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bl aqqks classes th carg %ﬁgg hu% may ge\%roadly charactenzed as havmg an Jodine adsorption_pumber (I2No.) of 50-112
mllhgmns/gmm {mg/g) and a primary particle size measured in-accordance with the procedures in ASTM Test Procedure D3845-89
(hercinafter denoted as "primary particle size") of less than or equal to 25 nanometers (nm). Certain of the carbon blacks of the present
invention may be further characterized as having a CDBP (dibuty! absorption valve of the crushed carbon black) of less than or equal to 102
cubic centimeters DBP per 100 grams of carbon black (cc/100g). The present invention provides carbon blacks having [2No. of 65-95 mg/g
and a primary particle size of less than or equal to 20 nm. Also disclosed and claimed are carbon blacks having an I2No. of 100-112 mg/g
and a primary particle size of less than or equal to 20 nm. The present invention fusther provides carbon blacks having an I2No. of 65-112
mg/g; a primary particle size of less than or equal to 20 nanometers (nm); and 2 CDBP (dibutyl 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). In addition, carbon blacks having an

ENo. of 50-70 milligrams/gram (mg/g) and a-primary particle size of less than orequal to 25-nm, are disclosed and claimed. The present
invention also provides carbon blacks having an Iz2No. of 50-85 mg/g; a pfimary particle sizé of less than or equal to 25 nm; and a CDBP
of less than or equal 10 96 ¢c/100g. The carbon blacks are parnculaﬂy well suited for use in the production of polymer composmons Also
described and clmmed are polymer composmms mcorpomﬂng thc new carbon blacks.
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The CMA is indicative of the - noi stuce -absorption capability of the
car bon bl ack af t'er it has been conpounded-into the- pol yrmer  _
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I'n particular, res i nvention pravides new, carl avi ng an
12No. of 3 ﬁ‘ﬁFké""Sﬁ‘f"rFﬁ usBn BT QPIOgULe g?’u?gligﬁﬁa'ﬁn or equal.
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the carbon bl acks Catberblacks mayraiso/bepilizedad mmglecm“FOe@@“YIWaﬁdWeé'dﬂEal to

é? / gan 299 . from uitraviolet (UV) degradation Fo polymer gomposntlons For example, c':arbon bl.acks V\D_
PCT/ US97/ 00688 are widely used to minimize the degradation of polymer-compositions upon exposure to
| ' ) uv md;:tion. Such UV radiation occurs as 8 component of natural sunlight. It is generally -
recogmzed that the degree of protection from UV degi'adation is impbved upon use of
carbon blacks having a reduced particle size, for example no greater than 25 nanometers
_ (nm.}. Thereis generally belie@d to be additional Senefits from the use of carbon blacks
25 having paltacle sizes no greater than 20 nm. i
Carbon blacks arc incorporated into the poiymer composition through a variety of
T : o mixing techniques. For carbon blacks which have acceptable chmctenstlcs relating to UV,
' ' ~ protection, i is generally desmble to utilize those carbon blacks which will provide as low
| a viscosity as possxble, and thus improve the processabnhty of the carbon black-polymer
30 composition mixture. Another desirable feg_tlme 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
ébmpositiox; to absorb moisture, it is desirable to utilize carbon blacks which possess as low



The present invention further provides new carbon bl acks having an I2No. of

65-112 - -ng/g; a primary particle size of less than or equal to 20 nm
and a CDBP of |ess than or equal to 102 cc/100g. Preferably, the
carbon bl acks have an I[err] No. of 73-104 ng/g; a pri mary partlcle
size of less_than or equal to 19 nm -and/or .a CDBP of 70- 10 100
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carbon bl ack- f.orm ng reactions I _the process for producing the car bon
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_ .25 In pamcula:, the present invention provndes new carbon blacks having an I,'No of

- - 65-95mg/g and a primary particle size of less than or equal to 20-nm. Preferably, the
- . -carbon blac;cs have an [; No. of 73-94 mg/g al_ldlor a primary particle size of less than or
- - equal to 19 nm. More preferably, the carbon blncks havean I; No. of 85-93 mglg and/ora |
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described in greater detail hereinafter. ' The pol yner
conpositions of the present invention include natural rubbers, synthetic

5 rubbers, elastoners, plastoners, and bl ends or m xtures thereof. The
amount of carbon bl ack utilized in the polynmer compositions of the

“present invenky@edsesl udes any anount effective to ehusyrockdre
result's desired for the intended end use of the pol'ynmer conposition,
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from0.5 to 300 part@W’%&l“ﬁ%’km °i6’°" WW@”%%’E@”P%‘?“Q&% ﬁéﬂ? % by
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pol yners which | onal contain at nmononer such as
di cycl opent ad? ene, Theicarbon blacks of the pressutiinweution mey heprducechey any proeashinesm

-Preferably the gffy L&nﬁeféﬁmrﬂie '&Lr&G: RksdFRie present mventno:?%&fc@&m a‘%‘i?mace
et hyl ene- propyl ene copol ynef or - an et hyl ene-propyl ene terpol yme
4 : WO . 97 /carhompblack reactor having a first (combusuon) zone, a transition zone, and a reactlon zone

- PCT/ US97/ 00682  wherein: More preferably, the ethyl ene cont ai ni ng polymer

conpri ses ethyl ene propyl ene di ene nonomer Al so pref _e'rred S
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are polyol ef| ns z%!lile(");lnd 5 poI ypropyl ene and- pol yet hyl ene.

pyrolysis of the carbon bla_ck-yleldmg feedstock is stopped by quenchmg'the mixture
when the carbon blacks of th present invention have been forméd and wherein there is -
~ utilizeda primary combustion level of greater than 300%, preferably at least 550%, more
30 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



Sui t abl e polynmers al so incl ude: a) propyl ene honopol yners,
et hyl ene honopol yners, and et hyl ene copol yners -and graft polyners
“where the co-nononers are selected from butene, hexene, ‘propene,

octane, vinyl acetate, acrylic acid, nethacrylic acid, Cerr] - C[err]

al kyl esters _of acrylic acid, 10 C[err] - (err] alkyl esters of

met hacryl i c MQY28##l ei ¢ anhydride, half ester of maleic PCTYRtPAfR2 de,

and carbon nonoxi de; " b) elastoners selected from nature
rubber, pol ybut adi ene, pol yi soprene, random - or block styrene butadi ene

rubber (SBR), pph:yenhinoempu 3055 sarandyb 8.8 isécopdsamdre prafirablyd 06 seconds ed tlml ene

propyl ene co and el p ners et hyl.e raqp e ner- ;15
c) horopol ymer s* g{b‘y %?’x'g‘fgaﬁe'ﬁyg]&#qrﬁ?fgﬁﬁtpw faventi 'b?' ene -
st3d/r ene |inear aadntreaﬁhgbamﬂlbtyimumnaaerr ylonitrile butadi ene styr ene (ABS)
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pol ymer conposicatbom hﬂfpet mﬂppn%hymghmf\pebmmn is that the pol ymer '
8(7)/”12382 '2t2' ons have |gynghfe A%@RQ&!&% ?@h&tvb{&%@ﬁ?ésg&t%hﬂm are natural rubber, \O
PCT/ US97/.00682 synthetic rubber, ¢.g. polymo:rrenetanbmolmwmeag\é theirdeniatiyes Flyh!#

conposi tions Ofchiohﬁatﬂf rabtel! Tcoﬂo%?e&to‘f 6m laboul [Ptb aﬂJ&%ﬂ percem bp %%EC%T
conpositions may I nco gorate hi gh | oadi ng | evel s of carbon blrack.

Ot her advant agsbTse THARoUERN 0 poyiciGprisent Y Trisis eEbtadiony suEatR from the
more  det AopdendOF B path mdhhﬁnsam%nm%ponymmmopau%gescrlptlon

of the Draw ngs gure 1 1 s a cross-sectional view of a portion

of one type of 'F‘ﬂl?‘h%'éblfta‘f'ﬂ'ﬁrﬁ‘ﬁl’%{l‘,‘kﬂ°“3 P%%W“%?@H‘W'%é"ﬁt‘i lized to

produce t he 26 ardapilyhdr € 5bpabih stinBfe 4a SGRANE bithiii8; foBkhers and copolymers of Fi gure 2 is
a cross-sectional, v eg of a portion .of anlat her type of furnace carbon 10

bl ack reactor ViNEERtsHsdiengisuch asipplylipdicge. polytsoprene: AolychioaPlens SR dwliker ¢ he
present invent laaacopozymersofsuchmnﬁiggwaeﬁswﬁhﬁammic@r&paamﬁ;ﬂgmafmhe wei ght

et on o e R L0 e, meth P ASHSk, SATB Sk S S 0K

2-vinyl-pyridine, 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. |



Figure 4 is a graph illustrating the effect of carbon black |oading on the
nmelt flow I ndex of pol ynmer conpositions containing carbon bl acks of
the present invention along . 15 with relevant data for polyner

<onposi tions..contai i ng control carbon bl acks, -as descri bed in the
Exanpl es her eiygp 928222 Figure 5is a graph I [ ustratingphprrsedidoggat Of
carbon bl ack | oading on the apparent viscosity, at a shear rate of 100
S[err], of polyner conpositions containing carbon blacks of - the

{_)r-esent i nvention, along with rel evant data for me osttiQns - -
Tontai ni ng cont r oM DEO’“’fg bl S efhylepg containing polymer 45 %/‘ﬁ“g“ﬂ EB‘H#&‘P’&‘“ﬁerel n.

Detai | ed Descri pt jngihnik (EPDM)! AWE Plekcated is an ethylene contdifiing pole? Bbmpriziag 015itoN
provi des carbon bl acks and pol yner conpositions . I ncorporating the

carbon bl acks. 2598%, by weightoethyleng JlOpemers he present invention provi des a
carbon bl ack havi ng: @d'ﬂitlogmpre‘?éne@?olymenccoﬁ?oﬁfﬂ»ﬁﬂareﬁﬂﬁldﬁhﬁ%ﬁfasn)’ 94 ny/g, -

nore preferably 85-93 rrg a primary particle size of less-than
or equal to 205 nnRo!YPrepYy P%PW'Y@@'&"‘Fhan or equal to 19 nm In nore detail,
t hese- ‘carbon bl aglsbid gplymerkalsh hRwbe! | ow ng: | a) a carbon

bl ack having an |2No. of 65-95 ng/g and a pri mar particle size of Iess 30
than or equal to 20 ripropylenchomopo aﬁ‘h’%‘"EH?'B?mym‘MdFéX)?'ﬁQ“ of

\7/\% 8471/ rzrg/2 gzand a 48 AR pYlyies Whérk the So-Tdndiers 6 Selected froth Bitehe Hexéh Mbpehd) 20 nm

PCT/ US97/ 00682  octeme, vinyl acetate, aotylic acid, methageyligiecit Ci s Co ik estots efsrpylic #5id. g5 93
‘mg/ g and a pr Iwmr(;i 03 ki I@sters of mahadfylit &id, malcic anhydrias) hlf esiefiofanaldico 20 T un;

4a) a carbon bl ack i n | 2No. . of 65-95-mg/g and a primry partlcle

si ze of |ess ’{aﬁé ‘%‘r“@’&ﬁ'&l’"%ﬁ nm 5 5a) a carbon bl ack having
an I[err] No. of 73-94) ¢iastanessseleaed rontimtrs: pﬁuben,pdlgbuadm mlyidoprse, random t han
or equal to 19 n

'85-93 rrg/ g and a%l’%ﬁ“ﬁ&l’ﬁ'ﬁ'\eé&?f’g@@ P‘?’%@E’m’”m » acty gﬁ" %mg%ﬂ%IZN?o ﬂ;
bl ack havin nb?f'wmmdmdmmmmmm’"mmﬂmﬂ)?cfZ“ el
bl ac 9: 18 f:{l{ N%%)%Aerg‘ a(ljld cégg'lpée]bﬁ of s m%ﬁglné‘f:ﬁ&lc”%&d.% —

'of 1 ess than or equa nm pE or equal to 19
I n nore det aistyrene hmeandaadbbwlmea@kulqnmlb bmdlferhetyfem (ABS) ang styrene

Ib) a carbon bl a I[err] No. .of 100-112 ny/g and a primry
. particle. size.of %ﬂﬁ%fl@? Uhan or. equal to 20 nm and ° — 2b) a

car bon bl ack -havi ng dhhmrlﬁs}lmmcimmmmnﬂgreghmcfm ﬁqhshuviqyart icle

size of "15_1essJ.hap 9‘“"‘31 Ivviny] dnfbrifes’ & gspect
t.he present |nvent|onag{r°(€‘|9§ sla car oﬁbgfm'dﬁ’%oaw g an s(rg‘tr:i:] Nﬂg
65-112-ny/ g, # eked ably 73-104 ng/g, nore preferabty 75-99 ng/g; a prlmary _

particle size of :haﬁ.ssemﬂmmg FofAthahO eIl iRa Ayl abl y Tess than or
equal to 19 nm and a
' An advantage of the carbon blacks of the present invention is that the carbon blacks

o impart low vnscosny to the polymer compositions into which they are mcorporaxed
~ Another a.dvamage of the carbon blacks of the present invention is that the carbon
25 blacks impart low CIWA (compound moisture absorptmn) to the—polymer eomposmons into
- which they are mcorporated o
- A further advantage of the carbon blacks of the present mvexmon is that the carbon
blacks may be mcorporated at hsgh carbon black loadings into polymer compositions.
- * An advantage of the polymer composmons of the present invention is that the
30 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).



- than or equal to 102 cc/100g, preferably 70-100 cc/100g, nore preferably
80-95 cc/100g. 20 In nore detail, these carbon bl acks include the

follow ng: — “c) a carbon bl ack having an |12No. of 65-112 ngy/g; a
primary particle size of |ess than er equal to 20 nm and a CDBP of

| ess than or +ggYahgbe 102 cc/ | 00g; 2c)  a carbon b#}a%s g an

| 2No. of 65-112 ng/g-.a primary particle size of |ess t han prﬁfédagal to
20-nm and a CDBP of 70-100 cc/l00g; 25 3c)a carbon black having -
| 2No. of 65-112 ng/g= a primary particle size of |ess than . or equal to

20 nm and a CDBP ofA fugbagadvaptageohthe polymer compositions.of the presenh BeRPRisRhatthei ng an

*12No. of 65-112 oAnpBSilidiB iy iAedrbdrfié Rigthioddin Evekﬁﬁ@m blackNan or equal to
19 nm: and a wgléug%Tegglfhan >(l)r e"sdua glﬁo cc/ 100g n e 5¢) a

carbon bl ack havi ngOswrﬂvmmthecvresesmzmowlbbecwwpw9°1palretmq,r¢e size of -

less 30 than OlyeRfddkschiptiohdf M invaniigh,2a CDBP of 70-100 cc/100g;
6¢c) a carbon bl.ack having | 2No. of 65-112 ng/g; a primary particle size of

| ess than 5 or equal to 19 nmm; and a CD8P of 80-95 cc/100g
7 ' V\D9Hn3ﬁ%&imm.mhsﬂmmm | .
PCT/ US97/ 00682 %ﬂéa_car bon bl ack having an |12No. of 73-104
mg/ g; a primary par Figeed isg ges-saetignaldew of a portiop gfions type of Bimagesarbon blagk and a

- CDBP of |ess thages wildhiirdy He%lm@to(iﬁ‘dh&% carbon blacks of the préseht ifveRidnPON bl ack
‘having an I[err]No._of 73-104 g&g primary particle size of |ess

than or equal to 20FiEWE 23 HAFross =w=wamoee?aneﬁgwsfﬁlmm°9@yna car bon

bi ack havi ngigl [ 8ad rbiRtor Whick May tilEHd % produeé iheBdrbonbhicks ot pass&zemo&mbﬁss t han
or equal to 20 nm and a, CDBP o 80- 95 a carbon

c/ 100 )
bl ack having an | [ PBYRY is a5pmpieh 'i‘ﬂﬂ"?rﬁf‘é‘ ?’F?f@f‘ﬁfﬁ&ﬁg}"éﬂé‘@?m less
than or equal t BlackSaiiple véiid tiid StkBDiahert G5 sgivédhaample. equal .to 102 cc/ 100g;

i 26 of |ess 10 ¢ rRNDY Spm 1bE @ﬁ%ﬁeﬁiﬁzéb%aﬁﬁ%%wq@%#@?ﬁ%p‘”t e

12c) a:carbon bindedof palymergompaitivlsontaiting catbchOrbckayf ¢ie peesdht inw@ikiyn, RidAE | Cl € .
size of .l ess,_tha /|

13c) a car boR bV@E?'%‘H\'I?%E’é?P?W"éF?"}Wt'mﬁ”%"'%%?lémi’%{‘a%ﬁ ‘ff“ﬁgf‘?l cle
size of |ess mtbetham;:bs'heeuiyual to 20 nm and a CDBP of Iess than or equal
to 102 cc/100g; -

_ n I er f 75-99
ng/~g; a primry parlil € Slsagﬂéhﬁ]flﬁﬁg{"g%tpeg*&lf n"obrI eﬁ)ﬁ(g J' p?f'r’nq and a

CDBP of 70-100 umbélﬁﬁgashearrate of 100 ™ ,o[ﬂdqucmdsmmsmomkmbmglagw of -
75 99 my/g; a pt'i':L Hﬂe}ﬁ .R%%&n%&g%&%ﬂm‘d%&%or%ﬁ@ﬂm composutlons containing comrol

20" carbon blacks, as described in the Examples herein.

. Detailed Description of the | .
The present invention provides carbon blacks and polymer compositions
mcorporanng the carbon blacks. o
- 25 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 f:qual 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 pnmary pmlcle size of less
| 30 than orequal to 20 nm;
i 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; '



or-equal to 20 nm and a CDBP of 80-95 cc/100g; - - 16¢c) a carbon
bl ack having an I[err]No. of 75-99 ng/g;- a primary particle size of |less 20
than or equal .to 19 nm and a CDBP of less than or equal to 102 cc/| 00g;
17c) a carbon black having an I[err]No.-of 75-99 ng/g; a primary particle
size of |ess woomkian or equal to 19 nm and a CDBP of - 70- 1801/wsd7hoésy; and
18c) a carbon bl ack having I[err]No. of_ 75-99 ng/g; a primary particle size

of less than or equal to 19 nm and a CDBP of 80-95 cc/100g. - 25
In still another asp he sent | rhon Iacks
havi ng an | [er rf’&l@ “%? %“3 MR an‘é’t"'éggf'fgy dggrﬁnwl\é%ng‘:?ess'zfé)f% | ess

than or equal t othdboritgual for20fet abl y, "~ the carbon bl acks have an 12 No. of

55-65 /g and/ eor a imary .particle 0 eate tha 20 nn
to 25 %gl n more de‘?a&iaf?'[’%/ﬂ’@?@%m racEQg Mg/ 2nd;a prf °svﬁ°ﬁ

| dy a carbon bl agkn sraysan® 1@mm12No. of 50-70 ng/g and a pri mary part| cle
.size of less 30 th r | . 10.2Snzn, - bon ack -
having an 12N3. of 5% 76“'@*’3‘%&?“&“Biﬁg’ﬁaﬁfi"zév’ﬁ’igél“’e“%’i’%‘@”"f‘"ﬁ‘&ﬁ? |
greater than 20 thin drequabirtd am; and WD 97/ 28222

PCT/ US97/ 00682

55-65 my/ g and a pri%AhP W&Pﬁc‘g@éﬁ@l‘ggﬁg&?f‘%égﬁg g Bt ptnrﬁ“ﬁ (ﬁ\%{?l\ﬂfsé f25nm

and tEﬂ:)oraqmabbmmbl ack havi ng an I[err] No. of 55-65 ng/g and a
primary particle si rea than 20u43 25nm I n
a further aspect, t % pr eseﬁ%‘g’l n |'3n°"pr N des? new"glaa% hav"'lﬁ acf?g"‘naw ng

an |I[err] No. 10 100-183 mp/g:- ﬁ&anghgypquksmgcsquantoredudts?&ren,ofefdrdxbslashan or

equal to 25 nm gﬁ? /100g..
Preferably, the cag’f)gln '&‘Ps g'f/oze%ﬁ"lﬁgﬁ&n?’hg%q%y“h?ﬁgw% primry .
particle size of frdh)ag:ﬁ@a!hlackthnang@(]zﬂmvﬁlao—zgmaMlmaa@Bﬂsz 50-96 . -
cc/100g. Mre prl%% ,[o% glag,}aon bl acks have an I[err] No. of 60-78

ng/ g, a primary partlcﬁe Siz& of fromgreater than 20 nn.to 25 nm =
and/or a CDBP of "5020)& catbt Ga havizg an INo. 90081 Home(p and aiprimery perticlp size ofl acks

i nclude the fel I,&g\gﬁgo,equam 19 i I e) a carbon bl ack having an I[err] No.

- of 50-85 ng/g;. a prinary parti.cle size of 1ess than or equal to 25nm-
and a CDBP of |ess Hnaifurhsr aspepsahe preyem dnvention proyjdes a carbon black haviggs an hNeefhon

bl'ack having an gkigs i erafm;i’ir: i/} Cg%,q.onapr&ra 5 ooAg/g: Iaq,hﬁ.a.srpz,acxeé.zé ess

than 15 or equal to 25nm and Fess an or. equal to 96 cc/l00g;
3e) a carbon_ bl a&lessnm%gqua}ﬁo?‘{rev’qu(ﬁabl:olﬁsselmwseq Ayt9 naps god a GRBP ofdess j ¢ e

size of 1ess thakn oPéquAfI2 ck/P00g i HEreraBly do-@oo@@ﬁﬂih fnore Bfferdbly0-98cc/bopgal to 96
cc/ 100g; gp;?e%tfa car boo% bl ack havin go [ergr]No of 50-85 ng/g; a

primary partftl dn thege.carbpm, biacks includgthe fo %?‘a’f‘gto 25nm. and a -CDBP of
50-96. cc/1 00g; 20  Ic)acarbSifblack havaghad Na| f&5- 1 (Btip/B G prihalylpanicik Mae ofdéss 5580

TG 2 Y Rl 58 ol 5ot g e AR 25T o010\
of .60-78 ny/g; a pr Izmrcyrb@ﬂﬂick ﬁiv&:g%lﬁqooéfsbﬂszmybwpnmary pafticleSigeiclless 0 25nm
TTerr]No. of 5000 ey e Mgy anta ompt 0 08babO "o om o o
- 25 3c)'a carbon black having IzNo of 65-1 12 mg/g; a primary particle slic 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 paniale size of less
than orequal © 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
30 thanor equal to 19 nm; and a CDBP of 70-100 cc/100g; _
_ 6c) a carbon black having I;No. of 65-112 mg/g; a primary. paﬁicle size of less than
" orequal to 19 nm; and a CDBP of 80-95 cc/100g” |



25 greater than 20 nmto 25 nm and a CDBP of |ess than or equal to 96
cc/'1 00g; 'e) a carbon black having an I[err]No. of 55-80 ng/g; a
primary particle size of fraoam . greater than 20 nmto 25 nm and a CDBP
-of less than or equal to 96 cc/l00g; 9e) a carbon bl ackhavi ng
an 12No. of 6Qp%%eisy 0, a primary particle size of from PcoSbosknan 20
nmto 25 nm and a CDBP of |ess than or equal to 96 cc/100g; 30 ' '10e)
a carbon black having an I[err]No. of 50-85 ng/g; a primary particle size
of fromgreater than 20 nmto 25 nnm and a CDBP of 50-96 cc/ 100g;

11le) a carbon bl ack 7@a¢amen kisek havingrap kdio. off 735194 8@/sagprimarypastidisiznof psy ti cl e
size of from . of 50-96 cc/IOOg
o thap Sf @%l%ﬁdﬂ:@%@cﬁﬁ% §19ese Rl P eqdtith 132 CPRIB; .
'PCT/ US97/ 00682 8c) a carbon black having B &Na. of FA3HOH nufgagmmmlamem[bm] No. of
60:78ng/ g; a. priar | e reater than 20 nmto
25 nmngagd a p 'y E‘g;cbjbocnm F%é@béﬁoﬁ?b—‘?ﬂacc/mo& ‘gll'he carbon bl acks of -
t he present |snvent i Manayontbdacphaydudﬁ@ of\73akiy ma(go e primary particle size of less than

preferably prod @”‘f‘ﬁé Jbelow. It should be understood
however, that H&%ﬁgk&?(}tfﬁ? e pr o?gssm?%r produci ng the carbon bl acks
of the present invelk) mhosb'ddcsl@vmquzNo of 73-104 mgig; @\primpny Ipatticle sizesfdesst 0 one

type of carbon faGiold 8GR, fRACHP of eindo? Efidfro T8 echifog; practi ced
in other types of ca bl'ack reacto particul ar, the
car bon bl acks of th'éckﬁr@d’emb’aqkdwem#'dzN%@fﬁlaWp!ﬂé&ia@E@ﬂamldmﬁgbﬂcss o
to the procegs ﬁh&'&ﬁuapfo%ﬁﬂt IopP0- 100 cBrigdul ar, al so referred to as
"staged," furnace car ack reactor = A section of a t ypi cal

modul ar furnace carlﬁm WN‘*é’&‘GQ&JuN%f 4104 me/; a primpry\partiele sigq ofilespthan o

produce the carg}qamb{oqelﬁﬁ £ 2 [OOBPRY 86:69c/1bap/ent ion is depicted in Figure
1. Oher details a typical nodul ar furnace carbon bl ack reactor nay be

found, for = I 3ghecamsprblack havingean ddocofi750P mg/s: o PrBa RARtiGle sizg oflesspa t ent

