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ASUNTO: CONTESTACION REQUERIMIENTO
DILIA RODRIGUEZ D’ALEMAN, en mi condicién de apoderada de la sociedad
solicitante, por el presente escrito doy respuesta a su Auto notificado por estado

de 21 de Marzo de 2.002 que vence Mayo 21 de 2.002, solicitando se
consideren y tengan en cuenta los siguientes documentos y aclaraciones:

DOCUMENTOS:

1. Copia auténtica, legalizada y traducida del documento de cesion de los
inventores al solicitante.

2. El lugar de constitucion de la sociedad solicitante es el estado de
Delaware, Estados Unidos de América, como esta indicado en el poder.

3. Copia auténtica, legalizada y traducida del poder a mi favor otorgado por
la sociedad solicitante.

4, La copia certificada de la prioridad Estadounidense reivindicada Nr.
09/798,826 de Marzo 2 de 2.002 y su traduccion al espaiiol.

ACLARACIONES:

Como esta invencion consiste en un método, no existe una figura representativa
de la invencién de manera que no se requiere el arte final.

Ruego a Usted aceptar esta respuesta a su primer examen de fondo y continuar
con el tramite para el cual mi representada queda en disposicion con interés a
responder a cualquier inquietud.

Senior Jefe,
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TRADUCCION OFICIAL No. 02/141 de un documento escrito en inglés, el cual
para su identificacion se sella con el sello del traductor al tiempo con la
presente. Esta traduccion ha sido preparada por Juan Pablo Piedrahita Aguilera,
Traductor e Intérprete Oficial debidamente reconocido de conformidad con el

Certificado de Idoneidad Profesional No. 0045 expedido por la Universidad

Nacional de Colombia.

(Se traducen las reivindicaciones de una solicitud de Patente y el Certificado de

la Oficina de Patentes y Marcas No. 09/798,826, escritos en inglés.)

ESTADOS UNIDOS DE AMERICA
A TODOS A QUIENES ESTOS PRESENTES LLEGAREN:
DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

Oficina de Patentes y Marcas de los Estados Unidos
Febrero 14 de 2002

POR EL PRESENTE CERTIFICO QUE ADJUNTA SE ENCUENTRA UNA
COPIA FIEL DE LOS ARCHIVOS DE LA OFICINA DE PATENTES Y MARCAS
DE LOS ESTADOS UNIDOS DE AMERICA DE LOS DOCUMENTOS DE LA
SOLICITUD DE PATENTE IDENTIFICADA ABAJO Y QUE CUMPLIERON CON
LOS REQUISITOS PARA QUE SE LES OTORGARA UNA FECHA DE

SOLICITUD BAJO EL CODIGO DE COMERCIO DE LOS ESTADOS UNIDOS
DE AMERICA TiTULO 35 SECCION 111.

NUMERO DE SOLICITUD: 09/798,826

FECHA DE SOLICITUD: Marzo 2, 2001
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Reivindicamos:

1. Un método para derretir un material para formar vidrio en un hormo para
derretir vidrio, dicho horno con una pared trasera, con muros de contencién
encima de las paredes laterales y una pared aguas abajo conectada a un techo,
5 donde por lo menos un cargador de lotes para cargar material en lotes para
formar vidrio esta contenido en por lo menos una de las paredes traseras y en la

pared lateral que incluye:

el suministro de por lo menos un quemador de oxi-combustible en el

techo de dicho horno sobre dicho lote de material, donde por lo menos un

-
Q

quemador de oxi-combustible esta adaptado para combustion por etapas

el suministro de un flujo de combustible a por lo menos dicho quemador

de oxi-combustible;

el suministro de un flujo de oxidante gaseoso en asociacion con por lo
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menos dicho quemador de oxi-combustible;
inyeccién del combustible y del oxidante dentro del horno y,

la combustién de dicho combustible en por lo menos dicho quemador de
oxi-combustible tal que por lo menos una porcién de la combustion ocurra en la
vecindad de dicho material para formar vidrio para mejorar la transferencia de
calor convectiva y de radiacién a dicho material para formar vidrio sin perturbar

sustancialmente dicho material para formar vidrio.

2. El método de Ia reivindicacién 1 donde la mezcla de dicho combustible y
dicho oxidante es demorada para localizar la combustién préximamente a o

sobre la superficie de dicho material para formar vidrio.

3. El método de Ia reivindicacién 1donde el chorro de combustible inyectado
y el oxidante inyectado se separan, y opcionalmente se les hace formar un
angulo entre si, en una medida suficiente para causar que los flujos respectivos
converjan en las proximidades de o sobre la superficie de dicho material para

formar vidrio.

4, El método de la reivindicacién 3 donde el chorro de combustible incluye
uno de: un Unico chorro de combustible sustancialmente o un combustible de

mezcla oxidante rica en combustible, y donde el chorro oxidante incluye uno de:

sustancialmente un unico chorro de oxidante o un combustible pobre de mezcal

combustible-mezcal oxidante.

5. El método de la reivindicacion 4 donde el chorro de combustible y el
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chorro de oxidante se separan se les hace formar un angulo entre si de 0° a

aproximadamente 90°.

6. El método de la reivindicacién 1 donde el oxidante se sopla desde debajo

de la superficie del material para formar vidrio.

7. El método de la reivindicacion 1 que incluye especies reactivas

intermedias préximas a o en la superficie del material para formar vidrio.

8. El método de la reivindicacién 1 donde el quemador de oxi-combustible
esta contenido en un bloque de quemador, ademas donde el mismo proporciona
un flujo de oxidante gaseoso que incluye el suministro integral por etapas de

dicho oxidante via inyeccién desde el mismo bloque del quemador.

9. El método de la reivindicacion 1 donde el quemador de oxi-combustible
esta contenido en un bloque de quemador, ademas donde el mismo proporciona
un flujo de oxidante gaseoso que incluye el suministro externo por etapas de
dicho oxidante via inyeccién por separado desde el bloque del quemador de oxi-
combustible.

10.  El método de la reivindicacion 9 que ademas comprende el suministro de
por lo menos un inyector de oxidante en el techo de dicho horno para

suministrar oxidante adicional para completar la combustién en las proximidades

o en la superficie de dicho material para formar vidrio.

11.  El método de la reivindicacion 9 que incluye la inyeccién de 0 a 90% de

oxidante estequiométrico a través del bloque del quemador de oxi-combustible
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via por lo menos de un inyector secundario de oxidante por separado del bloque

del quemador de oxi-combustible.

12. El método de la reivindicacién 1 donde el material para formar vidrio entra
en el horno a través de por lo menos un cargador, incluyendo el suministro de
un quemador de oxi-combustible en el techo del homo en las proximidades de

por lo menos un cargador encima del material para formar vidrio.

13. El método de la reivindicacion 1 donde el quemador estd montado

sustancialmente perpendicular a la superficie del material para formar vidrio.

14.  El método de la reivindicacion 13 donde el quemador esta montado hasta

45 grados de la perpendicular y hacia la pared frontal aguas abajo del horno.

15.  El método de la reivindicaciéon 13 donde el quemador estd montado no

mas de 10 grados de la perpendicular y aguas abajo hacia la pared frontal del

horno.

16.  El método de Ia reivindicacién 1 donde el oxidante se selecciona de un
grupo consistente de aire enriquecido con oxigeno, oxigeno no puro y oxigeno

“industrialmente” puro.

17.  El método de la reivindicacion 1 incluyendo el flujo por etapas de

combustible desde el quemador de oxi-combustible.

18. El método de la reivindicacion 1 donde el combustible es un gas
seleccionado del grupo consistente en metano, gas natural, gas natural licuado,

propano, gas propano licuado, butano, gases de bajo BTU, gas domiciliario, gas
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del productor y mezclas de ellos.

19. El método de Ila reivindicacion 1 donde el combustible es un liquido
seleccionado de un grupo consistente en combustdleo pesado combustéleo

mediano, combustdleo liviano, kerosene, y diesel.

20. El metodo de la reivindicacién 1 donde por lo menos un quemador de oxi-
combustible se suministra en el techo en las proximidades de la pared frontal de

aguas abajo.

21. El método de la reivindicacion 1 donde el material para formar vidrio
incluye material seleccionado de un grupo consistente en casco de vidrio, silice,
feldespato, nefelina, sienita, caliza, dolomita, cenizas de sosa, potasa, borax,
arcilla caolin, alimina, arsénico, antimonio, sulfatos, sulfuros, carbén, éxido de
bario, 6xido de estroncio, éxido de zirconio, 6xido de plomo, 6xidos metalicos

para la formacién de colores, y mezclas de ellos.

22. El método de la reivindicacién 1 incluye el suministro de todos los

quemadores del horno como quemadores de oxi-combustible.

23. El método de la reivindicacién 1 incluye el suministro de todos los

quemadores del horno como quemadores para montaje en el techo.

24. El método de la reivindicacién 1 incluye la operacion de por lo menos uno
de dichos quemadores de oxi-combustible para montaje en el techo en un modo
de combustible rico y por lo menos uno de dichos quemadores de oxi-

combustible para montaje en el techo en modo de combustible pobre.
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25. Un método para derretir material para formar vidrio en un horno para
derretir vidrio, dicho horno con una pared trasera, con muros de contencion
encima de las paredes laterales y una pared aguas abajo conectada a un techo,
donde por lo menos un cargador de lotes para cargar material en lotes para

formar vidrio esta contenido en por lo menos una de las paredes traseras y en la

pared lateral que incluye:

el suministro de por lo menos un quemador de oxi-combustible en el
techo de dicho horno sobre dicho lote de material

el suministro de un flujo de combustible a por lo menos dicho quemador
de oxi-combustible;

el suministro de un flujo de oxidante gaseoso en asociacién con por lo

menos dicho quemador de oxi-combustible;

inyeccion del combustible y del oxidante dentro del horno vy,

la combustion de dicho combustible

26. El método de la reivindicacién 25 donde por lo menos un quemador de

oxi-combustible se adapta para combustién por etapas, incluyendo:

la combustién de dicho combustible en por lo menos dicho quemador de
oxi-combustible tal que por lo menos una porcién de fa combustidon ocurra en la
vecindad de dicho material para formar vidrio para mejorar la transferencia de
calor convectiva y de radiacién a dicho material para formar vidrio sin perturbar

sustancialmente dicho material para formar vidrio.

7/14

LR i




F

“C

e

IRADUCCION OFCIAL MNo.

JUAN PABLO PIEDRAHITA AGUILERA

TOR E INTERPRETE OFICIAL
C. IDONEIDAIC4S

—

TRADU:

10

15

(=]

IONAL DE COLOMBIA

HVERSIDAD NAS

27. El método de la reivindicacion 26 donde el quemador de oxi-combustible
esta contenido en un bloque de quemador, ademas donde dicha inyeccion de
oxidante gaseoso incluye el suministro integral por etapas de dicho oxidante via

inyeccion desde el mismo bloque del quemador.

28. El método de la reivindicacién 26 donde el quemador de oxi-combustible
esta contenido en un blogue de quemador, ademas donde dicha inyeccién de
oxidante gaseoso incluye el suministro externo por etapas de dicho oxidante via

inyeccion por separado desde el bloque del quemador de oxi-combustible.

29. El método de la reivindicacién 26 ademas incluyendo la etapa de montar
por lo menos un inyector de oxigeno en el techo de dicho horno para
proporcionar oxigeno adicional para completar la combustion en o cerca de la

superficie de dicho lote de material.

30. El método de la reivindicacion 26 que incluye la inyeccién de una mayoria
de un conjunto de oxidantes aparte de y sustancialmente rodeando el flujo de

combustible liquido hasta un punto mas alla de la zona de combustion no visible.

