CHROM A- ALUM NA REFRACTORY Field of the Invention [0001] The present

I nvention relates generally to refractory materials, and nore particularly,
to chromweocomEisibng refractories. Background of the | meentszan/of3802]
Chrom a-contai ning refractories, such as chrom a-al um na bricks, find
advant ageous use in coal gasifiers, nunicipal incinerators and applications
where resistance to aggressive, fluid slag is inportant. Sone

chrom a-alum na refractories are conprised of pignent-grade chrom c oxide
and a fused chrom a-alum na grain. The pignent-grade chrom c oxide and
chrom a-alumna grain are typically m xed, pressed into shapes, such as
bricks, and then fired. H's ' ' ) fractories with

hi gh chrom ¢ oxi de content séﬁ‘gi\/(gﬁlrlje‘%/%lt‘ﬁf&gﬁ?ﬁgw srqrgﬁgt when neasured at
both room tenperature and at oper &icldpfitkahineation es. The strength of a

chrom a-contajning refractory tends to decrease as the_chrom a contenf in
t he refract o?@%ﬁcreas © Prﬁg jlavenhen gelates tg’?éerfi@lﬁﬁi‘}tr%?‘f’t?rﬂ waieaplgt AN s

particularly lﬂgﬁeifﬁﬁﬁgmaﬂyj@M&mc@ﬁ@&m%ﬂﬁd@&ié’SEf ractories having chromc
oxi de contents in excesS of 80% by wei ght, as neasured by chem cal

anal ysis. One of the main reasoBackgroundef thednventiongth i s the | ack of
bondi ng bet he fu t.gh- chr.om NS owder .

pi gnent - gr a\(;\g[%g%ir]om c yﬁ%@ia {bélgabéﬁgn Iréralfrag{(’?gf{lisggl?g% ﬂg%ﬁ%@%ﬁ%d?%ks’ find
refractori es aivantpgeone uke ipeoal gasificrs) mbnisipalginciheratory aher apptieatiohhavhere

enetrated area is altered and.i.s suhbject to therma spal]ing. .
P resistance to aggressive, C}lulg slag 14 important. Some chonBa-aiumlga refractories

are comprised of pigment-grade chromic oxide and a fused chromia-alumina grain.

The pigment-grade chromic oxide and chromia-alumina grain are typically mixed,
pressed into shapes, such as bricks, and then fired. Historically, chromia-alumina
refractories with high chromic oxide contents have relatively low strength when
measured at both room temperature and at operating temperatures. The strength of a
chromia-containing refractory tends to decrease as the chromia content in the
refractory increases. In this respect, the reduction in strength is particularly noticeable
in chromia-containing refractories having chromic oxide contents in excess of 80% by
weight, as measured by chemical analysis. One of the main reasons for the low
strength is the lack of bonding between the fused high-chromia grains and the
powdered, pigment-grade chromic oxide.

[0003] In addition, chromia-alumina refractories are prone to penetration of
slags during service. The penetrated area is altered and is subject to thermal spalling.
Thus, it would be desirable to increase the strength of chromia-alumina refractories,
and to reduce the permeability of these refractories to inhibit slag penetration.

[0004] Efforts have been made to improve the strength and to decrease the
permeability of these products. Attempts to increase the bond strength between the
chromia-alumina fused grain and the pigment-grade chromic oxide by increasing the
firing temperature generally do not improve the products because of chrome
vaporization that occurs at temperatures beyond the normal firing temperatures.
Adjustments to the particle size distributions of the respective components of these
compositions, which in theory could reduce permeability, is difficult because pigment-

grade chromic oxides are only commercially available in a few sizes. Still further,
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Thus, it would be desirable to increase the strength of chrom a-al um na
refractories, and to reduce the perneability of these refractories to

i nhibit swagopaneiisati on. [0004] Efforts have been nadePCo/tisapnossse he
strength and to decrease the perneability of these products. Attenpts to

I ncrease the bond strength between the chrom a-alum na fused grain and the
pi gnent - grade chrom c oxide by increasing the firing tenperature generally
do not inprove the products because of chrone vaporization that occurs at
tenperatures beyond the normal firing tenperatures. Adjustnments to the
particle size distributions of the respective conponents of these

conposi tions, lgh i ] : . LAty By

because pi gr'ﬂepnr glrn de c@ﬁ%g%gguxgﬁ?g%%cgﬁg%gﬁp§ﬁé§?nﬁgb’%‘%ya%{lfg?/ d%{/lgtl%sg‘ﬁ%lgé iEOn a
few sizes. Stinlprovieuphystal pregestiesy bat dighochiromal wefractricefaracteny Yensitigeoso t i on
to very high densities helps to inprove physical properties, but .

hi gh- chr om a FeREHAIFY Righ frmingeprg>suess £3 PHpEmMEROTHNONE; 3 gPIFFRIEF CTRFIGRE Por ni ng
pressures (a (phes)omenorryg PN ER vertioR HPovifes Atdthd&ohtajdifP RFlactbRenigs ent

i nvention provides a chrom a-containing refractory having i nproved

strengt h, | oviewrgysd stergth,ilowernprimeahilityaod dnaressed teaistanca © stdgapenpleation; as i on,
as conpared to chrom a-containi.ng refractories kno eretofore. Sunmary of
t he Inve'ntioncowgffg]% HORcEor %ﬁcér\é/a\né%cﬁongsg?% eié?rgtg 0ergfbodi ment of the
present invention, there is provS@athary bEfhedav@itionconposition for formng a

chrom a-contai ning brick, conprising about 35%tgo about 95% by wei ght of
fused chroni A9t ai ni ﬁ@, AGFAAHNCH AVihg Péefﬁ‘lﬁ‘?doﬁ‘T‘Eo%%F’éFeOfctBﬁtpé‘?Wnto‘PV%‘%‘oPeast

