates that the polymer_

composition containing carbon black from Example 26 exhibits a higher viscosity and
approximately an'_cquivalént-'melt flow index to the polymer composition containing carbon
30 black from Exampie 30. This result is believed to arise from the significantly higher .

~ structure level for the carbon black from Example 26 whose production used a significantly

different rate of addition of strucmre-aﬁ'eéting reagent as compared to carbon black from

Example 30.
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- The coefﬁcxent"of absorptlon of a carbon black—contammg polymer CO!npOSltlon is .
consndered indicative of the degree to whxch such a composition will tolerate UV exposure

* with minimal degradation of physical properties. The data presented in T_able 4 mdlpatc that
polymer compositions C, D, E, F, G, H, I and J of the present invention, containing ca.rbbn
blacks of the present invention, have éoeﬁiciénts of absorption comparable to the
coefficienfs of absorptioh of the control polymer compositions A and B. The data
presented in Table 4 also indicate that potymer compositions L, M and N of the present
invention, containing carbon biacks of the_ present invention, have coefficients of

- absorption comparable to the coefficient of absorption of the control polymer composition

K.

Examples 56-77

The effectiveness an.d advantages of the carbon blacks and the polymer compositions - -

.of the present invention are also illustrated by this set of Examples.

 Polymer compositions AA, BB, CC, DD; EE. FF, GG, HH, II, 1, KK, LL, MM, NN,
00, PP, QQ, RR, SS, TT, UU, and VV were prepared to evaluate the compound moisture
absorption (CMA) properties of polymer compositions fncorﬂorating the carbon blacks of
the present invention in comparison to polym_el-' compositions incorporatiné control carbon

. blacks. Each of the carbon blacks produced in Examples 1-14 and 26-33 was incorporated

into polymer compositiohs. Polymer conippsitioné CC, DD, EE, FF, GG, BH, Il and JJ

the present invention from Examples 3-10, with polymer compositions AA and BB being

| the comﬁponding controls containing furnace carbon blacks from Examples 1 and 2.

Polymer composmons LL, MM and NN were also polymer composntxons of the present -
invention comprising furnace carbon blacks of the present invention from Exampies 12, 13 _

- and 14, with polymer composition KK being the corresponding control containing furnace '

‘carbon black from Exampie 10. Polymer comp-ositio'ns 00, PP, QQ and RR were. polymei'-.
composmons of the present invention comprising fumace carbon blacks of the prcsent
“invention from Exaffiples 26-29, with polymer compositions SS, TT, VV and UU,

30 respectxvely, being the correspondmg controls containing furnace carbon blacks from

Examples 30-33. ' -
~ "The polymer compositions AA-VV were prepared as follows.
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The polymer compositions were prepared in a Bfabender plasticorder at 100° C using -
35.75 grams of LLDPE,; identificd as DFDA7510 for carbon blacks from Examples 1 .
through 14 and GRSN7510 for carbon blacks from Examples 26 through 33 and 19.25

grams carbon black. DFDA7510 polyeﬂaylene.and GRSN7510 polyethylene are
manufactured and sold by Union Carbide. The rotors were tumned on to 60 rpm after the

5
desired temperature was reached, and the weighed quantities of polymer and carbon black
- were charged through the loading chute over a 30 second period. A 10,000 kilogram weight
was added to the chute ram, putting the ingredienls down to flux. The weights and chute
were removed after flux. The rotor speed was adjusted to 60 rpm, the Brabender ram
10 lowered and the compoiind mixed for five minutes. After this time period was complete,
the compdund ‘was removed and passed twice through a two-roll mill. The resulting sheets
were diced into smaller pieces for CMA testing. ' ' '
The polymer compositions were evaluated for CMA utilizing the procedures .
" described herein. The results are reported in Table 5.
15 . ' “Table 5 )
- Example Number 56 - 57 58 - 59 60
- - - Polymer - AA BB cCc - DD EE )
___Composition . '
-. Carbon Black I 2 3 4 "5
CMA, % 0477 0.475 0416 0.437 - 0415
- Carbon Black = carbon black from example run # _
) . _ Table 5 (continued) T -
- Example Number . 61 62 1 - 63 64 65
" Polymer _FF GG HH 11 R
Composition - _ :
Carbon Black 6 7 , 8 9 i0
CMA, % 0374 0292 0.374 0.276 0382
20 - - ) : . : ’
’ o Table 5 (continued) .
- - Example Number - . 66 67 ~ - 68 - 69
" Polymer KK LL - - MM ‘NN
Composition | ' : '
Carbon Black _ 11 12— 13 - 14
CMA, % - 0.465 0.243 0.288 0.265