31.  El metodo de la reivindicacion 30 que incluye el combustible inyectado y

el oxidante inyectado a aproximadamente 45° a 101° de la horizontal.

32.  El método de la reivindicacién 30 incluyendo la inyeccién del restante del

oxidante adyacente a y concéntricamente al combustible inyectado.

33.  El método de la reivindicacion 30 incluyendo la inyeccién del restante del

oxidante por inyeccion terciaria dentro del horno.
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34. El método de la reivindicacion 26 incluyendo el flujo por etapas del

combustible desde el quemador de oxi-combustible.

35. El método de la reivindicaciéon 25 donde el combustible liquido se
selecciona de un grupo consistente en combustéleo pesado combustéleo
mediano, combustdleo liviano, kerosene, y diesel.

36. El método de la reivindicacién 35 donde el combustible liquido inyectado

tiene un tamario de una gota mayor que cerca 100 micrones.

37. El método de la reivindicacién 25 donde el quemador estd montado

sustancialmente perpendicular a la superficie de lote de material.

38. El método de la reivindicacion 25 donde el quemador esta montado hasta

45 grados de la perpendicular y hacia la pared frontal aguas abajo del horno.
39. EIl método de la reivindicacién 25 donde el quemador estad montado no
mas de 10 grados de la perpendicular y hacia la pared frontal aguas abajo del

horno.

40. El método de la reivindicacion 25 que incluye la atomizacion del

combustible liquido para producir gotas en el rango de 5 a cerca de 50
micrones.

41. El método de la reivindicacién 40 incluyendo el mezclado rapido de las
gotas con medio atomizador en la regién inicial del quemador para formar una

mezcla sustancialmente homogénea.

42. El método de la reivindicacion 40 incluyendo la atomizacion del

9/14
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combustible liquido con un medio oxidante atomizante para producir una mezcla

parcialmente combustible.

43. El método de la reivindicacion 40 incluyendo la atomizacion del
combustible liquido con un medio atomizante seleccionado del gripo consistente
en aire, oxigeno, vapor, gas natural e hidrégeno o mezclas de ellos para reducir

la proporcion C:H en la mezcla del medio combustible/atomizante.

44.  Un método para derretir un material para formar vidrio en un hormo para
derretir vidrio, dicho horno con una pared trasera, con muros de contencién
encima de las paredes laterales y una pared aguas abajo conectada a un techo,
donde por lo menos un cargador de lotes para cargar material en lotes para
formar vidrio esta contenido en por lo menos una de las paredes traseras y en la

pared lateral que incluye:

el suministro de por lo menos un quemador de oxi-combustible en el
techo de dicho horno sobre dicho lote de material, donde por lo menos un
quemador de oxi-combustible estd adaptado para combustién por etapas y
contiene por lo menos un inyector externo de oxidante y dos inyectores internos
de combustible, el inyector que estd mas hacia el interior adaptado para
inyeccién a alta velocidad y el otro inyector de combustible, dispuesto entre el
inyector que esta mas al interior y el inyector exterior de oxidante, adaptado para

inyeccién a baja velocidad;

el suministro de un flujo de oxidante gaseoso al inyector exterior de

oxidante, con un momento menor al del flujp de combustible a través de

10/14
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inyector localizado mas hacia el interior,

la combustion de dicho combustible desde por lo menos dicho quemador de oxi-
combustible tal que por lo menos una porcién de la combustion ocurre en la
vecindad de dicho material para formar vidrio para mejorar la transferencia de
calor convectiva y de radiacion a dicho material para formar vidrio sin perturbar

sustancialmente dicho material para formar vidrio.

45. El método de la reivindicacion 44 donde cerca del 10% a cerca del 90%
del flujo de combustible es utilizado por el inyector de combustible localizado

mas hacia el interior.

46. - El método de la reivindicacion 44 donde la masa del flujo de combustible
del inyector de combustible localizado mas hacia el interior es menor a la masa

de flujo de combustible del otro inyector de combustible.

47. El método de la reivindicacion 44 donde la masa del flujo de combustible
del inyector de combustible localizado mas hacia el interior es mayor a la masa

de flujo de combustible del otro inyector de combustible.

48. El método de la reivindicacion 44 donde un combustible liquido se
suministra al inyector de combustible localizado mas hacia el interior, y se

suministra un combustible gaseoso al otro inyector de combustible.

49. El método de la reivindicacion 48 donde el combustible liquido se
selecciona del grupo consistente en combustdleo pesado combustéleo mediano,

combustoleo liviano, kerosene, y diesel; y donde el combustible gaseoso se

11714
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selecciona del grupo consistente en metano, gas natural, gas natural licuado,
propano, gas propano licuado, butano, gases de bajo BTU, gas domiciliario, gas

del productor y mezclas de ellos.

50. El método de la reivindicaciéon 44 donde el combustible liquido se
selecciona del grupo consistente en metano, gas natural, gas natural licuado,
propano, gas propano licuado, butano, gases de bajo BTU, gas domiciliario, gas

del productor y mezclas de ellos.

51. El método de la reivindicacién 44 donde el oxidante se selecciona de un
grupo consistente en aire enriquecido con oxigeno, oxigeno no puro y oxigeno

industrial puro.

52. Un quemador de oxi-combustible que incluye por lo menos un inyector
externo de oxidante y dos inyectores internos de combustible, el inyector que
estd mas hacia el interior adaptado para inyeccioén a alta velocidad y el otro

inyector de combustible adaptado para inyeccién a baja velocidad;

53. El quemador de oxi-combustible de la reivindicaciéon 52 donde el inyector
de combustible que esta mas hacia el interior esta adaptado para suministrar un
chorro central de combustible a alta presién; el otro inyector de combustible
adaptado para proporcionar una presion sustanciaimente anular menor en una
cubierta de combustible concéntricamente hacia fuera del chorro central de
combustible; y el inyector de oxidante adaptado para proporcionar una corriente
sustanciaimente anular concéntricamente hacia fuera de una cubierta de

combustible; Ila corriente de oxidante con un momento menor al del chorro
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central de combustible.

54. El quemador de oxi-combustible de la reivindicacién 52 donde los
inyectores de combustible estan adaptados para proporcionar un combustible

gaseoso.

55. El quemador de oxi-combustible de la reivindicacion 52 donde el inyector
que esta mas hacia el interior esta adaptado para proporcionar un combustible
liquido y el otro inyector de combustible estd adaptado para proporcionar

combustible gaseoso. .

56. Un método para derretir material en lote en un horno para vidrio con
regeneradores, recuperadores, y/o elevador eléctrico, dicho horno con paredes

laterales, una pared posterior, una pared frontal y un techo, que comprende:

el suministro de por lo menos un quemador en el techo de dicho horno

sobre dicho lote de material;

el suministro de un flujo de oxidante gaseoso a dicho por lo menos ese

quemador;

el suministro de un flujo de combustible gaseoso a dicho por lo menos

ese quemador;

generar una llama desde por lo menos ese quemador, dicha llama con
velocidad suficiente para maximizar la transferencia de calor de dicha llama a

dicho lote de material sin sustancialmente perturbar dicho lote de material, y,

suministrar oxigeno adicional para completar la combustién en o cerca de
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
JOANNE RAJOPPI

ACTING IN THE CAPACITY OF:
COUNTY CLERK

BEARS THE SEAL/STAMP OF:
COUNTY OF UNION

CERTIFIED

AT TRENTON, NEW JERSEY

THE 8TH DAY OF MAY 2002

7. BY: John E McCormac, CPA, NEW JERSEY TREASURER

8. NO. Al150918

9. SEAL/STAMP: 10. SIGNATURE
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APOSTILLE

(CONVENTION DE LA HAYE DU 5 OCTOBRE 1961)

COUNTRY: UNITED STATES OF AMERICA

THIS PUBLIC DOCUMENT HAS BEEN SIGNED BY:
JOANNE RAJOPPI

ACTING IN THE CAPACITY OF:
COUNTY CLERK

BEARS THE SEAL/STAMP OF:
COUNTY OF UNION

CERTIFIED

AT TRENTON, NEW JERSEY

‘THE 8TH DAY OF MAY 2002

BY: John E McCormac, CPA, NEW JERSEY TREASURER

NO. Al50917

SEAL/STAMP: 10. SIGNATURE
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Clarke, Modet & Co. Colombia Ltda.

PROPIEDAD INDUSTRIAL y DERECHOS DE AUTOR

99A408-1

Apartado Aereo 92397
Santafe de Bogot4, Colombia

PODER

Yo (nosatros), abajo firmante(s)

en mi (nuestro) caracter de representante(s) legales de

una sociedad organizada y existente de acuerdo con las leyes de
y en actual cumplimiento de su objeto soclal, con domicilio en

por el presente instrumento confiero (conferimos) poder especial a
favor de DILIA MARIA RODRIGUEZ D'ALEMAN, con Cédula de
Ciudadania No. 41.654.882 de Bogofd, y tp. 20824 y
CLAUDIA LUCIA CARO RAMIREZ, con Cédula de Ciudadania
No. 40.017.374 de Tunja, y tp. 36448, con domiciio en Santa
Fé de Bogota, Colombia para gue actuando en su orden en
nombre del ([dela) otorgante le {la) representen ante
cudlquier entidad, autoridad  y/o persona, especiaimente
ante las del ordem Adminisirativo. Contencioso Administrafivo,
Judicial, Tibunales de Arbiframento y/o cudlquier ofro en lo
referente alas siguientes asunios:

1) Solicitar, framitar, obtener y/o regisirar cualquiera de las
modalidades de Propiedad Indushial, tales como: patentes
de invencién, modelos de uliidad; disefios industiales,
variedades vegetdles; marcas, lemas, nombres y ensefias
comerciales y denominaciones de origem; asi como sus
renovaciones, prorogas, transferencias, cambios de nombre
y/o domicilio, contratos y icencias.

2) Solicitar, tramitar, obiener y/o registrar derechos de autor,
en cualquiera de sus presentaciones asi como la proteccién
de secretos industicles y know-how.,

3) Solicitar, tramitar, obtener y/o regisirar registros sanitarios,
permisos y/o licencios de funcionamiento: asi como sus
renovaciones o prémogas, fransferencias, cambios de nombre
y/o domicifio, coniratos y fcencias.

4) Eercer acciones de oposicion, observacion, reclamas,
reconsideracidn,  reposicién,. apelacién,  cancelacién,
administrativa o judicial, nulidad, profeccién al consumidor,
concesion de licencias, proteccidn de secretos indushiales y
demds acciones y recursos relacionadas con derechos
derivados de los asuntos aniba indicados y en conira de la
competencia desleal, acciones derivadas de la obtencién o
explotacién de [cencias, acciones de indemnizacion de
peruicios. Tambien podr@(n) infervenir en juicios civiles,
comerciales, pendles, coniencioso-administrativos, tutelas y
de policia; en acciones o juicios promovidos por el {la}
mandante o en contra el {ella).

5) En el ejercicio de este mandato los mandatarios anba
mencionados quedan facultados para: concilicr, concelar,
fransigr, comprometer en Grbifros, desistir, recioir y tomar
posesidn de la cosa objeto de [ifigio y renunciar o desistir a
derechos concedidos o en curso de concesidén, admitir os
hechos del proceso.

4} Ratificar o no la agencia oficiosa.