50% by cheni Gakre393kHded: a ?&%Eor}%bﬁlgoﬁﬁ&wfo@é%m 4BhBhia-EdiGhing Rier ed
chrom c oxi de and about 5% to about 50% by
comprising about 35% to about 95% by weight of fused chromia-containing grain

having a chromic oxide content of at least 50% by chemical analysis, about 1% to
about 35% by weight finely powdered chromic oxide and about 5% to about 50% by
weight of sintered chromia-containing grain having a chromic oxide content of at least
50% by chemical analysis.

[0007] In accordance with another aspect of the present invention, there is
provided a chromia-alumina refractory, comprised of about 35% to about 95% by
weight of fused chromia-alumina grain, the fused chromia-alumina grain having a
chromic-oxide (CrO;) content of at least 50% by chemical analysis, about 1% to
about 35% by weight finely powdered chromic oxide (Cr,0Os) and about 5% to about
50% by weight sintered chromia-containing grain, the sintered, chromia-alumina grain
having a chromic oxide content of at least 50% by chemical analysis.

[0008] In accordance with yet another aspect of the present invention, there is
provided a refractory composition comprising at least 50 weight percent chromic
oxide (Cr,0O;) by chemical analysis. The composition includes fused chromia-
containing grain, powdered chromic oxide and sintered chromia-containing grain. The
fused chromia-containing grain and the sintered chromia-containing grain comprise at
least 50 weight percent chromic oxide as measured by chemical analysis.

[0009] In accordance with yet another aspect of the present invention, there is
provided a refractory composition comprised of about 1% to about 35% by weight
finely powdered chromic oxide, and a mixture comprised of sintered chromia grain

and fused chromia grain. The mixture has up to 50% by weight sintered chromia
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wei ght of sintered chrom a-containing grain having a chrom c oxi de content
of at least 50% by chem cal analysis. [0007] In accordance w th anot her
aspect ofwOheiqpnesent i nvention, there is provided a chromits2@b083RE
refractory, conprised of about 35%to about 95% by wei ght of fused

chrom a-alum na grain, the fused chrom a-alum na grain having a

chrom c-oxide (Cr O) content of at |east 50% by chem cal analysis, about
1% to about 35% by weight finely powdered chrom c oxide (Cr203) and about
5% to about 50% by wei ght sintered chroma-containing grain, the sintered,
chrom a-al um na grain having a chrom c oxide content of at |east 50% by
chem cal anal ysis.,[00 In accordance wt t of her aspect . of. L
resent i nverdnerrRenl: rebsREGRARR e ah the Bo IEh B AR s bl g
| east 50 wei g30s plabmedxidd(Crd) boxhégicfl@nhalgsis. by chem cal anal ysis. The
conposition includes fused chrom acontaining grain, powlered chrom c oxide
and sintered @0 a- cdnessosdange Withivet anpikerprestol e BRessntdBYRNEPH thge &F ai n
and the sint L0 &= Mall N ' t Walg)
percent chr o%rg‘qg%] eﬁgglogreo(;;sﬁlragu ngIE: gnge?gf%g)’ngﬁ;lgi %A Ii OEC)n(%]gle\lNﬁblgg bf
accor dance wiproviging anizetpeaded sptaht ob fuseth ehpimaigathtminaviecltdiog,a thassee giagn

provided a refractory conpositi mpri sed of about 1% t.o, about .35% by
Relght 1 nel yrSORaPRE SN Ghi-¢ L TaEr Bl Brefirisd e GRS AR BRGRY e
chrom a grai reogipsiisédised 0628 THied nEsRbartic[ED @ndria findlg@aill Fractigh tempiXid loy -2 ght
sintered chraom agrain, wherein the sintered chroma grain and the fused
chromia grai nhYgrireshrpagicless adding gofinergrain dramicqidecioZts Patslh suefeiirt LY to
anal ysis. [ 00fg] perknP6F AAARE Grafh HAcHGH cARRENGH 6ASBEST cAondid8xideL 56N g
invention, there is
1 sintered chromia-alumina to the batch, such that about 5% to about 50% of the

chromia-alumina composition consists of sintered chromia-alumina; mixing a bonding

agent to the batch to obtain a formable mix; pressing the mix to form a brick-like

shape; and drying and firing the shape to form the brick.

[0011] The advantage of the present invention is a chromia-containing

refractory having improved, high-temperature strength.

[0012] Another advantage of the present invention is a chromia-containing

refractory having lower permeability.

[0013] Another advantage of the present invention is a chromia-containing

refractory having improved resistance to slag penetration.

[0014] Another advantage of the present invention is a chromia-alumina
refractory.
[0015] A still further advantage of the present invention is a chromia-

containing refractory as described above that includes sintered chromia-containing
grain.

[0016] These and other advantages will become apparent from the following
description of a preferred embodiment taken together with the appended claims.

