1 .CHROM A- ALUM NA REFRACTORY Field of the Invention [0001] The present
invention relates generally to refractory materials, and nore particularly,
to chrom a-containing refractories. Background of the Invention

[ 0002] Chr om 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
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do not irrprov ecause .Qf chro vap rization that occurs at
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sintered chrom a-containing grain conprise at |east 50 wei ght percent

chrom c oxi de as neasured by chem cal analysis. [0009]In accordance with
yet anot her aspect of the present invention, there is provided a refractory
conposition conprised of about 1%to about 35% by weight finely powdered
chrom c oxide, and a m xture conprised of sintered chrom a grain and fused
chrom a grai n. The mxture has up, to 50% by WEI ght 5| ntered chroma 3



[ 00151A still further advantage of the present invention is a chrom a-
containing refractory as descri bed above that includes sintered

chrom a-containing grain. [0016] These and ot her advantages will becone
apparent fromthe follow ng description of a preferred enbodi nent taken
together with the appended cl ains. Detail ed Description of Preferred
Enbodi nent [0017] The present invention relates generally to a refractory
chrom a-based conposition, and nore particularly, to a chrom a-based
refractory conposition having a chrom c oxide (Cr203) content of at |east
50% by wei ght as neasured by chem cal andlysis. In a preferred enbodi nent,
the chrom a-based refractory conposition is 4 conprised of fused
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is contenplated that the chrom a-alumna grain and the refractory
conpositions described herein may al so include other refractory material s,
such as, by way of exanple and not limtation, nmagnesia (MO, silica
(Si02), titania (Ti02), iron oxide (Fe203), zirconia (2Zr02), linme (Ca0O,
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TABLE 1 under the sane nolding pressures and firing tenperatures. These

: . ¢
' tested for bulk density, apparent porosity, apparen .
et i e orat Ty rupture. The results are also set forth in

specific gravity and nodul us of : rl
TKBLE l. ?’0029] TABLE | EXAMPLE NO. 1 2 3 4 Mx: CA- 95 Fused G?L?ll 25 B
-4+10 mesh 23% 23% 23% 18. 75% - 10+28 nesh 19 19 14.5 -28 nesh 33 :
-- CA-95 Sintered Gain2 -4+10 nesh

3

grain, wherein the sintered chromia grain and the fused chromia grain contain at least
50% chromic oxide (Cr,05) by chemical analysis.

[0010] In accordance with yet another aspect of the present invention, there is
provided 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 graiﬁ chromic oxide to the batch such that 10 to
100 percent of the fine grain fraction consists of fine grain chromic oxide; adding
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.

[6011] The advantage of the present invention is a chromia-containing
refractory having improved, hi gh-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.

[06014] 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

[6017] . 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,03) content of at least 50% by weight as measured by chemical

analysis. In a preferred embodiment, the chromia-based refractory composition is



--.  4.25 -10+28 nmesh -- 2.5 17 -28 nesh -- 18.75 35 35 Pignent G ade ,
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2.1 2.1 Water 1.2 1.5 1.8 2.3
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comprised of fused chromia-containing grain, sintered chromia-containing grain and
pigment-grade chromium oxide. As used herein, the term “fused grain” refers to a
product which is obtained by heating a starting material to its molten state, then letting
the material solidify. As used herein, the term “sintered grain” refers to a product
which is obtained by forming an aggregate by pressing a powder or by other means of
agglomeration and heating the aggregate without melting it to form a coherent mass.

LI 11

The tenms “chromium oxide,” “chromic oxide” 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
Crz0; 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.

[6019] The coarse fraction of the refractory is comprised of fused chromia-
containing grains and may inclode 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 (Cry0s)
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 mtermediate 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 S0% by weight, as measured by chemical analysis,



Pressing Pressure, psi: 15,000 15,000 15,000 15, 000 Bur ni ng
tenperature, F. 2630 2630 2630 2630 Bul k Density, pcf: 265 259 252 243
Apparent Porosity, % 17.4 19.1 21.0 23.6 CA-95 Fused G ain refers to a
fused chrem a-al um na grain containing approxi mtely 95% Cr203. 2 CA-95
Sintered Gain refers to a sintered chrom a-al um na grain containing
approxi mately 95% Cr 203.
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about 1% to about 35% by weight fine grain chromic oxide and about 5% to about
50% by weight of sintered chromia-containing grains having a chromic oxide content
of at least 50% by weight, as measured by chemical analysis.