55—
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. Table 5 (continued)

" Exampie Number 70 71 72 | 73
- Polymer 00 PP QQ RR
- Composition : :
_ Carbon Black 26 27 28 29
CMA, % 0.258 — 0.08 0.085 - | 0308
: : Table 5 {continued) .
Example Number 74 75 76 77
Polymer ~ S§S TT UU VWV
Composition ___ '
Carbon Black 30 — 31 32 1 EE
CMA,% | 0.513 0.385 0.485 —0.086

-As indicated previousty, the compound moisture absorption (CMA) of a carbon
'black-.comaining poly_mc'r composition is a.pa_rticuiarly imBortant property of such
compositions. The data presented in Table 5 'cléarly show that the polymer compogitions

10 CC, DD, EE, FF, GG, HH 11, 33, LL MM and NN of the present mventuon contammg _
— carbon blacks of the presem invention exhibit lower CMA valucs, when compared with t.he
o corresponding control polymer compositions AA, BB and KK.
Tabie 5 also shows CMA values for polymer compositions containing carbon blacks
from Examples 26 through 33. For tlus group of examples when companng polymer-
15 compos:tmns-oo PP, QQ and RR, compnsmg carbon blacks of the present invention, with
th_ear_ respective controls (polymer compositions SS, TT, VV and UU) one will observe that
- polymer _compositions of the present inveation exhibit CMA values that are either lower
-than or comporable to CMA values of their corresponding controis.
20 Examul:slﬂ.and_‘ls o ' -
" The effectweness and advamages of the carbon blacks and polymer compositions of

the present mvcntton are further itlustrated by the polymer compositions set forth in
Examples 78and 79. ) |
Polymer composmons W and X of the present mvennon were produced by
25  incorporating the carbon black produced in example run 7 at mass loadings of carbon black
into tﬁe_.polyn_xer oomposition which were greater than 35%. The polymer utilized was
_ LLDPE identified as DFDA 7510 and manufactured and sold by Union Carbide. Tabie 6

56
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| sets forth the actual mass Ioadmgs utlhzed and propemes of the polymer composmons

which were determined unhzmg the procedures described herein.

: -Table 6
Example Number' 78 79
Polymer Composition. w X
Carbon Black - 7 7
Carbon black mass loading, 38 40
%, in polymer composition
Apparent Viscosity, Pa-s, at
shear rates of:
- 100s” 2445 2707
'300s™ 1193 1303
600s™ 729 | 784
1000 s™ 48 | 517
Melt flow index, g/10 min 5.30 298

For any two p@ly_mef compositibns which differ only in the mass loading of carbon
black, a-nothcr mechanism 'fo::comparing the grobessab_ility characteristics of the polymer -
compositions is to compare the melt flow indices of each polymer composition or,
alterﬁaxiveiy, the viscositié of each polymér composition wﬁen subjected to equal shear
rates. The polymer composition exhibiting a lower viscosity or a higher melt flow mdex

would genemlly be deemed easier 1o process. - : : -

- Extending this argument to any two series of polymer composmons, each made from

[ dlﬁ'erent carbon black, and such that the composmons within a pamcular series contain

- carbon biack with different mass loadmgs but are otherwxse comparable, the series which
-permits a higher carbon black mass. loading for a gwen melt flow index or wscosnty at

constant shear rate, wnl! be consrdered to exhlb:t an |mproved processabilxty
. The results set forth in Figure 4 and Figure 5 show that the carbon blacks of the
present invention exhibit improved processability upon incorporation into the polymer
compositions descnbed herein for the followmg reasons: -
Figure 4 depicts the melt flow indices of polymer con{positions G, W and X of the
present invention incorporating the carbon black of the present invention produced in

- Example 7 at increasing mass loadings. F'igure 4 also depicts the meit flow indices of

control polymer compositions Aand B As set forth above, a meit flow index of a larger
magnitude represents a polymer 'cpmp'osition of easier processability. Thus, Figure 4 -
clearly shows that polymer compositions G, W and X of the present invention incorporate

carbon black at mass loadings in excess of those attainable for the in;:orporafion of either of
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the correspondmg control polymer compositions A and B, while still cxhlbltmg
substantially the same or higher meit flow index. - '
In similar fashion, Figure 5 depicts the apparent viscosities, at a shear rate of 1005 ,
of polymer compositions G, W and X of the present invention incorporating the carbon
5 black of the present invention produced in example run 7 at increasing mass loﬁdingﬁ.