No. 3,922. 335, ﬁh?ordhﬁ%@@%eanﬂ'ﬁcml’%hlessthanorequal't@ld)%ﬁ/%ﬂg i ncor porated by
reference. 15 Referring . to |N% he carbon bl acks of the

present invedtion ntds 25arben ek bavingan I °f75'9ga'gfgu?l’fé{l‘,’é3’?,’é'i"15"cﬁ¥‘l9f§& reactor .
2, having a conhansrequal t5 20 fm;léld 2 ODBP bf Toawo ac/rodge Of - ' conver gi ng

_d1' aneter, 11, a tr ition zo 12, .and ction zone 18.. The—.end of the -
reaction 33‘3 gﬂb@?‘ggf""ﬁﬂ@? ?fﬁﬂ%ﬁﬂ’%‘ﬂﬂyi?'ﬂﬁya{’f SHEa" or
zones, 17A and &Z&amfzoammaacwpedso-gs cc/100g; di amet er. The di aneter of the

corbust i on zone 10, up t 0i. Nt w zone_.of 20 .co erging.
di aneter TI, begin ‘613 “5 ARepn - e‘%(ﬁ ér“%?“‘%??é"‘%f’ ‘the

. di aneter of morlhaﬂo?equaaa l@mﬁﬁndhUBBHbﬁBBRI&ﬁoﬂ:fquﬂlmﬂmZbE/mOgas DSB and t he
di-anmet er of e th of the c ustl Zone 10,
up to the point vvhe]r-’ge) cg%avfmgan]m °f7§39mgtgga%"m%’(%ne e begl ns -
is showmn as L- mmdneqdaanthdndhEQBroﬁH)-chdmmgl ng T d| arret er, |1,

is shown as L-2; 5t L-3;
the 25 |length of pﬁe)a?gﬂéﬁ%,&w}?ﬁh gﬁﬁ@?@c’ﬁ%? éam!:l \(‘)!v%snagns L- 4A,
and the Iength sfequahie 19 nm; and a CDBBeE80-957®/100¢ Testricted di arreter ~i's shown

‘as L-4B. - o5 In stiil mmeﬁ;&&%@p&aﬂ. iRRHRA Brodla2EAEN fooh DGR EEAR

i nventi on hot conbusti on gases are generated 1 n conmbustion zone
10, by react inglz¥e-lof éﬂﬂ‘brnzis andapeimary peuick sizg Qfﬂesaﬂismiﬂtﬂa?ﬂ‘@”m“ Preferablyy i dant

such as air, OXygamdlibkkidies A, 1. bt B S GARr PrihliPodrdinan ARG NE fuel S
30 sui table for uSe in reacting wth the oxidant stredamin conbustion zone
10, to generat egregter 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

greater than 20 nm to 25nm,



hot conbustion gases are-included any of.fhe readi |y conbusti bl e gas, vapor

or liquid streans such as natural gas, hydrogen, carbon nonoxi de,
et hane, acetyl ene, al cohol's, or kerosene. It is generally
preferred, however, to utilize fuels having a high content of

10 WQu§ 4488222 ~ PCT/ US97/ 00682 PCT/US97/00682 .
car bon- cont ai ni-ng- conponents and, in particular, hydrocarbons. The ratio of
air to natural gas ut|I|zed to pr oduce the carbon bl acks of the
present invention is at |east 30: preferably 45:1 tq 100:1. To -

facilitate the geneﬂéla%wobﬁla%@@v'@ﬂﬁ?ﬁﬁh plo- %&ﬁ&“@ﬁ@“ﬁ?ﬂﬁﬂfs%"t‘ffé"ﬁn nmay

be. preheat ed. d‘,?anon ualzpzﬁhdﬁ{d to produce the.carbon blacks of the present
i nvention, the p 1/ conbustion | evel of the carbon bl ack : _
production pr. ocess né)agmbaub!ackthaﬁamsaadﬁ%@fr#é-“mslzﬂns:ﬂév@#&mclaim%ﬁl“ 550%

Mor e -preferably, Mﬁﬁ@ kgn.carbon bl acks of the present

I nvention, the &Fé‘mary conbustion l'evel of the carbon bl ack production
process is 659- - Inafuglppsspectghe present invantiop pRYHesAEw cesbanchiasks havingan LiNo. mary
- conbustion |evel f{,&iyﬁggrypﬁmw}mew%on&smmamzsnmsmfscmpadfnesysed i n

the first stage o tl-staged process relative to t he t heoreti cal

anount of thah desqual teed6 e 0Qg. Preferabllie the sarpanchlaskchaueandy Neyof 61-8¢ me/exa ¢ st
st age- hyocar bon L.,q,.r:, LB size of frofligRkieF GarPidthn}¥8 28 him; dnlior PODBPSE50-581
conveni ence,. thE pr ry conmbustion | evel is expressed in ternms of a

per cent age. 15 cc/100g. Wiee prefarthiie the carbonchiaskhavesn H"d‘éﬁ??”?&#(ﬁ?%‘lf“%r t he

conpl et e conpyisbiditle Sfe df &6m giehiss than 20 nmth 89 i WMBLOCEDBIOSE 5096 cai0dRNIi OXi de
and water is referred to herein as the "Air-to-burn-Gas Rati 0", and

expressed as a’ F'&f‘idﬁ"‘é-ﬁ"%‘f‘{h%?hﬁ?'ﬂ“f?ébﬁhéfqne‘éﬂ“gom dant and first stage

hydr ocar bon. The qUﬁé)Bhirbdﬂ%la@Ifha@Pﬁgdﬂﬂﬁo%ﬂSb-ﬁSth% ﬁﬁrﬁ@@#&ﬁﬂl’e@ﬁaﬁﬁ]&@my be
described in é‘;éonvenl ent. _and consi st ent f units. The
Pselgle

primary conbustPRﬁ‘i“‘f' pm;and 2 GDBE of less thanopequpde %0 the foI I ow ng

formula: - Pri megeya @mﬂlﬁﬁlﬂt lﬁﬂmh&VBNo of65-80 mg/g; a.primary particle size of less than _
(Measured A r Rat e) x| 0Q (Measured
Gas Rate) x P’ﬂqé"' Eﬁﬁsﬁ’“(ﬂg ﬁgﬂ’&‘lcss than o ¢qupldo 96 cc/100g; "Measured AT

-Rate" = t he v algaion ibRck Having kil No. of G(B‘ng/gtanmdiagqﬂrﬂchkﬂe of iess than
ot andar 8°22ﬁ3f o yespi s SPRPE! BaRppesile Ry e - easured Gas
Rat e" - =_ -t he vole)aairion dlatk lawing ait ENa of 5585 mgig; raquhuwcbamb@xze of less than
- the combustion zong, @fxshiCuh §RHBPs SEGHA6E: 21
- ' 2(5 ' Se)a carbon black having an I,No. of 55-80 mglg, a pt-'im'ary ph;ticle size of less than
" orequal 1o 25nm; anda CDBP of 50-96tc/100g; - B -
- 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;
 7e) acarbon black having an 1,No. of 50-85 mg/g; a primary particle sme of fmm
- 25 greaterthan 20 nm to 25 nm; and a CDBP oflessﬂnan or equal-to 96 ccllOOg,
' _ 8¢) a carbon black having an [;No. of 55-80 mg/g; a primary parhcle size of from
o _ greaterthanzonm to 25 nm; andaCI.’iBP of less than or equal to 96 cc/100g;_
9¢) a carbon blﬁclf 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;
30 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’ _ -



standard conditions of tenperature and pressure 35 and the "Measured Air

Rate", the "Measured Gas Rate" and the "Air-to-bum Gas Ratio" are in-a
set of mutual I y consistent units. WO 97128222 '
PCT/ US97/ 00682 - As used herein, "standard conditions of terrperature
and pressure” refer tg a tenperature of 273 Kelvin ( )Pc_%nd a pressure

of 101.3 kil WOHLEREs _(kPa) when describing air or gas, and,
"standard conditions of tenperature and pressure" refer to a tenperature of
288.6 K and a - peessure of 101.3 kPa when describing oil or feedstock.

5 - The hot comtjrst;a:mbguarsmwgaal;NBJmmamsiﬁrmnyﬁamms&eaeﬁonlO and
11 into zones - 12, 17A, 7B a n "The direction of the flow of
hot combustion geaterthan 200610 45 m Cb@%p&%@%ﬂfﬂﬁ@gthe arrow. Carbon
bl a_ckhyi-fel dijng fEedmqubjbogga&ksafmé%muqﬁdn@nmiwpm&ﬁedK;?z ﬁrdcesshbutarel n zgne
12.. The feedstock_may be introduce e e 15 avi end,
34 or - pr ePEfezab % "'(bﬁ‘i cihg'ﬁ'l'gpg‘f"gf'ff"??f °UB@&|WFS
posrtlonedb: £ ]Ehasowanlthehﬂtumaq,ra&mwmeammbl ld&kso?latgp&ﬁenﬁmﬁﬁﬂhhﬂa&hmgm the
“two. .Suitable for use rein as carhon ieldin car bon :
feedst ocks, whi balowpith g"ﬁ'ﬂf"‘f'}‘?"%m? r#&ﬂtﬂ%‘&ﬁﬁ‘@?%‘g ‘E‘b’r‘fﬂ‘f‘f’%/ of the
reaction, are umawabeﬁ@edbmmabamm as acetylene; olefins su as
mati cs .such as t ol uene and

et hyl ene, prop | ene, butyl.e a en

xyl ene; certain saté 'H é’”r?ﬁ}ﬁ“f)‘?&ﬁ%ﬂ@”“b‘ﬁ‘ff”%%% P'?g'tf"?ﬁfd?’ﬂt?ﬁr bons
such as ker psenoshe #?&Bhtohﬁbﬁ&feﬂtm%ﬁﬁﬁeﬁ&&nodﬁﬁr amh&hedmai‘amged”ammt iC

cycl e stocks_ and,t i ke, nce | nt 32lr ownst r eam

to the beginfi ncd'bo’? 'PH%"%%&‘%"W“B'P“Q““&' ﬁ"e t he

reaction zone mayshhom‘izedm ;Eedhce theicatison biacks oﬁﬂnephmemmpdrﬂsdepxcted irdRigwre | bed

- herein, c_ar bon 'bb?}' ?‘X’P ognﬁar k 30 ct e&é’fﬁ’"“ Iy I nwar d

through penrngs Zone 12 at
~point 32, the reewugblt mgejdsb@uaﬁ)conpuméirﬂas |Ragmmftt 6),9211155,|tmmclosrreo@>yuﬂns of

‘the hot corrbustr%rﬂgg‘so%rrg@g%&e to rapidly deconpose and convert.

the feedstock to tHe No acks of the.present invention.
I'n other of 15he ex®Rwfemirg tolEigure il bhakarben blacks of the bresentihvsutionmiag belpmductdiadst ock,

30, was arttlty WW*%LM‘W t,r,s%t, d%..@rd @t.cﬁnaarast.re%@m direct_ion

-through a plur openi ngs e-en probe 15, the
resul tingjets ernsraingdiamptan it m&twt%ﬂndrr@gtlmmz@ Thetend 9fhepeaction

conbustion gas 2Bt ($30r3 i fadflioh 35He dh Vs ABATBORResOA oI 0 beabio et 0Ck -
to - the car bon acks. The di stance omthe-end of thq‘ﬁﬁrobe 15 to the -
begi nni ng of zdlirmetey.The diametexof hesambustionzope 10, up to the point whererthezaneef t o pr oduce

_the carbon Backsve #hﬁ:.%@?%@éﬁ.@%ﬂt%x &bmuea&roatdnetz as D2ogbuUst i-on-
| evel of the carbon ack '8’5 duction process i-s_pr.eferab y at Jeas} 22%
%

nore 30 pref erdiggefer obzopg | D-3f\sithe diametprnf gons | 39,5 DBy andithe;dipmster o

As referred to ZAfd g, &Mnﬂ:ekdmmmoc&mgon&kﬂel1ba$wmetﬁmva.s&;hetzbﬁhmer al |
conbusti on | evel repres t.s the total tgﬂe t- of oxidant such as air

used in the carBBYsTERERDIE E’s‘“hm“lr‘éi of ShezRne FOUHE™Bt oxi dant
.reqw red for thﬁmwmltgetsehmribuetthelengtﬁometrﬁﬂmtmamurushownasm the

— 25 Iength of the zone, 17A, of restricted dlameter, is shown as MA and the length of the_ T
- zone, 17B, of restricted dxameter, isshownas L-4B. -
To produce the carbon blaoks 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
30 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, :_netnanc. acetylcne, alcohols, or

kerosene. It is generally'preferred, however, to utilize fuels having a high content of



12 WO 97/ 28222 ,

PCT/ US97/ 00682 : of hydrocarbon used in the carbon formng process
to formcarbon dioxide and water The =~ _ -overall conbustion level is
usual |y expressed as a per cent age. - For purposes of convenience,
t he amount of vequired for- the CQ_{Yp| ete . conbu he
carbon bl ack-ﬁ?ﬂﬁ% f eedstock to carbon di oxi de and wat er ?g: re?erred 5
to as the Air-to-burn-GO I-Ratio, and expressed as a ratio of volunmes of

t heoreti cal . oxi dant and carbon bl ack-yi el ding feedstock. The e
quantities of oxicddeon-camtaihingoipepents andkin partiewdar,hydrocarbons. (The tatie etair tornaturble
described in any e
overal | conbustl&%pm%tgﬁgd&gq‘eggter%ﬁ%géﬂg?g%%fﬁgmﬁ“ﬁ’gmam vmf"r'?é’j;h
formul a: 10 Ovelsdit 10anTadacilitate ‘Ee#@Fﬁ"%thOt combustion gases, the oxidant stream may
(Measured Air EQ%’M%QQ ' _ (Measured Gas Rate) x
(Air-to-bum Gas o) (Measured Q| Rate) x
(Air-to-bumQ$ Ratlb)or@topmduwmﬂb'““““*"?”“""’!\)@&%‘!!r@ﬁlpmﬂ Rate" -. =
the vol umetric flo?%ufs?:ﬁnq?]wﬂfofﬁecﬂmglm%&@%lbﬁl ssxs greater than 300% and

t he conbusti on zone © e reactor neasured a
st andard condit i erefecably at leay 55054 LM@carnfmbb'efemdece the carbon blacks of thpresemted Gas

~Rate” - t hejaed d drfmaf;" cOiibiisBbierd] offfScattioh Bm&ﬂctioﬂtpﬁcess is 650-
t'he conbustion zone of the réactor neasured at :
standard conditi &M%f tenperature and pressure. 25 "Measur ed

Gl Rate” P UNgs MAkd® hérkif, thd ,ﬁm,a«.toﬁ.w;nomeben rdphes QR URERhouAt oP oxidant

the reactor neasured at standard conditions of
tenperature and Pichassairused in thg@irshsiage ofomukistaged peoressirplativg tathe theanetical pmeunyr ed

Gas Rate", the "peaihtfuirid forlthd @mplelckBmbuid of the first bBgeyL. e tdi@boh” and _

the "Air- to burn-G | Ratio" are in a set of nmutually consistent units.
The mi xture of cHPHerendPaEK FWW??@?%@W%Q%WB”H&?“WG@’FE HERPEESE

flows . . in terms.of a percentage.

15 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. ' -

20 _The pnmary combnstxon Jevel may be determmed according to the following -
formula: | . : . - T -
'Primary Combustion Level, % = o e
: _ (Measured Air Rate)x100 -
25 . - * (Measured Gas Rate) x (Air-to-burn-Gas Ratio)
where: - - ' ) ' o - -
. “Measured Air Rate”- = the volumetric flow rate of air mtroduced into
- ‘ o - _ " the combustion zone of the reactor measured at
) _ L : standard conditions of temperature and pressure- .
30 SR . 7
“Measured Gas Rate” = - _the volumetric'flow rate of gas introduced into
' e ‘ . the combustion zone of the reactor measured at

standard conditions of temperature and pressure

35 and the “Measured Air Rate”, :he “Measured Gas Rate” and the “Alr-to-bum-Gas Ratio’
- are in a set of mutually cons:stent units, .



downstream t hrough zones 12, 17A, 17B and into zone 18. Quench 40, |ocated
at point 42, 35 injecting quenchlng fluid 50, which in the exanples
described herein was water, is utilized to stop pyrolysis of Lhe
carbon bl ack-vyi el di ng feedstock when the novel carbon bl acks of _ t he
pr esent |nvent| e formed. Point 42 may be determned in ner
known to the" gﬂm%bart for selecting the position of a queﬁ?ﬂxpg? p

pyr ol ysi s. : One nmethod for determ ni.ng-the position of”the :
quench utilized to stop pyrolysis is 40 by deternining the poinf at mhlch'

an accept able t olaygasa herib) “swiidatdedmdition®6f tédﬁ&raﬂ.mvﬁid peessubed i’efer toa temperamre of
13 . WO 97/

PCT/ US97/ 00682. 273 Kefvin (8)jand geressyre 40 'ﬁr"é!% Bateals (KRR wieasescribing g prgps and

Tol uene extract #ﬁm{.-d BoNditioRs ofRiperant abt}'pressnre” reféStongentporbhirelsf 288, PKQﬁ&dur e
D1618-83, "Carbon bl a(éE c%#a ab) es, .Tol Ve g.e Di scol orati on.
In a pref erred oPEBUEALH g8 dsseghing il gr ?“ﬁ?%‘dum ng the carbon bl acks of

the 5 presest inverdeihortombidfion gas sichr flows dawastreaiididaizones 10/ RideNl fath dhes N SUCH
manner as to ensur e resul tant, nomnal residence fine for the

carbon bl ack for%ﬁ{j‘ H@E’H‘B‘?‘Es © fljgeetipn. e(fﬂ’owl ot combustipn-gases j5 Bo 9.9

- seconds aﬂd prefﬁg‘abl yyﬁe%ﬁgaﬁoﬁﬂaﬁwmmmluﬂaﬁpmmm&gdf

time in the reactor e er tinme e or

t he oxi dant tra\/gF‘?’ﬁ ’%ﬁf‘&'ﬁ E”Pﬁ‘ef“f"gég?% 5{‘ '36’ q/’l" an'f‘*é Yoi nt of

I nj ection of carﬂm:lkly &dhﬂyinwhxdlﬂngxgbegﬁﬁhmdfoﬂnﬁmgﬁpsh@dhﬂhﬁaltﬁfzﬁiﬁ@h i f

t he oxi dant re ung ered f th sse occur of
g"’&“%'éc 'Y"Hheatw St te P%‘VV“'EJ%{?% of the

the stages of " t HEPYR Where tne vort r|c
. oxidant is wébearlmdfaummtahdfemmmmhabbmndeempemmms@fmed pressure.

After the mixtur bl ack Id| ng
feedstock is rgm &eﬁwiyd%bg% g%sags agé’%?gvnﬁqsgt rean?"l%n o] :

~any- conventlonalprmbhq. hgylawdarmasathu@emne,wbamnd/ﬂﬂcmbgentlheawapd)on bl acks
AR = 3 fhifled hMoc LR Rikochds Mibhthatonedt Ufpeflas StTeam

is readily acco convent nmeans such as a precipitator,
cycl one sepaidat @ﬁymewmdtmmlesmhkm&pékat ion may be foll owed-by -

pel I etizing using feg gEn]LoTQ Wkﬂe%élmﬁgﬁkg%ﬁ PIA, L}- ust rates a

section of another con |gur at'| a carbon bl ack reactor which may be
_ utiHized to proM@'%dM%MG%S"@WQ%%ShB%%l "F?P&‘E‘m"f'bﬁ%hﬁvas utilized

to produce d&%ﬁm'h&eﬁfc&daebﬁa&ﬁa&nyea&m ﬁﬁassnh rhdially M @RS Set
forth herein. . reactor, 2,7 illustrated ure 2 is substantiatly

i dentical to théPP'@A'&?fPP?“FﬂgﬂB‘I‘F‘QE’éd‘WhﬁWF'F@JPE"2““”‘ 3% eHBing fSer ence - -

nuneral s utibgz eh&uﬁ'nﬁUﬂt@u&rﬁfﬁgnH&Qﬁthbﬂo&BﬂbWﬂﬁ&o %o fapidfyi gure —
1, with the fol l.ow ng exceptiops, 2 vagthergﬁ(f Kr Illustrated in-
Figure 2, the r dSROMPOYs 2adisoBvarn fhe | %’r"%ﬂﬁﬁ“ﬁ Blacks ghthe present igyeption, | 1gC

Zone 18A"i s | ocat edhﬁdﬁeﬁ@ﬁﬂ&a&ﬂpﬁm&meﬁgw&&ck-ﬁem@mmoaﬁsnt to

one 18A and | o 308lenals 2108 Sl boie SRR b i P® 18€ 1

_openings at the end, 34, of probe 15, the resuiting jets penetrating into the exterior regions
_ 25 of the hot combustion gas 'strcam s0 as to rapidly decc;mbose and convert the _feedstock te
| the carbon blacks The distance from the end of the pro'be 15 to the beginning of zone 17A -
- isshownasF-2. o | -

- - In order to produce thc 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%. : Co- |

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

2



to zone 18B. The dianeter of .zone 18A is shown as D 4A; the-dianeter of
zone 18B, as D 4B, and the dianeter of zone 18C, as D-4C. The length
of 'the zone, 18A is shown as L-5A; 30 the length of each of the sections
of zone 18B, in a direction parallel to the hori zontal, are ei t her
-L-5B or L-5C@ag.5m@y in Figure 2. = The pol yner QEUTPESYT68NS  Of
the present |nvent|on conprise a pol yner and a carbon bIack of the
present invention. . - 14
- WD 97/ 28222

PCT/ US97/ 00682 of hydrocarbon used in thrnﬂ’sm @m%mgﬁfe&"" °‘E’H‘?§‘ "b‘?"é‘t‘éﬁ‘% “"F‘Ffv dhti on

provi des pol ymer b{,gﬁggg gmm Exjessed as 2 emgeyrrer and a carbon bl ack
havi ng an I[err]lelo ‘19)ﬁJ n , ?eferabl %94

preferably 85-93 rrg/ g‘ormrmseao%ﬁonmweﬁh?ww gii'ﬂaé"ﬁﬂnq'l‘gé%g'?ﬁ%‘ﬁp'm equal to

20, nm pref.en o|fﬁ§%ar c%em%edh&kl&c&m dﬂoﬂd@ﬂ%ﬁiﬁk&éﬁmdt hese
pol ymer conposi t | ons | nc 5 hé foll ow ng: A pol yner

conposi tion canprd mthag‘\!atormw@ékﬂan@d&xmﬁdﬁa BF'QER‘?'%WfMH‘“' oxidant
I [err]No. of 65- %mgb OhiQdiRy fellRodk. m”ehhﬁilﬁeSSf@:ﬂ‘daﬂtfand&ﬁﬁm‘bﬂaﬂylﬂﬂmgqum
to 20 nm : pol'ymer conposition conprisjing a polyner and a
~ carbon bl ack havfmefmhmaybedeF‘{"@?dr']’RE)"’°BY°“‘FB“9¢1°‘W&?‘§‘"% 'Qg'bl’l mary particle
size of 'l ess than or ngyekil tdhbaSion fvel ky be determih@d acCorBiag {6k foldWiRORIMiIA N
conprising a polymer and a carbon bl ack having an | 2No. of 85-93 no/g
and a primary particle size of Iess t han or equal to 20 nm 4a)
A pol yner conWospt’?fdhc‘?mhmé‘Fbe &~ pol ymer _and a carbon bl ack havi ng an
I[err] No. of 65-95 ng/g and a pri nar@"ﬁ&‘i‘f‘i‘dl@ %198 of I ess than or equal
to 19 nm a7Ap0|yrrer co US|t|on COApri SINg a polyner and a
carbon bl ack having an 15 F‘?‘ ? %’Q‘f:ﬁ% primry partlcle
size of less than or equal to (M 0 H‘G“)" Air-to-burn-Oilgatiod ™ ) y ner .
conpositjion c'dnprl sing a pol ymer and a carbon bl ack having an
I[err] No. of .85-Y /g and a primary partlcle S|ze of less than or equal

tpgl ;gépmconmsi tion WN ! ,,asgect ;))t onratQX I}t' udk ?\“ d??}gaan_
I[err]No. of 100-112 ng/g; and a’ pri nar Fi b:sn"f;%zm? han or
equal to 20 preferably less than or- o Tb" i rmre tall

these pol ymer ¢ 0si t ,J ncl ude d into! b) A
pol ynmer conpg@siti®on %‘ﬁddf g‘sta pol yner:ﬁfaﬁ :%ch ?fﬁzﬁqm mm