[0023] A refractory according to the present invention finds advantageous use
in forming bricks for use in liquid slag environments. To form a dense brick, the
fused, chromia-containing grains forming the coarse fraction of the refractory
preferably have varying particle sizes that are 4 Tyler mesh and finer. The sintered,
chromia-containing grain also has particles that are 4 Tyler mesh and finer. The fine
grain chromic oxide is preferably pigment-grade chromic oxide having a particle size
less than 325 Tyler mesh.

{0024] As used herein, the term “chromia-containing grain” refers to refractory
grain comprised primarily of chromic oxides (Cr;0s) and alumina (ALO;), typically
referred to as chromia-alumina grain. At least 50% by weight of refractory grain is
comprised of chromic oxide (Cry0;), as measured by chemical analysis. More
preferably, the chromia containing grains of the present invention have a chromic
oxide (Crz03) 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 (MgQ), silica (510,), titania (T10,), iron
oxide (FeyO3), zirconia (Zr0y), lime (CaO), manganese oxide (MnQ), vanadium
pentoxide (V,0s), soda (Na,O), potassium oxide (K,0) and phosphorous pentoxide
{P,0s), but in much lesser amounts.

[0026] A method of manufacturing a refractory brick comprises forming a
size-graded batch of fused chromia-zlumina including a coarse grain fraction
compnsed 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



7 TABLE | EXAMPLE NO 1 2 3 4 Apparent Specific Gravity: 5.15 5.13 5.12

5.10 Modul us of Rupture at Room Tenperature, psi: 1380 3030 3160 3660
Cal cul ated Chem stry (Cal ci ned Basi s) 8i 02 0.32% 0.53% 0. 75% 0. 97%
Al 203 3. 46
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is added to the batch and the batch is mixed to obtain a formable mixture. The
mixture is pressed into a brick-like shape using conventionally known techniques.
The brick-like shape is dried and fired to form the brick. _

{0027} The invention will be further described in connection with the
following EXAMPLES, which are set forth for the purpose of illustration only. All
mesh sizes referred to in the EXAMPLES are made with reference to Tyler Screen
Standards. By way of example, the legend “-4+10 mesh” means a particle sized less
than 4 Tyler mesh, but greater than 10 Tyler mesh, and the legend “-28 mesh” means a
partible sized less than 28 Tyler mesh.

[0028] A series of four brick batches was made from the mixes shown in
TABLE T under the same molding pressures and firing temperatures. These bricks
were then tested for bulk density, apparent porosity, apparent specific gravity and
moduius of rupture. The results are also set forth in TABLE 1.

[0029]
TABLE 1
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
Buming 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 ta a fused chromia-alumina grain containing approximately 95% CryO;.
% CA-95 Sintered Grain refers to a sintered chromia-alumina grain containing approximately 95% Cr0;.
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TABLE 1
EXAMPLE NO. 1 2 3 4
Apparent Specific 5.15 5.13 5.12 5.10
Gravity;
Modulus of Rupture at 1380 3030 3160 3660
Room Temperature, psi:
Calculated Chemistry
{Calcined Basis)
Si10, 0.32% | 0.53% | 0.75% 0.97%
AlLO, 3.46 2.67 1.88 1.09
TiQ, 0.02 0.34 0.65 0.96
Fe, 04 0.16 0.15 0.14 0.14
Cr; Oy 95.77 95.94 96.12 96.29
Ca0 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;O 0.02 0.04 0.06 0.07
P05 0.05 0.04 (.03 .02
Total 100.0% | 100.6% | 100.0% | 100.01%
{0030} TABLE 1 shows the effect of incrementally replacing fused grain

containing approximately 95% Cr,O; and 5% AlyO; 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 IL
[0032]
TABLE i1
EXAMPLE NO. 5 6
Mix:
CA-95 Fused Grain
-44+10 mesh 29% 29%
-10+28 mesh 21 11
-28 mesh 26 15