F_i_gnre 5 also depicts the apparent viscosities, at a shear rate of 100 s"; of the control
polymer compositions A and B. Thus, Figure 5 clearly shows that polymer coinpositions
G, W and X of the present invention incorporate carbon black at mass loadings in excess of
those attainable for the -incorpération of either of the corresponding éomml polymer

10 compositions A and B, while still exhibiting an equivalent or lower apparent viscosity.

_ It will be clear to one ordinarily skilled in the art that the carbon biacks of the prcsent
invention may be utilized at higher. oadir; 2s | than lhe loadings nommally useu. Use of the
carbon blacks of the present invention at such hlgher loadings, however, will not result in
substantlally poorer compound moisture absorption capabilities because of the extent to -

15 :v{rhich the compound moismré absorptioh capabilities are improved by the carboit blacks of
the present invention. | - .

It should be clearly understood that the-forms ;f the invention herein described are
illustrative onlyand are not intended to limit the scope of the invention. The present

20 invention includes all modifications falling within the scope of the following claims.



1y ik

* [ M s *

WO 9728222 - - _ PCT/US97/00682

5

10

15

20—

25

30

Clalms

1. A carbon black havzng an I,No of 65-95 mg/g and a primary particle size of less
thanorequalto 20 am. _

2. The carbon black of claim | wherem the IzNo. 15 73-94 mg/g

3. The carbon black of claim 2 wherein the I:No. is 85-93 mg/g.

4. The carbon black of claim 1 wherein the primary particle size is less than or equal

. to 19nm.

_ . 5. The carbon biack of claim 2 wherein the primary particle size is less than or equal
to 19 nm. _
6. The carbon black of claim 3 wherein the primary particle size is less than or equal
to 19 nm. .
7. A carbon black havmg an [,No of 100-112 mg/g anda pnmary pamcle size of
less than or cqual 10 20 nm. -
8. The carbon black of clalm 7 wherem the primary partncle size is less than or equal
to 19.am. . _
9. A carbon black havmg an [;No. of 65-112 mg/g; a primary particle size of less
than or equal to 20 nm; and a CDBP of less than or equal to 102 cc/100g.
10. The carbon black of claim 9 wherein the CDBP is 70-100 cc/100g.-
- 11. The carbon black o}' claim 10.whereinrthe CDBP is 80-95 cc/100g.
12. The catbon black of claim 9 wherein the primary particle size is less than or
“equal to 19 nm. - -
13. The carbon black of claim 10 wherem the pnmaly pamcle size is Jess than or
equal to 19 nm.
14. The carbon black of claim 11 wherem the pnma:y pamcle size is less than or -

equal to i9nm. . ' - -
15. The carbon black of cla:m 9 wherein the lzNo is 73-104 mg/g
16. The carbon black of claim 10 wherein the lg?_\lo. is 73-104 mg/g.
19. The carbon black of claim 11 Wherein the INo. is 73-104 mg/g.