Detailed Description of Preferred Embodiment

[0017] The present invention relates generally to a refractory chromia-based
composition, and more particularly, to a chromia-based refractory composition having
a chromic oxide (Cr;Os) content of at least 50% by weight as measured by chemical

analysis. In a preferred embodiment, the chromia-based refractory composition is
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provi ded a nmethod of manufacturing a refractory brick, conprising the steps
of providing a size-graded batch of fused chrom a-alum na including a

coar se grwpreofoveacitcon conpri sed of -4+10 Tyl er nesh par PCTIUS2009a50380
intermediate grain fraction conprised of -10+28 Tyl er mesh particles and a
fine grain fraction conprised of -28 Tyler nmesh particles; adding a fine
grain chromc oxide to the batch such that 10 to 100 percent of the fine
grain fraction consists of fine grain chrom c oxide; adding sintered

chrom a-alum na to the batch, such that apout 5%to about 50% of the

chrom a-al um na conposition consists of sintered chrom a-alumna; mxing a

bondi ng agent ] 1. Al for. P essy Mx:to

forma bri ck-ﬁo%rﬁ)ggéslﬁg%g%s%]aﬁ%r% (r?%lz\’%{gtﬁgﬁg %‘9 %lgfﬁgéf%‘e&%%@%g%ﬁ fgﬂ?%é g%eaf e brick.

[0011] The adiigmémgeadefchirdmeiunr esidat Asweedthesin,ithe germhffosadagraiaitrefiersi toga
tenperature str. 0012] Anot her

f t havi [ d,. hi gh- th.
éﬁvéﬁf agtrayof artvrh@gcb'wggéﬁiv gtftmsigy Bepting aétww@uggﬁftamﬂ[“ﬁ@ s L“—f }hgeﬁ%%g
having | over peniEaml koitdify. [ 89138 Adeihhee RAYAUHAYA Blaid”hRfepd &5 8 Product

invention is a chrom a-containing refractory having rnproved resistance to
sl ag penet r atwlieh is[abgringd irforming aadganegatg by pfessing apowderr byrptksrtmaans b a

B s T

i ncl udes si ntHee@dmahchirbmitorixédeltl ¢hrgnRei dkide” and “chromia” mean the oxide of
chromium given by the chemical formula Cr,0;. The terms “finely powdered chromic
oxide” and “fine grain chromic oxide” refer to finely particulate chromic oxide with a
Cr;0; content of at least 85% as measured by chemical analysis, and a particle size
that is less than 325 mesh Tyler.
[0018] A refractory according to the present invention is comprised of a
distribution of particle sizes containing coarse fraction grains and fine fraction grains.
The fine fraction grains define the matrix of the refractory and the coarse fraction
grains define the very dense, low-porosity part of the refractory.
[0019] The coarse fraction of the refractory is comprised of fused chromia-
containing grains and may include sintered chromia-containing grains. The fine
fraction of the refractory is comprised of finely powdered chromic oxide and fine
sintered chromia-containing grains, and may also include fine fused chromia-
containing grains.
[0020] Stated another way, a refractory according to the present invention is
generally comprised of coarse particulates that are formed of fused chromia-
containing grains and may include coarse particulates of sintered chromia-containing
grains in a matrix of fine particulates comprised of fine grain chromic oxide (Cr,03)
and fine particulates of sintered chromia-containing grains. The fine particulates may
also include fine particulates of fused chromia-containing grains.
[0021] It is also contemplated that the refractory may also include fused grains
and sintered grains of intermediate sizes to facilitate dense packing of the grains.
[0022] In accordance with the present invention, the refractory is comprised of
about 35% to about 95% by weight of fused chromia-containing grains having a

chromic oxide content of at least 50% by weight, as measured by chemical analysis,
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[ 0016] These and ot her advantages wi |l becone apparent fromthe foll ow ng
description of a preferred enbodi nent taken together with the appended

cl ai ms. DeDaploadiidescri pti on of Preferred Enbodi ment [ O0@LT]USIéR/0p03686eNt

i nvention relates generally to a refractory chrom a-based conposition, and
nore particularly, to a chrom a-based refractory conposition having a
chrom c oxide (Cr20 ) content of at |east 50% by wei ght as neasured by
chemi cal analysis. In a preferred enbodi nent, the chrom a-based refractory
conposition isconprised of fused chrom a-gontaining grain, sintered

chrom a- cont ai ni ng grai n and pi gnent - grade chrom um oxi de. As used herein,

the term ! UsedOlAlD apb' 262 v QAR ALk NLGHIC SibLR Bel B, BoBbL, &

starting materl t0| materi a
As used her ei50% bieveight of émterddecrlmdngrc@nmmmggmrrs htavnng appthowhuic toxvdei cohtents

obt ai ned by fq regate b SS er or by other neans of
aggl oner at | orPfé‘mTaﬁéa{}"l tﬁg‘g?‘ﬁ 5 %@Féggtézy\&hflﬂgg}gﬁ&%ﬁ ng it to forma
coherent masggo23)e ter%reff‘a@fo?ﬁhéém&ﬂ% epre@&ftqmeﬁtl&i(ﬁ% ad¥Astag ok A58 a”
mean the oxide of chrom umgiven b e chemcal fornmula Cr20. The terns

"finely powdenddmeihg dnicks ﬁmldse"malmm slag enyjroamentshr Beriformo i dease brigke the o
finely parti ﬁée%t S hF LG ta%ﬁgd%_l%’hé rfox%u% QeCE’JLEs%”? a2 orf of' t%gs}e{rﬁan -

measur ed by & cal - anar e S1 Ze | ess
nmesh Tyl er. [;ﬁ&k&bly%avefvag&ﬁg)pmlale@me@l thag ate0d Thier piesls aind ﬁnasrvemd gitteted,