7) Asl mismo faculto (facultamos) a los mencionadas
apoderados para recibir nofificaciones y designar
apoderados judiciales o extrajudiciaoles, sustituir el presente
podery revocar las sustitucio-nes que hicieren,

Dado y firmado en

alos dias de de

LT P o,

POWER OF ATTORNEY

1 (we), the undersigned
Salvatore P. Pace

legal representative(s) of

The BOC Group, Inc.
an organization existing under the laws of

the state of Delaware, United States of
America
and in present execution of its business activity, domiciled at
575 Mountain Avenue, Murray Hill
New Providence, New Jersey 07974, U.S.A.

do hereby grant POWER OF ATTORNEY to DILIA MARIA
RODRIGUEZ D’ALEMAN, identification card No. 41.654.882 of
Bogotd, and tp. 20824 and CLAUDIA LUCIA CARO RAMIREZ,
1p. 36448, identification card No. 40.017.374 of Tunja, residing
in Santa Fé de Botogd, Colombig, to act in the order of their
appointment in behalf of grantor before any entity, authority
ondfor natural or juidical person, specialy before those
Administrative, Administrative-Contentious, Judicial, arbifration
courts, and/or any other, in ol mattes conceming the
following:

1) To opply, process, obtain and/or register any of the
moddiifies of Indusfiial Property such as: Patents of invenfion,
Utiity Models,; Designs, vegetal varieties; Marks Slogans, Trade
Names and embiems and appeliations of Origin; as well as
their renewals, extensions, assignments, changes of name
and/or domicile, agreements and ficenses.

2) To apply, process, obtain and/or register copyrights of any
kind as well as protectfion of industrial secrets or know-how.

3} To apply, process, obicn and/or register sanitary
registrations, operating authorizafions and/or Icenses; as wel
as their renewals or extentions, assignments, changes of name
and/or domicile, agreements and censes.

4) To bing actions of opposition, observations, claims,
reconsideration, appeal or legal remedies, concelations,
nulity, protection io the consumer, gronting of licenses,
protection of frade secrets and other actions related with rights
derived from the above-mentioned matters and against the
unfar competifion, acfions resulfing from the obtenfion or
exploitation of icenses, recovering domages acfions, They can
also intervene or participate in Civil, Commercial, Criminal or
Contentious-Administrative  Tridls:  the acfions for  wwit
mandamus, police actions; in actions, lawsuits or liigations
instituted by the grantor or against him.

5) To the effect of this mandate the above-named proxy are
empowered to: conciliate, concel, setile, submit to arbiiration,
withdraw and to recelve and take possession of the [ifigation |
related objet and walve or renounce the rights granted or in
process of granting, admit the facts of the case.

6) To rafify ornot the officious agency.

7} | (we) hereby oppoint the afore mentioned attomeys with
powers 10 receive nohﬁcc’ﬂons and to designcfe jUd icial and

Firma / signature

Vice President
Intellectual Property

Salvatore P. Pace,
and Group Counsel,







I, Joanne Rajoppi, Clerk of the County of Union, having by law a seal

wiate of Netw Jersey } #5.  DOHEREBY CERTIFY, That ____ANNABELLE L. SHORT
‘ County of 35 wion ; whose name is subscribed to the attached certificate of acknowledgment, proof or affidavit, was at the time
) 4 of taking said acknowledgment proof or affidavit, a NOTARY PUBLIC duly commissioned and sworn and
residing in said State, and was as such NOTARY PUBLIC, an officer of sald State duly authorized by the
laws thereof to take and certify the same, as well as to take and certify the proof and acknowledgment of
deeds for the conveyance of land, tenements or hereditament, and other instruments In writing to be recorded
in said State, and that the sald acknowledgment is duly executed and taken according to the laws of said
State, and that full faith and credit are and ought to be given to his/her official acts; and | further certify that
| am well acquainted with his/her handwriting and verify that the signature to the attached certificate is his/her
genuine signature.

And 1 do further certify that the impression of the seal of such NOTARY PUBLIC is not required by the laws
of this State to be filed in my office.

"\ ] \ ‘}ll\"[)WITNESS WHEREOF, | have hereunto set my hand and affixed my official seal this
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CERTIFICADO NOTARIAL (Cﬁé}ldo el solicitante

es SOCIEDAD)
(Poderes otorgados en: El Salvador, Estados Unidos,
Mexicoy Venezuela)

Alos dias del mes de
de » ! Notario que suscribe DA FE de
que:

(nombre de la persona que firma el poder)

mayor de edad y domiciliado

firmé de su pufio

y letra el documento que antecede.
2.Conoce al (ala) otorgante y que este (a) estd
legaimente capacitado para el otorgamiento.
3. El oforgante ha firmado el referido documento en
sV caracter e

de la persona juridica

4. La citada persona juridica con sede en

estd
Legalmente constituida, que tiene actualmente
Existencia legal y que el acto para el cual se ha
otorgado este poder estd comprendido entre los que
constituyen su objeto social.
5. Bl otorgante fiene efectivamente la representacion
gue obstenta, que esta es legifima y que estd
facultado para otorgar este poder.
4. las anteriores certificaciones de los puntos 3, 4 y 5, me
constan porque he fenido a la vista los
documentos auténticos.

Notario PUblico

NOTA: A continuacién de lo anterior, el Consul de
Colombia debe autenticar la firma del Notario PUblico.

CERTIFICADO NOTARIAL (Cuando el
solicitante es INDIVIDUO)

Alos dias del més de

de . el Notarlo que suscribe DA FE de
que
1.

{nombre de la persona qu firma el poder)

Mayor de edad y domiciliado en
fimé en su presencia
el documento que antecede, conoce d otorgante

Yy que este estG legamente copacitado para el
otorgamiento.

Notario Pdblico
NOTA: A continuacién de la anterior, el Consul de
Colom-bia debe autenticar la firma del Notario Publico.

Para todos los demas paises el Sefior Consul de
Colombia o ante qulen se otorgue, debe expedir una
certificacion deJando constancia 1) de la existencia
legal de la sociedad, 2) de que esta ejerce actualmente
su objeto soclal, y 3) de que la persona o personas que
otorgan el poder estan facultadas para hacerlo, dejando
constancia asi mismo de que tuvo a la vista las pruebas
que acrediten tales circunstancias.

. - s ‘ "‘ ﬁ
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NOTARIAL CERTIFICATE (When the applicant is
a CORPORATION)

(Powers of attomey granted In: El Salvador, Mexico, U.S.A.
and Venezuela)

This 14th  dayof February 2002
the undersigned Notary CERTIFIES that:

1. Salvatore P. Pace
(name of the person who signs the power of attorney)

of legal age and domiciled
in Chester, New Jersey, U.S.A.
set his hand on the foregoing document.
2.The grantor is to him personally known and that
he/she has legal capacity to execute the document.
3. The grantor has executed the foregoing document
in his capacity of Vice President and Group Counsel,
of thejuridicalperson ______Intellectual Property,
The BOC Group, Inc.

4.The mentioned juridical person with place of
business in 3 5 USA
s duly organized, has actual legal existence and that
the purposes for which the power of aftomey is granted
are within the scope of its comporate purposes.

5.The grontor has in fact the refemed quality and
that his/her representation is legal and that he/she
is empowered to grant this power of attomey.

6.1 have based the above certifications 3, 4 and 5, on
the authentic documents which for such purpose were
exhibited to me.

ottt € Jlont—

Notary Public

NOTA: Then the Colombian Consul must legalize the
signature of the Notary Public.

NOTARIAL CERTIFICATE ( When the
applicant is an INDIVIDUALS)

On this day of
the undersigned Notary CERTIFIES that:

1.

(name of the peson who signs the Power of Attorney)

of legal age and domiclled at

signed in his presence
the foregoing document, the ¥

personally knowp.and that:helshs’'h
execute the doc : fiteopia £oinss

NOTA: Then the
signature of the N

ul or'before

tating 1) the
iegai exislence of the corporation, 2) that ihe corporate
purposes are actually being accomplished, 3) that the
person or persons who this Power of Attorney are
empowered to do it. The Consul will certify also that the
documents evidencing those circunstances were
exhibited to him. ~

99A408-1 )QF/







TRADUCCION OFIClAL No‘; 02/140 de un documeqto escrito en‘inglés, el cual
para su identificacion se sellé con el sello del traductof al tiempo con la presente.
Esta traduccién ha sido preparada bor—Juan? Pablo PiedrahitarAguilera, Traductor
e Intérprete Oficial debidamente reconocido de conformidad con el Cértiﬁc‘ado de
Idoneidad Profesional No. : 0045 expedido por la Universidad Nacional de
Colombia. | ’7 |

(Se traduce un DOcumentb de Cesién; Ciertiﬁcacioneé Notariales y Apostilla No.

A150917 escritos en inglés adjuntos a un Poder otorgado por The BOC Group

Inc., con fecha Febrero 14, 2002, escrito en inglés y espaiiol.)

3 " N
o T
'i o

) (En espafiol e inglés, Poder'otorgado por The BOC Group Inc con fecha Fiebrero

14, 2002)

CERTIFICADO NOTARIAL (Ctjando el Solicitante es una Sociedad)

(Poderes otorgados en EI Salvador, México, Estados Umdos de Amenca y

VenezueIa)

Mt | 7 |
3 < Expedido hoy Febrero 14, 2002, el suscrito Notario CERTIFICA que:
N < : ‘ .
oo 3 - - , - : ) . :
g ,Q § 1) Salvatore P.Pace (nombre de Ia persona que firma el poder), mayor de edad y
nvE I
9 ‘-3(3 g ; - domiciliado en Chester, New Jersey, Estados Unldos de Aménca suscribié el -
- iE % z . P g :
SR2 g S anterior documento
8 e -4 X
982 ~
§ < g Z 2) El otorgante le es conocido personalmente y tlene f
3z %
23

P
d Do ivamrs 2
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TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045

UNIVERSIDAD NACIOMAL DE COLOMBIA

TRADUCCION OFiCIAL io.
JUAN PABLO PIEDRAHIT

documento.

3) El otorgante ha suscrito el anterior documento en su facultad de Vicepresidente
y Asesor Legal del Grupo, Propiedad Intelectual de la persona juridica The BOC

Group Inc.

4) La mencionada persona juridica con domicilio comercial en Murray Hill, New
Providence, New Jersey, Estados Unidos de América, esta debidamente
constituida, tiene actualmente existencia legal y el fin para el cual se otorga este

poder se encuentra dentro de su objeto social.

5) El otorgante tiene en efecto la idoneidad referida y su representacion es legal y

esta autorizado para otorgar este poder.

6) Fundamento las certificaciones 3), 4) y 5) en los documentos auténticos que
para tal fin me fueron exhibidos.
(Firmado) Anabelle L-Short

Notario Publico
(Sello Notarial en Relieve)

(Nota: a continuacién el Consulado Colombiano debe legalizar la firma del Notario

Publico)

ESTADO DE NEW JERSEY,
CONDADO DE UNION, }ss.:

Yo, Joanne Rajoppi, Escribano del Condado de Unidn, que ti
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JUAN PABLO PIEDRAHITA A
C. IDONEIDAD 045

TRADUCTOR E INTERPRETE OFICIAL
 JRIVERSIDAD NACIONAL DE COLOMBIA

TRADUCCION OFICIAL No.