I[[err] No. of 100-112 ng/g and a prinmary m& n uﬁﬁs%?teﬁ rgr equal
to 20 ' nm 2b) A pol yner corrp05|t|on conpri si pol ymer and a
carbon bl ack 2’haw NG Rheasuréddil Rake®' ] N0 Of m&m,ﬁﬂumﬂ

particle size of less than or equaL to | r measured at standard'caaditibisldrer
aspect, the present .invention provides’ @p@ GRAsS| tion conprising -
e r

~a polynmer and a carbon bl ack havi ng an of 65 1 12 ng/g,

p_referabl'y 73- 104 ny/ g, nor e preferably 75-99 ny/g; a primary particle
Size of less 4 Q|§ @ b tled AGr A" %"Mmu:eméfﬁkﬁmy‘»{e&%&dmm@ thégual to
19 nm and a. CDBP -l ess than or equal to 102 cc/ 100

to-burn-Gas Ratio™ and the “Axr -to-burn-Oil Ratio™ are in a set %f mumally consistent units.

i} : The mxxturc of carbon black-ylcidmg feedstock and hot combusuon gases flows
- o ' downsneam through zones 12, 17A, 17B and into zone 18. Quench 40, located at point 42,
35 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 method 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



.30 preferably 70-100cc/100g, nore preferably 80-95 cc/100g. In nore

det ai | t hese pol yner -conpositions include the foll ow ng:

15 WO 97/ 28222 - - | |

PC¥/ US97/ 00682 - 1c) A polymer conposition conprising a
pol ymer "and a carbon bl-ack having an I[[err] No. of 65-112 /g, a
primary parti"%‘?@’ﬁ’fe of less than or equal to 20 nm and a TERRS 2

| ess than or equal to 102 cc/100g. - + 2c) A polyner conposition

conprising a polyner and a carbon bl ack having.an -5  I[err]No. of 65-112
my/g, & p/ri Mary glacké bfRheprésert vertioh Bachitved Tehiene epiatt ldvel i) b teasared bg CDBP of
.70-100 cc/100g. - 3C) . r. composition Ccogprising a polyner
and a carbon bl a‘tsﬂ'gm&s‘lpm‘;“'éppakxgecﬂégﬁf rgragtables Yolvene v “particle -

size of | ess thapisedorstigh2!l to 20 nm and a CDBP of 80-95 . cc/100g. 10

LLorr] Mo, of | 66- 115 W Palemsl GBPHiPt S 0p PEHE PG Prodbeizt thedagon bRk o b qual 't 0
19 nm and a §DBreseit invention, tR6calidhoT tidiquétih Bldetenifdddn 6K infid@r as to ensure that ~ 5C)
LLorr]No. of " 5-te e pebiost sehea g [k e W FTiareions e BYWRdtnl ¢ o
19 m; and a CDW35qécoddo 99QedodBasd frofd@bly 1.06 to 8.01 seconBs. )Théngiathat iddidence
CmmeST 1 o0 COML LS B 2B LIEL 00 £t R Rl e LSl Rt
CDBP of 80-95  through @ielr&lid@r to travel from the poiRCf iflection yfitarbo EIRRAGIdihgDBedsRERON | Si NG
o POLYTET anf 2,55 B3 ol PR 2 Qo b LR ol Sl
| ess.than or equmyf ofttie sfa@é of thé &A)2d reactor, and where theBe)umbtrisdlownae ofibgxitandis ON
comi 5 1, 2 Polie i SRR AL R el o oot o Lo
‘of 70-100 cc/|00g, - &Ber the mix@Bre)of Kot parhbustizm gesespuisatbowoblack gindingsfeaigtoek ol yer
ol ze of 1 ess. thaFeoeiea Sl kg b bt ue el door el BBpoggE ' €1 ©
10c) A pol ymsr ewemsedertbyahe aoopblads ag recoyeoddy Terscparatiomofgiardathon bieckdforhavi ng
St o' b5 o s e o Bl 5 e 10 O
: cyclone separator or bag filter. This separation may be followed by pelletizing using, for - ;
example, a wet pelletizer, - - ) '
— ' —Figare 2 illustrates a section of another configuration of a carbon black reactor which
20 may be utilized to produce carbon blacks of the pLeseht_ invention and was utilized to
" produce certain of_thg 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 samé manner as in Figure
1, with the following exceptions. -
25— Inthereactoriliustiated in Figure 2, the react_lpn zone further conipri_ées zones 18A,
| 18B and 18C. Zone 18A is located adjacent to zone 17B. Zone 18B is located adjaceni’ 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;
/30 the length of each of the sections of zone 18B, in a direction paraile! to the horizontal, are
cither L-5B or L-5C as shown in Figure 2. | |
Tl;e polymer corhpositions of thé present invention comprise a polymer anda carbon

~ black of the present invention. =

I7e



11c) A pol yner conposition conprising a polyner and a carbon bl ack havi ng
an I[err]No. of 73-104 ng/g; a primry partlcle size of less than or
equal to 19 nm and a CDBP - of 70-100 cc/100g. WO 97/ 28222

PCT/ US97/ 00682 - 12¢) A pol ymer conposition conprising a

pol yner and aweoen78a22bl ack havi ng I [err] No. of 73-104 ngrryswm. mary
particle size of less than or equal to 19 nm and a CDBP of 80--

cc/ 100g. - ' 130) A pol ymar conposi tion conprising a polyner and a
carbon bl ack having afue ipbne 2 rtil. rﬁinerﬁng%%oﬁﬂés%lyﬁeﬂth@s’iﬁ&npﬁ*ﬂphﬁh

"size of less than or equa to | ess than or ‘equal
to-102 cc/ 100g. apolymerandacarm:t)lach tpwngﬂﬂuN%eﬁ%o%ﬁm%ﬂmmrﬁs%ﬁgﬂ&mtﬁ ymer
and a carbon bl ac.‘*;e *Eﬂ ,anda#n[l |e92co?ﬁs§9anmgéﬂalt@2@ﬁdlnar

ess an

particle size of equa nm and 70-100
cc/100g. 10 préferably hsaabﬁnmequaldeh%w !qwewbmupﬁ'gmaf %P‘}‘PFE’PS inpludey
carbon bl ack hs’*V':ﬁLQfol}\Jvﬁ{ ]No of 75-99 ng/g a primary particle size
of less than or equal to 20 nm and a CDBP of 80-95 cc/ 100g. .

'16¢) ‘A pol yner conpoda)t4 eelymenepmpasitiay camppisipg hialymss ands caxkpmblarkp haying apavi ng
‘an I [ err] Nogagf gyg, ,qmg.;, ss than or

equal to 19 nm an Of@-gg% 92 egism{l%%%%girekﬁgﬁgﬂﬁtg%ozhﬁcllow

17¢c) A pol ynmer conpo%#>t49?¥%8ﬂﬁﬁ?°§$‘ﬂ'g°°&mﬂ8!‘%ﬂmw 4 carherRlack havinganhayi ng

an - I [ err] Nognef fﬁ?@&ﬂ%a ﬁna;yw&w zQ%HeésQﬂnﬂo? n&io.hﬁ»‘ss than or
equal to 19 nm and %1 P 100 s(!:c /10 beel éc) A pol yner

- conposi tion ckhprisit® %W?WWH@%WWMK“HM@QW“@G of

75-99 ny/g; a prlzﬁar&'sﬂ%hb&'aﬁ‘dﬂ»rﬁﬁrﬁimﬁcﬁﬁs&gbﬁ@dﬂtﬁhoﬁ‘&ﬂﬂkomg nm and a
CDBP .of 80-95 c/1 00g. ILn still anqgther aspect, the-
present invention pr‘W ARAlYmEE GomRG PSR ROMETRRBAPPlYmSTAnd a carbon black havingan o

pol ymer and a car,hemfbi-asiag@awdmmﬁwaharersizueneseihaﬁ@rezmtw@gm@nd a primry
particle size of Iess than or equal to 25 nm Preferabl é tbF he, carbon bl ack

has an I[err] No. of>35%\Polmer gompoyition compyjsife apolymerand o agkbaving s of from
greater than B0 BNe.bd7264 :aggaﬂnﬁmra@ﬁaicﬁlsizeonessthaﬁheqaxmbymieind

conposi tions include r co osition.
coripri sing a pol yrer. g%&"ﬁé?%@%“ﬁﬁ?”ﬁ%l‘ﬁﬁlyﬂﬁ%da %Eﬁ] 50-70°
nmg/ g and a. pri makyo. pﬁki-ﬂ)hg’gmdz&rmfandpamlcfshaﬁﬂssﬂ\eﬁ]mhudmlEﬁmﬂm -

2d) A polymer conpo n_ c N YIer and o aying an
30 I[err] No. -of 505‘?6“9"‘7“3‘”?1 é"‘ﬁg' P‘Fa"g@° piPYidedd polfmer b o?‘g%"lrgJémm Fis %/

than 20 nmto 25amiurmerandacarbonbladkdl)avmgpol,ymflwdﬁgow{gtandnpumwprpmsmngza

pol ymer_and ay, Caﬁﬁ&?m%@%hua*ﬂ?o":ﬂo% $¢erabl lés{ﬁ%{&'f\@m 816 Bn: ﬁﬁn&%&n%@u

prlmary particle size of Tess thah or e
polymer compositions inclide the followmg'

1b) A polymer composmon compnsmg a polymer and a carbon black havmg an  _ -
I:No. of 100-112 mp/g anda pnmary particle size of less than or equal to 20 nm.
2b) A polymer composition compnsmg a polymer and a carbon black having an _
25 I:No. 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 _
" apolymeranda carbon black having an l;No of 65-112 mglg. preferably 73-104 mg/g,
more preferably 75-99 mg/g, a pmnary pamcle sxze 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 cc/100g,
30 prefer_ably 70-100 cc/100g, more preferably 80-95 cc/100g. In more detail, these polymer

-compositions include the following:
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PCT/ US97/ 00682 4d) A pol yner conposition conprising a
_polymer and a carbon bl ack havi ng an | 2No. of .55-65 ng/g and a
primary particle size of f£rom greater than 26- nmto 25nm In
further aspeg present invention provides new polyner %
conprising a po?é/gr%gzr and -a carbon bl ack having an I[err] No. Z‘"@‘?m/g
a primary- particle 5 Size of Ies__s than or equal to 25 nm and a CDBP of
| ess than or equal to 96 £c/l 00g. Preferably, the carbon black has an
I[err] No. of 55-80 rtg)hgporqu_nmmmmo:pammnhgamhmeruiddmbmblackhawgz&.ater t han

20.nmto 25 nm 4an P of 50-96 cc/l Mor e rabl -
car bon bl ac_k_hasjgg\%"’lo SéﬁFf" ’P’B?“%Ef”%‘ 5. ?ggsthprl Q{w%aﬂ’ %¥§C§B§8f of
from greater t hdessihan or equal tod2 tadl 0B N and/ or a CDBP of 50-96 cc/100g. In

nore detail, these I r 10 ositi.ons. inclu t

le) A pol ymer corrpogﬁgt‘rg‘ﬁm& FP;S'?%F%&S‘%%’P §T§?'btgﬁk§fvé&"haw ng an
I[err] No. of £0i1f%. mﬂsglzﬁg/@ra;mifayypawtelsczleefbsszmofeqhﬂm;zathaﬁndICBHBlaﬂ to
25nm and a CDBP 3&0 l.ess than or equal to 96 cc/l00g. 2e) A
pol ymer conposi ' %‘r%?’l sing a polyner and a carbon bl ack having an 15 :

I[err] No. of 55-80 m/mlmwmmﬁgonpmnpmdﬂgapelymmﬂah&mblalnlalmvmglmual to
25nm and a CDBR,

pol ymer conposi ??‘ﬁ? c%’ﬁ‘p é”’" 35%%9%9;%&2&ggto%%%gg@&(:%&ﬂfﬁ&%n 3e) A

|[err] No. of 60e&dB0gy/ g; a prlmary particle size of |ess than or equal to

25nm- ‘and a P of 4.e) A
pol ymer conp'tq);sDFtlon 3Arﬁgl sf?]”é'b%ﬁ%gynﬁ&ﬁgng%&%% éaB'TQ’ a'\‘;'ln an

I'[ err] No. of 50- BNo.sofb%]12:meig; |amamyrypatl¢leskeofshsz$amdrematb !thnmdlacaﬂradf to
25nm and a 00g. . : 5e) A pol yner. conposition
conprising a-po ?ﬁﬂe?oaﬁﬁgozg o(r)#gbl ack havi ng an - I'2No. of 55-80 ny/g;
a primary particle %) Agolymer composition Frmprising & pélymes abararbop hldckhadingin of 25

50- 96 cc/ 1009.  1,No. of 65-112 mg b phim pm& SRAUTRRS i @ BB bl i » DR oY T
and a carbon bl azteﬁ ohaV| ngmgér? P&ty rTNo of 60- 7% o a p?l r?%?;?“
particle siz¥ of0-}108¢¢/1848an or equal to 25nm and-a CDBP of- 50-96 cc/100g.
7e) A pol ymer conp%gxlpaommaaﬁasﬁwgo@nm%y%am@ca&aabmm.agignb%w ng an
30 I[err] No. of 50-8 Ig; aprlrrary i cl'e size of fromgreater than 20
nm to 25 nm an@P-Hms/s,ammwe#m%%@o{ &ﬁhﬁ'ﬂréﬂ'ﬂb‘?‘?@“-%dtgp

cc/100g. i

a

_ 7c} A polymer composmon comprising a polymer and a carbon black having an
_ - 20 I;Norof 73- 104 mg/g;a pﬁmary partlcle size of less than or equal to 20 nm; and a CDBP
~ of less than or equal to 102 e/ 100g. ) )

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 T0-100ecs100g. | | o
.. 25 9%c) A pdlymer composiﬁbn comprising a poly-mer and a carbon black having J,No. of
. 73-104 mg/g; a pnmary pamnle size of Jess than or equal to 20 nm; and a CDBP of 80-95
- ce/100g, ' . o ]
10c) A polymer composition comprising a polymer and a carbon 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
30 of less than or-equal 1o 102 cc/100g. | B
1) A polymer composition comprising a polymer and a carbon 'b.lack'havih'g an
I:No. of 73-104 mg/g; a ;ri_mary particle size of less than or'equal to 19 nin: and a CDBP
-of 70-100 cc/100g. :
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PCT/ US97/ 00682 - 8e) A polyner conposition corrprl sing a

pol ynmer and a carbon bl ack havi ng an _ -12No. of 55-80 ny/g; a

primary particle size of fromgreater than-20 nmto 25 nm and a '

CDBP of '| ess’ (pangiz equal to 96 cc/100g. = - 9e}cﬁusmmpmr

conposition ‘conprising a polyner and a carbon bl ack havi ng an

I[err]No. of 60-78 ng/g; a primary particle” S|ze of fromgreater than 20 nm

to 25 nm and a CDBP of |ess than-=or c/l

10e) A pol ymer conpodPeifRPREHEATROSIHEN COmBHASIRE ARO H"gaéﬁgﬂbﬁ h%t"d‘%lﬁa‘?n ng
| [ er r dfNB-100nghPa SimarPpaticlosideof REBilthanfpREdukiab €9 frh:Zand SEDBP 6£30-

greater than 20 amtQ 25 nm and a - CDBP of 50-96 cc/100g. 10

11e) A pol ymer co?ﬁfﬁ@?‘tgr on conprising a polynmer and a carbon bl ack having

_an. - I [err]No. l3é)fA &Wrm;ﬂsma. daﬁ.pmrgw poRiriet 4hid @ carbonebik hivirgangr eat er
than 20 nmto 25 mm 6 cc/l

12e) A pol yner 5cdrh'fbgﬂsr%ﬂ‘g&ﬁﬁﬁmg?ﬂﬂ“%{eﬂfﬁ%f?Féﬁ"g%l’rfﬂe%t"@agBBﬂ"H’f’agpaﬁzﬁl ng
) I [err] No. le@ﬁmﬁ&eﬁ&ltmbﬂcclmoefl mary particle size of fromgreater .
than 20 nmto 25 mm .and a CDBP of 50-96 cc/ 10

Al though any anmount (5?")@61’!"}3%‘19@8%{“"@%“?“3@P?‘H”&'cﬂﬁ?éﬁ'é%ﬁ'*ﬁ@ﬁ&éﬂ end
use may RNOL6 75192 @fi/g; Dprichady Pedlidledide of REERMIoF eqdBio DO nih;la@d HCDBRBF
‘invention, -gener&lléI ﬂ unts of the . carbon black ranging from
about 0.5 to abod® ts by weight can be used for each 100 20
parts by weighd of pDic)’)ﬂpblymbﬂcohﬁos:thﬁwmfsmg p pelinfiériafidla éaﬁ,ousnclﬁmaiuglbﬂo

1 b h bl ack
por 100 parts by SHETSIREA PHBRY REPSR Rt of e b siyatt ol s SpeF FEBERS "t N

utilization of fredmogbout 0.5 to about 80 parts by wei ght of - carbon-

bl ack per 100 parts . ;

conpositions may |i ncrﬁzhgew'?'ﬁ%rrcomc%dog %fom@ﬁ'?a'f'g %@é’(’?‘.’&"e‘_'s’ aueh pﬁckq'gv'xﬁf' 25
agent s, “processi hiyoadd5-69 mg/g; 2 Aripaincesiclscize of ks tha oogba tealdoms pndm%iwwfs

ant i oxi dants d As used herein "polyner"”
I ncl udes nat ufgr ets e?rrgqua“o I‘%Zh ’3?9? rubbers,  el-astoners, S
pl ast oners, and/or b17eh‘tlsolmermmmerscanwGs-mPolmma@srbgﬁbl'mklhyvmsm
suitable for usepip drie piiRle sROTRAS i 6 EJud? | rghﬁl-tmmp £
invention are incl uo?e ”myﬁeaprl sting s?et ?@rth ag'rc}\?e ¢ ?1

‘pol yner. corrposMi’QJH@ce’fw%he present invention nmay be produced by any manner

known in the art formemparﬁhagomswwo&pamg Diiriet oA BrbEP HRR ARSI No.

- 19

20 of75-99 mglg, a prlmary particle size of less than or cqual-to 19 nm; and a CDBP of 80-95°
" ce/l00g. o : . . S
~* Instill another aspect, the present invention prowdes 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-
25 65 mg/g and/or a primary particie size of from greater than 20 nm to 25 nm. Inmore detail, - -
these polymer compositions include the followmg L '
1d) A polymer composition compnsmg a polymer and a carbon black havmg an
 LNo. of 50-70mg/g aid 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
30 LNo. of 50-70 mg_/g and a pnmary particle size of from greater than 20 nm 10 25 nm.
- 3d) A polymer composition comprieing 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.



WD 97/ 28222 : _ _
PCT/ US97/ 00682 : The followi ng testing procedures were used in

the determ nation and eval uati on of . the analytical properties of the
carbon bl acks of the present invention, and the properties of - the
pol yner. conpggd §4£88s i ncorporating the carbon blLacks of the ppiRESAses2

I nvention. . The CTAB (cetyl trinmethyl amoni um brom de -
adsorption area) of the carbon blacks was determ-ned according to ASTM
Test” Procedure D37%65- 85. : The I[err] No. was determ ned-

according to ASTM TédiA PRy chmpesiBXG:bBprising a polymer and a FarborThlagk havirigwe = (" Ti nt ")

orth in ASTI ChBEoor 558 mb il [ty BGR HiaVfbd s dun o0t BREE LT '

“val ue) of the car bolmafushekaspest, ithetpresens irvérgion providesmiw pelymercomptisitignst 0 ASTM :

Test Procedure D241A4. ' Egm . ( ' A 2\ e
absor ption val u%‘)’"”(’)"fs g hE° ’E‘ﬁ?’%%‘%‘l’%@?’ pe e‘é’& g&gﬁ@%ﬁ%ﬂg@;ﬁﬂ%@}@%@m di ng
to the procedur sizesafiess thar ¢r egual 103F RmDBYQLDRP of less than or equal to Thes/100¢.uene

~extract level o CAb BOSbn RIS a deterei L], 2 n Roy -
Spectronic 20 S%@%F?B’bﬁ%t Om?ﬁﬁ@%ﬁv&ﬁﬁgg @&’W{#\i hoy,%%hé@t er, New
York 15 accor dgresterithan Z0¥un|tq 25un; prdjeraiDRP q556-98cc/100g. More preferablpibe part i cl e
size of the car ] acecar.di : set
Forth i n AST CADTE DB ui e’ L78 i 1 Biply Skl R drREmRLAGARI B, -2

" carbon bl acks viee to 25am; padiosa §DBP §HPQ96 cc/100g, 1a mersdetal, drese rolymer okes di anet er
~of the carbqp RloppsiRAdinerldd Rsodwihgie respective carbon 20 black sanples
versus the relative frequency of their occurrence in that sanple, as shown
in Fi gure 3. Aehh pelymerspmpasition epmpgising #golyanes preka carbap plackhaving 4m e
aggregat es of tii\o. 6£$00 mg/g; s pﬁﬂh?%i@l@gi'ﬂiﬁlé&@&%e&d&ﬁm@ﬁnﬁ,%d@dﬁﬁ@ﬂency of
their occurrence i.n a given sanB e. For Examples 1 through 14
and for Exanpl d%s %80 prrapirese/1%8he data used to generate the '

r21i'st"o'g.r a][n wer e dell; ey ﬁaﬁnbyoﬁg}bﬁggsam@f;siﬁg z]fipcﬁylm ,aﬁﬁ@ta(rjchxi:ugﬂ' ack iavingdh t he ghe

5 manufact ureq; ce Loehi ..Ltd. qf Tyne an r.- uUni | ngdom

The fol | ow ﬁg ﬂ"’- X‘pﬁig"x’é‘é?éﬁ'é Pimary P‘HB%JF f’%@ﬂﬁ‘%%"b?’ °?%h‘\é§3%éﬁ‘{]?‘ésg%§:ri bed

i n the instructesethaiddbqad] tod6 ctA@lg. _ Joyce Loebl disk centrifuge file

reference DCF 4. 008 published on .Februar.
L

. 1..1985. thg t eachi ngs of '
whi ch--are hereby i ?@%‘"‘f?&"/‘t’?f‘e?g\p'é'sﬁﬁ%fwgﬁ" {8 crlon plack haylge 88 i i-ng t he

data. = 30 " T,Nbhef 60r 18w erimzry patiélobikeontdess hgror egpal ta2frin; gda€DBRSf a

carbon bl ack s ;{\?a ghed in-a weighing vessel, then added to~
50 cc of a sol ﬁ%%ﬁﬂ%ggbso ﬁte_ ethanol =~ = and 90% distilled water
“whi ch includes 0. 09ehARNIMBEForrposidonseemptisinganohnNOpidpEarben black havingp® s a4 —

registered traqQupLisolsimd; 3 Wihas patilie SBIUHIRCHM Gdqald 25 dndwcSBEM  —
Chem cal Co.). e . o - - . 20
_ - 50-96 cc/100g. ' ' C _ : . ' '
Se) A polymer composi_tion comprising a pdlyme'r and a carbon blz_mk having an
- T  INo. of 55-80 mg/g;, a primary particle size of less than or equal to 25pm; and a CDBP of

25 50-96cc/100g.” | - - _
_ ~ 6¢) A polymer composition comprising a polymer and a carbon black having an
- I:No. of 60-78 myE; a prir_nary.panicle siz§ of less than 61' equal to 25nm; and a CDBP of
. _ s09ceniOOg. . T T |
Te)A poiymer composition comprising a polymer and a carbon black having an
30 I,No. of 50-85 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. : -

T . -



WD 97/ 28222 - D ]

PCT/ USQ7/ 00682 - The resulting suspension is dispersed by
means of ul trasonic energy for 15 mnutes using Soni fi er Model
No. W 385, manufactured and sold by Heat Systens U trasonics Inc.