-18. The carbon black of claim 12 wherein the I;No. is 73-104 mg/g.
19. The carbon black of claim 13 wherein the No. is 73-104 mg/g.
20. The carbon black of claim 14 wherein the I;No. is 73-104 mg/g.
21. The carbon black of claim 15 wherein the I;No. is 75-99 mg/g.
22. The carbon black of claim 16 wherein the I;No. is 75-99 mp/g.
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23, The carbon black of claim 17 wherein the I;No. s 75:99 mg/g.
24. The carbon black of claim 18 wherein the I,No. is 75-99 mg/g.
25. The carbon black of claim 19 wherein the I,No. is 75-99 mg/g.
26. The carbon black of claim 20 wherein the I;No. is 75-99 mg/g.
5 27. A carbon black having an I;No. of 50-70 mg/g and a primary particle size of fess .
than or equal to 25nm. . | ' '
28. The carbon black of claim 27 wherein the pﬁmary particle size is from greater
than 20 nm to 25am; _ .
29, The carbon black of claim 27 wherein the I;No. is 55-65 mg/g.
10 © 30. The carbon black of claim 28 wherein the I,No. is 55-65 mg/g.
31. A carbon black haﬁng an I;No. of 50-85 mg/g; a primary particle size of less
than or equal to 25 nm; and a CDBP of less than or equal to 96 ¢¢/100g. -
32. The carbon black of claim 31 wherein the I No. is 55-30 mg/g.
- 33. The carboh black of claim 31 wherein the primary particle size is from greater
15 than20nmto25nm. "~ - | o - |
 34. The carbon black of claim 31 wherein the CDBP is 50-96 cc/100g.
35. The cﬁrbon black of claim 32 whergin the I, 'No'.. is 60-78 mg/g.
36. 'I'he carbon black of claim 33 wherein the I, No. is 60-78 mg/g.
~ 37. The carbon black of claim 34 Wherein the I No. is 60-78 mg/g.—
20 38. 'f‘he_ carbon biack of ciijm 32 wherein the primary particle size is from greater
" than 20 nm to 25 nm. . ) ' |
" 39. The carbon black of claim 34 wherein the primaiy particle size is from greatér
than 20 nm to 25 nm. ' : '
40. The carbon black of claim 35 wherein the primary particle size is from greater
25 thii20mmtwo25om. - T
~ 41.The carbon blac_k of ciaim 37 wherein the pnmary particle size is from-greater
than 20 nm to 25 nm. - S : )
42. The carbon black of claim 33 wherein the CDBP s 50-96 cc/100g. o
43. A 'polym;r composition comprising & polymer and a carbon black having: an
30 I;No. of 65-95 mg/gand a primary particle size of less than or equal to 20 nm.
44 A _polymer composition comprising a polymer and a carbon black having an '_ . .
I;No. of 1 00-112 mg/g and a primary particle size of less than or equal to 20 nm.
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45. A polymer composition comprising a poli__rme: and a carbon black haying an
I,No. of 65-112 mg/g; a primary particle size of less than or equal to 20 nm; and a CDBP of
lessthanorequalto 102 ce/100g. |
46. A polymer composntlon comprising a polymer and a carbon black having an
5 I;No. of 50-70 mg/g and a primary particle size of less than or equal to 25nm.
| _ 47, A polymer eomposition comprisinﬁ a polymer and a carbon black having an
" LNo. of 50-85 mg/g; a primary particle size of less than or equal to 25 nm; and a CDBP of
less than or equal to 96 cc/100g. .
48. The polymer composition of claim 43 wherein the polymer composition
10 comprises 0.5 to 300 parts by weight carbon black per 100 parts by weight of polymer.
49. The polymer composition of claim 44 wherein the polymer composition
comprises 0.5 1o 300 parts by weight carbon black per 100 parts by weight of polymer.
50. The polymer composition of claim 45 wherein the polymer composition
comprises 0.5 to 300 parts by weight carbon black per 100 parts by weight of polymer.
15 51. The polymer composition qf::laim 46 wherein the polymer composition
_ comprises 0.5 to 300 parts by weight carbon black per 100-parts by weight of polymer, -
52. The po!ymer composition of claim 47 wherein the polymer composition
compnses 0.5 10 300 parts by weight carbon black per 100 parts by weight of polymer.
_ ' 53, The polymer composmon of claim 48 whereln the polymer composition _
20 comprises 0.5 to_100 parts by weight carbon black per 100 parts by weight of polymer.
) 54. The polymer Eomposition of clain-l 49 wherein the poly:ner composition
‘ comprises 0.5 to 100 parts by welght carbon black per 100 parts by weight of polymer |
55, The polymer composmon of claim 50 wherein the polymer composition _
) 'ebmprlses 0.5 to 100 parts by weight carbon black per 100 parts by weight of polymer.
25 56. The polymer Eomposition of claim 51 wherein the polymer composition -
comprises 0.5 to 100 parts by weight carbon black per 100 parts by weight of polymer. .
~ 57.The polymer eomposntlon of claim 52 wherein the polymer composmon
eompnses 0.5 to 100 parts by welght carbon black per 100 parts by weight of polymer.
58. The polymer composition of claim 53 wherem the polymer composition
30 comprises 0.5 10 80 pans by weight carbon black per 100 parts by weight of polymer.
59. The polymer composition of claim 54 wherein the polymer composition
- compnses 0.5 10 80 parts by weight carbon black per 100 parts by weight of polymer.
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' 60, The polymer coméosition of claim 55 wherein the polymer composition
comprises 0.5 to 80 parts by weight carbon black per 100 parts by weight of polymer.
| 61. The polymer composition of claim 56 wherein the polymer composition
" comprises 0.5 1o 80 parts by weight carbon black per 100 parts by weight of polymer.
s 62. The polymer composition of claim 57 wherein the polymer composition
comprises 0.5 to 80 parts by weight carbon black per 100 parts by weight of polymer.
63. The polymer composition of claim 43 wherein the polymer is a polycthylene.
64. The polymer con;position of claim 44 wherein the polymer isa polyethylene.
65 . The polymer composition of claim 45 wherein the polymer is a polyethylene.
10 66. The polymer composition of claim 46 wherein the polymer is a polyethylene.
67. The polymer composition of claim 47 whercin the polymer is a polyethyiene.
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