POR EL PRESENTE CERTIFICO, que ANABELLE L. SHORT, cuyo nombre esta
suscrito en el certificado de reconocimiento,.der prueba, o declaracion juramentéda
adjunto, era en el momento de recibir dicho reconocimiento, pruéba o declaracion
juramentada, un NOTARIO PUBLICO, debidamente, comisionado, juramentado y
residente en dicho Estado, y era en tal calidad de NOTARIO PUBLICO un
funcionario de dicho Estado debidamente auto’rizado por las leyes del mismo para
recibir y certificar los anteriores, asi como para tomar y certificar los
reconocimientos 0 pruebas de escrituras para ‘traspasos de tierra, tenencias o
herencias, y otros instrumentos escritos para registro en dicho Estado, y que
dicho reconocimiento est4 debidamente firmado y tomado de acuerdo con las
leyes de dicho Estado, y que a sus actos oficiales deben darsele plena fe y crédito
y ademas certifico que estoy bien familiarizado con su caligrafia y verdaderamente
creo que la firma en el certificado adjunto es auténtica.
Ademas certifico que no se requiere, de acuerdo con la ley de dicho Estado, el
registro de la impresién del Sello de dichoNOTARIO'_’ PUBLICO en mi oficina.
EN TESTIMONIO DE LO CUAL, estampo aqui mi ﬁrma y el Sello Oficial, hoy dia
1 de Marzo de 2002
(Firmado) Joanne Rajoppi

Escribano

(]
e il“-' ala vis

(Sello Preimpreso de Oblea en Relieve) 2993




APOSTILLA
(Convenio de la Haya de Octubre 5 de 1961)
1. Pais: ESTADOS UNIDOS DE AMERICA

Este documento publico
2. Ha sido firmado por JOANNE RAJOPPI
3. Actuando en calidad de Escribano del Condado
4 Lleva el sello/estampilla del Condado Union

CERTIFICADO
5. En Trenton, New Jersey

6. Hoy 8 de Mayo, 2002 |
7. Porel John E. McCormac, CPA, TESORERO de NEW JERSEY
8.  No.A150917

9. Sello (Sello de Oblea)

10.  Firma (Firmado)

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos de

esta oficina para su confrontacién y a la cual me remito.

‘Bogota, Mayo 17 de 2002

BUCTOR € INTERPRETE OFICIAL -
0 '8 C IDONEIDAD 045
ESIDAD NACIONAL DE COLOMBIA
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TRADUCCION OFCIAL o,
© JUAN PABLO PIEDRAHITA AGUILERA .

TRADUCTOR E INTERPRETE OFICIAL

C. IDOMEIDAD 045

ONAL DE COLOMBIA

Y AL

El Cedente y el Cesionario firman este documento como pngg@&

TRADUCCION OFICIAL No. 02/142 de un documento escﬁto en inglés, el cual
para su "identiﬁcaciéh_ se sella t:pn el sello del traductor al tiembb con la
presente. Esta traduccion ha sido preparada’ por Juan Pablo Piedrahita Aguilera,

Traductor e Intérprét’e_ Oficial debidamente ret;onocido de conformidad con el

- Certificado de Idoneidad Profesional No. 0045 expedido por la Universidad

Nacional de Colombua
Se traduce un documento de Cesmn a favor de The BOC Group Inc,,

Certlﬁcados Notanales y Apostillas, escritos en mgles

. Colombia

CESION

| El suscrito, (en adela_nte el CEDENTE) Neil 'G‘eorge SI'"I\:/"I'PSON Greg Floyd

PRUSIA, Thomas G CLAYTON ~Andrew Peter RICHARDSON y John R.
LEBLANC mventor(es) / disefiador(es) de UN METODO PARA CALENTAR UN
HORNO PARA DERRETIR VIDRIO USANDO UN QUEMADQR. DE
COMBUSTION POR ETAPAS MONTADO EN EL TEC‘HO‘,'V CON QUEMADOR

DE OXIGENO-COMBUSTIBLE, por el presente declara que cede todos y cada

uno de los derechos y ;jrivilegios sobre la siguierite invencion, disefio industrial o
modelo de:, utilidad a

The BOC Group inc., con domicilio en 575 Mountain Avenue, ‘Murray Hl" New

' Prov:dence New Jersey 07974 Estados Unidos de America.
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de la cesion.

Dada y firmada en (en blanco), a los 19 dias del mes de Febrero, 2002.

(Firmado) llegible (Firmado) llegible (Firmado) llegible
El Cedente El Cedente El Cedente
(Firmado) llegible (Firmado) llegible

El Cedente E! Cedente

Por The BOC Group, inc.
(Firmado) llegible
El Cesionario/ Salvatore P.Pace, Vicepresidente y Asesor Legal del Grupo,

Propiedad Intelectual

Nota: Este documento debe ser otorgado ante Notario Publico y legalizado por

el Consul Colombia o mediante Apostilia).

99A408-1
CERTIFICADO NOTARIAL
Estados Unidos de América )
Estado de Ohio )SS 289-56-9406
Condado de Lucas )

Hoy dia 19 de Febrero 2002, comparecié personalmente ante mi, Lori Hamilton

(Lori Torok), Notario Publico en y para el Estado y Condado mencionados, Neil

George Simpson, Greg Floyd Prusia y Thomas G. Clayton-a quienes

sé que son las personas descritas en y quienes suscri

AGUST e i
oTARID
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anterior, y debidamente reconocieron que suscribieron el mismo para los fines y

propésitos alli gxpresados.
Notario PL’,lblico; Lori A. Hamilton (Lori Torok)

(Sello Notanat a Tinta: LORI A. TOROK, Notario Publico Estado de Ohio,

Comisién: Vence 3-8-04)

(Sello Notarial Redondo en Relieve)

CERTIFICADO NOTARIAL

'ESTADO DE OHIO,

CONDADO DE LUCAS }ss

J. Bernie thliér, Escribano de la Corte de Causas Comunes y—Corte de
Apelacnones del Condado de Lucas y estado de Ohio, la misma suendo una corte
de reglstro que tiene por ley un sello, por el presente certifico, que LORI A
TOROK, icuyo ,nombre esta suscrito en el certificado de recOnocimiento del
instrumento adjunto y sobre él escrito, era en el momento de tomar dtcha prueba
o} reconocmento un Notario Publico, debidamente nombrado y juramentado
debndamente facuttado por las leyes de dicho Estado, para tomar
reconocnmtentos y pruebas de escrituras o traspasos de tierras, tenenclas 0
herencias en dicho Estado, para ser registrados en él. Ademas que estoy bien

fammanzado con la cahgraf’ ia de dIChO Notario Pablico, y verde ;a moi

e

que la ﬁrma' en el certificado o prueba de reconocimiento es autérit .

ALEs RIVEIRA a
%&%ﬁ S SR XSl




..:....,:TE_...-
-

AHITA A

e

UMIVERSIDAD NACKONAL DE COLOMBIA

g
4

INTERPRETE OFIC

C. IDOMEIDAD 045

TRADUCTOR €

107

requiere por ley que la impresion del sello de dicho funcionario esté registrado
en mi oficina y que su comision vence el 8 de Marzo, 2004.

EN TESTIMONIO DE LO CUAL, estampo aqui mi firma y el sello de dicha Corte
y Condado en Toledo, Ohio , hoy dia 12 de Marzo, 2002. (Fecha)

J.Bernie Quilter, Escribano de las Cortes

(Firmado) J.Bernie Quilter, Escribano

(Sello de Oblea y en Relieve de las Cortes de Causas Comunes)

APOSTILLA
(Convencion de la Haya de Octubre 5 de 1961)
1. Pais: Estados Unidos de América
Este documento publico

2. Ha sido firmado por J. BERNIE QUILTER

3. Obrando en calidad de Escribano de la Corte de Causas Comunes
4. Lieva el sello/estampilla de la Corte de Causas Comunes, Condado de
Lorain
CERTIFICADO

5. En Columbus, Ohio

6. Hoy 14 de Mayo, 2002

7. Por el Secretario de Estado de Ohio
8. No. 93411

9. Sello/Estampilla (Sello Pre-impreso)
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10.  Firma (Firmado)
J. Kenneth Blackwell

Secretario de Estado de Ohio

CERTIFICADO NOTARIAL .

Estados Unidos de América )
Estado de New Jersey )SS
Condado de (en blanco) )

Hoy dia 9 de Marzo 2002, comparecio personalmente ante mi, Annabelle L.
Short, Notario Publico en y para el Estado y Condado mencionados, Andrew
Peter Richardson a quien conozco y sé que es la persona descrita en y quien
suscribié el documento anterior, y debidamente reconocié que suscribié el

mismo para los fines y propdsitos alli expresados.
Notario Pablico Annabelle L. Short

(Sello Notarial a Tinta: Annabelle L. Short, Notario Publico de New Jersey,

Estados Unidos de América, Mi Comision Vence Enero 31, 2005)

(Sello Notarial Redondo en Relieve)

L E COLOMBIA

ESTADO DE NEW JERSEY,
5 © CONDADO DE UNION, }ss.:
Yo, Joanne Rajoppi, Escribano del Condado de Unién, que tiene :

POR EL PRESENTE CERTIFICO, que ANABELLE L. SHORT;

;

oY
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C. IDONEIDAD 045
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JACIONAL DE COLOMBIA

AR

esta suscrito en el certificado de reconocimiento, de prueba, o declaracién
juramentada adjunto, era en el momento de recibir dicho reconocimiento, prueba
o declaracién juramentada, 'un NOTARIO PUBLlCO, debidamente, comisionado,
juramentado y residente en'dicho Estado, y era en tal calidad de NOTARIO
PUBLICO un funcionario de dicho Estado debidamente autorizado por las leyes
del mismo para recibir y certiﬁcar los anteriores, asi como para tomar y certificar
los reconocim'ientos:o pruebas de e’sérituras para traspasos de tierra, tenencias
0 herencias, y otros instrumentos escritos para registro en dicho Estadp, y que
dicho reconocimiento estd debidamente firmado y tomado de acuerdo con las
leyes de dicho Estado, y que é sus actos oficiales deben darsele piena fey
crédito y ademas certifico que estoy bien familiarizado con su caligrafia y
verdaderamente creo que la firma eh el certificado adjunto es auténtica.rr
Ademas certifico que no se requiere, de acuerdo con la ley de dicho Estado, el
registro de la impresion del Séllo de dicho NOTARIO PUBLICO en mi oﬁcina.
EN TESTIMONIO DE LO CUAL, estampo aqui mi firma y el Selio Oﬁéial, hoy
dia 25 de Marzo de 2002.
(Firmado) Joanne Rajoppi
Escribano

(Sello Preimpreso de Oblea en Relieve) 2971

APOSTILLA

(Cdnvenio de la Haya de Octubre 5 de 1961
1. Pais: ESTADOS UNIDOS DE AMERICA ,

ADUSTIN RS
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Lo

> R. LeBlanc a quien conozco y sé que es la persona descrita en y quien suscribié

;, fines y propésitos alli expresados.

R

Este documento publico
2. Ha sido firmado por JOANNE RAJOPPI
3. Actuando en calidad de Escribano del Condado
4. Lleva el sellofestampilla del Condado Union

CERTIFICADO

5. En Trenton, New Jersey
6. Hoy 8 de Mayo, 2002
9. Por el John E. McCormac, CPA, TESORERO de NEW JERSEY
10.  No. A150918
11.  Sello (Sello de Oblea)

12.  Firma (Firmado)

99A408-1
CERTIFICADO NOTARIAL
Estados Unidos de América )
Estado de Ohio )SS 289-56-9406
Condado de Lucas )

Hoy dia 28 de Febrero 2002, comparecié personalmente ante mi, Lori Hamilton

(Lori Torok), Notario Pablico en y para el Estado y Condado mencionados, John




Notario Pablico Lori A. Hamilton (Lori Torok)

(Sello Notarial a Tinta: LORI A. TOROK, Notario Publico Estado de Ohio,

Comisién Vence 3-8-04)

(Sello Notarial Redondo en Relieve)

w CERTIFICADO NOTARIAL
' ESTADO DE OHIO,

CONDADO DE LUCAS '}ss

J. Bemnie Quilter, Escribano de la Corte de Causas Comunes y Corte de
Apelaciones del Condado de Lucas y estado de Ohio, la misma siendo una corte
de registro, que tiene por ley un sello, por el presente certifico, que LORI A

TOROK, cuyo nombre estd suscrito en el certificado de reconocimiento, del

N

c

instrumento adjunto y sobre él escrito, era en el momento de tomar dicha prueba

o reconocimiento, un Notario Pdblico, debidamente nombrado y juramentado,

JUAN PABLO PIEDRAHITA AGUILERA

debidamente facultado por las leyes de dicho Estado, para tomar

reconocimientos y pruebas de escrituras o traspasos de tierras, tenencias o

herencias en dicho Estado, para ser registrados en él. Ademas, que estoy bien

TRADUCTOR £ INTERPRETE OFICIAL
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA
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TRADUCTOR E INTERPRETE OFICIAL
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DUCCION OFICIAL No.
JUAN PABLO PIEDRAHITA AGUILE

C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA

4
'

requiere por ley que la impresién del sello de dicho funcionario esté registrado

en mi oficina y que su comisién vence el 8 de Marzo, 2004.