Grains: and 1 ISQBTESERRBHPE RS hrgarHS hrides f e ng e ol H rat

of the refrachgn¥namsl bheeqpafe?&aﬁw Bk AR BHALADHEHLE hiNge ‘é%mﬁesﬂﬁae

| ow- porosity part of the refractory.
less than 325 Tyler mesh.
[0024] As used herein, the term “chromia-containing grain” refers to refractory
grain comprised primarily of chromic oxides (Cr,O;) and alumina (Al,O3), typically
referred to as chromia-alumina grain. At least 50% by weight of refractory grain is
comprised of chromic oxide (Cr,0O3), as measured by chemical analysis. More
preferably, the chromia containing grains of the present invention have a chromic
oxide (Cr,03) content of about 75% by weight to about 95% by weight, as measured
by chemical analysis.
[0025] It is contemplated that the chromia-alumina grain and the refractory
compositions described herein may also include other refractory materials, such as, by
way of example and not limitation, magnesia (MgO), silica (SiO,), titania (Ti0O,), iron
oxide (Fe;03), zirconia (ZrO,), lime (CaO), manganese oxide (MnO), vanadium
pentoxide (V,0s), soda (Na,0), potassium oxide (K»O) and phosphorous pentoxide
(P20s5), but in much lesser amounts.
[0026] A method of manufacturing a refractory brick comprises forming a
size-graded batch of fused chromia-alumina including a coarse grain fraction
comprised of -4 +10 Tyler mesh particles, an intermediate grain fraction comprised of
-10+28 Tyler mesh particles and a fine grain fraction comprised of -28 Tyler mesh
particles. A finely powdered chromic oxide is added to the batch. Preferably, 10 to
100 percent of the fine grain fraction consists of fine grain chromic oxide. Sintered
chromia-alumina is added to the batch, such that about 5% to about 50% of the

chromia-alumina composition consists of sintered chromia-alumina. A bonding agent
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[ 0019] The coarse fraction of the refractory is conprised of fused

chrom acontai ni ng grains and may i nclude sintered chrom a-containing

grai ns. TWeDbiwmmaifisacti on of the refractory i s conpri se#cofustimmbosspowder ed
chromi c oxide and fine sintered chrom a-containing grains, and may al so

I nclude fine fused chrom acontaining grains. [0020] Stated another way, a
refractory according to the present invention is generally conprised of
coarse particulates that are forned of fused chrom acontai ning grains and
may include coarse particulates of sintergd chromi a-containing grains in a
matrix of fine particulates conprised of fine grain chrom c oxide (Cr203)
and fine par tik Ca% ?osth%qu%hn%ﬁ ?hqe &Qghong i Ce%ngoabﬁ?iﬂga %rﬁ']agﬁe m-ir re]cI e. .
particul ates Tay al so I'nclude Tine particulates of fused chrona-containing
?r ai gs. [QOZthix(tjdre lis pﬁéss‘eg quhaimk?ﬂcakhh;b‘eah;i_h@eoﬁ'&*}‘ntiaﬁﬁllqrM}olmyfe_aﬂuﬁqludsgcI ude
used grains and sintered grains of intermedi ate sizes to facilitate dense
packi ng of t hencigklike shapgivqrigdand fired todpre thekrigke he present invention, the

refractory isoggfPri seqnef ;RBpkn A0 bO BRALU BRMLEY Wetebcin T“H&e‘ﬂhe

chrom a-containing grains having a chromc oxide content of at |east 50% by
wei ght, as ndfalewing BXAMRERSc sthichrat yefi forth fouthe Plstiose ab divstratEnm enty.wailght

fine grain chrom ¢ oxide and.aho 0 about 50%.by wei ght of, sintered
chrom a- cont a{??f’g‘nsézeé f%tfgﬁg@ﬁoaw ﬁ'ﬁms&r&?%@ “é%lhi[eefﬁrteno toafylfresolcsrg “Bo% by
V\ﬁi ght, as nessndasd. byg} Qhﬁafe;aimd pié)ahe/ Rigénd ‘[-Q@HBh#eﬁl’Trﬁédrﬁgtphﬁ}b_ l‘(lafﬁimﬂéhmg_ to
the present invention finds advantageous use in forning hricks for use in
liquid slag ¢hn 4 dnisemesh, byigregdenthan Hi hyler peshy nd thedegefd ed8 mesh” means a

chrom a- cont g RidMdsiHALRIIOIFT G hé. coarse fraction of the refractory
[0028]

TABLE I under the same molding pressures and firing temperatures. These bricks

A series of four brick batches was made from the mixes shown in

were then tested for bulk density, apparent porosity, apparent specific gravity and

modulus of rupture. The results are also set forth in TABLE 1.