Fanni ngdal e, Rgyb4abds- _ Prior to.the disk ce.@trmsi.mrun
the followi ng data are entered- into the conput er " 5 which records
the data fromthe disk centrifuge: : 1. -The specific. -
gravity of carbon black, taken as 1.86-g/cc; : 2. The

vol une of the sol ut|ose)Afpobhcmmp@ﬂmMMIMawmﬂeddawb»nbbbkjwmgmf wat-er
and et hanol ,. whi C f%\#} %ﬁﬁ@ﬂaﬁxc&s&gﬁm% rthan?Onm{oZSnm,ax?’da The

vol une of spln fld I nstance 1S CcC'0 10
4. The viscosity GDBPhﬁesplamoﬁdqmlcb%an@Ox in this instance is taken as

degroce G oo se)Avolypirtuitheliod Safibihg LB sREF AR skl o T

. instance is 0. 9975Ng/oﬁ@-mmﬂ3a@egwemclesxzcoffromgr@rerﬂmﬂonmt025mn.anda 6. The
di sk speed, whi Chcb%&ﬂ%éﬂw eﬁ&?x‘%ds 0 rpm 15 7. The dafa .

sanpling interval hi's Instance€ is .1 second. The di sk
centrifuge is oper at d@e)a pahd@Ocompositidn compriding aolysisnand 8 purbincblash bavarigiang. Ten

pin f1uid, The CENBPHE i pindd Bupit 62l dthoniidet B SR 2P nfludf 1 1

sol ution of 10% Mﬁﬁ&%%’d’ﬁbl and 90% d| stilled water is injected as
a buffer 1iquigl. The gyl RRthePRRAPbsiti chmprs prI%erg;h tbiakltmﬁﬁ%e then

operated to 20 produce sm)oth concentratlon tvveen tne Spl n
fluid and the buflmofsﬁtfemlemmmarypmclesrzeofﬁ@ngeerartbmmw@%ﬁmma
-visually. ‘Wen t oo 6o-98dcs1i06£ 0Mes snmooth such that there is no -

di stingui shabl e boundarx between the two fluids, 0.5 cc of the dispersed
carbon bl ack in polymeri Fampesition FOPRSIsing 8 PRIYesInd acarbep Blaskhyvingeny t he

spinning di sk ant,N3af&0I8 migRe4 pritkhry Sartfcleize Offrom greater than 20 nWHSH b @hd/a 1 .

stream ng occurs orted. The disk is spun for 20 m nutes
25 follow ng'st hgbgﬁj ég(}'?‘{ﬁ‘i”@é) t he dispersed carbon black in aqueous

et hanol sol uti on. . Following the 20 minutes of spinning, the disk
B SLOBPEG, e LSOt Bl B oo s iR B TS
of the run and t- henﬂnmnﬂnboimer@&mpdsmomf thefpresentlinvention, gedmny, atnbwntsafecheof t he
ok emtr T e cara sk bl A5, SR Sloclliod by Ul L 1 BrLeRl 00
St okes equat i29n pamd bnwag\nméMedlt isshowgver peeférced taoyse mgowsfvmm fromabout
Cor o) ack 205 g el bﬁwd&z’k@%&%@z@ﬁ@&mﬁay& e
‘¢coal es ced part | Cq:sggpially preferred is the utilization of from about 0.5 to about 80 parts by weight of
21 - carbon black per 100 parts by weight ofpolymer :
_ B "The polymer composmons may inciude other conventional additives such as cunng
o _ = 25 agents, pn_:cessmg additives, hydroeafbon oils, aocelerato_rs, coagents, antioxidants and the - _ |
 like. - - ' ' |
- As used herem polymer” mcludes natural rubbers, synthct:c rubbers, elastomets,
plastomers, and/or blends or mixtures thereof. Examplcs of polymers suitable for use ir in the i
' polymu 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 fbr._ combining polymers and particulate components.
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WD 97/ 28222 _ ' '
PCT/ US97/ 00682 St okes dianeter - the diraneter of a sphere

whi ch sedinents in a viscous nediumin a centrifugal or gravitational
fi-el d according to the Stokes -equation. A non-spherical object, such
as a carbon bl ack aggregate, may al so be-represented in tergg c]t,da&ZStokes_
di anet er wo I s considered as behavi ng as a snoot h, r| gl d sphere of
- the sanme density, and rate of 5 - sedinentation as the Obj ect. The
customary units for expressing Stokes diameter are nanonet ers.

Mode (‘Bnode for reponhlmg,wmmceduﬁsherﬁlsakmshecdeummmmd cvileationpfit  of

t he peak ( Poi n A of Fi, for -
St okes di anet er . theana Y‘““l %@&ﬁ‘&ﬁ”&“&i’ég enr‘ﬂ'ya{"dé’%éhggm 6%t§’|fng :
pur poses) the poing ol?zﬂertcbﬂp&iﬂ‘aﬁsnn&bbﬁomngthacarhmrblaeksafﬂnsmammnvhnamet er where

50% by wei ght oftes I S eit Iar rors IIer tHof
Fi gure.3 herein). ItTII‘= té"“r"@ﬁ‘FQ HPHRR| ue>0f (e

determ nations blacksAaﬂ%&nﬁﬁhﬂcbdmhgmmS&'MTmmaﬂﬁambon bl ack aggregat e

may al so be present te of ISQ‘KF‘? it is
consi dered as behavFﬂ’G ’§§° %Wﬂwm% RARere o’ﬂ'é% Jn?blilt) density

and rate of sedi rrentmnﬁtvalae(“mm"mammnbbadswbglmmed_&coxdmgtoAmso - The

wi dt h of the plot of the ution, measured at the hal f-maxi mum
poi nt of the mm&“ @?&#‘g of the breadth of the aggregate size
Io:h stri bgt i onI meW(diwtﬂlphdmadabmudnerafuo)dfdw:ccalg?:nlﬁﬁkeeﬂets,&@sshown in
igure 3, a of the histogramin a
~direction par d@E"P'B’f x%s 0 g end| ng at the X axis at ~ point

- C.of the hi stogr am TlihéDBP(hwhddllﬁtxbbhthmmyfma'm}quﬁecmné’lﬂbpékm ned
and a line G 20 ﬁggwmﬁ&gmg%%tg&%gggl{%IEAg-h@rmqh ggprallel to the X

axis. Line Gi nters ut1 on curve of the hi sto?ram at two
points D and E. The Tabwiicnr extractlevel ofthe eanhon biacks was Aqermined wtilizing 2 Milten Rve s

di ameters of th%&@h@g@%ﬁ@&g@&@@%@%mt& Aoy Atdndstet, Neiw York AD50

val ue. rough 25,7 a disk centrifuge

manuf act ur ed by aBroeditg ta WSAMEest Propad Model  Bl.- DCP (manuf act ured by
Brookhaven | nstrunerye dsize o?é@cﬂdd%lacks wasE’aérﬁﬁneReﬁdnde@& 6 protedere sdilY
11742, USA), was used enerate the hi st ogr ans descri bed Earlier.

The fol | owi ng prf L'ﬁséM/ﬁ%s.“?rg d. __Ten ng (nilligrams) of a -
carbon bl ack sanpl emﬁcﬁe,wmgdsom@smu@hmbxmseémdetemmemmaadded to 25
cc of a solution of 10% absal ute et hano 90% distil sge/a:t I udes

30 0.025% NENI Dstosmuef '!&ﬁ‘?ka%‘l'%l?ﬂ‘"eﬁm bﬁ‘b getegates of e fenar k
for a . - sgpf aq&caa&nﬁmn&&@@lteuﬂadreﬁa@esglodmbiyo&hehicc ishieansanwple, &sht)wn i®he

it o6 S mor SRR of Mgk BT B¢ slke TR SutfeepRAL e RABRDY DY 1O
Heat Systens U tmanwmeksasmc refativentreqgeay ef theliincurisnde. in a given sample.
I%éT/ Us97/ 00\(?!8)297/ 28%‘%:2Emmples 1 through l4and for Examples 26 through 33, the data used to

generate the hxstogram were determined by the use of athsk centrifuge such as the one

25 manufactured by .loyce Loebl 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 rgf;rence_DCF 4.008 published on i_’eb:l_mry 1, 1985, the _
teachings of which are hereby incorporated by reference, and was used in determining the '
data. S | I
30 | The'procedufe is as 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% distilied water which includes 0.05% NONIDET P-40 surfactant (NONIDETP-.  _
40 s a registered trademark for a surfactant manufactared and sold by Shell Chemical Co.). “‘
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Prior to the disk centrifuge run the following data are entered into the
conput er whi-ch records the data fromthe disk centrifuge:

1._ The specific gravity of carbon black, taken as 1.86 g/cc;

2._The volume of the solution of the carbon black dispersed in a solution
of_. wat er 5§ 9 nol, which in this instance is 0.2 ccC. ;pcT/us9e700682
3._The volune of "spin fluid, which in this instance is 10 cc of water,

4.7 The viscosity of the spin fluid, which in this instance is taken as
0.933 centi poi se (9.33 x 10[err] Pascal -seconds (Pa-s)) at23 degrees
G- Srhe Fagitifesuspehsionds dispeesediy meahd ofintirasasiiv epérgy for 1Y miputeswsingnce i s

0. 998 .g/cc at 23 degrees G ._The di spge ich.ip this

i nstance is 40005°P’;§%TM °l§°"€'985’m_"7’.fa ’agﬁiééyg“n%??yﬁ‘g‘“us n!’[er\gg%?mihhi ch in

“this instance i sraimingdaR(Wew York. || di sk centrifuge is operated at 4000 r.n

- while the stroboscope is operating. Te of .25 [ stilled
wat er and sucrose S%F’ﬂ'i'f’gﬁl,%" pe H"%‘S%ﬁ’ﬁ??‘é‘ﬁé‘%_e?‘coné‘ﬁ'}%ﬁ%‘gﬂ cc and

the sucrose sel Uiliidhiecbrds the deta from mhjeatisk eehtiifageo t he spi nning di sk as the 'spin _

fluid. Theturbidit | evel is set t ; ..and f the solution of 10% -

absol ute et hanol ané' égﬁffﬁﬁ“gﬁﬁ’?vf%afs%%?'”ﬁ‘s"%””}fﬁﬁ'é‘gt ed as a buffer

liquid. The cut and2bTmsiolunisiof the solutfoniohthe chirtsin biackidispefserio a avlation o€ water

operated to produge. a th concentratd gn gradi ent between the spin fluid .

and the buf fer ‘"‘f“h'f“f’[z{ﬂ‘l%“gﬁaswﬁxencﬁfs?tﬁ%nt is nonitored visually. Wen the

gr adi ent beconmes snDO! Thesusinimeofispin fluid, which érthis instance i 03t ofmasrshabl e boundary -

bet ween the fluids, -0. 2.cc: H;ﬁ ' . eTp! ,af?' | queous

et hanol sol qun isﬂﬁ‘evc': eﬁ%@%ﬂ’ e'@ﬁ%ﬁf"ﬁﬁgdﬂ s&&'an d?{@%gﬁtﬁ?‘?on I-s

started i medi aif®33x 10 Paschksecomids(Pa-s)} a3 degréee Ct un i s aborted. The disk is

~ spun for such a_ bl | R 009995 FJEL £83 MereeESPONSE
to return to the bag'er‘%%&sp%?{%%\%pﬁg]uﬁghﬁhm%?ﬁjg%{:tison ofgt he di Spersed

- carbon bl ack i nCaqueous ethanol solution. Following-the tine . . period of

spinning, the disk ﬁ.ﬁ%ﬁ&ﬁ%ﬂﬂﬁaﬁ:ﬁﬁﬂﬁm&w@wmh.e spin floid is
measured with 25 - the built-i n-tenperatprgdf_rpbe,_ and the average of the o
tenperature & the %pThe date gampling intervah hich Bdhiz ipstpnfe )%t ng of the run and
the tenper at ur e Tf gili@niRigis bherissh ABORAUE dhild thé idboscope istpétatitl. Toccloin is
entered into the conputer which records the da%a fr{)tﬁﬁ trﬁe- i.sk centrifuge.
The measur enent $istlfed 3isnire ipiectod ingashs spinning disk 2y the Pl %Q‘ﬂ(@_ ﬁ’ée‘-'ﬁg'_f?%rrred
on . | pol 'ynfrmmnsactoksxe&é@roeaﬁrmablwmb iAo nE 90% dtilled avarpis hmte.:alaagk -
sanmples imto l'ine 0w 30 -densjty polye .ene (LLDPE) at a 35% | oadi ng
by mass of car bbh‘%ﬂ'g@i{d'iﬁ”fﬁé“w&ﬁ%mz&tm% “'ﬁ_m{" éeﬁihﬁ"n‘é'??teg_g%ept wher e
a di fferent jgoaghotge@bmosik ioncentrhtiv gradientbprwedn thespinforidand the buffer liquid die
~follow ng-procequre was used to. ptepgre the-mxture_ of I ¥ nd
polymer  halie§gdisntismeniigeg i"ﬁg‘mﬁy%ﬁé" Bw%%m%sfngg s‘lg:ﬁ Q}aﬁé‘%ﬁx %ur-e.
This pr ocedur € Jistinghishable boundary between the two fluids, 0.5 cc of the dispersed carbon black in -~
23 ' Vo gqﬂegu%ze%mz ol 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 minutes
25 following the _injection of the dispersed carbon biack in aqueous ethanol sqlution. N
 Following the 20 minutes of spinning, the disk is stopped, the temperature of the spin fluid
is measured, and the average of the temperanire of the spin fluid measured at the beginning

PCT/ US97/ 00682

_ of the run and the temperature of the spin fluid measured at the end of the run is entered -
T - into the computer which records the data from the disk centrifuge. The data are analyzed
- 30 according to the standard Stokes equation and are presented using the following ﬂeﬁnitions:
| Carbon black aggr;gate -a disérete, rigid colioiddl entity that is the smallest
 dispersible unit; it is composed of extensively coalesced particles;



fol | oned when | oadings different from 35% by nmass of carbon bl ack were

needed, except that the relative proportions of carbon black and
polymer were nodified-to the levels needed to yield the desired -
| oadi ng of carbon blaek in the mixture. - : Bot h 420.7 grans carbon

bl ack and 781.4 grans=linear |ow density polyethylene 5 (LLDPE _

i dentified aVOEWE#10 for carbon bl acks from Exanpl es 1 t hRSAgIS¥06%d
GRSN7510 for carbon: bI’acks from Exanpl'es 26 through 33 were charged into a-
Farrel | abor at ory  Banbury mi xer having a mixing chanber with a vol ume
of 1100 cubic SfoRd3 diafiRice ! 1he dxmwi&haGWEh badinfene imdelscoiRhbiRhin
pol.yet hyl ene are manufactured, %&g_ 1d g. g}/ Uni on, Carbide, The initial
tenperature of tKEATHPEA! ARErLFEpngtic éﬁ‘ﬁ[ﬂ'“gl'? tokes.equatio, Aflon=spbericaloblestyj ng

was performed fokuch asi cirtion Black dagrefitd, &ﬁyﬂ@oﬁe&éﬁébﬂa&e&h&ﬂsﬁ%&&&k@ﬁdxﬂﬂéﬁr 45
seconds at 116 rpm. and the remaj nder of the time at, 155 rpm

Fol | owi ng ni xi ngifit 'swns'éﬂ'édﬂirbﬁ'ﬂﬁ’&%?%e‘éﬂ'w PWB'%B‘P"I“%PTI at
180[ err] F ( 355 Kiedintnfigichl & tie'objeétD TR SoMdry units fortdiprﬁkmﬁ SRRésdiambldEars NeECL S

were then cut into str-ps and run through a dicer converting them into

cubes of 3/8 |ncﬁ’“(’@°'%95 m per side. The product was screened to ensure
that only 15 un|form&(amwowpo@bﬁspsadsﬂmd&uia&eﬂmrpbmimﬁdﬁw: _
The apparent vis oslé asurq'i:'ﬁ:‘.6 CC%I’dI n ocedure set forth in
ASTM  D3835- 35!(‘ Pfgg'f'éﬂs i) ISHOYRRR < ’r"F?‘ES Mt mer conpositions
contai.ning carbon  Medidal StakksSdidnietein- EDstfopreportihg fufposesythe point ob Bié GRtribution '
eonet Vbdel 01l with a

measurenents utilize ttfert
capillary of 'S0 ¥ I°?ﬁ'8{‘°é %ﬁbya%%@’i"fﬁ?ﬁsﬁ‘ﬁlﬁé? "hﬁ"’rlfﬂ'f’ﬁﬁol yner
- canposi ti ons conPeintil ofFiguae blmenﬁ)l Httbesefore mpreEensmml meliad Galadwfchegiatediinatione s €

rzrga%ulr:alrrengtzrut |A| zed acgbﬁbef ﬁuc r?g;o%es%gwblé ng}t,ago Wi t h-a algl | | ary of.
- ptr)eparte sam()l e )sqimlsmm:ﬁmatermasmsm“mv:hafswehbm?m?ofmestame -
absor pt.i.on (COA i an contai ni ng

: . e*usltggn R gf%ﬂtﬂﬁoﬂ af hﬁgg}{-%genc o?fé?th . .

35% by mass 25 e Banbury mxer with as
‘much addi ti ol LLDIBBSQsTheWIdthué&e Plet:piﬂlemssdysﬂnmm.meamdaﬁthMIf-mkaum e

containing 2. 5%&% §ﬁ1r§§m&i°e &nﬁéhhpymms@.ekmmam omera&adga&ts.zgmé&.u&&n fromt hi's

“step was then use measuri ng COA. COA wa measur e
according to th@%ﬁ@@ﬁ@ﬁ#@@‘b@"?‘vﬂ&ﬁmﬁ AS#WDB@ME“‘“B'SWWWWE mel t

f1ow index was TRASAbAGe hiflogif B liBGRn g&mm Aam a;sﬂo sl SRR B RQxis at i

D1238- 90, utilizing a tenperature of 1 C for- ynmer, conpositions
~cont ai ni ng car baint C of thy higtegram s The i |°§§‘=1es'elm'dugﬁ ‘&#@Hﬂ“&“ﬁ’ér‘r‘ﬂ%@at ure

—of -230[ err] GofQgdheh hithgh @.ermgs.htp REtSof paraliel AR R iakis. Mihe CARRRESheiCks from
Exanpl es 26 throg%'r: 33, and™a 21.5 kg wei ght an aﬂ'&pLSDF 'tt =i ncl ude
the fol | owing: ibution curve of the histogram at two points D and E. The absolute value o e 24
WO 97/ 28222 * difference of the Stokes dlameters of the carbon black aggregates at points D and E is the
PCT/ US97/ 00682 ' _ ' -

_ - AD50 value.
~ For Examples 15 through 25,2 dlsk cemnfuge manufactured by Bmokhaven
lnstruments, Model BI-DCP (manufactnred by Brookhaven Instrumems Corp, 750 Blue - T
Point Road, Holtsville, NY i 1742 USA), was used to. generate the-hxstograms desenbed

enrher The following procedure was used. .
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 |
00, .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

2015, manufactured and sold by Heat Systems Ultrasonics Inc., Farmingdale, New York.
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Fl ow range Suggest ed wei ght Time interval . Factor for

g/10 mn of sanple in flow, obtaining rate in
cylinder, g . m n - 9/10 mn - = >1.0to 3.5

3.0 - 5.0 3.00 3.33- > 3.5 to 10

5.0- 8.0 _ - 10. 00 _- g =gran(s) 'aké%
mnute(s) SWO9 nslz.r%g appropri ate. mass _of carbon bl ack- contPal ni n pol ymer
conposi tion was wei ghed - out, charged into the cylinder of the Keyness
Model 2051 or equival ent extrusion - pl astoneter, and conpacted. The

pi ston was inserted inmhmuﬂednskyéﬁfd@rmxaﬂrd:fqubwhgdatd_t@meredintotlgrcempmri ght on
the piston, the ¢ d for gs at the test tenperature.
After ' t he p%ﬂ&ﬁ‘f&{ d%ﬁgr??'éﬁ) dv'\s/g‘sc%:on%ﬁ ete, the preheat wei ght was
renoved fromthe pi stloﬂhespdc:fd@avntyeﬁmedlavk,hheudaé86els¢ wei ght, 21.5 kg for

the results describe nggH§ nce of
the notch on the pi s? h’ﬁ' g'eéc?{nﬁ gﬁe ex lhepc%‘j'f‘ﬁ 'ﬁt@{%gﬁ?%‘ o
~the die orifice vindethanbl, whkhmahzsinstarpesspvaz«l,a or knl fe and the test tinme

i nterval -begun. V\hens 'I‘hevolntrm:of%:pt Sttlm& I\Jﬁ?ehlu}l;ﬁlgrm\émrceqpfb%bfﬁw udate at the

- bottomof the die orifice was and Wel ght was
recorded and convert édThentissosith ef thespin fluid) “M;hin this nstanoe disaken e 438 cinipeisel 5

mul tiplying with r | previous table.
Compound noi sturé“tﬁsor ptlo{n’ja%&%&)w\%ﬁn gd on a m xture of carbon
bl ack and pol yfeThesiersitneitbe spin fhmbhbbmdbrmmnsMB& gl at 33 depgp@i 6rr ] C

using 35.75 ggans of gt d to. previously and
f- ‘h&dxsjf_ﬁe r(';{hl?ﬁ’ﬁ. ﬂﬂlr&ﬂﬁ&_x!&ﬁ@fgﬁﬁ

19. 25 gr.ans carbon b ors were ed on to 60 rpmafter:

t he desired tenper at & Bieats samplipginterval which inghiginstanre és Igerend-i t i es 20  of

pol yner and carbgp &llkacﬁlﬁnﬁ]@é‘é‘élﬁ‘éﬂatédmmlﬂrﬁ%létﬂé‘&’oﬂ&cdﬁbl&foﬁaﬁlﬁﬁr'@éQf§econd
period. A 10, 000 kil ogram wei ght . was added to ute ram pu%tlng

the ingredients Mixpe peslistifledovater and s“‘WW"g?ﬁ“é‘“&rl’éF"Bﬂtﬂ‘&" fRmptitut

after flux. The mk&m&mﬂnV\@osa.aqh,&&umoﬁ.esmufgmmcasmcspmmm: ﬁsalaa&@er
| onered and the conpound m xed for five mnutes. After this {fi

period was col‘?pl leyel 'szﬁéoxﬂﬂﬁ'bﬁiﬁm‘e\%’g“?'%%dbsal‘lﬁ°H‘a'é°§é'ﬂ'99%"6’@"%‘?’%@% a _
two-rol | mil.  Rfecttihd R lighid 9T WEdnd bmmnahs@ed.eumanmhermal eces for

“CMA t est t est 1. d t
‘cont aIG?lI Inggcar bo?Pem"gé‘i’(P’H‘f%l\ﬂﬂ‘A““’e”‘hl"g MS.P’Pé'ré‘gor O slr’}ﬁ ‘F’Bﬁr&"ﬁim ©
procedure. The Cliqding thegfadiant i¢ lﬁ&tnedad vfsﬁdllyf Whex tﬁggradnembecdmesedloaﬁ such mat oned
- in the previous_para t hr ough 4 and. 10 nmesh
screens, and t hetlg 'sq'?%%p l‘?’m@‘lﬁ’f%ﬁ“ﬁ TP f{:rfgisé'[bﬁ ‘W’fée differéed ¢arton -4
mm screen - 20 bladdkdeaquédhs ethanebpolutior eimected/aso theispirmihgaisk mﬂcﬂaapplleouomat ely 25
g23r5am5 of s C{’Me)eg(;%g ggp%ﬂq a(ijely 1f streaming occurs the run is aborted. The disk is span for such a _
- PCT/ USQ?Z 00682 . length of timechs (smpasied fonthedetecm‘fdmongrtam!imtoebh wkpo&ﬂdvm&e : S
removed and storgd L f2G3l ed%c%'blagﬁn{&? eous edrtaﬂolﬁ@lat%ke%gloain\é fedath! N9 -

- bottle and its cover were éd on an NSWor
equi val ent: anal yesriedpf spizhiag, gt dlﬁmtmmmmw@éwmdﬂtlélw%m@h

' d ec i mal pI acos 24he) 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 whrch records the data from the-disk centrifuge. _
The measurements of apparem v:scosrty and melt flow index were performed on -
polymer composmons prepared by incorporating the carbon black samples into linear low
30 density polyethylene (LLDPE) at a 35%.Joading by mass of carbon black in the mixture
“with the polymer, except where a different loadmg of carbon black 1is specified hereunder._
_ " The followmg proeedure was used to prepare the mixture of carbon black and polymer
havmg a 35% loading by mass of carbon black in the mixture. This proeedure was also
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grans 0.1 gram of granul ated conpound were placed in this weighing bottle.
The 5 weighing bottle, with its cover ajar, was placed in a vacuum oven,

t he oven door was seal ed and the oven and vacuum turned on. The
tenperature was set at 140 F (333 K). and the = - vacuum set at 10 i nehes
mercury (Hg) (33.9 kPa). The sanple was left in the oven for at |-east
2 hours and WOB82216 hours. . A Blue M Nbdel FReQBUS7DOSE <

equi val ent hunmidity cabinet was set at 80[err]F (300 K) 10 and 83% -
relative humidity. Wefn drying of the sanple was corrpl ete, the vacuum oven

was turned off, .the v reI 00r ene ckI nd t he cover
pl aced on the foll “’%‘?Rﬂ' ﬁ"}\'ﬁ'ﬂﬁgf% 46 4ioa: g E@fg‘{"ﬂgﬂgb Q?F?W wi't he
Ba{i?ls elthelr ghmaﬁsd relzﬁve‘mmebﬁsmaraanblackmm@ﬁeomhb&ﬁmﬂﬁ?wﬁhe fanII)_Ihe
ottle was placed,i | on r,.c ining a esi ccan e
contai ner was s%%f ?ncf"éﬁ@ fﬁé"ﬁﬁfﬁ'@f“?’gﬁﬂeﬂ"‘? @65‘?" r about thirty

m nutes 15 at. anblmiﬁﬂoe?rws&mmeblac’ihﬂmwlhegmnhé@ ldﬂﬁﬁnﬂ@bﬂb&@l@@ the

anal ytical bala n oves Or rceps only,
fho wel ght vas. (LEDBELARREY HiDEDATE 15 Aet bepes oo soeeis T onge T3 | o s
then placed in Gmmmﬁcmnmmwpmmugfmme&rwﬂwmber:w tested
at the sane ti st two,.inches. s wer, t he chanber
wal I s and each%"m"'g BEY MRS PEvAng & mixin Ea@’ﬁ’bg"a 13 °[5’51’1°?LI i3t least a
hal f i nch away éenmaummmwyaaymieanmksmuomeﬁhﬁcbohhduﬁctm ahdcover ed
and the cover { a bott The | door chanber
was cl osed and sggalfaégf”’"l@%?fse( ﬁgegtﬂa '3f"3'§€8 wﬁ]‘é"%&%‘?l FeBgtis | eft
in the 1urK)cnd ;hcninam;uspérﬁxmaﬁue?mms tl&tﬁrﬂth@setaﬂpaﬂaw,meaad-ﬁ el ative
LAY 5t 2t PG b omr f e g A SR i ™
opened and the tlmm!due\msheaddqﬁ@htwomlbmmgtlm‘l'ﬁéﬁﬁ)&ondteyﬁlasreogmmmpl aced in
the _ _ plasti ek de ceps
were used to hgﬁa{éﬂ@xﬁ ¢ ot t &9@%@&9%@3&;@3@%@&9&%&&I g fed on the
anal ytical bal @lbcﬂﬂfé’m(WSm)wsmri@apwdwmmdgmtthNght of
the sanple. umfomly_smdyggestvg@tu%@gfsﬁ@gu@‘gyegmgages of the carbon bl acks_

and the pol yner conpositions of resent” i nvention are further
il lustrated-by the %WW‘H’@‘WMWRGWcW'ﬂgmﬁcmnsetfoﬂh in ASTM

- 26~ T WO P38i%53A%t a u:m rature of 190° C. For %olymeP %ﬂdﬁﬂﬂs @&Hefiing carbon

Exanpl e 1-13 : irty three carbon bl acks were prepared in a -

r eact or generaﬂ“ﬁ"s(f'é’g’c"‘r"?’&@&sh'é?‘-’éﬂh' » thepg measurementg utilized G Gapliaher  Fi gure
‘1 or Fi gure 2 RaconfeRte Molid1 25 1RAHALESIRY of 30 il rint)derg @A | A tfameter.