0.02 0.04 0.06 0.07 P205 0.05 0.04 0.03 0 02 Total 100.0% 100.0% 100. 0%
100. 01% [0030] TABLE I shows the effect of increnentally replacing fused
grain containing approxi mately 95% Cr203 and 5% Al 203 with a sintered grain
of simlar conposition. There was a gradual increase in nodulus of rupture
at room tenperature and porosity as fused chrom a-al um na grain was

repl aced by sintered chrom aalum na grain. [0031] Two brick batches were
made fromthe m xes shown in TABLE Il under the sane nol di ng pressures and
firing tenperatures. These bricks were then tested for bul k density,
porosity, specific gravity, nodulus of rgpture at room tenperature,
pernmeability and for slag penetratlon The results ar e al so set forth in
TABLE 11. 10032] TABLE . : Gain -4+10
mesh 29% 29% - 10+28 e

CA-95 Sintered Grain

-14 mesh - 20
Pigment Grade Chromic Oxide 20 21
Tabular Alumina, -325 mesh 4 4
Plus Additions:

Lignosulfonate 2.3
Dextrin 1.1 _

Water 0.92 1.1
Firing Temperature, °F: 2630 2630
Bulk Density, pcf: 263 258
Apparent Porosity, %: 16.4 16.5
Apparent Specific Gravity: 5.05 5.01
Modulus of Rupture at Room 1650 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)
5i0, 0.32% 0.55%
AL, 7.49 6.6
TiO, 0.02 0.36
Fezog 0.16 015
CaO 0.04 0.15
MgO <0.1 0.04
MnO 0.06 0.05
Na,O 0.02 0.07
K0 0.02 0.04
2,05 0.05 0.04
Total 99.99% | 180.03%

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

approximately 95% CryO; 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



8 TABLE H EXAMPLE NO. 5 6 CA-95 Sintered Grain -14 mesh 20 Pi gnent G ade
Chromc Oxide 20 21 Tabular Al um na, -325 nesh 4 4 . Pl us Additions:
Li gnosul fonate 2.3 Dextrin 1.1 Water 0.92 1.1 Firing Tenperature, F: 2630

2630
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3000°F, the area penetrated decreased from 15.2 to 10.1% with the addition of the
sintered grain. Reducing the amount of penetration is important because in service the
penetrated zone is subject to thermal shock or “spalling,” reducing the useful service
life of the réfractory. )

[0034] While not fully understood, it is suspected that the presence of sintered
chromia-alumina grain in compositions based on fused chromia-alumina grain and
pigment grade chromic oxide creates better bonding. The sintered chromia-alumina
grain has a much higher surface area and apparent porosity than fused grain. For
example, the calculated porosity of a sintered chromia-alumina grain containing 95%
Cr,05 is about 15 to 21%, whereas the calculated porosity of a fused chromia-alumina
grain containing 95% Cr,0s 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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Having described the invention, the following is claimed:

1. A refractory composition for forming a chrome brick, comprising:
about 35% to about 95% by weight of fused chromia-containing grain
having a chromic oxide content of at least 50%, as measured by chemical anlaysis;
about 1% to about 35% by weight fine grain chromic oxide; and
about 5% to about 50% by weight of sintered chromia-containing grain

having a chromic oxide content of at least 50%, as measured by chemical analysis.

2. A refractory composition as 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 0% 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 (Cr20s) content of at least
50% as measured by chemical analysis; ,

about 1% to about 35% by weight fine grain chromic oxide (Cr203);

and



0.55% Al 203 7.49 6.6 TiO2 0.02 0.36 Fe203 0.16 0.15 Cr203 91.81 91.98 CaO
0.04 0.15 MgO <0.1 0.04 MO 0.06 0.05 Na20 0.02 0.07 K20 0.02 0.04 P205
0.05 0.04 Total 99.99% 100. 03% [OO0331TABLE Il shows the effect of

repl aci ng 20% fused grain conposed of approxi mtely 95% Cr 203 and 5% Al 203
with a sintered grain of simlar conposition. Adding the sintered grain
caused the nodul us of rupture at roorhitenperature to increase from 1690 to
3240 psi. At the sane tinme, the perneability, measured in centidarcies,

decreased from42.3 to 11.0. In _addition, in a Coal Gasifier Sl ag Test at
9 about 5% to about 50% by weight sintered chromia-containing grain,

said sintered chromia-alumina grain having a chromic oxide content of at least 50%,

as measured by chemical analysis.