[0029]
TABLE I
EXAMPLE NO. 1 2 3 4

Mix:
CA-95 Fused Grain'

-4+10 mesh 23% 23% 23% 18.75%

-10+28 mesh 19 19 14.5 --

-28 mesh 33 14.25 - --
CA-95 Sintered Grain®

-4+10 mesh - -- - 425

-10+28 mesh -- - 2.5 17

-28 mesh -- 18.75 35 35
Pigment Grade Chromic 25 25 25 25
Oxide
Plus Additions:
Lignosulfonate 2.1 2.1 2.1 2.1
Water 1.2 1.5 1.8 2.3
Pressing Pressure, psi: 15,000 15,000 15,000 15,000
Burning temperature, °F: 2630 2630 2630 2630
Bulk Density, pcf: 265 259 252 243
Apparent Porosity, %: 17.4 19.1 21.0 23.6

' CA-95 Fused Grain refers to a fused chromia-alumina grain containing approximately 95% Cr,0;.
2 CA-95 Sintered Grain refers to a sintered chromia-alumina grain containing approximately 95% Cr,0;.
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preferably have varying particle sizes that are 4 Tyler nmesh and finer. The
sintered, chrom a-containing grain also has particles that are 4 Tyler nesh
and finerwOTBhw/fiisie grain chrom c oxide is preferably pipgmarsteognaseo chr om c
oxi de having a particle size less than 325 Tyler mesh. [0024] As used
herein, the term"chrom a-containing grain" refers to refractory grain
conprised primarily of chromc oxides (Cr20 ) and alum na (Al 233),
typically referred to as chrom a-alumna grain. At |east 50% by wei ght of
refractory grain is conprised of chromc pxide (Cr20 ), as neasured by
chem cal analysis. Mrre preferably, the chrom a containing grains of the

present invention hayvea chromcoxirde {({; 715% by
wei ght to about 95% ky wE-' 'MPLf.NO?ba;UI S D) biiCIJi t,:ii 3ou|::i ysys—|[0025] It
i s contenpl ated that e SGIL AL af T has g aigRotne 3 efrag i ot
conposi tions descri be ra‘«{altrei may al sqg incluge "othegr refrgctory nmaterial s,
such as, by way of exanptre—and—rot—timtatiom—magnesta (WO —-——=t|l i ca
(Si), titania (Ti g ronoxtde(Fe20 7 tepnta Lz =43 (Ca0,
nmanganese oxi de (MO) gg\i/féhlnléemlﬂég S’L%ﬁ;t.,oxi E‘e”*? V:!Q%?, sod%llls? '12015616bpm assi um
oxi de (K20 and phospgtorous Scmuk?rﬂ'c (P2e—5)—but—rnuch—t+esser; anounts.
[0026] A nethod of .uchatc*e"{C}hn".sgyref ractofrybriek—conprises—formng a
si ze-graded batch of f(gaéﬁ (Eé’urlsfn atal ym na including a coarse grdin
ot on Comer se SISG, 2% e o ey S gsale oA |
L J’A]@;ILU Tyr i Mo yrl 3.) 2 I'ul,g’SI I IICl'yg Al
conprised of -28 Tyl r'Tid"Sh 0.02 034 0.65 0.96
2 . . . .

Fe,0, 0.16 0.15 0.14 0.14

Cr,04 95.77 95.94 96.12 96.29

CaO 0.13 0.16 0.18 0.21

MgO <0.01 0.03 0.07 0.1

MnO 0.06 0.05 0.03 0.02

Na,O 0.01 0.05 0.09 0.14

K,;0 0.02 0.04 0.06 0.07

P,0s 0.05 0.04 0.03 0.02

Total 100.0% | 100.0% | 100.0% | 100.01%

[0030] TABLE 1 shows the effect of incrementally replacing fused grain

containing approximately 95% Cr,0; and 5% Al,O; with a sintered grain of similar
composition. There was a gradual increase in modulus of rupture at room temperature
and porosity as fused chromia-alumina grain was replaced by sintered chromia-
alumina grain.

[0031] Two brick batches were made from the mixes shown in TABLE II
under the same molding pressures and firing temperatures. These bricks were then
tested for bulk density, porosity, specific gravity, modulus of rupture at room

temperature, permeability and for slag penetration. The results are also set forth in

TABLE II.
[0032]
TABLE I
EXAMPLE NO. 5 6
Mix:
CA-95 Fused Grain
-4+10 mesh 29% 29%
-10+28 mesh 21 11
-28 mesh 26 15
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particles. A finely powdered chrom c oxide is added to the batch.
Preferably, 10 to 100 percent of the fine grain fraction consists of fine
grai n chrwoi2eiookisie. Sintered chrom a-alum na i s added toTtuseodvassR) such
t hat about 5% to about 50% of the chrom a-al um na conposition consists of
sintered chrom a-alum na. A bonding agentis added to the batch and the
batch is mxed to obtain a formable m xture. The m xture is pressed into a
brick-1ike shape using conventionally known techni ques. The brick-Iike
shape is dried and fired to formthe brick. [0027] The invention wll be
further described in connection with the foll ovvi ng EXAMPLES, which are set

forth for the purpose of—ttrustration UTA-#LEIH —resh—sizes re erred to in
t he EXAMPLES are nade with rc]f.: M#L'iﬁﬁ et—TSet &en S aTl%dl d$. By way of
exanpl e, the | egend "-&ﬁﬁ_ﬁgﬂ%d N G ans & parti ete—stzpgd—tessqthan 4 Tyler
nmesh, but greater than ;é PAEE S and—the [egend— 2875esh” neans a
particle sized | ess thag—28=HHer rres.ho 6028} —A 2&.. es—ob foyr brick
bat ches was made from tHht %@%‘ciﬁ FABLE+—Greaerthé—safte nol di ng
pressures and firing terarhauss " PRt pe i ells wek e thertesied for bul k
nsi ren Ir o$ty—apparent—spectergravi-ty—mand—rodil f