20 For polymer compositions contammg 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 to prepare sample specimens for measurement of the coefficient of
absorption (COA), the above mixture of carbon black and LLDPE, comammg 35% by mass
25 of carbon black, was charged into the Banbury mixer with as much addmonal LLDPE as
‘was required 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
30 D1238-90, utilizing a temper#ture of 190° C for polymer compositions containing carbbn_
~ blacks from Examples 1 through 14 and a tempéramre 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:
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5 and geonetry set forth in Table 2. The carbon bl acks produced I n
exanpl es 3-10 are furnace carbon bl acks of the present invention with
t he carbon bl acks produced in exanples . | and 2 being the .
correspondi ng controls. The carbon bl acks-produced in exanmpl es 12-14
are al so furng Gragmpon bl acks of the present invention w thpdfgssaabdeen

ed in

- bl ack produc exanple |1 being the corresponding control. The
carbon bl acks produced in exanples 15- - 10 25-are control carbon bl acks.
The carbon bl acks produced in exanples 26-29 are furnace car bon ]

bl acks of the present invention mnth t He carbon bl acks produced i.n exanpl es

30- 33 bei n
in the conbustio

g a
type of liquid f edst Eﬂrlrzod Jipr= ¢l I_es ﬁfres abl e
1.. Pr Opert i es it he-d n.-i B f"‘j et 7‘-. are

1

set forth in Tab

27

10

20

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

|I|zed

§ ésred\r}e P Time interval
prc prope %&F tem t he

| o | i I. dt03 5
. >35010 - . 50- 8,,0 S : l.00
g = gram(s)

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 '
plastorneter, arld compaoted. The piston_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‘bottom 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 prevrous 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

of polymer and 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.

' period was complete, the r:ompound 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

.30

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



WD 97/ 28222

PCT/ US97/ 00682 _ -+ Table | - Exanples 1-14
Hydrogen (wt. % . 7.2 . Carbon (Wt . % .
.91.6 "HCratio o . : 0.94 APl gravity

-2.7 - 1weysBerr] C (60 F) BMCI (Visc-Grav) PCT/US97/00682

143 Alr-to-burn-Q I Ratio - 10900. 4 (SCMalr/rl{err]
oil) Speci fic graV|ty 15.6/ 15. 6[err]C(60[err]F) 1.10 -

SCM standard cubic nete m meter

5 - dropped ino . The granuistdsqpypgun s remeysd spid goreding geaed labelledigras ur o0

Pr gper ties for . Emmhag welgllﬁrgzﬁtle and2§ cov%pwere welghed of 4n Rﬁswcﬁtlrl\&ﬁel?l Ojor '_
IC_li_yar Lg%e ? wg " % & equivalent analytleal balaneeg indéhls weight recordgsto the fourth decimal plage; 2.9 |

;\VPIC rati Ot grams + 0.1 gram of granulanM%npound were pla&% ﬁlllus weighing bottle. 'ﬂngg
gravity
15. 6/ 15. 6[ er r rPC roetis bty with its covgsipief. (Ngf RigceeinA ypcuum oven, the oven door was gggled
18;9 o & Qn'ﬁ(]i-l:ll-eooven andAhduns QuriédBn Gt 1enipeiafire was set at 140° F (3§§Lﬁ?§:fdghe :
r r
15.6/ 15. 6[ err] C vacuum 5% o '"°h°$1“”§'iﬂgvhg)l & gl(g )- Tpe flm’}e wes '°ﬁ("6tl‘fg$q|n]fllr)cat aravity
" SCM = standard Cpixk 2 hoidnd £6 at most 16 hours. . m neter

10 s he reactor conditions

and geonetry utilizetBlugMMogel @'&g{ﬂ L"'\ﬁ@l“&“%h%f'“)l‘ﬁl"{“ﬁ‘”ﬁm“s 0° FrGpe K) 2

?gl ow. In Egairpl[dﬁaslﬁrélhfveugﬁdﬁ;?w}eﬁmzrégbfﬂxeﬁﬁzpljegﬁﬂcd(aj;;lz:tgeoﬂ:teﬁieuﬁﬁ%t oclé was
equi pped wi spian inserts, °§ ‘? es c@n e ock was

i ected |t ot s HERR o e Bin Hessed i PaFoneind el an

direction thr Ougahmple Botﬂewttllwho(dﬂtn@ﬁlﬂzavemreeﬂy with han(snﬁlﬁler(hl@assdr@ire@s' @ereur e

atom zing oil ti romth end. 3

retracted approxul'p’e 'ﬁlg b'%%se CRES l'(tlfgb' Jrag places B'ln?%%;‘%%mfnelﬁ"ﬂﬁg'fw of the

second stagles:cnhntt'ﬂecpnwmmsquled:odshebﬁhbaunwedtqqoolmbodbﬂmmmtps ay tip-

nuntber F-94- 120-.4 0, B0 bbbt 2 e BBl BN BG4 PPl QIS Waiin

' USA)
the bottle with gloves or forceps only, the weight was recorded to thie fourth deelmal place

i The bottle was then plaeed in the humzdnty cabinet. Whien more than one bottle was tested
at the same tlme, at least two inches space were leﬁ between the chamber walls and each
— sample bottle, and each sample bottle was at least a half mch away from every other sample
20 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 outer door was closed. The bottle was leﬁ in the
humidity ehamber for seven days at the temperatm:e and relatlve humldnty stated
_ prevnously ' ' . : :
Followmg the stated time period_for res:dence inthe hurmdlty ehamber the chamber
. 25 doors were opened 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 eomposmons of
30 the present invention are further |llustra_ted by the followmg Examples.
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-Tabl e 2 Exanpl e o L 2- 3 -4

5 D1, m 0.51 -0.52 - . 0.51 0. 51
0.51 D-2, m 031 031 0.31

0.31 wo o83 m™ - 0.46 -  O46 0. 46 PCT’US”’””O%

0. 46 . ' 0. 46 0.46 ) 0.46 - . 0.46
0.46 ' D-4, m 1.14 1.14 1.°14 1.14 1.14
D4B, m  NA  NA . NA ' NA - NA -
"D4C, m . NA - NA N NA . NA NA

1-1,m aﬁmmss_uz 0. 30 . 0.30 . 0.30 - 0.30
_ :‘: :29, mm : 0300"- . Thu‘gélage clémn b1ack6w§r8 p?eﬁmd mareactgr g%ﬂemlly descﬁbe?ﬁ:mm, and

L-4A,m 0.23- 0. a? depicted i in cither Figure 1 or Figure 2 (as spgcn@@ hereunder) gulgglg the conditions

._ E: ‘512 3, mm1 | s Nﬂnd geometry set f%(\h in Table 2. The'\wQ)on blackmroducgd in examples ﬁ&o are
. NA . ,l. NA ' ﬁnha&Barbm blacks of the [ksent invention wigl/the carbon blackspmduced in examples .
NA NA | . The ca¥pon Nfin -1 NA
. . The blacks prod les 12-1
NAT . tand beifd the %“éfpi‘?%g 0] O 15 e ProCuEERin cxamples
0.15 : " [areljsofarnace carbon blacks of the presenf\pyention with the qaghan black produced in
NA

ka 11 bemé ﬁ]z\grrcspondmg con@of5 he carbon blaﬂks%?oduced in examples 15- 4. 5 7

[err] deg.

Er_et e]rs; go. -!muﬁ@wwmbwhﬂnbla«sme@r@eélwmdﬁmmexamvlﬁ%(zg)md’zmm =
- Points 32 .or \ g'\%&seo? t ifvenfiol withtR\latHOR bREIS prodedel in Jpizan;
- kPa = kil oPascaI standard cubi c nmetess per second (273 K, 101.3

kPa) ; 5- o bexwihthmpasﬁvmﬁqy grams; Tenp. = Tenperatutre;s =.

second( s); = qUENCHne fuel unhzed in the combustion reaction wasﬁﬁﬁiaal gas. Typical properties of

exponent al ( 10[ © he ]t);pe of%md feedstock I.IHIZOS mn gxamples I- 14 are set forth m_'I'able 1. Propemes

s of the liquid feedstock utilized in Examples 15-33 are set forth in Table 1A,

27
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Tabl e 2 (continued) ' Exanpl e 1 2 3 4
5 - Figure _ Q1 injection tips, 12 x 12x 12 x - 12
- X 12 x - 32 : 0.198 ~  0.198 0. 211 0. 211
0.211 (nwo ox2@eze, cnm. Ol rate, nferr]/s 1. 27 E-B3/USYTOOSBE- 03
1. 28E- 03 1. 38E- 03 1. 36E-03 O | preheat, K 478 T 478
] 1525 4722 - 478 QG pressure k-Pa 1741 1824
' _ 17 - . 1721 . 4.019 " 4.019
4.089 = 4.019 = _SOMB - JB""’A. Examples 1322 922 922
922 . 922 - - __Preheat. K Nat ural Gas.. 0.060. 0060
0. 042 0. 06 ®lydrogen (wt. 490 SCME {72 _Air-to-burn.Gas Q7
9.7 9.7 | Carbon (va.%) 9.7 916 Ratiq SCM' SCM
Primary " 69H/Cratio . 696 . 994 0.94 696 696 Copbusfti on .
Level , % _ OTalPhgrhvily 27.9 _ 27.9.7 - 27.9 25.7 26.10 '
Conbustion - 15.6/15.6° C (60° F) ' o
s 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
5 - .
' Table 1A - Examples 15-33
Measured Properties for Examples | 15-25 26,30 . 27-29, 31-33.
- | Hydrogen (wt. %) L 7.2 . 7.0 7.1 '
| Carbon (wt. %) 915 - 91.1 =~ . 91.4
H/C ratio . 0.94 {091 093
" - AP gravity § NM - |-31 29
15.6/15.6° C (60° F) ' , -
BMCI (Visc-Grav) . INM 137 136
Alr-to-bum-Oll Ratio ~11Nn269 1090995 ] 110703
- : "1 (SCM: air/m’ oil) : : _
S Specific gravity 15 6/15.6°C 1.105 1.102 1.10 ] 1 -
{60°F) . R B o -
. e ~ SCM= standard cubiE meter

L T NM—NotMeasured" S

' 'fhe reactor conditions and geometry utilized in eech example were as set fcr_th_in
_ Table 2 below. In Eiamples 16 ﬂwough 18, each oriﬁce used to inject feedstock was _
- o iS equipped with spinner inserts. " In Examples 19 and 20, the feedstock was injected intothe -
| _ - 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 (0 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

20 by Monarch Manufacturing (Phlladelphla, PA, USA)



Level ,% K+, g K+/nierr] oil 11. 04 8.35 10.91  10.12

10. 25 Resi dence Ti -
Tenp. at Q K o7 o ° 1018 L es2 o ° 1.06 1.06
Quench pressufe, ' - 982 987 992
pr e, 735 708 - 708 694 7
kPa o WO 9728212 = nmeters; no. =nunher; de = d . _IUS%%SZ
Kel vi n; Tip(s) 32, 34 = Points 32 or » U€g. egr ees; = degrees
centineters; Conb. = Conbustion: o ﬁgal . Ei?gégic; angCl%/;B ='st d
cubi c ' nd " : - : = standard-
Cublo meLers per second (273K 1013 iEohier - K- = botassium g =
EE)X) exponent i al | (1dxemple) L FZ?”\';E??‘ ﬁ‘ q“fncn’ ‘l‘ f '
. VO 97 28 E.ma/r. " "‘-’L-A..I (x| .
PCT/US97/ 00682 | - D-l,m 0.51 051 0.51 051 | 051
Exanple T6D2,m 031 031, | 031 Taggi 2 (C a1 nged)
Figure TD3A,m - | 1046 0.46 0.46 70.46 0.46 LY
D1, m 0 %538, m ) 50046 _ 046 = 1 046 . |, 046 0.45 _ |
D-2,"m . . 0. 34, m . - (.3ni14 | 1421 . .14 {5114 114 >
D-3A, m: 0~ 454A, m 0. ¥8 “NA) 46l NA _F'%A NK_°
23k m IO AF4B,m___[0. M8 NA) a6 NA ] ANA SN
D 4A mm I H4C, m 1. HA NA 14| NA g 1 NA NA . )
' D- 4B’ m - I I,m _ NAD.30 0.30JA 0.30 na0-30 030, 1
D 4G m NAL2,m | NALT4 0.74A 074 |\a074 | 0.74y
' - NS, m NAG.30 “030A 0.30 0.30 0.30, 1
LaA,m | 023 023 0.23 023 023
L-4B, m 0 0 0 0 . 0
L-5A, m NA NA NA .| NA NA
_ L5B,m | NA NA | NA -] NA “NA
i 3 ~ L-5C,m NA- NA " NA NA NA
~ F-lLm - 0.15 ~0.15 | 015 0.15 0.15
FZ,m NA NA NA NA NA-
Q,m 4.57 257 | 457 457 457
. Qdeg. NA NA - | NA. "NA_ | NA

R in = 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; o
' E(x) = exponential (10°); NA = not applicable - ' .



-1, m 0. 30 0.30 . 0. 30 0. 30 0. 30
-2, m - 0.74 0.74 0.74 0.74 0.74
-3, m 0. 30 -.0.30 0. 30 0.30 — - 0. 30
-4A, m- 0. 23 0. 23 0. 23 0.23 -  0.23
-4B, m wo 92828 -0 20 0 _PCTMUS97/00882
5A, m NA - N NA NA - NA
-5B, m NA - ‘NA NA- NA - ‘NA
-5C, m - NA . NA . -
1 m 015 o4 Tebleg(opimeedy ol 2 o o on
__2, m [\ﬁgtample . NLI 2[\|A' 3 JA 4 S NA_|
Q' m , 24 _Figure 24 33! - jz3 70 1 R 72 W 57
[err] deg. | Oil injectiqntips, 12x NA[ 12x N2 12 XNA 12nA
3t WOl 97/ 28322 0.198 0.198 0.211 0.211- 0211
PCT/ US97/ 00682| (mo. x size, cm) - : . .
- Oil rate, m'/s 1.27E-03 | 1.27E-03 | 1.28E-03 | 1.38E-03 | 1.36E-03
Oilpreheat, K| 478 478 | 418 478 a8
Oil pressure, kPa 1741 1824 1535 1762 1721
Comb. Air, 4019 4.019 4.019 4019 4.019
SCMS o ' _ -
~ Comb. Air 922 922 922 922 022
Preheat, K . : : o
~Natural Gas, 0.060 0.060 0.042 0.060 0.060
© SCMS ' _ : _ ' ' _
Air-to-burn-Gas 9.7 9.7 9.7 9.7 9.7
Ratio ' .
Air/Gas, 67.5 6.5 96.4 67.5 675
~ SCM/SCM - e -
Primary 696 696 | ..994 696 696
- ~ Combustion ' o :
Level,% . : .
Overall - 279 279 279 25.7 ~26.0
- Combustion : o : '
“Level,% - -
[ K+, g K+/nv ol 11.04, 8.35 710,91 1012 10.25
Rmdence Time,s | 106 - - 1.06 1.06 1.06 1.06
Tcmp. atQ, K . 978 1018 982 987 992
Quench pressure, 735 - 708 - 708 | 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 ), NA - not applicable

30



Tabl e 2 (conti nued) Exanpl e 6 7 8 9 10

Figure - Ol injection tips, 12 x0.211 12x 12 x 0.211- 12 xO0. 218
12 x-0.218 32 . 0.218 (no. x size, cnm.
Ol rate, nerr]/s- 1.36E-03 1. 38E-03 1. 36E- 03 1. 38E-03 1. 38E-03
QG | preheat, Wo9728228 478 478 . 478 PCT/USPR/00682 -
O " pressure, kPa -1714 1445 . 1707 - 1452 1452
Comb. Air, SCMS -4.019 4,019 - 4.019 4.019 - -4.019
Conmb.” A I'. ?E? ..,...| . 922’ R ,.I%ZZ(COMEP“EQ)AQZZ : : ,;.;. 922 _ S
0 042 | o T e Ty [T T g b
0.7 97— B _Raio o; CL\;H_ o b 06! 4
7.5 : 85 4 o SOM %M--——-—Pr R 4 .
: 2965 : 991916 T Mm : rQ‘\-'\lhllff Lo i o'qlgue ,ngl %’_ﬂ.‘ 99 :
26.0 -26.0 %3&“‘ - 2B (9'4['6'- . ’)F\G” . Ca 1||Q§)'9q\n hd ] ek/e| , %
K+, g K+/nmferr]loilD-3B.mqg o5f 046 09} 046 0463, 046 g 175046 6. 76
. Residence Tine,|s D4mgs | oiHs L o7 114 p okl 1166 Tenp.
at Q K 14o3_D-4A,mQ15 NA 1Q1oNA Niop § NA 101g NA uenc
pressure, 742 __D-4B,m 749 NA 694 NA NS _NA708] NA kPa
: - D-4C,m NA NA NA NA - NA -
L-1,m : 0.30 . O.io 0.30 0.30 0.30
L-2,m - 0.74 074 | 074 0.74 0.74
L-3,m 0.30 0.30 0.30 0.30 - 030
L-4A,m 0.23 0.23 - 023 0.23 0.23
.L-4B,m 0 0 0 . 0 o
L-5A, m NA N NA NA NA
L-5B,m NA NA | NA . NA "NA
~ L-5C,m “NA | NA NA | NA_ NA
— F-Lm 015 | 0.15 0.15 0.15 | 0.15-
F-2,m _NA NA NA . NA NA -
Qm 2438 . 2438 - 13.72 “13.72 457 .
Q deg. NA NA_| NA NA " NA

31 _ -
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WD 97/ 28222
PCT/ US97/ 00682 ' ' Tabl e 2 (conti nued)
- Exanpl e 11 12 13 14 Fi gure
1_ : 1 1 D1, m 0.51 0.51
0.51 Qv@dinszz D2, m - - PCT/USI7/60kS?
0.31 D°3A, m . 0.46 0. 46 0.46 0. 46
D3B, m . 0. 46. 0.46 ‘0. 46 0. 46 D-4, m
1.14 1. 14 1.14 1.14 . D-4A, m NA
NA “NA NA D- Tabled (continued) NA NA
NA. NA Exampl)- 4C| m 6 INA ] 8 'NA 9 NAO
NA L-1 m Figure Q. 30! 10. 3 1 1 ]0.30
L-2, m : "0Dil #jection tips,0.] A4x 0.211 | 0174 [ 12x0200 4412x 0218 | 12£0.318m
0.30 0.30] . 3D.30 0. 3&0 0218 L-4A| m 0. 23
0.23 0. 23| (no.x sizecr®)3 __JL-4B, m | 0 0
0o . 0 Oil rate, M/5 A, | M.36E-03 | 138543 | 1.36E-03NA 1.38E-03 | NASE-03
'NA L- 5B, Ol prebeat, K| NA478. 4T 478 [-5@78m 478 A
NA NA Pﬁnssuré\'ﬁ?a 11714 |1 1445 1707 _U.|151452 | U152
0.15- - 0. 15Comb. Air, SCMB- £, 4019 4019 4019 |\/4.019 2019
NA - " TComb. Air - [[3- 922 927 AP 922 24 392 153329
[err] deg. Prebiést, K . NA - NA NA
Natural Gas, 0.060 0.042 0.060 0.042 0.042
SCMS N i
Air-to-burmn-Gas 9.7 97 97 9.7 9.7
Air/Gas, 675 | 964 67.5 9.4 96.4
. SCM/SCM _ " : -
Primary 69 994 696 994 994
Combustion T :
Level% -
- ~ Overall 260 26.0 260 260 26.0
.Combustion - - . ' _ .
Level, % : o _ _
K+, gKtm'oll | . 1025 | —901 " 6.84 6.76 6.76 .
"I Residence Time, s .| - 5.85 5.85 3.27 3.27 1.06
_ — | Temp.atQ,K 1003 1015 _ 1015 1020 1018
Quench pressure, | .722- 749 694 673 708
kPa : - - :

.32



33 WO 97/ 28222 '
PCT/ US97/ 00682 - Tabl e2 (conti nued) ' Exanpl e 11 12

13 14 "~ Figure 1 . S o
Uips, 12'x 0.198 12% 12 x 0.218 12x 0.218 b))l tnection
2' :2)&85-' (W‘I’*”%ZE’ cm QI rate, nferr]/s 1.28E 03T IREY3
: -03 “32E-03 Q| prehcat, K - 478 . 478 478
gﬁb .Ai'o I JDressure, kPa - 1686 1293 1287 1293 |
AT ) - 4 CoL - '
922 Ba7 2019 4 019 Tapie 2 (nfika) 4.019 ‘o Air
0. 060 0. §a5 Example) oad - 11 g loaotZ eigat ’313KV iNatutal  Gas, -
9.7 5 9.7 Figurg 7 1 o b 1 . .}/!U mr-t);lé;rn-Gas
67.5  96.4 B, B EY5) 0 —RESTO o051 A s,
994 913 D24m Cofber | 0-%"’ T A A 696
D3A,m 0.46 0.46 0.46 0.46 .
~ D-3B,m 046 046 | 046 0.46
D4, m 114 114 114 T.14
~ D-4A,m NA NA “NA NA
[ D4B,m_ NA NA NA NA
— D4C,m NA NA NA NA
1Lm 030 | 030 0.30 0.30
L2.m 0.74 0.74 0.74 0.74
T3,m | 030 030 0.30 70.30
LaA,m 0.3 023 | 023 0.23
L-4B, m 0 0 0 0
T5Am ] NA | NA NA NA
L-5B, m NA “NA |__NA NA
L-5C,m NA NA |- NA | NA -
FlLm 0.15 ~0.15 0.15 0.5 |
F2.m NA NA NA NA | _
O,m 3.2 7743 | 2438 18.29 _
Qdeg. | NA NA NA_ NA -