EN TESTIMONIO DE LO CUAL, estampo aqui mi firma y el sello de dicha Corte

y Condado en Toledo, Ohio , hoy dia 12 de Marzo, 2002. (Fecha)

J.Bernie Quilter, Escribano de las Cortes

(Firmado) J.Bernie Quilter, Escribano

(Sello de Oblea y en Relieve de las Cortes de Causas Comunes)

11.

12.

APOSTILLA
(Convencién de la Haya de Octubre 5 de 1961)

Pais: Estados Unidos de América
Este documento publico
Ha sido firmado por J. BERNIE QUILTER
Obrando en calidad de Escribano de la Corte de Causas Comunes
Lleva el sello/estampilla de la Corte de Causas Comunes, Condado de
Lorain

CERTIFICADO
En Columbus, Ohio

Hoy 14 de Mayo, 2002

Por el Secretario de Estado de Ohio

No. 93410




13, Sello/Estampilia (Sello Pre-impreso)
14.  Firma (Firmado)
J. Kenneth Blackwell

‘Secretario de Estado de Ohio

CERTIFICADO NOTARIAL
Estados Unidos de América )
. Estado de New Jersey )SS
o T 7
g LJ Condado de Union ) ’

Hoy dia 14 de Febrero 2002, comparéCié personalmente ante mi, Annabelle L.
Short, Notario Piblico en y para el Estado y Condado meﬁcionados, Salvatqre
P. Pace a quien conozco y séqueesla persona descrita eny quien suscribio el
documento anterior, y debidamente reconocioé que :’suSCﬁbié el mismotpéra los‘_

fines y propésitos alli expresados.

Notario éﬁblico Annabelle L Short
o (Sello Notarial a Tinta: Annabelle L. Short, __'tha;io‘ Pblico de' New Jersé.’y,;
;  Estados Unidos de América, Mi Comisién Vence Enero 31, 2005)

(Sello Notarial Redondo en Relieve)

ESTADO DE NEW JERSEY,

C. IDONEIDAD 045
LNIVERSIDAD NACIONAL DE COLOMBIA -

CONDADO DE UNION, } ss.:

JUAN PABLO PIEDRAHITA AGUIL
' TRADUCTOR E INTERPRETE OFICIAL

TRADUCCION OF.C.AL i .

Yo, Joanne Rajoppi, Escribano del Condado de Unién, que tiene

AGUSTIN MICRALES RIVEIR
NOTARIO CUARENTA w{,g'u&m o
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POR EL PRESENTE CERTIFICO, que ANABELLE L. SHORT, cuyo nombre
esta suscrito en el certificado de reconocimiento, de prueba, o declaracién
juramentada adjunto, era en el momento de recibir dicho reconocimiento, prueba
o declaracion juramentada, un NOTARIO PUBLICO, debidamente, comisionado,
juramentado y residente en dicho Estado, y era en tal calidad de NOTARIO
PUBLICO un funcionario de dicho Estado debidamente autorizado por las leyes
del mismo para recibir y certificar los anteriores, asi como para tomar y certificar
los reconocimientos o pruebas de escrituras para traspasos de tierra, tenencias

o herencias, y otros instrumentos escritos para registro en dicho Estado, y que

o C

dicho reconocimiento esta debidamente firmado y tomado de acuerdo con las
leyes de dicho Estado, y que a sus actos oficiales deben dérsele plena fe y
crédito y ademas certifico que™ estoy bien familiarizado con su caligrafia y
verdaderamente creo que la firma en el certificado adjunto es auténtica.
Ademas certifico que no se requiere, de acuerdo con la ley de dicho Estado, el
registro de la impresion del Sello de dicho NOTARIO PUBLICO en mi oficina.

EN TESTIMONIO DE LO CUAL, estampo aqui mi firma y el Sello Oficial, hoy

- dia 25 de Marzo de 2002.

/ (Firmado) Joanne Rajoppi

Escribano

(Sello Preimpreso de Oblea en Relieve) 2973

APOSTILLA

TRADUCTOR E INTERPRETE OFICIAL

(Convenio de la Haya de Octubre 5 de 1

JUAN PABLO PIEDRAHITA AGUILER
C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA

TRADUCCION OFICIAL No.

11
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13.
14.
15.

16.

Pais: ESTADOS UNIDOS DE AMERICA
Este documento publico
Ha sido firmado por JOANNE RAJOPPI
Actuando en calidad de Escribano del Condado
Lleva el sello/festampilla del Condado Union
CERTIFICADO
En Trenton, New Jersey
Hoy 8 de Mayo, 2002
Por el John E. McCormac, CPA, TESORERO de NEW JERSEY

No. A150919
Sello (Sello de Oblea)

Firma (Firmado)

ES TRADUCCION FIEL Y COMPLETA de la cual se deja copia en los archivos

de esta oficina para su confrontacién y a la cual me remito.

Bogota, Mayo 25 de 2001.

DUCCION GF
JUAN PABLQ PiE

12
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o - APOSTILLE

(Convention de la Haye du 5 octobre 1961)

1. Country: United States of America

This public document

2. has been signed by J. BERNIE QUILTER

3. acting in the capacity of  Clerk of Court of Common Pleas

4. bears the seal/stamp of  Court of Common Pleas, Lucas County

CERTIFIED
5. at Columbus, Ohio
6. May 14, 2002
7. by the Secretary of State of Ohio.
8. N2 93410
9. Seal/Stamp: ; 10. Signature:

1




Onthis 284 yof~ Febewares 2002, ( C
.O%h)_

personally appeared beiore me  {_pe; Hami\ron ( hoei
a Notary Public in and for the above-mentioned state and county,

John R. LeBlanc to me known and known to me
to be the persons described in and who executed the foregoing

document, and duly acknowledged to me that they executed
same for the uses and purposes therein expressed.

Notary Public 5}%/{ y&y&/m (2 Ljd)aﬁ)
LORIA. TOROK

NOTARY CERTIFICATE

HE STATE OF OHIO

COUNTY OF LUCAS .

HI

JUAN PABLO PIEDRZA

TA AGUILERA

TRADU DR E INTERPRETE OFICIAL

C IDONEIDAD 045

Notary Public, State of Ohlo

J. Bernie Quilter, Clerk of the Common Pleas Court and Court of Appeals for the County of
Lucas and State of Ohio, the same being a court of record, and having by LAW a Seal, do hereby

certify that

Lori A. Torok
whose name is subscribed to the certificate of the proof of acknowledgment of the annexed

instrument and thereon written, was, at the time of taking such proof and acknowledgment, a
Notary Public, duly commissioned and sworn, and authorized by the laws of said State to take the
cknowledgments and proofs of deeds or conveyances for lands, tenements or hereditaments in
gSaid State, to be recorded therein. And further, that I am well acquainted with the handwriting of
‘:Such Notary Public, and verily believe that the signature to said certificate of proof or
Backnowledgment is genuine, that impression of seal of such o fti:‘ﬁr is not required by law to be filed
day of

-
Zin my office, and the commission expires on the

zZ
March 2004

IN TESTIMONY WHEREOF, I have hereunto set my hand and affixed the seal of the said
" March 12, 20C2

{Date)
uilter, Clerk of Courts

* NACIO|

.. Court and County, at Toledo, Ohio,
. Berni

: /V/gf/mg,ﬁ , Clerk
y e —

@@z
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TRADUCCION OFICIAL HMo. '
JUAN PABLO PIEDRAHITA AGUILERA

g TRADUCTOR E INTERPRETE OFICIAL
1

NOTARIAL CERTIFICATE
C. IDONEIDAD 045
UNIVERSIDAD NACICNAL DE COLOMBIA

United States of America )
State of Virginie Ohio "% )gs: 2€9-56-9406
)

County of [ ucas

A\
Onthis 292 dayof Yebewares 2002,
personally appeared before me [_pe; Hami\ton ( hoei Toebb)

a Notary Public in and for the above-mentioned state and county,

( : John R. LeBlanc to me known and known to me
i to be the persons described in and who executed the foregoing:

document, and duly acknowledged to me that they executed
same for the uses and purposes therein expressed.

Notary Public C}%n 5 ;&/m (Aix
LORIA. TORDK

Notary Publio, State of Ohio

NOTARY CERTIFICATE J. Bernie Quilter, Clerk of the Common Pleas Court and Court of Appeals for the County
Lucas and State of Ohio, the same being a court of record, and having by LAW a Seal, do herel

RN

T
certify that

-
| THE STATE OF OHIO
COUNTY OF LUCAS

Lori A. Torok
whose name is subscribed to the certificate of the proof of acknowledgment of the annex

instrument and thereon written, was, at the time of taking such proof and acknowledgment
Notary Public, duly commissioned and sworn, and authorized by the laws of said State to take t
cknowledgments and proofs of deeds or conveyances for lands, tenements or hereditaments
gaid State, to be recorded therein. And further, that I am well acquainted with the handwriting
Gsuch Notary Public, and verily believe that the signature to said certificate of proof
Oacknowledgment is genuine, that impression of seal of such oéi}:cﬁr is not required by law to be fil
day

HITA AGUILERA _3

PRETE OFICIAL

AD 045

-
Zin my office, and the commission expires on the

z
g March 2004
Zz IN TESTIMONY WHEREOF, ] have hereunto set ng}hand and affixed the seal of the s:
o March 12, 20C2

Court and County, at Toledo, Ohio,

A
+OR E INTER

C IDONEID,
O

(Date)

uilter, Clerk of Courts

, Clerk

TRADU

RVEDe e .

JUAN PABLO Plepe
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NOTARIAL CERTIFICATE
S L2
United States of America ) SIREL T
State of New Jersey ) ss.: TRADUCCION OFICIAL No.
County of Union ) JUAN PABLO PIEDRAHITA AGUILERA

TRADUCTOR E INTERPRETE OFICIAL
C. IDONEIDAD 045

' : ‘ . OMBIA
On this 1< ek"‘day of % 200&, I t‘PK—Q‘ UNIVERSIDAD NACIONAL DE COLOM
personally appeared before me nﬁ\o (le -

a Notary Public in and for the above-mentioned state and county,

Salvatore P. Pace to me known and known to me

to be the persons described in and who executed the foregoing
document, and duly acknowledged to me that they executed
same for the uses and purposes therein expressed.