(rjﬁptsu%j ?’Egar 2SLI {)g g 1“5@“5‘5@?( forth in TABLE 50329‘ 1G 32 Igused
Grain refers to a fusetLiResBipnates) yni ny grainteontai-pipg %;”;proxi mat el y 95%
r20. 2 CA-95 SintereHPEE n rofars to a sinterellchibm-a—a-yini na grain
cont.ai ni ng appr oxi rrate-—%&g’ﬁ% Cr 00301 TABILE 0-Pnous tre_, efif ect of
incremental Iy replacing 15 i _|_ar@,u§qa><! il Q,' 95% Cr 20 and
5% Al 20 with a sinteref—grainof simlar conpgsition—There was a gradual
i ncrease in nodul us of cf: tur® 58

Apparent Porosity, %: 16.4 16.5

Apparent Specific Gravity: 5.05 5.01

Modulus of Rupture at Room 1690 3240

Temperature, psi:

Permeability, centidarcies: 423 11.0

Gasifier Slag Test at 3000°F using

an Induction Furnace, 5-Hour hold

% Area Penetrated: 15.2 10.1

Calculated Chemistry

(Calcined Basis)

Si0, 0.32% 0.55%

Al O4 7.49 6.6

TiO, 0.02 0.36

Fe, 04 0.16 0.15

Cr,0; 91.81 91.98

CaO 0.04 0.15

MgO <0.1 0.04

MnO 0.06 0.05

Na,O 0.02 0.07

K,0 0.02 0.04

P,05 0.05 0.04

Total 99.99% 100.03%

[0033] TABLE II shows the effect of replacing 20% fused grain composed of

approximately 95% Cr,O; and 5% Al,O; with a sintered grain of similar composition.
Adding the sintered grain caused the modulus of rupture at room temperature to
increase from 1690 to 3240 psi. At the same time, the permeability, measured in

centidarcies, decreased from 42.3 to 11.0. In addition, in a Coal Gasifier Slag Test at
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and porosity as fused chrom a-alum na grain was replaced by sintered

chrom aal um na grain. [0031] Two brick batches were nade fromthe m xes
shown i n WaBLhB/dikstander the sane nol di ng pressures and PCTIUSgI0VAM3BE at ur es.
These bricks were then tested for bulk density, porosity, specific gravity,
nodul us of rupture at roomtenperature, perneability and for slag
penetration. The results are also set forth in TABLE I1. [0032][0033] TABLE
Il shows the effect of replacing 20% fused grain conposed of approxinmately
95% Cr 20 and 5% Al20 with a sintered graign of simlar conposition. Adding
the sintered grain caused the nodulus of rupture at roomtenperature to
increase fro 0.3240 psi t the, sane,ine, qtb r ool t

measured in ?é)#ﬁ%ge{frl%?rgg,p eaéelfzarteedaééec&e afs?doﬁoﬁlz!%b{&gl?ll.%ﬁ ?‘nt%ggg?l'lttl%%’,f tk|1en a
Coal Gasi fi ersirftbred grofis t Radud@ARdFambine of partrpstEls idpathnd bedaagsia dervicenhel 5. 2
to 10.1% wth the addition of the siglg{r?ed grain. Reducing th nmount of

M k2] e
penetrati on iPSTEtFALe zongs pelientde thepmalsshoeke o {smallipen dedusingdths gsrful serdemj ect

to thermal shaeke@k repR@dl i NY, " reduci ng the useful service life of the
refractory. [0034] Wiile not fully understood, it is suspected that the
presence of dJ0034dred cWhikd sotdhllyrimdersoad if i$ suspentgrbhiat the peesenes ofl sioterédised
chrom a-al um pa grain and pi gment r%gri de ghr M Ce og%dtgr creates better .
bondi ng. The élf PedMeASS DAt iy 'bsr P35 1983 R gher S area
and appar ent fighesidridet dhddmicusdde Gregtebetled bogdiagpIThe siliered @huligbiRchina
porosity of a sintered chrom a-alum na grain containjing 95% Cr20 i s_about
15 to 21% WSS ahBueh PEhen SWERCH GFBsintdyanpRreat POROsHY grrﬂnohlf%@- gt Rer

example, the calculated porosity of a sintered chromia-alumina grain containing 95%
Cr,035 is about 15 to 21%, whereas the calculated porosity of a fused chromia-alumina
grain containing 95% Cr,0; is about 4 to 6%. The higher porosity and the rougher
surface of the sintered grains may provide a means for the fine grain chromic oxide
particles that form the matrix of the refractory to bond better to such grains. This
unexpectedly improves sintering, which also results in lower permeability.