Level , % - Overal l 27.6. 27.1 27. 2 27.1

Conbusti on Level, % K+, g Kenferr] oil 10. 67 6. 58
6. 87 6.58— -Residence Tine, s 3.27 . 6.58 5.85.
4. 37 Tenp. at- Q K 1089 - 1089 1078 '1086.  Quench,
ressure,” ' 701 735 728 -k '
B Wb, 1 ™ Fosernocs:
PCT/ US97/ 00682 . , AR Tabl e 2 (continued) -
Example = 15 16 . 17 18 19
Figure 2. S Table2 (continued) 1 . D1,
0.18 - 0.1 Example 10 11 0. I8 12 T 0.138 14 D}2, .m
0.13 0.1 Figue 13 | 1 0. 143 1 0. 13 1
- Oil injection tips, | 12x0.198 | 12x 12x0.218 | 12x0.218
32 _ 0.218
(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 4.019 4.019 4.019
Comb. Air 922 | 887 897 897
_Preheat, K - -
NaturalGas, | 0.060 - | 0042 | 0.045 0.042
SCMS . . '
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 A S : . :
. Primary ' 696 - 994 %13 994
T Combustion | - - - . _
' Level,% ' N . .
— Overall 276 27.1 272 27.1
Combustion R '
Level, % : - : o
K+ gK+Hm'oil |- 1067 | 6.58 687 | 6.8 .
| Residence Time, s 3.27 | 658 5.85 437 B
- _Temp.atQ, K~ 1089 | 1089 -1078 —| . 1086
- Quench pressure, 749 . 701 735 728 |-
kPa- S -

C34 -
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0.25 0.25 0.25 0.25
0. 69 0. 69 . 0.69 0.69 8'28
i MNA 0.69  _ -0.69 0.69 0. 69
- WO 9183%% NA = MNA NA PCT/USHY/00682
. : NA _ NA NA NA
0. 61 0.61 " 0.61 0.61 0.61
0. 30 0.30 . _0.30 ° 0. 30 0.30 -
022 - ~ 0.22 Z TqbleAcontinued) ' -2 - o7
- Zxample P. 255 6 o5 17 npg 18- VjE
- U¥igure 0 2 o | 1 1 Tl
1, m 018 0NA 0.18 018 . | A8
152w 0.13 0NA 0.13 0.13 Qdi |
A m S 0.25 0| 025 025 | 1025
—I33B,m V] 1°0.69 @0.601 069 0. 11 069 0 069
Da.m . * NA | 10%9 0.69 NA| 0.69 0 058
7 B—paAmt 02051 BJUNA_ | W02 | NA 802 NA
il "1?-44"5' B,m AL "0.86 vy NA NA NAR
DAC, m 091 | NA NA " NA NA
ThLm 0.61 061 | 061 0.61 0.61
L2, m 0.30 ~0.30 0.30 0.30 0.30
L3,m 0.22 0.22 " 0.22 022 0.22
L4A, m 0.25 0.25 0.5 025 025
L4B, m 0.09 ~ 0. 0 1 D
L3A, m — 28 | NA NA- NA NA
L3B,m 0.15 NA NA NA NA
- L3C, m 0.46 NA | NA NA NA
Fim 001 | 011 | 011 0.11 0.11
F-2. m NA | NA NA NA 0.13
Q. m 791 802 302 .| 802 802 [
“Ddeg___| 315 NA | NA | NA_ NA



WD 97/ 28222 : PCT/ US97/ 00682

Table -2 (continued) - Exanpl e 15 "16 17
18 19 Fi-gure, 2 : 1 _ Cll i nj ecti on
tips, 4 x 0.206 4 x 4 x 0. 079 4 x 0.079 1 x 0.229°

0.079 WO 97128222 (Tip 34) (no. x size, ¢ I
rate, nferr]/s .1.36E-04‘ 1.29E-04 1.38E-04  1.48E-Q4 Q?””?ZE"&

G| preheat, K -~ 400 402 -398 - 399 - 403
pressure; kPa 253 3402 3836 4394 - 1604 Oorrb.
Air. SCMS . 0.447  0.447 0. 44},‘,,,,?%2,“4,4;,, 0. 447 Conb..
Al r- 755 : ﬁ "r$"5)= 7 PI'E'WHT' K
Nat ur al bGas , ple (AﬁAJ.J. 3 o4t ' UIIZ}J.L P lls(_).{) 7 SCMS .
Ai r-to-burn-Gas AT -—-—-—SG“
Rati o Al r? in tlonups, §28206 6‘5‘?2 4x0§2?8 4x0.07938 %ng)”
39.0 SOM $We. x o, o | 330 | 405 42 P 397
' ‘2“7)22 C‘Z’gbZ““"Bﬁ'me w5 T 6 N 129 7@%5-@4 TABE-04 1 T.4E0 ] '
K+/nferrjoil Qjl preheat, K~ |, 400 7 ” 3 fé 399 | o403
Resi dence Ti ne, Oily hic# s ol 5—#;3——— M;&&
Tenp. atQ K  Alr, SUMS, 4050847 9'#0& 0.447 1 0bs 0447 diench
' AV 5 22 7 782 | 75 kHa
pressure, 542 theat‘,lz _ 732 _
Natural Gas, 0.014 0011 1 . 0011 0012 0.011
SCMS ' '
Air-1o-bumn-Gas 9.68 9.68 | 9.68 968 | 9.68
. Ratio : A : .
Air/Gas, 319 392 . 39.2 38.5 39.0
SCM/SCM ' ' ' o
" Primary 330 - 405 - 408 397 402
S .Combustion - b -
- :  Level% S B e .
: : “Overall 272 28.7 272 254 27.9
. Combustion ) .-
-{  Level,% I
K+, gK+/m’oil 0 0 0 0 -0
Residence Time,s | - 1039 | 631 | 631 631 631
“Temp. atQ, K 1005 1005 1005 1005 1005
Quench pressure, 542 — 701 715 722 784
- kPa . : et IR B .

‘36
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Table 2 (conti nued)

Exanpl e 20 21 22 23 24
“Figure : : 1
D1, m wo 978238 0.18 0.18 0.18 . PCT/USITO0ES2
D2, m . 0.13" 0.13 0.13 0.13 0.13
D-3A- m 0.25 0.25 . 0.25 0.25 - -~ 0.27
D-3B, m - 0.69 - 0.69 0. 69 - 0.69 0. 27
D4, m 0.69 . 0.69 Tablg 2dcpntined) ~ (0 Qg 0 24
D-4A, m - NEBxample ~ |NA 20 2INA 22 - NA23 ENE
D-4B, m NAFigure NA 1 I NA i 1 NA |
D-4C, m NI, m NAO.18 0.181A 0.18 |NAO.18 0.18yA |
L-1, m. U. 02, m . 6D.13 00361] 0.3 0 60.13 -~ 0.861
L-2, m U 5BA.m 4. 3025 0R530| 025 (. 3®.25 0230
L-3, m 02538, m . 20.69 08922] 069 (. 22.69 — G222
L-4A, m. 0 54, m U.3%9 069. 25 060 0. D%9 034 40
L-4B, m —PiAm ONA NA U NA U NA NA U
L-5A m — N8, m NANA NAYS | NA  |NANA NANK
L-5B, 'm NEC, m NANA NAV T NA  |VANA NANA
L-SC m ¥ m AT 061 [ 061 |06l 06T
E-l, m. i o m 1830 086 71030 4 1830 e
E)- Z’m m T ,m —0.22 00 A IR A 0N
’ oY ¥ 6. 025~ 0.25 - U925 1.60 '
[err] deg. Sg”ﬁﬁ — 6:?&»’% o ﬁﬁév 0 NAD o
' L-5A, m NA NA NA NA NA
L-5B, m NA T NA NA NA NA
- L-5C. m NA NA NA - NA NA
F-l.m 0.11 0.11 0.11 0.11 - 0.11
F-2,m 0.13 NA NA _ NA NA
Q,m ~ 8.02 8.02 8.02 8.02 .77 |
Qdeg NA- | 'NA -| NA NA ™ NA

37
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37 WD 97/ 28222
PCT/ US97/.00682 _ Tabl e 2 (conti nued)
Exanpl e 20 21 22 23 24 Figure . -
1 ' ' 1 1 Gl injection tips, | x 0.229
4 X 4 x 0. 206 4 x 0.206 4 x 0.140 - 32 péTrusorbes? L
0. 206 (WOI"PBBt 6. cny Ol rate, nferr]/s 1.40E-04 - 1.90E. 04.
- 1.77E-04  1.86E-04 2:08E-04 - O preheat, K . 401 . 400
404 404 - 402 Ol- pressure, kPa 1769 349
329 342 - 1583 CondbTabRi X (confihe8) . 0. 447 0. 633
0. 633 0. 4 Example V. 78 20 Conl. Al 22 7533 2255 ;
755 _ 755 Figare 94 qPrengatl K | . 1 Natbralt Gas] 1 0.012
0.016 - 0. O]'G'(_)'il—i'n}';ctioﬂﬁp'd,l 1x0.220 U] UZx 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 401 400 404 404 402
[ Ofl pressurc, kPa_| - 1769 349 329 342 1583
Comb. Air, SCMS 0.447 0.633 0.633 0.633 0.744
"Comb. Air 755 755 755 758 894
Preheat, K - ' S :
Natural Gas, 0.012 "0.016 0.016 001 0.022
SCMS T . '
Alr-to-burn-Gas 9.68 9.68 T 968 9.68 9.68
Ratio | o -
Air/Gas, 38.2° 385 383 68.0 347
SCM/SCM . : :
“Primary 395 [ 397 397 702 359
Combustion ' : - : : .
Level,% — : '
- Overall "26.7 278 20.8 293 294
Combustion _ -
Level, % R _
K+, gK+Hmoil | 0 —F 0 0 0 2.96
| Residence Time, § 6.31 4.45 445 4.45 0.14
_ " Temp.atQ,K 1005 1005 1005 1005 1005 -
Quench pressure, . 749 39 405 411 804
kPa' e



68

VO .

SCMS . Ai r-to-burn-Gas 9.68 9. 9.68 9.68
9. 68 Ratio _ Air/ Gas, _ 38.5 38.5
68. 0 34.7 SCM SCM Pri-mary 395 397 397
702. 359 Conbusti on Level , % Over al-| 26.7
27.8 29. 8wo 928229 . 3 9.4 Corbusti on Le\RAT/USAT00682 K+, g
K+/n{err] oil = o - 0 ) - O : 2.96 L
Resi dence Tine, s 6. 31 4. 45 4.45 4.45 0.14
~Tenp. at Q K 1005 1005 1005 . 1005 1005~
Quench pressure,- 749 391 Table 2 (contiptjed) 411 804
kPa- [ Example 25 26 27 28 Q29
97/ 28222 Figure 1 1 1 T p
- PCT/ US97/ 00682 D-1,m 0.18 0.18 0.18 0.18 0.18
. ' ' D-2,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
D-4.m 0.34 0.69 0.69 0.69 - NA
“D-4A, m NA ‘NA NA NA 0.91
D4B,m NA NA NA NA 0.86
D-4C, m NA NA NA NA 0.91
L-l,m 0.6!1 0.61 0.61 0.61 0.61
L-2,m - 0.30 - 0.30 0.30 0.30 0.30
L-3,m 022 0.22 022 0.22 0.22
L-4A, m 1.60 0.13 - 013 o 0.13 0.13
_L-4B,m 0 0 0 0 3.54
L-5A, m NA NA "NA Nor 1.60
L-SB,m T NA. “NA NA NA 0.15
L-5C, m NA NA~ NA _ NA~ 0.46
F-1.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 9.30
Q deg. NA _NA NA NA 315



Tabl e 2 (continued) - Exampl e 25 26 27

COO0OFrRPRWOO

28 29 Figure 1 1
2 . D1-m 0.18 0.18 . 0.18 . 0.18
0.18 . D2, m 0.43 0. 16 0. 16 0. 16
0.16 - . 0.27" 0.19 . -0.19
0. 19 T‘”E”é@,’”’m | 0.27  0.19 0. 19 - TETUSTETY
0. 69 - D4, m . 0.34 0.69 ~0.69 0. 69
NA - D-4A, m . NA NA . NA T ONA
0.91 -D-4B, m “+ " NA  Table 2 (cohtthved) NA NA -
0..86 - 4C Edimple 25 26 Y27 0 [ NRg T 29TV
o e t —Figr 2GS S SCH 3N W 105 SO {5
. JU. U
030 1l ?l nlg’,'”ec:'3 tzlonttps, 3&0‘5!3 QS‘] | 9x0.140 ‘?x’@mo 9x0.31.102’2
.22 Lj4 H‘xsm,cm) 1.60 0.3 0.13 0.13
éi t o7 1086040 198E-04 | TO4E-04 | 1.98E04
g : ' 409 VF 417 " 436 0
'?g i 384 38 3 N
18 . #2_| 0505 I 0505 | 0595 0593 1,
NA- , 305 2g 220
9.30 Q[ %‘“_NA 0 a7 NA
315 Alr-to-bnm-Gas 9.68 9.64 - 93] 9.61 9.64
Ratio ’ 1B . .
AirlGas, 18.1 68 672 672 678
SCM/SCM : o
Primary 187 703 T 722 700 — 703 |
B Combustion ' ' : ' T
Level % : _ :
_ Overall T Y] 364 | 262 26.2 762
~  Combustion U : | |
| Level,% = | - :
K+, gKktmoil .| 0 | 135 186.24 187.13 187.13 |-
Residence Time, s | 029 |  1.86 1.86 186 | 801
Temp. at Q, K 1005 1006 ] 1004 1005 . | 1005
i “Quench pressure, 708 T 425 446 460 329,
_kPa - 1 : ny — :

40



39 WD 97/ 28222

PCT/ US97/ 00682 - : Tabl e 2 (conti nued) _
Exanple  © 25 26  _ -27 28 29 Figure
1 1 1 1r - 2 Ol imj ECtLOI’l tips
10.118 9 X .r%g(mguyo 9 x Q140 - 9 x 0.140 grBomoest -
©.0.140 = - (no. X size, cm - Ol rate, nferr]/s 2.00E—04 1. 98E-04
1.98E-04 - ~1.98E-04  1.98E-04 al preheat K 387 - 409
417 434 " 436 ; nh BLESSH Pa 2334 384
384 . 377 . 384 . ° %&E———&%@—-—e— -67595
0.595 . 0.595  Exampl: 595] _ 30_ _$ondi! 32 2¢s i 455 755
755 755 [T Figareheat] K2 b.l_é%eésﬁ oo '0.009
0.009 - 0.009 D10 009 0.8 P g 018 5 +§ burq- Gas 9. 68
9.64 - 9. 31— P30 6L | 016 J. eyi6 | 016 py; JU.16 Ai r/ Gas,
18.1°° 6.8  ——F3a?m 6. 0.97. g 019 sonfpddy Pri mary.
187 - 703 BB m | 70069 003 | 069 coninfd¥iog -
~ Level , % . preti{iim U8 WA | 6% |  Nag 21 069945 o 26. 2
- Combustion . |—tgWErm 7 0.RT, § KNAN] err|02ill N 1.35 o
- 186.24 18743 gp mio7. |3 0.86__ ResNAence T8, ¢ MNADOF  1.86
'1.86 1. 85 m o Of 0,91_-%”1 TPNAGL KD G91 | 1008 1006
1004 100p—=1~ —— 0.6 T UCICTO.6F espureel | 7086l 425
446 . 460 |35 899 T35 — [KFGB0. 0.30 0.30 R
. : i3m 0.2 022 | o2 022
L-4B, m 3.54 0 354 [}
—L5A.m 1.60 NA |- 160 NA
~L3B.m 015 | NA 0.15 NA
—T5C.m 0.46 NA 046 NA
- | ~Fim . I 0.11 0.11 0.11'
B NA | NA NA NA -
' Q,m 930 3.29 -9.30 329
—ndeg | 315 - ] NA | 315 o NA

41 -
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Tabl-e 2 (conti nued)

33

D1, m
0. 16
0.19
'0.19

WD 97/ 28222 PCT/ US97/ 00682
_ _ ~ Exanpl e 30 31 32
Fi gure 2 1 2 — - 1 o
0.18 0.18 0.18 0.18 - D2, m -
%véngszzz | 0.16 0.16 : o D-3A, m PCT/USOP00682
Q. 0.19 D3B, m . 0. 69
0. 69 0.19 .D-4, m NA 0. 69
0. 69 D4A, m 0.91 © NA - 0.91
D-4B,. m 0. 86 Tablggh(continued) o g = NA
OEsample N4 -30 0 1 31 NEZ 33 1 om
o. b1 Figure0. 61 2 _0.61 1 _21-2l m! 0.30
0. 3TOil injection tips, L{- 3x 0997 9x 0 920.097 | 9x0.09727 0.22
L-4A, m 32 (.13 0.097 0.13 - 0.13
(md. béize,cm) [0 - 3. 54 : 0 L-5A, m
" WA Oilrate, mis 60 | 1.69E-0NA| 1.70E-04 | 170584 |n1.70E-04 | 0. 15
0. 15 Oil preheataR 428 B34 | 432 449 -
L- 5¢€ Ofpressure, kPaU. |46 942 . NA 963 — 908. 46| 921 F-1,
0. 1¥Comb. Air, 5CMS | 0.595 0595 0. D595 0595-4, m NA
NA Comb. AR 755 755 755 755
Preheat, K '
Natural Gas, 0042 | 0042 0.042 0.039
SCMS _ _ :
Air-to-burn-Gas 935 0.35 932 10.30
Ratio T '
Ain/Gas, | 14.0 14.1 14.0 15.1
SCM/SCM ' T _
" Primary 150_ 151 150 146
Combustion ' o I : '
Level, % . : -
Overall 263 262 726.1 260
| Combustion . -
- Level, % ' ' 1
K+, g K+/m’ oil 188.75 | IB8.53 '188.16 188.16 -
Residence Time,s |. 801 | 1.86 —8.01° 1.86 o -
Temp.atQ,K | 1005 1005 1008 | 1005 : _
Quench pressure, | 363 501 370 487 -
kPa — | g ) -

42



cm

. m 9.30 . 3.29 . 9. 30
3.5 NA 31.5 NA
4 1 WO 97/ 28222
PCT/ US97/ 00682
Exanpl e w03@28222 - 31 . 32-
1. 2 - 1 Gl injection tips,
0. 097 -9 x-0.097 o 32 . _ '
Gl rate, Merr]/S 1.69E-04 1.70E-04

3.29

[err]deg

Tabl e 2 (continued)

33 - Fi ROTAUSI7/00682

9 x 0.097 9x 9 X
0. 097 - (no. x size

1. 70E- 04 1. 70E- 04

© 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. =

. - Table3
- Example I 2 3 4 5
1, No, ting_g 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 88.9 87.9
Dmode, nm 112 117 118 128 123
Dst, nm 110 116 116 127 122
. AD50, nm 96 101 102 A3 101
Particle size, nm 14.67 14.99 16.34 18.45 17.92

Tol.__Extréct = Toluene Extract Level

43
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G| preheat, K 428 434 432 449 G| preSsure, kPa

942 963 908 921 ©  Conb. Air, SCM5  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
SCVB . Al ryb9rbeisn- Gas 9.35 9.35 9.32 pcr/UssibossD
Rati o . At/ Gas, 14.0 14.1 14.0 15. 1
SCM SCM Primary -~ 150. - 151 © 150 146
Conbust i on Overall = - 26._? .26;52 26.1 26.0
Combustion Level, % K+, g K+ nfefable3dpqntinued) 158 75 188. 53
188. 16 1%8'. 16E Eesr agnceg 1T g, S OSJ 018 1. B0 6. 0L] :
1.86. Tenp.|_at Oxml? 1005 - 11005 .10 005 Quench
pressur e, 363 LNo,mga)1 | 98.B70] 859 g6l 84ypd 729 |
4z [ CTAB,m7g 88.7 73.8 87.1 79.3 792
| Tol. Extract, % ~700 | 100 | 100 100 100
Tint, %, %1 | 916 | 966 903 936
DBP, cc/100 "100.6 101.7 | 1060 110.0 111
CDBP, cc/100 g 856 | 8.7 | 8386 99 | 922
Dmode,um . 127 136 125 138 129
Dst, om 125 137 125 143 130
ADS0, nm 102 710 100 16 | 107
“Particie size, nm 17.48 1924 | 16.70 17.52 18.41




WD 97/ 28222

- PCT/ US97/ 00682 The anal ytical properties of the carbon
bl acks produced in Exanples 1-33 were - anal yzed by the procedures
descri bed herein. The results are reported in Table 3. T
Tabl e 3 woonsizianple - 1 2 PET/US97/00682 4
5 I[err] No, ng/g . 120.9 117 0o - 104. 2 89.5 .
91.5 CTAB, nferr]l/g - 108. 9 105 8 - 98.2 _ 87.0
38.5 ToL Extract, % . - 100 Table 3 ue) " - 100 - 100
100 - =~ CTint, - % 1109. 4 Table 3 (cqmy 104.4- . 99.8
99.5 DBH— CCTEKRMpie 103. 9 - 1307.1 13 201&2 14 1Q1. 4.
102.3 . P rr‘/1ﬂﬂ g .91.8 | QqQ. 13.9
87.9 Dgjde, ririio, mg/g ™ 11257 87 3115 B2 104
123 DY TETAB, w3 TI%86 7P 76316 75.9 127
122 : [ 6 96 100 102 103
101 Parti dl e Tol Eﬁtﬁlch% 14. 6700 - |14 99 16984 - 180 45
17.92 5 Tol "Ex‘t"r"aﬁ';t’—%—'l‘mmm ac Lbuqr 91.] 90.4
DBP, cc/100 g 106.0 101.0 101.1 103.7
CDBP,cc/100 g 89.8 849 85.7 85.5
Dmods, mm NM NM M NM
Dst, nm "'NM NM NM NM
~ADS0, nm NM NM NM NM
Particle size, nm 15.07 19.64 1899 16.74

- NM = not measured



116

43 WD 97/ 28222 :
PCT/ US97/ 00682 . Tabl e 3 (conti nued)
Exanpl e - - 6 7 . 8 9 .-
12 No, ngy/g - 98.7 85.9 96. 1  85.4 - 72.9
CTAB, : n{ err] 97/2822288' 7 . 78.8 -87.1 - 79.3 pc-rmsg-mﬁ%zz
Tol . Extract. % 100 100 100 100 _ 100
Tint, % - 99.1 - 91.6 96. 6. _ '90.3 93.6 _
DBP, - cc/ 100 g . 100.6 101.7 106. 0 110.0 - 111.1
- CDBP, cc/100-g - 85.6 85. 7Table 3 (corgigueg) 89.9 92. 2
Dnode; nm - - 17 — ETAN F25— TSR
129 Dst, dample I F 125 143
130 . [ ETT | 1DNG, mgign ~ 772 104 . 960 1]J0 803 ~ ho0#63.6
- 107 Part i |- 28— R4 SO 5570 +7—52
1a a1 Cras. e "T69% (2N 1) 563
- Tol. Extract, % ~ 100 73 100 100
~Tint, % 86.1 92.5 842 74.7
~DBP, cc/100 g 158.6 1615 1633 162.1
CDBP, cc/100 g 99.3 107.1 102.1 993
~Dmode, nm 122 125 134 135
Dst, nm 135 132 146 166
—AD50, nm 101 95 106 130
Particle size, nm 29.70 " 16.74 2332 33.55



a4
PCT/ US97/ 00682
Exanpl e

I[err] No, rrg/g

CTAB, nferr]/-avo 9728222
%

Tol . Extract,
Tint, % :
DBP, . cc/ 100 g
CDBP, cc/ 100 g
Dmede, Thm
“Dst;, nm |
{err] D50, nm
Paiticle size,

NM = not neasur eq

WO 97/ 28222

_ Tabl e 3 (conti nued)
11 -12 13 14
. 125.7 . 85.8 90- 5 89. 2
98.6 = 77.0 76.3 PCY/US97/0D682
100 . - 100 100 100
- 105.0 - 88.7 91.1 90. 4
- 106.0 - 101.0 . . 101.1 103. 7.
- 89.8 = _  g4Table3 (continued) g5 7- 85.5
O NM "NM NM NM
v iyt NIV -Niivt
Exampl 1) 20 21 22
| N N 1 NM
nm L NG g 71319. 64 625 [18. 32 96.216. 7f
CTAB, m7/g 63.5 54.8 63.5 83.6
Tol. Extract, % 100 100 95 72
oL, % 741 696 1 - 800 T 923
DBP, cc/100 g 1533 149.9 150.5 154.2
CDBP, cc/100 g 97.5 96.1 98.8 1028
Dmode, nm 146 152 119 107
~ Dst, nm 177 194 158 135
~ADSO0, nm 151 173 138 I
Particle size, nm 22.66 2991 32,60 20.23
Example 73 24 75
T No, mg/g — 954 T97.7 36.1
— CIAB,m7g T 85.0 100.9 54
*~ Tol. Extract, % 100 — 66 93
Tint, % 90.5 ~ 110.0 1051 _
DBP, cc/100 g 159.0.. 127.7 140.4
CDBF, cc/100 109.7 1032 "1020
Dmode, nm 126 98 109
" Dst, nm 132 99 108
AD30, nm_ — 97 69 71
" Particls size, nm ~21.55 19.00 yLATINN.