Notary Public }/\NQL&L { . W
s /

ANNABELLE L. SHORT
NOTARY PUBLIC OF NEW JERSEY USA
My Commission Expires Jan. 31, 2005

[ SR
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JUAN PABLO PIEDRAHITA AGUILERA
TRADUCTOR E INTERPRETE OFICIAL

o NOTARIAL CERTIFICATE C. IDONEIDAD 045
UNIVERSIDAD NACIONAL DE COLOMBIA

2]

; United States of America )
N : State of Ohio ) 55.: 234-5L- 406
g County of Lucas )

Onthis 1% day of Febouaer, 2002, R
personally appeared before me ) pp, “tawit o (Loz Toret)
a Notary Public in and for the above-mentioned state and county,

Neil George Simpson, Greg Floyd Prusia,
and Thomas G. Clayton to me known and known to me

o to be the persons described in and who executed the
foregoing document, and duly acknowledged to me that
kf they executed same for the uses and purposes therein
" expressed.

Notary Pubtic (o “‘\(&/\rw.(t("m (Rrs Jrwle)

LORIA. TOROK
Notary Public, State of Ohlo
= Commisclon Explres 3804 ___ i}
NOTARIAL CERTIFICATE
o ~ United States of America )
. State of New Jersey )ss.:
“\@" County of )

onthis | dayof M 2002 Howlass
personally appeared before me rmlaQ(. < L.

]
5
S

a Notary Public in and for the above-mentioned state and county,

Andrew Peter Richardson to me known and known to me

to be the persons described in and who executed the foregoing
document, and duly acknowledged to me that they executed
same for the uses and purposes therein expressed.

Notary Public W Qe W ANNABELLE L SHORT

> Il1\1|0TARY lfUB_UC OF.NEWJERSEYUSA
ly Commission Expires Jan. 31, 2005
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CESION

El (la) abajo firmanto (En adelante EL ;
CEDENTE)

82"

JUARHPABLO PIEDRAHITA AGUILERA

En su caracter de inventor/disenador

C. IDONEIDAD 045
NIVERSIDAD NACIONAL DE COLOMBIA

TRADUCTOR E INTERPRETE OFICIAL

IRICCION OFICIAL No.

Por el presente documento declara que
todos y cada uno de los derechos que le
corresponden o puedan corresponderie
sobre la siguiente invencion, modelo de
utilidad, deseno industrial

a:

TRA

con domicilio en

En prueba de la mutua aceptacion de esta cesion
ambas partes CEDENTE y CESIONARIO firman el
presente documento.

Dado y firmado en -

Alos (g% Diasde Feb De 2022

Y/

El Cedente/The Assignor

El Cedente/The Assignor

For:  The BOC Group, Inc.

ey~

ASSIGNMENT

The undersigned (Hereinafter THE
ASSIGNOR(s))

Neil George SIMPSON, Greg Floyd PRUSIA,
Thomas G. CLAYTON, Andrew Peter
RICHARDSON, and John R. LEBLANC
inventor(s)/designer(s) of

METHOD OF HEATING A GLASS MELTING
FURNACE USING A ROOF MOUNTED,
STAGED COMBUSTION OXYGEN-FUEL
BURNER

do hereby declare(s) that it assigns all and
each of his/their rights and privileges on the
following invention, industrial design, utility
model

to: The BOC Group, Inc. 7

with domicile in

575 Mountain Avenue, Murray Hill,

New Providence, New Jersey 07974 U.S.A.
As proof of the mutual acceptance of this
assignment, both parties ASSIGNOR(s) and
ASSIGNEE sign the present document.

Granted and signed at
of 2002

on this day of

Qv\p)vv\ Q‘L\M&Dm. ':I“‘MO'L

El Cedenté&/The Assignor

El Cesionario/The Assignee Salvatore P. Pace, Vice President

(Este documento debe ser otorgado ante
Notario publico y legaslizado por el Consul de
Columbia) a por Apostilla.)

and Group Counsel, Intellectual Property

(This document must be signed before
Notary Publich and legalized before the
Columbian Consul) or py Apostille.)

o
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APOSTILLE

(Convention de la Haye du 5 octobre 1961)

. Country: United States of America
This public document

. has been signed by J. BERNIE QUILTER

. acting in the capacity of  Clerk of Court of Common Pleas

. bears the seal/stamp of  Couyrt of Common Pleas, Lucas County

CERTIFIED
. at Columbus, Ohio
. May 14, 2002
. by the Secretary of State of Ohio.
N2 93411
. Seal/Stamp: 10. Signature:

Secretary.of
iEsta cop!

Copi

} "~ J. Kenneth Blackwell -

na
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- NOTARY CERTIFICA J. Bernie Quilter, Clerk of the Common Pleas Court and Court of Appeals for the County of
Lucas and State of Ohio, the same being a court of record, and having by LAW a Seal, do hereby
certify that
THE STATE OF OHIO . Lori A. Torok

ose name is subscribed to the certificate of the proof of acknowledgment of the annexed
fstrument and thereon written, was, at the time of taking such proof and acknowledgment, a
ﬁotary Public, duly commissioned and sworn, and authorized by the laws of said State to take the
gtknowledgments and proofs of deeds or conveyances for lands, tenements or hereditaments in
$hid State, to be recorded therein. And further, that I am well acquainted with the handwriting of
Such Notary Public, and verily believe that the signature to said certificate of proof or
Fcknowledgment is genuine, that impression of seal of such ofﬂc}:sr is not required by law to be filed
day of

COUNTY OF LUCAS

81 my office, and the commission expires on the
March 2004
IN TESTIMONY WHEREOF, I have hereunto set millhand and affixed the seal of the said
March 12, 2002

“Court and County, at Toledo, Ohio,

C. IDONEIDAD 045

FHVERSIDAD A

{Date)

TRADUCTOR E INTERPRETE OFICIAL

Iter, Clerk of Courts

(7/-’5 m ?j% , Clerk
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AGUSTIM 20

1, Joanne Rajoppi, Clerk of the County of Union, having by law a seal

DO HEREBY CERTIFY, That ORT

wiliose name is subscribed to the attached certific

vh ate of acknowledgment, proof or affidavit i

¢ é id‘i‘r'urg']gi :asigl :csli:(t)evvl:ﬁgn‘lne:st :;o:f ;:' ;fgg_:vgyap ﬂOTARY PUBLIC duly commission:d' :,:: :\tﬂt(:‘l: t:::

| , u BLIC, an officer of said S i.

l@s thereof to take and certify the sam ‘ of ol ackmoeY e
" e, as well as fo take and certiiy the proof and
gd§:s' for the conveyance of land, tenements or hereditament, and other instrurFr,lents in w:t?:g (t);v :?:?en;g?;:df

State of Nef 3’31’522(‘:.-}(
@ounty of Hnion
YY)

/
L

in"said State, and that th i

a , e said acknowledgment is dul i i
és te, and that full faith and credit are and %ught to be ;i\?::tt:gt ﬁg/?\:?;:li(cei:l t;t::ctso‘rdlng It Sonthor oo 9f o
‘E' én y.'ell acquainted with his/her handwriting and verify that the signature to th che fm:ther ot foatner
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METHOD OF HEATING A GLASS MELTING FURNACE USING A
ROOF MOUNTED, STAGED COMBUSTION OXYGEN-FUEL BURNER

CROSS REFERENCE TO RELATED APPLICATIONS
The present application is 2 continuation-in-part of U.S. Serial No.
09/374,921, filed August 16, 1999.

FIELD OF THE INVENTION

The invention relates to the use of roof mounted oxy-fuel burners for
glass melting. This invention further relates to the use of at least one oxygen-
fuel burner that utilizes internal or external combustion staging in the roof of a
glass melting furnace. The invention applies both to 100% oxygen-fuel fired
furnaces and to furnaces heated by electric or non oxygen-fuel means, such as
air-fuel burner(s) or their combinations. |

BACKGROUND OF THE INVENTION

In one embodiment, this invention relates to the use of at least one
oxygen-fuel burner in the roof of a glass melting furnace to boost production
capacity or maintain current production capacity with either reduction of
electro-boost or as a result of deterioration of existing heat recovery equipment
such as recuperators or regenerators. The process involves the replacement of
a portion of existing or previously existing air-fuel or electrical energy
capacity with oxy—fuei energy. With the exception of end-fired regenerative
furnaces and electric furnaces, the process involves the blocking of
regenerative ports or isolation of recuperative burners. In particular the design
selection, angling and positioning of the burners over the raw batch materials
entering the furnace improves the rate of melting, increases product yield,
provides better energy efficiency and improves glass quallty Accurate control
of the stoichiometric ratioc of combustion in the burner, rich-lean interaction of

Attorney Docket No. 00A412 1 EL 722631569 US
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burners, and furnace zonal fuel/oxygen staging are used to optimise heat
transfer while minimizing oxides of nitrogen and sulfur dioxide emissions.

Regenerative, recuperative, electric and direct fired furnaces have been
commonly involved in the manufacture of glass and related frit products.

Air-fuel regenerative furnaces fall into two categories: cross-fired and
end-fired. Cross-fired regenerative furnaces have multiple ports, typically
three to eight on each side of the furnace that connect to either a common or
compartmentalized regenerator to preheat the combustion air. | The
regenerators, which come in various shapes and sizes, reverse every 15-30
minutes dependent on furnace operation. During each reversal cycle
combustion air from a fan passing through one passage in a reversal valve
enters the base of the regenerator on one side of the furnace and is preheated
prior to entering the ports which connect to the furnace. Fuel in the form of oil
and/or gas is injected either under, over, through or side of port to produce a
flame which is combusted in the glass melting furnace. The hot products of
combustion exit the furnace through the opposing side port, down through the
regenerator checker bricks, releasing heat and then‘ exiting to the exhaust stack
through a second passageway in the reversal valve. As the incoming
combustion air-side regenerator cools, the exhaust regenerator heats until the
reversal valve reverses and combustion air enters the previously hot exhaust
regengrator. ‘

The glass is melted partly due to the radiation of the air-fuel flame but
mainly by re-radiation from the roof and walls which are heated by the
products of combustion. To obtain higher furnace glass production capacity,
many furnaces use electric boost by means of electrodes immersed in the
glass. This is costly and can cause damage to the glass contact tank walls,
MOu@ time, regenerators can become blocked due to thermal/structural
damage and/or carry-over of raw glass forming materials, also known as batch
materials or batch, or condensation of volatile species released from the glass
batch. As the regenerators start to block or fail, the preheat temperature of the
air in the furnace will decrease, and the atmospheric pressure within the

Attorney Docket No. 00A412 2
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furnace will increase, reducing the thermal efficiency of the furnace. More
fuel and combustion air would be required to maintain the same glass
production rate, More importantly, because of the increase in furnace
pressure, the rate of glass production must be decreased so as not to damage
the refractory materials that make up the superstructure of the furnace.

To recover productioficapacity lost to preceding regenerator issues or

to increase production in a non-encumbered furnace, oxygen has been used by

four means: general air enrichment with oxygen, specific oxygen lancing
under the port flames, installation of an oxy-fuel burner between first port and
charging end wall, and water-cooled oxy-fuel burners installed through the
port. The capacity increases from these technologies are limited by access,
process requirements or refractory temperature limits.

The End-Fired Regenerative furnace is similar in operation to a cross-
fired furnace; however, it has only two ports\in the end wall which connect to
individual regenerators. Regenerator deterioration can occur by the same
mechanism as in cross-fired furnaces and similarly, electric and oxygen boost
is utilized.

To recover production capacity lost to the aforementioned regenerator
issues or to increase production, oxygen has been used by three means:
general mr enrichment with oxygen, specific oxygen lancing under the port
and installation of oxy-fuel burners through the furnace. These technologies
are typically capacity limited due to temperature limitations within the
furnace, because of location and concerns for overheating of the furnace.

The recuperative furnace utilizes at least one recuperator type heat
exchanger. Unlike the regenerator, the recuperator is continuous with a hot
concurrent flow heat exchanger where exhaust gases preheat combustion air,
which is ducted to individual air fuel burners along the sides of the furnace.
Recuperative furnaces can also use electric boost. As with regenerative
furnaces, recuperators can start to lose their efficiency and ability to preheat
the air. They can become blocked or develop leaks between the walls
separating the combustion air and exhaust gases.