[0035] The foregoing description is a specific embodiment of the present
invention. It should be appreciated that this embodiment is described for purposes of
illustration only, and that numerous alterations and modifications may be practiced by
those skilled in the art without departing from the spirit and scope of the invention. It
is intended that all such modifications and alterations be included insofar as they come

within the scope of the invention as claimed or the equivalents thereof.
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grain containing 95% Cr20 is about 4 to 6% The higher porosity and the
rougher surface of the sintered grains nay provide a neans for the fine
grai n chrwoieilookisie particles that formthe matri x of treTruskoaosssy t o
bond better to such grains. This unexpectedly inproves sintering, which
also results in lower perneability. [0035] The foregoing descriptionis a
speci fic enbodi nent of the present invention. It should be appreciated that
this enbodi ment is described for purposes of illustration only, and that
nunmerous alterations and nodifications nmay be practiced by those skilled in
the art without departing fromthe spirit and scope of the invention. It is

i nt ended thatlglg‘lhihgags%pibggglilg#g%%oqﬁqme?éﬂo‘g{ntgqg a&ilg&s be included insofar as

they conme wt € scope o ron~as clalned or the equivalents
t her eof . Havi ng deskrdflaetdry fenpasitmntfooforminga choimaowickgeansprsirgr med: 1. A

refractory conposition for formng a chrome bric conprising:.about. 35%to
about 95% by wei ght of ?J‘éte?’é%m%?ﬂuéﬁgrhya‘yﬂg?fgoé?ﬁdﬁ%{}’?ﬁﬁt&‘w%rFan

oxi de cont entyQfngaf cht&Aie lox il Yon@it JTRARNESHVDYs GBIy BBalcBinmlysabout 1%
to about 35% by Weight fine grain chrom c oxi de; and about 5%t0 about 50%

by weight of sintered ehewri’atocabordxth hywgicht finhgreinreramigioxisiel andoxi de
content of at least 50% o&%moago%lﬁ?g%}g% .‘%vhe‘%éﬂt%?Li %Peadlj;%? Iﬁi-a-c%maﬁmg e%éf%‘“ ory
m 1, i said Pused ¢ &

conposition as defined Th c¢lal rom acon ni ng
grai n and sailchvitigri chramtlic ORide RbatentTatlenst 50%Q asintasared byehpmhicakeahalysismar i |y of
chrom a-alumna grain. 3. Arefractory conposition as defined in claiml,
wherein said refractory conposition is conprised of at |east 50 wei ght

percent chrom c oXA d&rRbreanPsStoP¥s defined in claim 1, wherein said fused chromia-

containing grain and said sintered chromia-containing grain are comprised primarily

of chromia-alumina grain.

3. A refractory composition as defined in claim 1, wherein said refractory
composition is comprised of at least 50 weight percent chromic oxide as measured by

chemical analysis.

4. A refractory composition as defined in claim 1, wherein said fused chromia-

containing grain has a range of particle sizes of 4 Tyler mesh and finer.

5. A refractory composition as defined in claim 1, wherein said sintered, chromia-
containing grain has a range of particle sizes wherein at least 80% of sintered grain has

a particle size less than 10 Tyler mesh.

6. A chromia-alumina refractory, comprised of:

about 35% to about 95% by weight of fused chromia-alumina grain,
said fused chromia-alumina grain having a chromic-oxide (Cr,Os) content of at least
50%, as measured by chemical analysis;

about 1% to about 35% by weight fine grain chromic oxide (Cr;03);

and
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chem cal analysis. 4. Arefractory conposition as defined in claiml,
wherein said fused chrom acontaining grain has a range of particle sizes of
4 Tyl er meehrosvdifioner. 5. A refractory conposition as aefriuseevionn3sd ai m 1,
wherein said sintered, chrom acontaining grain has a range of particle
sizes wherein at |east 80%of sintered grain has a particle size |ess than
10 Tyler nmesh. 6. A chrom a-alumna refractory, conprised of: about 35%to
about 95% by wei ght of fused chrom a-alum na grain, said fused

chrom a-alum na grain having a chromc-oxjde (& O ) content of at |east
50% as neasured by chem cal analysis; about 1% to about 35% by weight fine

grai n chrom ¢ oxide (C,g0R)<3pdaAALr Sy W AR e S0 UL RS BT o

chrom a-contai ning grain, sal am na grain

chrom ¢ oxi desaiosiiiteret] chfonsin-alueding gﬁﬁh%la\aﬁg aehsutie dx g oohtem ofodt leasab@%i s. 7.
A chrom a-alumna r ‘i actory as defined in claim®6, wherein said

chromi aal uni rfd MEFYE E%FIFHH%@ agaly$i3-onmi ¢ oxi de content of at |east 75 wei ght
percent, as neasured by chem cal analysis. 8 A chrom a-alumna refractory

as defined in claim6, wherein said chrom aalum na refractory has a chromc
oxi de cont ent7 of & Ch@)asa-a@mnnkr@mctqmeraseinﬁnedam cﬂems @ e\dletwl smémht;mlua-

anal ySI S urﬁlﬁa rg}ractgryuhm nacB:%Mlg C()txijc{eycon?enﬁj ask D75 gigm;percent as
wher ei n sai d

measured by chemical analysis.

8. A chromia-alumina refractory as defined in claim 6, wherein said chromia-
alumina refractory has a chromic oxide content of at least 90 weight percent, as

measured by chemical analysis.

9. A chromia-alumina refractory as defined in claims 7 or 8, wherein said fused
chromia-alumina grain comprises particles having sizes of 4 Tyler mesh and finer and

said sintered chromia-alumina grain comprises particles of 4 Tyler mesh and finer.

10. A refractory composition comprising at least S0 weight percent chromic oxide
(Cr,03), as measured by chemical analysis, said composition including fused chromia-
containing grain, finely powdered chromic oxide and sintered chromia-containing
grain, said fused chromia-containing grain and said sintered chromia-containing grain
comprising at least 50 weight percent chromium oxide, as measured by chemical

analysis.