47



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

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

_ Polymer compositions A, B, C, D,E F,G,H,1L1J,K, L, M and N-were prepared to
10 evaluate the apparent viscosity, melt flow index and coefficient of absorption propcfties of

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

48 -

45 WO 97/ 8222 | _
PCT/ US97/ 00682 . -Table 3 (continued)
Exanpl e 15 _ 16 17— - 18
I[err] No, ny/g 77.2 96. 0 80.3 63.6
CTAB, nferr]Apommsan, 69 - . 832 72:2 chMé?oogxz
Tol . Extract, % 100 73 100 - 10
Tint, % 86.1 92. 5 84.2 - 74.7
DBP,- cc/ 100g 158. 6 163. 3 162. 1
CDBP, cc/100 g 99. 8- 101‘#5'53@0“““"0") 192.1 99. 3
Dn=Dde, nm . ~Exdafol 7425 13753 §35—
DSt, nm . , Seiple 132 ok 14
[err] D50, nm I> Nol g/ 58605 698 1106715 1895
CTAB, m“/g 63.7 754 76.7 79.7
Tol. Extract, % 2 97 90 100
T Tint, % 754 106.5 1053 104.8
DBP, cc/100 128.5 59.4 56.8 52.2
CDBP, /100 g 100.5 578 366 528
Dmode, nm 173 ~109 105 104
Dst, nm 174 112 112 110
ADS0, nm 126 108 105 104
Particle size, nm 2144 2434 2341 21.88°
" - Table 3 (continued)
- Exampic - 30 31 32 33
- 1;No, mg/g . 700.0 884 1032 889
CTAB, m7g 903 833 916 877 .
Tol. Extract, %_ 00 | 98 100 T 100
Tint, % 128 1130 T16.1 K]
i DBP, cc/100g | 77.0 53 67 | 6838
CDBP, cc/100 g 726 712 66.7 680
Dmode, nm 91 o1 85 88
Dst, om — 52 94 37 91
ADS0, nm 66 67 i 64
Particle size, nm ~23.50 2475 222 | 2295
] s o
Examples 34-55 -= )



Partlcle size, n - 29.70 o 16. 74 23. 32 33.55
46 WO 97/ 28222 : _ -
. PCT/ US97/ 00682 _ | : Tabl e 3 (conti nued) _

WO 97/28222 , - : o  PCT/USY7/00682

11 |‘|

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.

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

- ‘fnto polymer composxtlons 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
10 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
‘15  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
20 (LLDPE) identified as DFDA7510 for carbon blacks from Examples 1 through 14 (polymer
- compositions A-N) and GRSN7510 for carbon b_lacks 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 |
25 1emperamre of the mixing step was about 120° F (322 K;), and the mixing was perfonned'
= for3 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 _
30 m)perside. 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 reported in Table 4. As described above, evaluation of certain

49 o



Exanpl e | 19 20 21 22

I[err] No, ny/g 71.3 62.5 . 712 96. 2
CTAB, nferr]/g : 63.5 54.8 63.5 83.6
Tol . Extract % 100 100 95 72
Tint, % - 1 69. 6 80.0 :
DBP, cc/ 100 gv"”””Zé153 3 . 149.9 150. 5 %é‘%gﬁm?“”
CDBP, cc/ 100 g 97.5 - 96.1 . 98.8 102. 8
Dnode, nm. 146 . 152 - 119 107
Dst, n&o ' prois(?r?tes of the polymer cbfflositions was perforshediat carbon black loa&ﬁg’ﬁ_’levels
ert L, nNm -
I[Dar t } cle size, r’mP“"""é-?""G‘G'ch were achieved yfiliging “dd'tm""J“%fEGO o 20. 23
Exanpl e 23 , 2%able 4 .25
I[err] No, N0/ Q [ Exampl@RNufiber | 34 95 7 36 37 00] L 38
CTAB, nferr]/g Poliimerc A TR0 9 C D 7 -}fol :
Extract, % ition &6 - 93
Tint, % Cas lack I 1030 3 oo 3
DBP, cc/-100g Tlosi | . ' 44
CDBP, cc/100g | ‘poeateh “ﬁ,‘f ' 103.2 ~ 102.0
Drode, nm ok26 98 109
Dst, nm | 56 331 | 988 3346 R0 2957
[err] D50, nm . | > 3%?9& 1083 1098 "1 1068
Particle size, npr 600 6L O 588 AR R vy S COE
47 - 10005 — 471 | 478 357 466 366
Melt flow index, 3.12 3.17 3.40 418 439
g/10 min : - S
COA, k Abs Univm | 4514 467.7 4324 | 4207 408.4

5 Carbon Black = carbon black from example run #; Pa-s = - Pascal seconds
s = per second; g = gram; mm minute; k Abs Unit/m = Absorbance units per meter, in
thousands

50
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Tabl e 3 (conti nued) -

_ ~ 'NM:=Not Measured

L)

Exanpl e 26 27 - 28 29
I[err] -No; nuo/g 58. 6 69. 8 71.5 80. 6
CTAB, Merr]/ 63. 7- 75. 4 76.7 PCTIUSYS/00682
Tol . Extract, o 0% o7 190 100
Tint, % 79. 4 106. 5 105.-.3 . 104. 8
.DBP, cc/| OOg 128.5. ' 59.4 -56.8 -52.2
CDBP, cc/100 g 100.5 - 57.8 . 56. 6 - 52.8
Dnode, nm E 173 10Bable 4 (continued) 105 104
Dst, nm : Exantidie Number 3012 40 312 42 1143
[err] D50, nm ——p?%m; F103 G wo I 104} .
Particle size, nmn poﬁﬂo 44 44. 34 23} 41 21.188
Tabl e 3 (conti nupeh g::onBlack, 2] 5 8 30 9 €518
32 3B —rent Visco —NoT Ty g TO0U. U 8.4
103. 2 88 féfwsheamﬁ% merr]/g 90. 3 83. 3
91.0 87} ) 0I JExtract, %- 100 98
100 100 ok, ' 2 Y
- 00Tt /0] 2194 | 21862 P 2246 3348. 2359
116.1 11— 30057 _Dor 7| CI970 100 U064 lji'g'u 1104 1865
67.7 681 5005 Cobhs TE53 00T 661 &8 O 689 T &7
gg 7 gs o ]00054 DI UC457I.III 455 N 46!11 473 ] 41
TTIT Z . 7. J4 .
87 91 M"‘;ﬂg“' 'mﬁrr] s nm 2 66 % 47 F
61 ' 64—————%%% =T 2851 ya:
22.22 22, [pGOA k Abs Ui | A28D ] 4213 17 #196 ke 4cll6loUL,LIV43I4|;bb and
advant ages of the carbon blacks and t leQ' UAnL:Ts 'EEXWPOSI tions of the
present i nventkon are illustrated by t 'S set of arrpl es.
Pol ymer comnposftt 15 Pt Ly
prepared to 10 te%m‘::lfw!"kf eppe Mu aa waft VAL
coefficient of ebsobgf’ o propert I es of conposi §i ons
i ncorporat| ng the—eé;'&,%—?gae—k-n e 4 ' T TCH e g
48 o Apparent Viscosity, - -
- : Pa-s, at shear rates. . - ——
- of: o -
- . ' _ 100s— 2160 1966 2006 2023
o - 300s" 1058 988 1001 1009
600s . 656 622. _ 628 633
B : 1000s™ 451 429 - 433 436
" Melt flow index, NM NM NM _ NM
- /10 min _ .
COA, k Abs Unit/m - 427 386 370



. WD 97/ 28222 - _
PCT/ US97/ 00682 carbon bl acks of - the present invention and
control _carbon bl acks. Pol yner conpositions O, : P, Q R S T, U
and V were prepared to evaluate the apparent viscosity and nmelt flow index
of pol yner corH)ositions i ncor porafing the carbon-bl acks of Examples 26-33
whi ch i ngcl ud¥09728222 - arhon bl acks of the pr esent inventr‘aﬂﬁgﬁﬁ’“@?mt.rol
car bon bt acks. 5 - Each of the carbon bl acks produced i n Exanpl es
1- 14 and_26-33 was i ncor por at ed : i nto polyner conpositions at-a
35% | oadt ng by mass of carbon black into the pol yner . conposition.
Pol ymer conpositions A-N were producegyyi4 kgoggi,ﬁgdlt he carbon bl acks
. t {c ) p

" NM = Not Measured

10

produced in Exal = bk Ol PITET g€ OMpOST LIS C O sh. 1S '5' —and J
wer e pol yner Pol é{rlpuoi rongof—tire Pp TSt rgenton \,Gﬁ-ﬁv&ng
furnace carbon pla itidnn® present 10 1 nvengion,” w t h| pol yner '
Sl 11" T A [t ML T DDA

Conp03| t I Ons L, Ix &nu -s\lcvbaslib # o J PUI yllbl DUIIPUJIﬁ ;_‘611}3 CI t rg

i nvention. : P"%’%‘fgﬁeéalrn t?,frg f urnace carbon bl acks of the present

I nventi-on, wth po’l's)’/ =14 conmpodi tion K bei ng the corresponding
control . Pol ynmef—eerpgst+ors16-Y5 =2 Re—carbondbl acks
produced in Exapptes—Zo=p3- .”c%y.,"“\‘s7 : H _; , 15
pol ymer conposi fi-e +-he—pHeset—av ' ' on

bl acks of the w9008 ocgnd | o834, condasi®ldng § T,V
and U, - respecti 1 S cOLL ondi alal A3 olls 409

The pol ymer cornpoMet flgyindiey, \for 4980 cnaf ed 1320 f ol | owd26 24.54 Bot h
420.7 grams car 19 mjn , Wﬂcih pol vethyllene
20 (LLDPE) i dd egbs i sabiMior b ks MM om BvaniiMeg 1

t hrough 14 ( pol r conpositions A-N) and GRSN7510 for carbon
bl'acks from aWé’g‘k’ﬁwefﬁ%ugh 33 -+ (pol ymrer conpositions OV) were
charged. into Farrel | aboratory Bantl.ué! 'rIixer aving a . mxihg .
chanber with apwe 1100 Gubic—24nd (eann -DE%AZ-S—LO—ng?Les-h* ene
and . - . GhsiamalsNumpe o, :-ad—énd sld B2 Unibn
Car bi de. The iiti folymer 55 enpératurfe of ‘the rfi xi ny step was abouf 120 F
(322 K), and tte—%%w _ fdr3—pinut-ps- Lrst 30
seconds at -77 {pm-iHB E%t 4p setdnds fat 16 rpm ar?a t he _ —_
remai nder of theappaséntngscbsige Pt 155 rpm FOI T oW ng m XI ng, € proadart was
sheeted of f on{ "Pas,atsheardatdswo| rol | mll at 180 F (355 K)  into 3/8 ingch
(0.0095 m thic¢k-sheadfs. The gheets were B then cut into strips and
run through a ¢icer mosVerting tB23e | ntjo cad38S Of] 31736 nchf (020895 | 30
m per side. The prooet was Fcreemed Ho erwere ghatioenl y pni 10801 y-si Zed
pi eces were used 600s” Tor|susequent t @631 Nng. 666 677 The
properties of {RE PQDHTEET CONMPOSI4SsONS [Wer aseval Jat eqsii n L e ragpner |
descri bed — MelEHoWiRden 10 [NEILGRUT T[S a8807 €pqr L ad30n TRDT G.05. 23|

descri bed above, evgiomii on of certain . :

49 COA, k Abs Unitm ~ NM NM NM NM )

~ 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 blick 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



WD 97/ 28222

PCT/ US97/ 00682 ' properti es of the pol ymer conpositions was

perforned -at carbon bl ack | oading |evels _ bel ow 35% whi ch were-

achi eved utilizing additional LLDPE: : S -

Tabl e 4_. e Nunber - 34 - 35 6T g 37
= 2 o fUS97/00682

38 - o3 ':yiirmﬁili — A B c b o

E - Corrpo_si_tion Car bon Bl ack 1 ' 2 -

3: - 4 5 Appar ent Viscosity, : "Pa-s, at shear

rates -~ _ : |ed m companson with thd 8&espihdihg control polymer cBﬂBdsntmnsAach@42

2246 2211 130

1083 1098 Theda_tap_[ﬁgtged in Table 4 also show gﬁt}ﬁ'sr@?'i"f composntlor_légéM and N of Eo6

668 679 - _presenr. ﬁVéﬁtlon' conmmng carb&ﬁ)ﬂad:& 6f the present invention, efffibit a lower 478

3520 . 26 ? 8 appmm vAso?gy at the shear rattes 5?‘1?@%" ﬁxg c%ldparis&)\x%fk&nﬁz B%'wf W?i’x%o]ﬂZol

451. 4 467.57 polym:r4érﬁpo§|tlonK. Pdli&ﬁer?:omposntzorﬁ]&ndu of the pr@entimentiBh exhiibit=

carbon bl.ack from exa #. Pa-s secon per

‘second; g = gram 'Fﬁ°ﬂ %h sﬁfféfeﬁm ﬁﬁ‘-"'ﬂ%’%?‘b%ﬁ%é"su Jfﬁé‘r net er,

in t housands corresponding control polymercomposmonsA and B. It is believed the viscosities S

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 com_position containing a njixture of carbon black ax_id molten poly_mer,
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., Mand N of the present invention, containing carbon blacks of the present

26- invention, exhxlm hlgher melt flow indices in companson with the con'espondmg control

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. : ' . o - -
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Exanpl e Number

Pol yrer F G - H - . Conposi tion

Carbon Bl ack woomsz L 8 9 _ 1ECTUS97/00682 ~
Apparent Viscosity, Pa-s, at shear rates ' of :

100s[err]’ - 2194 2160 2246 2240 2359

300 sferr] . 1070 - 1064 1098 1104 ' 1136 .

600 s' 663  The codfidientof absorBip of a carbon §ig¢k-containing polymer composntlon is - 1000
fs |[ g\l;vr? nd éx 64g€pns1dered u}dxé‘?ﬁe of the dggrﬁegtgzmzch s%ch a%z;ﬁposmon wnll téllyate uv texposn.M/e llz)

m n - COA, k Alwith iimirhdl degreddtix® of physical propergies. 'I'he MQ’N&""‘“’ m m Qindicate 'h&4 4
'|4'$b| € é OI( ;ﬁgf, In uep()!ymer corwmsxﬁélﬁr@ llf El\‘p @ﬁr I and J of thé élwent invention, co%ﬁmmg carbon 46
Conposi tion 5  black&of tiropresBht dnylention, have cogﬁﬁcnems of absorptipp comparable to the 3

Apparent Vi scosit r 100
sferr] 2160 é’ohffictents O\P a%so%pufgégtﬁp&ﬁ{ml p@fyglglbcgmposmons A antg%. Z-Ehe data

300 sf[err] - presenté)ip Table 4 also indicaygdat polymer compasitipas L, M and N ofjtheygesent

600s[ err]

1000 s[err]

15

20

25

~ were polymer compositions of the present invention comprising. furnace carbon blacks of _

WD 97/ 28222

. - - Table 4 (continued)
39 -40- 41 42 43

invenﬂ @g@omining carbon 21%2 of the present in4vg§§m, have coeﬂicietzftggts

- absorption comparable to the coefficient of absorption of the control polymer composition
w K |

Examples 56-77

.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 congﬁponding controls containing furnace carbon blacks from Examples 1 and 2.

Polymer compositions LL, MM and NN were also polymer compositions of the present -
invention comprising furnace carbon blacks of the present imvention 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.

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



- 1000 sferr]
Mett flow index,
- g/10 min

g Exarrpl e Nunber
Pol ymer -
Conposi tion
33
100 sferr]
s[err]
..600 s[err]
10000 sferr]
Melt flow index,
g/10 mn
NM '

- R 15

20 -

Melt flow index, NM - NM - NM NM

COA, k Abs Unit/m 427 377 386 370

Not Measured WD, 97/ 28222 . . o -

PCT/ US97/ 00682 ' -. Table 4 (continued)
Exanpl e Nunbe wo om28222 48 - 49 50 PCTAI$97/00682
Pol ymer O L ' -

Conposi ti.on Carbon Bl ack - 26 - 27

29 Appar ent Vi scosity, Pa-s, at shear_fate of :
100 s[err] 2 Agpolymer composisipng were prepared | ’z%?"d“ P‘”“““'%B'PW Cusing
300 s b3y¢ sofLLD#kaOﬂlmﬁedasDFDAﬁW%r carbon blacks %3 Examples |

600 s[err] gmn

through-j4@nd GRSN7510 fogfgaybon blacks from E:g.ggles 26 through 33 mw 25
ylene and dmh\lﬁﬂﬁlo polyethylené4reD4

- NI
= Not Measured 55 'manufactured and sold by Unrion Carbide. The rotors wefefymed op ‘f‘ £0.rpmy Wﬁ’é‘ﬂﬁ

k Ab

desired temperature was reache® 3nd the weighed quadfities of polymer and c2fon black

: we(rz_ﬁhgg# thgough)the l;rading chutepyer 2 30 second peripd. A 10, (}(/)0 kilogram woight
Appar ent \0@5&&! t‘o}the chute meaursng thd ingrbdietits dowh 85flux. The weigh® bad chute

ﬁﬁ’é" golrpm, the meTégdnm

were lg_mvgd after flux. The :ﬂgygeed was adj
10 §RRred and the compoiind mixed ford1vé minutes. After this@itne period was comiietd,

gamchQrb&Quactk/ DFDA7510

the coriwugcgéfas removed arg pisgédq twice throu@ in&cér%ljl mill. The reg:ltgfﬁ%f?eets

COA, wkreﬂhsd inkoi stnalter pieces fdKIAMA testing.

NM

NM

The polymer compositions were evaluated for CMA utilizing the procedures .

 described herein. The results are reported in Table 5.

' . “Table 5 )
- Example Number 56 - 57 58 - 59 60
- Polymer - AA BB cCc - DD EE
_ Composition '
-~ Carbon Black "1 2 3 4 5
CMA, % 0477 0.475 0416 0.437 - 0415
- Carbon Black = carbon black from example run # _
. - Table s (contmued) -
- Example Number . 61 62 1 63 64 65
" Polymer _FF GG HH 11 R
Composition . - :
Carbon Black  __ 6 ~7 | 8 9 i0
‘CMA, % 0.374 0202 0.374 0276 0.382
: o Table 5 {(continued) .
- Example Number - . 66 67 ~ - 68, -69
‘Polymer KX LL - MM ‘NN
Composition ) ' : '
Carbon Black _ 11 12 - 13 14
CMA, % - 0.465 0.243 0.288 0.265

g/10 mn




T TR TR T

NM = Not Measured 10 - The process of manufacture of pol yner

conposi tions containing carbon black - I nvol ves one or nore steps of
“handl ing a m xture of carbon black and nolten pol ymer. The Vi scosi ty_of-
this mixture of carbon black and nolten polymer is an i mportant property-in
determ ning t of its processability. A |ower viscosi Ty the
processabi | i t\%ﬁ’%ﬁ’ said m xture of carbon black and nolten @%Bn}éﬁrgf and
therefore is a particularly mportant 15 and useful property of such -

conposi tions. The data presented in Table 4 clearly show that t he =
pol ymer conpositions C, D, E, F, G and H of the present invention, -
cont ai ni ng carbon bI acks of the pregsgnt chitikaali on. exhibit a l'over

appar ent Vi scosityYEaEA R ambae T T at7gS 7

52 . WO 7#5"‘_ b;l% ' PP

PCT/ US97/ 00682 ~ ppari son Mt r??he corr@%ondl ng
control polyner: —ge—e ;?2 eses v.j-g-n—‘l-'a-ble 4

al'so show that t
~invention, contai

l-ower © apparent vi 5005|ty at thﬁ"gh a}r rates specified, in conparison
with the corres;tan.d' Ag—C.oRO 7P }‘SL%&Q&LLLQ&_K_P.QL)L@E__
conpositions | an @FNPﬂg"prtsen? i nvehti off exhilbit 76 visddsitig¢s at

t he shear rates [SPECPblymer Wi Ch ar 8S CONPAT abfE t 0 |t NeyU sco?E‘lT‘I"WOT—\ he
correspondi ng cont rodmyesitivdTer fonpositions A and B. It is b¢lieved th '
vi scosities — @arboR Blackl DY| POl YOTET Cpnposy 11 01s 1 3and J]ar €33

‘attributable tolthe fact that tarhon hl ks O and 10 Jutilized I n -

- pol ymer conposi L onsCMAKBY 1 ¢ ncngrﬁ 3 vel ‘ &3Re hi nhcglAail rutt uPo8¢ evel s 10

(as indicatfed by their DBP val ues) than control carbon bl acks 1 and 2
utilized in polymer . nposSitions A and B respectivel

hi'gher nelt flow i nd‘éﬁ(’“ﬁl‘g““&ﬁ&"ﬁéﬁy’ltmﬁ‘a‘?‘i%H’°B¥"°taH%”H"ﬁ?J?QN‘é?fﬂFHB%‘Ssabl lity
characteristics mickebosﬁmewymamoﬁp&mah Bhﬁhﬂn@cﬂiﬂﬁﬁx rntQPropsay éfaikehd| ack and -

nmol t en pol ymer, i s al rii des rabl e erty
where i nproved WB}?&%%@F??"?'&“%‘ %’Qrﬁbg%’w%ﬁ& W@@gé'?fﬁ'f able 4 -
clearly show whaCC,tDm, EEOFF Ge; HEOMpO L, MMIshd BN d'ftheli:resﬁn intzention, contﬂﬁidg H of the._

present invention, c tal rbon b esept inven
Bh bt e ohiee® SR bt eRion R iter EUR RS B SR e i g -
control pol yner comsponﬂmzpomdl quyroerﬁomm:tn&sﬁﬂh@BdadliKpresent ed in Table 4

al so show t hat the
i nvention, containi ﬁgkgg%%mgf a&%rsmg'?é ?%g&g?gs%%&%@%gﬁp%g&%ﬁﬁé bit.
- hi gher rrel t fl ovirdmBxampiss 2fthewoghpd: iFoothis\graup of dxempicsrwhes gronpdiingpolymer + ol

pol ynmer conpqgit FHRRR'; I sgpsity
and nelt fl O\C/lvgl nég ngns{)gnpppglo e Kﬁbéog‘péﬂ@r%%gﬂl?#lgﬁgeont al n'?dr%gtm}:l‘ar on
bl acks from Exarﬁb?’%fsspzﬁw? pangrolg kpolymer compositigns 5,00 VV iand EU) ane avill phseryerthat
conposi ti ons, i£?anp| Qanﬁoﬁﬂomﬁftﬁé ﬁgseﬁﬁmﬂﬁbn%ﬁkémfvamqm aré RitheP foweE !

|nvent|on from es 27 and 29 have lower viscosity and higher nelt
. _ -than or compmbie to CMA values of then' correspondmg controis. )

e o+ e PNt
Lo Jé]@cnnf l nQ) tin - W a:

AL

1%

20 Examul:slﬂ_andﬁ T ' -
~ The effectweness and 2 advamages of the carbon blacks and polymer compositions of

the present mvcntton are further itlustrated by the polymer composmons set forth in
‘Examples 78 and 79. '_ : . T
Polymer composmons W and X of the present mvennon were produced by | _
25 inb'orporatmg the carbon black produced in example run 7 at mass loadings of carbon black
into the, polymer composmon which were greater than 35%. The polymer utilized was

E _ — LLDPE identified as DFDA 7510 and manufactured and soid by Union Carbide. Table 6

56



I ndices in conparison
.U, incorporating

in Table 4 indicates that the polynmer -

with their

respective control

c

onpositions T, V and

carbon bl acks from Exanples 31, 33 and 32. The data

bl ack from Exanple 26 exhibits a higher viscosity and
equi val ent nmelio draeai ndex to the pol ymer conposition contai pcrvuseroésen 30

bl ack from Exanpl e 30.

significantly higher -
26 whose production used a significantly

This result .
structure | evel

conposition containing carbon

approxi mately an

is believed to arise fromthe
for the carbon bl ack from Exanpl.e -
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~present invention, ha
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which were determined utilizing the procedures described herein. 53
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tiveness and
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t he cErb
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| gvention are al so |IIustrated by this'set of Exanples
GG HH,

or &Ry tyerpolymer °°W°s'fts'e= W%PFM'W %w&%m&qsé&a&ez pkragon| (at e

pafikgthe ﬁ%bl%@ﬁ@icteh&ﬁ:s of thdpdipaiter
S B sheect priars
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KK, LL, MV

t he
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resent
¥ont r ol

i.tions:

é?”§ﬁ§r

conposi tions of vntﬂh@gpwwnmdepmcdaeromproomprl sing furnace car bon bl acks of

-the Ppresent |nvent| §E&ﬁ

co resp@ﬁ%k B% ?I’O Séfi‘)gﬁ?lgﬁlcﬁl

BB bei ng e

sitiof

$%€A and

cac
nace

—bl acks from-Ex amdif&mtlcad’nmblﬂck and such that thPcimpositions withio s mmgm sdries cautiand NN

vwere al so pol yMeppsroliRe Svid: m%m%sst

furnace carb?n bl acks

of t resent~|

5388 b Sub MRt O = 79

5 _permits a higher carbon blagk mass. loading for a gwen melt flow index or viscosity 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