Attorney Docket No. 00A412 3
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To recover production capacity lost from the aforementioned
recuperator issues or to increase production, oxygen has been used by three
means: general air enrichment with oxygen, specific oxygen lancing under the
air fuel burners and installation of oxy-fuel burners either through the farnace
breast walls. These technologies are typically limited on capacity because of
burner location limitations and concerns for overheating of the furnace.

Direct fired furnaces do not utilize preheated air and are therefore less
efficient than the preceding examples of furnace design. To improve thermal
efficiency or increase production capacity, side wall oxy-fuel burners have
replaced air fuel bumers.

Electric furnaces or furnaces which utilize electricity for the majority
of melting are typically costly to operate and are subject to a shorter campaign
life than the typical fossil fuel fired furnaces. Once designed, it is difficult to
increase the production capacity. This invention relates to what are commonly
referred to in the industry as hot top and warm top electric furnaces and does
not apply to cold top furnaces.

United States Patent No. 5,139,558 to Lauwers discloses the use of a

water cooled, high-momentum roof-mounted auxiliary oxygen fired burner in
a glass melting furnace, which is directed to the interface of the melted and
solid glass forming ingredients at an angle directed upstream relative to the
glass flow, whereby the solid glass forming ingredients are mechanically held
back, thus being prevented from escaping the melting zone.

United States Patent No. 3,337,324 to Cable discloses a process for
melting batch material in a glass furnace using a burner positioned to fire
substantially down over the feed end of a water-cooled furnace.

In the past, roof-:mounted burners were considered in the glass
industry, but were disregarded. It was perceived that the heat release from
roof mounted burners was too great, resulting in the melting of the furnace
crown (roof). In addition, high momentum flames from the burners would
blow the batch materials around, harming the furnace walls, and generating a

Attorney Docket No. 00A412 4
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layer of gasecous bubbles, commonly referred to as foam, on the glass melt
surface.

Recently, it has been proposed to install roof-mounted oxy-fuel burners
in refractory lined glass melters. These burners are directed downwards at an
angle greater than 45° with respecf to the surface of the glass forming material
at a controlied velocity so as not to transport loose batch material into the
furnace atmosphere, and are further controlled such that a generally columnar
fuel and oxygen flow combusts proximate to the top surface of the glass
forming material, to produce a flame that impinges the surface of the raw glass
forming material. This permits a significant increase in heat transfer into the
glass, while maintaining refractory temperatures within safe operating limits,
and avoiding the overheating of the roof and walls of the furnace. This
technology approach, of using roof-mounted bumners (non-staged) as the
primary source of heat in a glass melting furnace having no regenerators or
recuperators, is described in United States Patent Application No 08/992,136
to LeBlanc, which is incorporated herein by reference as if fully written out
below.

The design of an oxygen fuel burner with integral staging is disclosed
in U.S. Patent No. 5,458,483 to Taylor. Its use in a roof mounted
configuration was not contemplated, however.

It is desirable to provide processes for the staging of combustion in
embediments that improve heat transfer and/or lower emissions of oxid$ of
nitrogen, in the operation of at least one oxy-fuel bumer mounted in the roof
of a glass melting furnace.

SUMMARY OF THE INVENTION

The present invention relates to both 100% oxy-fuel glass furnaces and
oxy-fuel boosting of air-fuel furnaces with or without the use of regenerators
or recuperator heat recovery devices and/or oxygen enrichment.
Consequently, the present invention relates to both the modification of existing
glass furnaces and newly designed, dedicated purpose glass furnaces.

Attorney Docket No. 00A412 5
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According to the present invention, glass melting furnaces of all designs
can be boosted using at least one roof-mounted oxygen fuel burner(s)
positioned over the raw batch materials as the materials enter the furnace to
improve the rate of melting and improve glass quality and/or glass product
yield. Because of the increased rate and yield of the glass melting generated
by the design and positioning of these burners, depending on furnace condition
and type, at least one or more of the following can be achieved: increased glass
production, improved glass quality, reduction in electric boost, recovery of
production lost due to' inefficient heat recovery (i.e., blocked regenerators),
reduction of oxygen use by replacing oxygen enrichment of the furnace
atmosphere, reduction of oxygen use by replacing oxygen lancing, reduction
of oxygen use by replacing conventional oxy-fuel burners positioned through
the walls of a glass‘ furnace, reduction in furnace superstructure temperature,
increased furnace campaign life, improved energy efficiency, reduction in
emissions of oxides of nitrogen and oxides of sulfur, reduction in fossil fuel
usage, reduction in recycled glass cullet, control of exit glass temperature, and
increased product glass yield.

This invention may be applied to the following types of furnaces. In
hot top electric furnace applications of this invention, at least one oxygen-fuel
burner will be mounted in the roof of the furnace. In cross-fired regenerative
furnaces applications of this invention may sometimes necessitate at least one
pair of the opposing ports to be fully or partially blocked or isolated. In end-
fired regenerative furnace applications of this invention, at least one oxygen-
fuel bumer will be mounted in the roof of the furnace and the combustion air
flow will be reduced by a portion of the original désign maximum flow. In all
recuperative furnace applications of thls invention, at least one oxygen-fuel
burner will be mounted in the roof of the furnace. In multi-burner furnaces,
wall mounted burners adjacent to the roof mounted burners should be removed
and the air supply isolated. In single burner or single port applications, the
combustion air flow will be reduced by a portion of the original design

maximum flow.

Attorney Docket No. 00A412 6
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In all direct fired furnace applications of this invention, at least one
oxygen-fuel burner will be mounted in the roof of the furnace. In multi-burner
furnaces, wall mounted burners adjacent to the roof mounted burners should
be removed and the air supply discontinued. In single burner or single port
applications, the combustion air flow will be reduced by a portion of the
original design maximum flow.

In all the above cases the scope of the invention is effectively the same:
glass melting which was previously performed by air-fuel or oxy-fuel
including but not exclusive of furnaces that utilize electric boost or
conventional oxygen boosting methods, is replaced by roof-mounted oxy-fuel
burners positioned over the raw batch materials entering the furnace to
improve the rate of melting and/or improve glass quality and/or glass product
yield. Because of the ability to position these burners at specific locations,
increased heat transfer to the unmelted raw batch materials is achieved.

In all cases, at least one roof-mounted oxy-fuel bumer is positioned
over the raw batch materials entering the furnace to improve the rate of
melting and improve glass quality, and in all multi-port and multi-burner air
fuel applications at least one pair of ports or pair of burners are isolated. In all
single port and single burner applications, the combustion air and fuel are
reduced to a portion below the maximum design. The more efficient roof
mounted burners provide energy to replace the conventional energy removed
from the process and the additional energy required to achieve the desired
process requirements. The positioning of the burners over the raw batch
entering the firnace improves the rate of melting. The stoichiometric oxygen
and fuel ratios and flow characteristics of fhe roof-mounted bumners and
remaining air-fuel burners can be controlled 50 2s to minimize the emission of
nitrous oxide and sulfur dioxide from the glass furnace.

A further embodiment of this invention relates to the use of at least one
oxygen-fuel burner that utilizes internal or external combustion staging,
positioned in the roof of a glass-melting furnace. This embodiment applies

both to 100% oxygen-fuel fired furnaces and to furnaces heated by electric or.
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non-oxygen-fuel (such as air-fuel bumer) means. The application to oxygen-
fuel fired furnaces provides an increased rate of melting, resulting‘ in at least
one of an improvement in glass quality, glass production capacity and energy
efficiency (by reduction in either fossil fuel- or electro-boost) per unit output
of glass. The application of the present invention to non-oxygen fuel furnaces
permits one to improve glass quality, and to boost production capacity or
maintain current production capacity with either reduction of electro-boost or
despite the deterioration of existing heat recovery equipment. In retrofit
installations, the process involves the supplement or replacement of a portion
of existing or previously existing oxygen-fuel, air-fuel or electric energy
capacity with oxy-fuel energy through at least one oxygen fuel burner with
integral or external combustion staging located in the roof of the furnace.

In new glass furnace installations, the present invention permits the use
of 100% oxy-fuel burners, including at least one roof mounted oxy-fuel burner
for which combustion is integrally or externally staged. Optionally, all
burners are roof mounted.

The present invention therefore provides a method of melting glass
forming material in a glass melting furnace, said furnace having a back wall,
breastwalls above sidewalls, and a downstream front wall connected to a roof,
wherein at least one batch charger for charging glass forming batch material is
contained in at least one of the back wall and the sidewall, comprising:

providing at least one oxy-fuel burner in the roof of said furnace
over said batch material, wherein said at least one oxy-fuel burner is adapted
for staged combustion; .

providing a flow of fuel to said at least one oxy-fuel burner;

providing a flow of gaseous oxidant in association with said at least
one oxy-fuél burner;

injecting the fuel and the oxidant into the furnace; and,

combusting said fuel from at least said one oxy-fuel burner such that
at least a portion of combustion is effected in the vicinity of said glass forming
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material to enhance convective and radiative transfer of heat to said glass
forming material without substantially disturbing said glass forming material.
In one embodiment the invention provides a method of melting glass
forming material in a glass melting furnace, said furnace having a back wall,
breastwalls above sidewalls, and a downstream front wall connected to a roof,
wherein at least one batch charger for charging glass forming batch material is
contained in at least one of the back wall and the sidewall, comprising:
providing at least one oxy-fuel bumner in the roof of said furnace
over said batch material;
providing a flow of liquid fuel to said at least one oxy-fuel burner;
providing a flow of gaseous oxidant in association with said at least
one oxy-fuel burner;
injecting the fuel and the gaseous oxidant into the fuirnace; and,
combusting said fuel.
In this embodiment the one oxy-fuel burner may be adapted for staged
combustion, including
combusting said fue] from at least said one oxy-fuel burner such that
at least a portion of combustioﬁ is effected in the vicinity of said glass forming
material to enhance -convective and radiative tramnsfer of heat to said glass
forming material without substantially disturbing said glass foﬁning material.
In another embodiment, the invention provides a method of melting
glass forming material in a glass melting furnace, said furace having a back
wall, breastwalls above sidewalls, and a downstream end front wall connected
to a roof, wherein at least one batch charger for charging glass forming batch
material is contained in at least one of the back wall and the sidewall,
comprising: '
providing at least one oxy-fuel bumer in the roof of said furnace
over said batch material, wherein said at least one oxy-fuel burner is adapted
for fuel staged combustion and contains at Ieast one outer oxidant injector and
two inner fuel injectors, the innermost fuel injector being adapted for high
velocity fuel injection and the other fuel injector, disposed between the

Attorney Docket No. 00A412 9




10

15

30

innermost fuel injector and the outer oxidant injector, being adapted for lower
velocity fuel injection;

providing a flow of fuel to said at least one oxy-fuel burner, wherein
the flow of fuel through the innermost fuel injector has a higher momentum
than the flow of fuel through the other fuel injector;

providing a flow of gaseous oxidant to the outer oxidant injector,
baving a lower momentum than the flow of fuel through the innermost fuel
injector;

combusting said fuel from at least said one oxy-fuel burner such that
at least a portion of combustion is effected in the vicinity of said glass forming
material to enhance convective and radiative transfer of heat to said glass
forming material without substantially disturbing said glass forming material.

In another embodiment, the present invention provides an oxy-fuel

burner -comprising at least one outer oxidant injector and two inner fuel
injectors, the innermost fuel injector being adapted for high velocity fuel
injection and the other fuel injector being adapted for lower velocity fuel
injection.