11. A refractory composition as defined in claim 10, wherein said refractory
composition comprises at least 75 weight percent chromic oxide (Cr,03), as measured

by chemical analysis.
12. A refractory composition as defined in claim 10, wherein said refractory

composition comprises at least 90 weight percent chromic oxide (Cr,03), as measured

by chemical analysis.

SUBSTITUTE SHEET (RULE 26)



chrom a-al um na grain conprises particles having sizes of 4 Tyler nesh and
finer and said sintered chrom a-alumna grain conprises particles of 4

Tyl er nmeswoand/(fisier. 10. A refractory conposition conpPrcIiusgooasizeast 50
wei ght percent chrom c oxide (Cr20 ), as neasured by chem cal analysis,

sai d conposition including fused chrom acontaining grain, finely powdered
chrom c oxide and sintered chrom a-containing grain, said fused

chrom a-containing grain and said sintered chrom a-containing grain
conprising at |east 50 weight percent chrnem um oxide, as neasured by

chem cal analysis. 11. A refractory conpositi on as defined in claim 10,

wherein said fef r%&%&gﬁ%@é&ﬁu@”ﬁ&%ﬁé& §nea 6‘%91%&%39%%9 iGNt

chrom c oxide (Cr &m car e ractory
conposi tion asjnduﬁfmgwgfhm and ba#d Rinldded wiremed- dsbm:amdg rgeémaﬁet coryprisedpoiiatil yn
conprises at ﬁg(} 90 wei ght percent chrom c oxide (Cr203), as neasured by
cheni cal anal8fSP©OMiZaluRIpRf 1 act ory composition as defined in claim 10,
wherein said fused chrom acontaining grain and said sintered

chrom a-containing grain are conprised primarily of chrom a-alumna. 14. A
refractory colf1¥pOS|A refractosy d@flpcmt@bn a5 deffiapdrimdaimwhi rvdiencis aiid fﬂwdetbromla-

chroni aal um ng i n.conpri. ses oyg %L A b/ggt “Qe?" 0 ¥ 81 IR Q @Y 2%1%

1n co rlse %
refractory, an sal Rrom 3- alf0nt na Eonprises a

about 50% by sagi Qiitbredfch&ﬂmd-ahﬁfﬁlhﬁ(gtamﬂ yompuses Abdstﬁfﬂ%lw about GOVéplﬁbswbighﬂoﬁS

defined in claj m%4 wherein said fine grain
said refractory.

15. A refractory composition as defined in claim 14, wherein said fine grain

chromic-oxide comprises about 1% to about 35% by weight of said refractory.

16. A refractory composition as defined in claim 15, wherein said sintered
chromia-alumina grain is comprised of particles having sizes less than 4 Tyler mesh,

wherein 80 percent of said particles have sizes less than 10 Tyler mesh.

17. A refractory composition, comprised of: .
about 1% to about 35% by weight finely powdered chromic oxide; and
a mixture comprised of sintered chromia grain and fused chromia grain,
said mixture having up to 50% by weight sintered chromia grain, wherein said sintered
chromia grain and said fused chromia grain contain at least 50% chromic oxide

(Cr,0;) by chemical analysis.

18. A method of manufacturing a refractory brick, comprising the steps of:
providing a size-graded batch of fused chromia-alumina including a
coarse grain fraction comprised of -4+10 Tyler mesh particles, an intermediate grain
fraction comprised of -10+28 Tyler mesh particles and a fine grain fraction comprised
of -28 Tyler mesh particles;
adding a fine grain chromic oxide to said batch such that 10 to 100

percent of said fine grain fraction consists of fine grain chromic oxide;
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chrom c-oxi de conpri ses about 1% to about 35% by wei ght of said refractory.
16. A refractory conposition as defined in claim15, wherein said sintered
chrom a- avormme1gsiai n i s conpri sed of particles having fcras20088s038han 4
Tyl er mesh, wherein 80 percent of said particles have sizes |less than 10
Tyler mesh. 17. A refractory conposition, conprised of: about 1% to about
35% by wei ght finely powdered chrom c oxide; and a m xture conprised of
sintered chromia grain and fused chromia grain, said mxture having up to
50% by weight sintered chromia grain, whggein said sintered chroma grain
and said fused chroma grain contain at | east 50% chrom c oxide (Cr20 ) by

chem cal anal ysis. 18. net hod _of , manufacturjng.a refractary brick
conprising the steps 01‘2{:&11;51 os\llnlcee F?ﬁ&hrgng?,-%@lpﬁqaa@e%uﬁg?@h Sggh ﬁj &gg%outgﬁ to
chrom a- al um dbauf 505 bliaidctro@ Rl 6BinglcainPodifiC Edn8RtsI Bidkdredchréthia=Aumida;Ty | er
mesh particles, an internediate grain fraction conprised of -10+28 Tyl er
mesh particles and a fifHgingahondmgagent nsadhgich Waptaip a formatlemix; npsh
particles; adding a fi i al rQm i der: i atch such that 10 to
100 percent of said fi %gesglﬁg?%@?a@@%npﬁ%ﬁgl%{%% f’q?él?ne grain chromc

oxi de; addi ng sintered clnyiogrzd Atingribaahdps ts &iroh saaktotrk. such t hat about 5% to
about 50% of said chrom a-al um na conposition consists of sintered

chrom a-al um na; mxing a bonding agent to said batch to obtain a fornable
m X; pressing the mx to forma brick-1ike shape; and drying and firing the
shape to formsaid brick.
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