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

control polymer compositions Aand B. Asset forth above, a meit flow index of a larger

magnitude represents a polymer 'cpmp'osition of easier processability. Thus, Figure 4 -

25

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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“and 14, with polynmer conposition KK being the correspondi-ng control

cont ai ni ng furnace carbon bl ack from Exanpl e 10. Pol yner
conpositions 00, PP, QQ and RR were pol yner conposi ti-ons . of the
present i+fivention conprising furnace carbon bl acks of the present 30
respectivel ywoﬁp%_g,gzt he correspondi ng controls containing fgefRgegegszbon
bl acks from Exanpl es 30-33." . - The pol yner o
_conpositions AA-W were prepared as follows.. : -

54 _ WO 97/ 28222 . ' ' " - - -

PCT/ US97/ 00682  the corresponding contrdiipalyiiel soipbsitionsRand B, while stilbsxbibisingpar ed in a

Br abender plasticorder at 100 C uSing, . ) 35.75 grams of LLDPE, -
~identified as DFM%"X'B?“E‘&PBB‘E“‘BF"&EQQWT%'Exarrpl es | . through 14

and GRSN7510- f or carjyQpmila fshion, Fig@es Bepisiithesppaent viecsitied) ata3haansitelod 1006,
grans carbon bl ack. DFDA751Q_ pol y&t hé%erf]% and GRSN/510 pol yet hgl ene -are 5
“manuf act ur ed andofelymerspmppsitians Sali#rg& o ﬁ@WB‘[‘BY?"‘OVe‘P‘@E#I#'ﬂ%'& o 60 rpm

after the s BlEckiof e preSURDRvSRtIOH Rodkiodd ih SamplRtun Bl theichingimisgloftingguant i t i es
of pol ynmer and carbon blpack were charged thr oupn)(’the |.oadi ng chute
‘.over a 30 secondF_‘_p'é,fFFé’d‘?d‘A“‘?G',“’G’GB“ﬂ'i‘Y'&@F’H?ﬁaéis'&ﬁ‘fm“’p Sl STt o the
chute ram puttigyridrGonhpdSiiadiAcit B. AR Figdre § blearly sidves thue paljrhear cammysbsitibst €
were renoved after_flux. The rot.or scgleed msrﬁ%uﬂgdtto %tﬁﬂ t he _
Brabender ram 19 Witde PEHe BRI HSSTRTE RIS A FIY R&ess ot ¢ or
this tinme peri ochyyesuimblelfe e, incorporatibihef eitienpiihiecbrespondingromedipatymserpassed
twce through a two-roll mll. The.resulting sh were .diced into
smal | er pi ecd® fGMPOSHRNE ég‘?‘+ #rd‘.’h'.hsul{ex'?{é"m.g“‘%ﬁ%"’%gqt@%‘?mégprﬁfgg‘f' PORS- wer e
eval uated for CMA utl willbe Seartdene prdiradiyskiied in the artdhatthe cathod blacksof the preseat

' -rl-gf):“et sarer gg%ﬁgmma%%?&hezé ét. higgé§o§dir;gs _than'lhe_ lga/dings nomally usEay Use of the 59
60 Pol y mesarbon blacks oftile pres'e.nt invention.at sBh higher iO@lings, however, will not Eenltin
EE ' 500 ”E&%&a%ﬁf} pm co&j?t;\}a&) Rjoglu?e%so&tiélar% ?Pibﬁiti_e% !Jeli:%l’ge of fhe g((t)ent4 ?6 _ 3
0. 437 0. 415 which the compound moisture absorption capabilities are improved by the carboft black_s 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.
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Car bon Bl ack = carbon bl ack fromexanple run #

-Els-ib'l e 5_( c?ngiSnued) Hllllmﬂ““ml”[]mer - 61 . 62 " 63
|1 . ' 6 7

- Conposition* en Bl ack _
9 = 1 CMA, % : 0.374 - 0. 292 PCTIU@WB!?G%Z
0.276 - 0‘”9@5”%’ -~ Table 5
(conti nded) Exanpl e Nunmber - 66 . 67 68 -
- 69 - Pol yrer _ . KK - LL ' MM -
NN’ -~ _ Conpesiicd ON ~Carbon Bl ack 11 - 12
' (])-?.288 . (])-4265 1. Acarbonb%avmg anlgNo of 65-95 mglg ané a primary pamcle size o%less 55.
- WO 97/ 28222 thanorequalto 20 nm. - _ .

PCT/ US97/ 00682 5 (conti nued)
Exanpl e Number 2. 'I'hecafbon black of claim | wh7xe|ixthelzNo Is 73-5§l | 73
Pol ymer 5 Q) The carbon black of clairf? @ wherein the I;No. is@§93 mg/g RR
ggrrpQSI tion 29 4. 'l'he car q)'i"ack of%imn (yherem the menary palﬂﬁleélé%ls less t%an or eqn.Bl 08
0. 085_ 0. 31399 pm. : Table 5
(7(éont| nued) 7_7 -2 Elzfne[:];[l)'éum bu&n%énﬁﬂwhercmﬂw%#mypamclegéelslesstﬁanorequal.l..r
uJu to@@AgAOSi ti on Car bon Bl ack 30
31 ' 0 32 &, The carbon black of cfalfh 3 wherein the primary paxtilesia]iglcssthanoreunr 385
0. 485 0. 086 '
: to 19 nm. ;

7. A carbon black havmgan [,No of 100-112 mg/g and;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
15 toi1%om. a
- 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.- -
o -11. The carbon black o}' claim 10.whereinrthe CDBP is 80-95 cc/100g.
- 20 12. The carbon black of claim 9 wherem the pnmary pamc!e size is less than or
eqnal to19nm.
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 - -

25 equalto 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 IzNo is 73-104 myg. . - _
17. The carbon black of claim 11 Wherein the ,No. is 73-104 mg/g.
~18. The carbon black of claim 12 wherein the I,No. is 73-104 mg/g.
- 30 19. The carbon black of claim 13 wherein the LNo. 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. h -
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As indicated previously, the con‘iii)und noi sture absorption (CVA) of a carbon

bl ack- cont ai ni ng pol mll‘mﬂm m“ll s a particularly inportant property
of .such

ata presented in Table 5 clearly show

t hat the pol yner corrp03| £i onhs 10 CC, DD, EE, FF,_ GG HH 11, JJ, LL,
MM and NN-of (he-mpesent invention, containing - car 9%ﬁ of
the present i n§ent Ion exhibit Iower CMA val ues, when conpare vI\lAl;Ht h %

correspondi ng control pol yner conpositions AA BB and KK. .
Table 5 al so shows CMA val ues for polynmer conpositi.ons containi ng carbon

bl acks | frOnst&ﬁamm@mrawwwﬁéemﬁerthsss-ﬁmye of exanpl es
when conparing pol yner - orrp03|t ons and RR, conprising

carbon bl acks of th@%ﬂ@%%@h@t‘?ﬁ"}% 8 yhargin the [:No. is 75’%& respective

controls (pol yer compani LkiibiadSorclaln 19N HLNARS5.99 g Obser ve t hat
pot yner corrp05|t|ons of t he present invention exhibit CVA vaI ues that are

ei ther |ower tTh'a‘FF'UP b@@?ﬁf&l’!ﬂb?%“’é‘ﬁ"mhvallﬂ'éss”d?ys hei r

correspondi ngscont r(§7SA carbon black BavinE4a Qﬁsﬁﬂoﬁ?ﬁﬂ@apnmary particle size dfle&he
ef fecti veness and advanta es of the carbon bl acks and pol yner conpositions

of . t he thensg ©¥ht i on are further illustrated by the poI ymer

conposi tions set fO"ZhhTtharbon black of clEPIVOMRFein/tRe Fridbhry fhrticle size is from
Pol ymer compositions Wand X of the present invention were produced by

25 "incorporati dﬁ"‘tzﬂé‘mc,‘afzﬁ% bl ack produced in exanple run 7 at mass
| oadi ngs of carbon kb athe carbon black of cliifi X7 WHeRin Y YNE s BF ition which were

greater than_ 35% ol yner bl ze ent I fied as DFDA
75 10 and nmaflf actuggd%ﬁﬁé'bg'b'flﬁi‘ﬂ %8%1"6%‘@1% ‘Fé’gpg -
56 WO 97/ 28222 carbon black having an I,No. of 50-85 mg/g, a primary particle size of less
PCT/ US97/ 00682 ts for act ual | o ngs util4zed and
properties of tﬁ%"ﬁﬁ%?fimﬂé%%gﬁess&mw 96\%@ Bdetermned
utilizing the prOCeMrmdbmmldcbeﬁldieBeMemm the l-.No is55-80mglg. =
Tabl e 6 33. The car%n bEéQQP cla%n%mgerem the primary parz gle size is anﬁreﬁtehl ack

Pol yer Conp05|t|on
7 .7 15 than20nmto25nm.Car.bon bl ack mass | oadi ng, . 38 - 40

% N POl yNer COMPOS]. 14y Mrban back ofcaim 31 whereih BRETHMs M.GiG0RbY. Pa-s. at
’ - . 35. The carbon black of claim 32 wherein the [ No. is 60-78 mg/g.

36. 'Ihe 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 mglg—'

- 20 38. The carbon black of cia:m 32 wherein the pnmary parucle size is from greater

" than 20 nm to 25 nm.
" 39. The carbon black of claim 34 wherein the pnmary particle size is from greater
than 20 nm to 25 nm. ' '
40. The carbon black of claim 35 wherem the pnmary particle sxze is from greater
25 thin20 nmto25nm. . _ : . - .- -
~ 41.The carbon blac_k of ciaim 37 wherein the pnmary particle size is fromrgreater
than 20 nm to 25 nm. - T : _ -
42. The carbon black of claim 33 wherein the CDBP s 50-96 cc/100g. o
- 43. A 'polym;r composition comprising 2 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 100-112 mg/g and a primary particle size of less than or equal to 20 nm.
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shear rates of: 100 s[err] 2445

2707 ' 1193 1303

S sferr) oo T TN R _ 03 o sforr].
486 517 ' I\/Elt flowmdex g/IO mn 5. 30 2. 98-

For any two p%awrrposmlons whi ch d|ffer onky i'n the naserwasbag of ~
carbon bl ack, anot her mechani sm for conpar i ng t he -processability
characteristics of the pol ymer. - conpositionsTis to conpare the nelt

fl ow i ndi ces of each pol ymer conposition or, - alternatively, the

Vi tscosu tTlhes o:‘ gach pqlsymblyﬁmﬂﬁbﬁgtic?l&omﬁﬁﬂlgim&tﬁdaEﬁoﬁ%ﬁﬁlha'iﬁlﬁﬁﬁ 10 - |
rat es e pol yrer, co Lon exhibitin Vi SCOS or a_hi
melt flow index, INo-eof; é%éf’%’f’ gﬂ%@%@i%ﬂ"ﬁ%é  ypiadaC BB of

.Extending this ar gmﬁﬁq@Wlmw[m@rl es of pol yrrer conpositions, each-
made from - a different carbon black, and su %the corrp05|t|ons
within aparticul ar s&fi4RolYmssFompesition compis SRR an s s

| oadi ngs but are q bmosmnfg?ﬁ&&?hh&ypﬁﬂaeﬁﬁddf%smﬂ&bqﬁﬁo%mts a
hi gher car.bon bl ack mass | gadin |ven melt .fl ow i hdex or viscosity

at const ant  sheaf/-“Afolymey,cqmpogjtio 4nglymsT andpaicsbn black hayingaped

. p[] o'ces?]abi | L y. blx,mgfm}ss;r@d;ipmﬁaypémleazqdmeawoeeqhaﬁags_ﬂ;guwcﬁsghpw
~that the carbon acks of t resent .L.nvention exhibit | nprove
96 6100%

processability upé‘ﬁ’ to the polyner conpositions
descri bed herein for am%éﬁlhmumxﬁawammvhmmmeﬁlwwm cts the

melt flow indiges of Slt ns, G resent

i nvention inco po?tﬂﬁ'ﬁﬁ oyﬂegoocaul’g% "J‘F% ?%(% by‘m@ﬁ? PEY™SFoduced
in "Exanmpl e 7 at 4mneqamgcmesudnaﬁd!mgu letemxh@omi-mpd@ﬁunct S the
melt flow indices_ 0

tr ner c OSI A _an
forth above, a rrefotmpf'Fegv‘\J/St?]gdbfa%byD étca E%Drfa%b Ve p‘?@gﬁs
pol ymer conposition of0. B&Wb'memompwmbftlaws Wﬁbmm thel-ﬁog'mplecommmncl earl y
Tnoorporater ) M ionBRRRBS BTy Aot Bk 1R el R0,
" attai nabl e forlSt he i idofs@rhmersempdsition pficlaim@h wherein the polymer composition

57 WO 9 7dofi3fige? 0.5 to 300 parts by weight carbon black per 100-parts b ht of pol
PCTI US97/ 00682 t he cg‘r’rfses glngglcn ?:ofaﬁ rpST Sl rr%rwelcgor?pgc?sfml bns-A

~and B, while still e>§ﬁ1131=tw'mg=r°°mp°s'ts’as mﬁ'?a'mrymshwolmwémwsmogher mel t
f1 ow i ndex. omprises 0.5 kd 808 ipaFislb el mbnaéilpﬂﬂfoﬁpﬁs%?%gh%fwﬁmapparent

vi scosities, at a *shear. rate of 1008 err|, pol YVmer conpositions G
Wand X of the presert W\P%'M‘E‘?’GH“‘P??E’GPBf)‘?"d’!‘l%&h'ffﬂé"\?ﬁ'mﬂmws'tﬁl'ack of the

present inventb orboﬁmsiuo seb_mo pERs I Wehi ddfbarl biadk per DD BaEIHH UeigMSDF pdl I ngs
-Figure 5 also depi Ct %Blgg"rcsgt os:éilorsl gio cslalle'| |4g ?vhg':[:m ?‘hes hleagr cgrﬁ ; esmgn
s[err] of the contro € po P polym po _
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 _
o 'ébmprlses 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 composntlon of claim 52 wherein the polymer composmon
' compnses 0.5 to 100 parts by welght carbon black per 100 parts by weight of polymer.
58. The polymcr 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.



pol yrrer corrp05|t|ons AM 5 clearly shows that polyner

~conposi tions present invention incorporate carbon
bl ack at mass | oadi ngs | ’ Ql l"l those attainable for the — -
di '

i ncorporation of either df fheLc ng control polynmer 10 -
conposi tions A and B, while still exh|b|t|ng an equi val ent : I -
apparent Vi sc‘.'Yg?W ' It will be clear to one ord?{]arl % 'l ed
in the art that the carbon bl acks of the present -. - invention may be
utilized at higher l-oadings than the | oadings normally used. Use of {he
carbon bl acks of theﬁprﬁégagnerrex.ﬁmsiﬁeﬁlop&a.awuh&e,g aﬁrpolmacuoagésmohomver
~wi Il not result in . stantially poorer rrRoun noi stUre absorption
capabi | i ties becsemesises0.51 80 parts by weight canbon Yipck ppr 10 parts by peighicef pelymerur e
absor ption capabili tkﬁ%@ﬁ&,ﬁ%ﬂ*ﬁ%%%ﬁ saar.aannﬁlpa-g.lf.acga‘nfoso i Pet e

pr-esent invention. be clearly unders
forns of the i nvmmm&%ﬂéﬁm&wlméﬁ’bm@“kwIUOPW&EWP‘GM"&EMBMW and are

not i ntended to Iimg, tﬁ@gaw%oﬁsosﬁ.&? el B1 hfMicin B2 BoiPinSiabsfidn | NVeNti ON

i ncludes all rodification he scope of "the follow ng
cl ai ns. "~ comprises 0.5 to 80 parts by welght carbon black per 100 parts by weight of polymer.
58 WO 97/ 286?32¥he lymer composition of claim 43 wherein the polymer is a polycthylene.
PCT/ US97/ 00682 po’ymer compo POLyMEr s ApOYEY
64. The polymer composition of claim 44 wherein the polymer is a polyethylene.
65. The polymer compositioli 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 wherein the polymer is a polyethyiene.
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d ai s 1. A carbon black having: an I[err]No. of 65-95 ngy/g

and a primary particle size of less - than or .equal to 20 nm _

~ 2. The carbon black of claim1l wherein the I[err]No. is 73-94.ng/g. 5

3. ' The carbon black of claim2 .wherein the I[err]No. is 85-93 ny/g.

4. The carbongh @6lgRf claiml wherein the primary particle scrmsymoobsss

than or equal to 19 nm ' 5. The carbon bl ack of clairm 2

wherein the prindary particle size is Ieﬁs han- or equal to 19 nm -10

6.. The carbon black of cl-aim 3 wherein TH% primary particle size is |less

"~ than or equal to 19 nm s 7.. A carbon bl ack havigg an
I[.err] No. of .100- 11/RQQ% :

0 ,4d a primary particle si 2 ‘ ess than or
equal to 20 nm 8. 'The‘;@m wixy ei n t he
' eYs than o) YA N 9. A
S ]No%;‘cﬁ 65- 112 ng/g; & \/T§ partgicl‘a si ze

primary particle sigg

carbon bl ack havi nglax

of |ess . than @ oA o 20-nm and a CDBP of ! equpl to
102 cc/ 100g. ~\ QN{The carbon bl ack of cl 3 Fein the]CDBP is -
- 70-100 cc/100g. h] The carbon bl ack of clpaiW% erein the CDBP
is 80-95 cc/100g. 2 | 12. The carbon bl ack. a wherei p the
primary particle siPNN\I&gs than or equal td N 13.
The carbon bl ack of aNONLY wherein the primary p3a ze is |pss than
or equal to 19NN - 14. The carbon § | ai m 11} wher ein
the primary particl @ Si%eN\( % | ess than or 25 equal

15. The carbon bl ack s aNm 9 wherein the I[err] §®

16. The carbon bl ack N\ N j-0—wherei fI +he—+em

17. The carbon bl ack™\Q aym 11 wherein the

18. The carbon bl ack\Q 2 jm 12 wherein the |

19. The carbon bl aciNoRN B a{ym 13 &herein the

20. The carbon bl achNoRK 8| &}n 14 wherein the

21. The carbon bl ack\ X xIgijm 15 wherei n the

O QY 16 wherein the

22.. The carbon bl ack
59 .
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bl ack

23. The carbon of

24. The carbon bl ack of

25. The carbon bl ack of

26. -The carbon bl ack of

27. A carbon R&ﬁﬁb&?ﬁv'ng an I[err]hb
size of |ess

nmto 25m;

I[err]No: is 55-65 my/g.
the I['err] No. is 56\ I
| [err] No. of 50-85

" to 25 anm and a CDR
The carbon bl ack o
33. The carbon bfa
greater 15 than R}
31 wherein the CDBP
claim 32 wherein tJ

carbon bl ack
38. The carbon
greater t
34 wherein the”
nm

partlcle size 89| f
carbon black ob gl §
than 20 m to ‘
the CDBP is 50-
a polynmer and
primry partl
“1[err]No. of
to 20 nm

WO 97/ 28222
PCT/ US97/ 0068

an or equal
of claim 27 wherein the primary parti

claim 17 wherein the I[err] No.
claim 18 wherein the I[err] No.
claim19. wherein . the I[err] No.
claim 20 wherein the I[err] No.

to 25nm
C

29. Th_e car borlé I{I

31. A

es8” =
31 wherein the I[err]
Laim31 erein the pr
onm. ﬁy] 35%
96&cc/100g. .
is 60-78 ng/g\
the I[err] No. is 605
whes e+ n-the~l Ferr |- No.
| ai m 32 wherein the p
0 25 ,m 39
g | B2 sizeF e Tromgred)s
Kedf claim 35
than 20 nmto 2

Wfierein the primary part
- 43. A pol yke

having:. & 30 - t[er

than or @qual to 20

izeds fron1greater
ck-of claim27 wherein the
30.. The carbon bl ack of cl aign 28 wherein

arl bl PR NN
[ 25 ) 2B\
: . ‘ ‘ai; |
- = 37T The"ca'rb'on" .

is 75-99 ny/g.
i.s 75-99 ny/g.
is 75-99 ny/g.

is 75-99 ng/g. 5

of 50-70 ng/g and a pPCﬂEEMmﬁaﬁtIC|e

28. The carbon bl ack
t han 20

i ng_an
than or equar

i

'cIe izejis from
bl ack of - cl aim
car bon b] ack of
36. The} car bon
o 37. The
20
is from
of claim
hmto 25
ri@afy
41. The

t 33

qﬁgsition c

45- 95 ny/

Nhereln
bnpri si ng
g and a
Ba. A

a
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I[err]No. of 65-112 ng/g; a primary particle size of |less than or equal to
20 nm and a CDBP of |l ess than or equal to 102 cc/ 100g.

46. <A pol yner conposition conprising a polyner and a.carbon bl ack having an
S5  Iferr]No. of 50-70 ng/g and a prinary particle size of |ess than or

equal to 25nMmwp 97728222 47. A pol yner conposition conpri mer
and -a carbon bl ack having an .- . I[err]hb of 50-85 ny/g; skggfﬁggﬁhy
particle size of less than or equal to3 nm and a CDBP -of | ess than
or equal to 96 cc/l00g. S 48: Tﬁ pol ymer conposition of. claim43
wherei n the pol yner conposition 10 conprises 0.5 to 300 parts. by wei ght
carbon bl ack per 100 parts by weight of polyner. . - 49. The

polyner conposi tion of clai m44 wherein the pol yner conposition

conprises 0.5 to 300 parts by wei ght carbon bl ack per 100 parts by wei ght
of~ pol ymer. 50. The pol ymer conposition of claim45 wherein the
pol yner conposition conprises 0.5 to 300 parts by wei ght carbon bl ack
per 100 parts by weight of polyner. 15 51. The pol ynmer conposition- of
-claim 46 wherein the polymer conposition - conprises 0.5 to 300 parts by
wei ght carbon bl ack per 100 parts by weight of polyner.- 52. The pol yner
conposition of claim47 wherein the pol yner conposition conprises 0.5
to 300 parts by weight carbon black per 100 parts by wei ght of polyner.

53.. The pol yner conposition of claim48 wherein the pol yner conposition 20
conprises 0.5 to 100 parts by weight carbon bl ack per 100 parts by wei ght

of pol yner. Y AXIS 54. The pol ymer conposition of claim49 wherein the
pol ymer .conposition onprises 0.5 £Q 100 parts by weight carbon bl ack
per 100 parts by wei ght- ¢f pol ymer. Q\r. _$5. The pol yner conposition
of claimb50 wherein the pol yner conposi {0 conprises 0.5 to 100 parts
by wei ght carbon bl ack pgr 100 parts by, meioht of polyner. 25 56. The
pol ynmer conposition=of claim51 whereifi thi | ymer conposition

conprises 0.5 to 105 parts by wei ght garbaon blNack per 100 parts -by wei ght _
of polyner. O 57. The pol ynet go posi B on of claim52 wherein the
pol ymer conp05|t|onE§ conprises 0f5 t0| 00 Q&SIS by wei ght carbon bl ack
per 100 parts by weRght ¢f polnge _ 7 58, JTHe pol yner conposition
of clai m 53 wherei nt he pol yner~ conpesiiop-36—egiprises 0.5 to 80 parts
by wei'ght carbon -bl gck per 100 parts by x fght of Rol ymer. - 5o

The pol yner. conposi £ on ¢f clai m54 whdrein t hegpol Ymer conpdsition
conprises 0.5 to 80zpart § by'meig carbonlblack per\100 parts by wei ght of

pol ymer. . - B0. The pol yner conp@8gsi-tion of claim55
wherei n the pol ymer conpoS|t|on / conprlijses 0.5 to parts by wei ght
carbon bl ack per 100 parts by . mylght of pol jyner. \\ 61.. The pol yner

conposi tion of claimb56 erei pf the poCy(ef| conposition N, conprises 0.5
to 80 parts by weight ca oon,black per 10§ parts: by wei ght oF‘pQIXEer 5
62. The pol ymer conpositilopfofi_al 3 ptyelr e n it he moliye an0te I on

conprises 0.5 to 80 parts by wei ghéTﬁi‘ﬁPé@ Hlﬂm r;lrQ)O parts X wei ght of

pol yrner .
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63. The pol ymer conposition of claim43 wherei n the pol yrrer
64. The pol ynmer conposition of claim44 wherein

pol yet hyl ene.
-t he pol yner
cl aim 45 wherein the pol yner

conposi ti on ofwelogbdiz#6 wherein the pol yner
67. The pol yner corrp05| tion of clai m 47 wherein the pol yrrer

pol yet hyl ene.
62 ,

i's a pol yet hyl ere.

is a

: 65. The pol yner conposition of
is a polyethylene. 10 66. The pol yner -~

I's a pol yet hyl ene% S97
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