7. A chromia-alumina refractory as defined in claim 6, where said chromia-
alumina refractory has a chromic oxide content of at least 75 weight percent, as

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 §, 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 50 weight percent chromic oxide
(Cr20s), 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, wherein said fused chromia-containing grain and said sintered chromia-
containing grain are comprised primarily of chromia-alumina, and wherein said fused
chromia-alumina grain comprises about 35% to about 95% by weight of said
refractory, and said sintered chromia-alumina grain comprises about 5% to about 50%

by weight of said refractory.

11. A refractory composition as defined in claim 10, wherein said refractory
composition comprises at least 75 weight percent chromic oxide (Cr20s), as measured

by chemical analysis.
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of the sintered grain. Reducing the anobunt of penetration is inportant
because in service the penetrated zone is subject to thermal shock or
"spalling," reducing the useful service life of the refractory. [0034] Wiile
not fully understood, it is suspected that the presence of sintered
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10 Having dg&ei 98strddieof AUEMiIQR hdvhRiEolLOMNT0 TSIee hRked: 1. A
refractory composition for formng a chronme brick, "conpri sing:

about 35%to about 95% by wei ght of fused chrom a-containing grain having a
chrom c oxide content of at |east 50% as neasured by chem cal anl aysis;
about 1% to about 35% by weight fine grain chrom c oxide; and

about 5% to about 50% by wei ght of sintered chrom a-containing grain having
a chrom c oxide content of at |east 50% as neasured by chem cal analysis.
2. Arefractory conposition as defined in claiml1l, wherein said fused
chrom acontai ning grain and said sintered chrom a-containing grain are
conprised primarily of chrom a-alumna grain. 3. A refractory conposition
as defined in claim1, wherein said refractory conposition is conprised of
at | east 50 wei ght percent chrom c oxide as neasured by chem cal anal ysis.
4. A refractory conposition as defined in claim1l, wherein said fused
chrom acontai ning grain has a range of particle sizes of 4 Tyler nesh and
finer. 5. Arefractory conposition as defined in claim1, wherein said
sintered, chrom a-containing grain has a range of particle sizes wherein at
| east 80% of sintered grain has a particle size |ess than 10 Tyl er nesh.

6. A chrom a-alum na 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 chrom c-oxide (Cr203) content of at | east
50% as neasured by chem cal analysis; about 1%to about 35% by wei ght fine
grain chromc oxide (Cr203); 11 about 5% to about 50% by

wei ght sintered chrom a-containing grain, said sintered chrom a-al um na
grain having a chrom c oxide content of at |east 50% as neasured by

chem cal analysis. 7. A chroma-alumna refractory as defined in claim®6
where said chrom aalumna refractory has a chrom c oxide content of at

| east 75 wei ght percent, as nmeasured by chem cal analysis. 8. A

chrom a-alumna refractory as defined in claim®6, wherein said
chrom aal um na refractory has a chrom c oxide content of at |east 90 weight
percent, as neasured by chem cal analysis. 9. A chrom a-alum na refractory
as defined in clains 7 or 8, wherein said fused chrom a-alum na grain
conprises particles having sizes of 4 Tyler nesh and finer and said
sintered chrom a-alum na grain conprises particles of 4 Tyler nesh and
finer. 10. Arefractory conposition conprising at |east 50 wei ght percent
chrom c oxide (Cr203), as neasured by chem cal analysis, said conposition

i ncl udi ng fused chrom acontai ning grain, finely powdered chrom c oxi de and
sintered chrom a-containing grain, said fused chrom a-containing grain and
said sintered chrom a-containing grain conprising at |east 50 wei ght
percent chrom um oxi de, as neasured by chem cal analysis, wherein said
fused chrom a-containing grain and said sintered chrom acontaining grain
are conprised primarily of chrom a-alum na, and wherein said fused
chrom a-al um na grain conprises about 35%to about 95% by wei ght of said
refractory, and said sintered chrom a-al um na grain conprises about 5%to
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