In a further embodiment, the present invention provides a method of
melting batch material in a glass furnace having regenerators, recuperators
and/or electric boost, said furnace having sidewalls, a back wall, a front wall
and a roof comprising:

providing at least one burner in the roof of said furnace over said
batch material;

providing a flow of gaseous oxidant to said at least one burner;

providing a flow of gaseous fuel to said at least one burner;

generating a flame from at least said one bumer said flame having a
velocity sufficient to maximize transfer of heat from said flame to said batch
material without substantially disturbing said batch material, and,

providing additional oxygen to complete combustion at or near the
surface of said batch material from at least one oxygen injector in the roof of
said furnace.
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BRIEF DESCRIPTION OF THE DRAWINGS

Further features and other objects and advantages of this invention will

~ become clear from the following detailed description made with reference to

the drawings in which: ,

Fig. 1 is a cross sectional longitudinal view of a glass melting furnace in
accordance with the present invention.

Fig. 2A is a cross-sectional plan view of a cross-fired regenerative
embodiment of the glass melting furnace of Fig. 1 along line 2-2.

Fig. 2B is a cross-sectional plan view of an end-fired regenerative
embodiment of the glass melting furnace of Fig. 1 along line 2-2.

Fig. 2C is a cross-sectional plan view of a cross-fired recuperative
embodiment of the glass melting furnace of Fig.1 along line 2-2.

Fig. 2D is a cross-sectional plan view of an end-fired recuperative
embodiment of the glass melting furnace of Fig. 1 along lines 2-2.

Fig. 2E is a cross-sectional plan view of a unit melter embodiment of the
glass melting furnace of Fig. 1 along lines 2-2.

Fig. 3 is a cross sectional view of the glass melting furnace of Fig. 1 along
line 3-3 illustrating two oxygen-fuel burners adjacent the upstream end wall of
the furnace.

Fig. 4 is an alternate cross sectional view of the glass melting furnace of
Fig.1 along line 3-3 illustrating one oxygen-fuel burner adjacent the upstream
end wall of the furnace. ' '

Fig. § is a cross sectional view of an oxygen fuel burner and a schematic
representation of a burner flame from the oxygen burner. :

Fig. 6 is a cross sectional elevation view of a glass melting furnace having
an integrally staged combustion, roof mounted oxy-fuel burner.

Fig. 7 is a cross sectional elevation view of a roof mounted oxy-fuel burner

with associated external combustion staging means.
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Fig. 8 is a schematic, plan view of a glass melting furnace having a roof
mounted grouping of oxy-fuel burners operating at different stoichiometric
ratios to achieve inter-bumer staging.

Fig. 9 is a cross sectional elevation view of a glass melting furnace having
a roof mounted oxy-fuel burner and an associated oxygen bubbler for
providing staged oxygen to the surface of the glass batch,_ through the melt.

Fig. 10 is a cross-sectional elevation view of a roof-mounted oxy-oil
burner with staged oxygen injectors according to the present invention.

Fig. 11 is a schematic, cataway view of a fuel staged oxy-fuel burner.

DETAILED DESCRIPTION OF THE INVENTION

In the glass furnaces for which the present invention is intended, a
typical burner discharges a mixture of fuel and either air or oxygen in a
particular ratio of fuel to oxidant, to produce a combustible mixture. Once
ignited, this cohlbustible nﬁxture burns to produce a flame that is used to heat
and melt the glass batch materials. The process of the present invention differs
from that utilized in conventional fossil fuel fired air fuel and oxy-fuel
furnaces, where heat transfer is effected principally by radiation directly from
the walls and roof of the furnace and direct radiation from the flames. The
process utilizing at least one roof mounted oxy-fuel burner(s), in addition to a
radiation heat transfer component, provides significant convective heat transfer
due to the impingement and final reaction of reactive intermediate species
such as carbon monoxide, hydrogen, and hydroxyl radicals, to stable
combustion products such as carbon dioxide and water vapor at the glass batch
surface. This type of heat transfer is enhanced when the oxy-fuel bumer is
either integrally (within the burner block) or externally staged, so as to delay a
portion of the combustion, thereby lowering flame temperature and radiant
heat losses until the glass surface is reached. As a result, heat transfer to the
furnace superstructure is reduced.

Suitable fuels for combustion include, but are not limited to, methane,

" natural gas, liquefied natural gas, propane, liquefied propane gas, butane, low

BTU gases such as town gas, producer gas or the like, vaporized or atomized
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oil, kerosene or diesel, or mixtures thereof, at either ambient temperature or in
preheated form. Preferred oxidants include oxygen-enriched air, coniairiing
greater than 20.9 volume percent oxygen to about 80 volume percent,
preferably greater than 50 volume percent, such as produced by filtration,
absorption, membrane separation, or the like; non-pure oxygen such as that
ptoducéd by, for example, a vacuum swing adsorption process and containing
about 80 volume percent to about 95 volume percent oxygen; and
"industrially” pure oxygen containing about 90 volume percent to about 100
volume percent oxygen, such as is produced by a cryogenic air separation
plant. The oxidant may be introduced at either ambient temperature or in
preheated form. The fuel and the oxidant are generally introduced in the
furnace through a burner assembly.

The bumer assembly generally includes a bumer block formed to

include a flame chamber having inlet and outlet openings, burner means for °

discharging fuel into a flame chamber formed in the burner block and means
for discharging oxygen into the flame chamber. In operation, discharged
oxygen mixes with fuel provided by the discharging burner means inside the
flame chamber. This combustible fuel and oxygen mixture can be ignited to
define a flame having a root portion in the flame chamber and a tip portion
outside the flame chamber. If the burner assembly to be used comprises an
“internally staged” bumner for secondary combustion purposes, the burner
block may further include bypass means for conducting oxygen outside of the
flame chamber, such as to oxygen-discharge ports around the outlet opening of
the flame chamber. In operation, oxygen may pass through the bypass means
formed in the burner block to the oxygen-discharge ports, and be ejected from
the burner block into a downstream "second-stage” region containing a portion
of the flame and lying outside the flame chamber in the furnace, to heat the
glass batch materials or melt.

In certain preferred embodiments, the integrally staged burner block is
made of a refractory material and includes an outside wall formed to include
the flame chamber inlet opening and a plurality of oxygen-admission ports
around the inlet opening. The burner block also includes a furnace wall
configured to lie in a furnace and formed to include the flame chamber outlet

Attorney Docket No. 00A412 13

|4\




10

15

20

25

30

opening and the plurality of oxygen-discharge ports around the outlet opening.
In alternative embodiments, one or more oxidant entry means can be provided
externally to the burner block, as described below, to enable staged
combustion to be effected in the furnace.

Suitable materials for the refractory burner block include but are not
limited to silica, mullite, zirconia (ZrQ,), fused cast alumina-zirconia-silica
(AZS), rebonded AZS, or bonded alumina (Al,O;). The particular material
chosen is determined, in part, by the type of glass to be melted in the glass
furnace. .

Staged combustion has been proposed for glass farnace burners, such
as those in which a fuel rich oxy-fuel mixture is injected into the furnace from
a burner, and additional oxygen is injected by means external to the burner
block in order to provide complete combustion displaced from the bumner exit.
In the instance of roof-mounted burners, preferably complete combustion
would occur in the proximity of the surface of the raw batch materials.
Preferably, additional oxygen injectors would be positioned to delay complete
combustion until after the flame has impinged on the surface of the raw batch.
The location of the additional injectors is dependant upon the desired
operating conditions of the burner(s), as well as burner location and number.
According to the present invention, externally sfaged combustion is preferably
provided by installing at least one oxygen injector means in the roof or crown
of the furnace, although oxygen injectors may be positioned elsewhere in order
to obtain the desired delayed combustion effects.

According to the present invention, the at least one oxy-fuel burner(s)
are preferably positioned in the roof (or crown) of the furnace above the raw
batch (and optionally, cullet) materials, and directed to the batch surface. The
burners may be positioned as close as possible to the batch chargers where the
coolest batch materials are, proximate to the furnace back wall where the glass
forming material is charged, to obtain rapid melting due to the higher thermal
difference. Conventional air fuel or oxygen fuel burners may be positioned
through the walls of the furnace downstream from the roof-mounted burners to
provide a refining zone and insure complete combustion of reactants.
Alternatively, oxy-fuel roof mounted burners may provide heat transfer
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downstream of the batch chargers proximate to the furnace downstream end
wall, that is, the front wall of the furnace.

The roof mounted oxy-fuel burner is successful according to the
present invention, because a portion of the combustion occurs on the baich
surface of the glass melter, which adds convective heat transfer to the
traditional radiative heat transfer. Further in accordance with the preferred
embodiment of this invention, use of roof mounted oxy-fuel burners provided
with integrally or externally staged combustion, delays mixing the oxygen and
fuel to project the combustion zone farther away from the roof. This results in
localizing more of the combustion on or at the surface of the glass raw batch
or melt materials to increase the convective heat and radiative heat transfer.
The high temperature flame is moved away from the roof to avoid damaging
the structure, and nearer to the glass to promote heat transfer. One additional
advantage is that the inventive roof mounted staged combustion embodiment
allows the process to operate in furnace constructions that have higher roofs.
The delay is created by separating the two gas flows (either oxygen only/fuel
only, or a fuel-lean/fuel-rich mix) by a sufficient amount, and in one
embodiment, angling them toward each other to have their flow center lines
converge on the batch or melt surface.

Oxygen/natural gas bumners operate at a stoichiometric ratio of 2:1
when the natural gas is pure methane and the oxidant is pure oxygen. The
conventional conical flame oxygen/gas burner uses a concentric tube in tube
construction with the inner tube supplying the gas and the outer tube supplying
the oxygen. The flame length then becomes a fimction of the velocity of the
two flows and the relative velocity differences between the two flows, which
will affect the mixing rate at the interface between the two streams and
therefore the rate of combustion. Because both streams will expand as they
exit the tubes, they will begin to mix immediately and combustion will start
very close to the burner discharge point.

The present invention separates the two flows (fuel and oxidant) into
two or more separate streams. In one embodiment, a fuel gas siream can be
operated as a-gaseous fuel only or as a concentric tube burner with a less than

the stoichiometric ratio of oxygen. The remaining oxygen required for
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complete combustion, optionally up to 100% of the required oxygen, is
introduced through one or more additional tubes that are located away from
the gas tube far enough that the two streams do not mix until they have
traveled a substantial distance to the target, glass materials surface. The angle
that separates the two streams can be as low as 0° (parallel), or as high as 90°
if projected through the walls of the furnace, and up to 180° if bubbled from
beneath the surface of the melt, as long as the mixing occurs beyond the
burner discharge point. |

As stated above, one advantage of the process of the present invention
is the ability to operate the roof mounted burner farther away from the target,
i.e. have a greater distance from the roof to the glass material surface. This
allows the roof mounted oxy-fuel burner(s) to operate in existing furnace
designs, where the roof is currently too far from the batch for a non-staged
roof mounted burner to achieve any significant rate of convective transfer.

Referring to the figures, there is shown a glass melting furnace 10 for
providing molten glass to a glass forehearth or refiner 12 wherein the molten
glass is further refined and subsequently fed to one or more glass-forming
machines such as containers, fiberizers, float baths and the like (not shown). In
considering the figures, it will be appreciated that for purposes of clarity
certain details of construction are not provided in view of such details being
conventional and well known by someone skilled in the art once the invention
is disclosed and explained. Specific items excluded are the regenerator ports,
air-fuel burners and exhausts since these are different for each type of furnace.

The glass melting furnace 10 typically includes an elongated channel
having an upstream end wall 14 and a downstream end wall 16, side walls 18 a
floor 20 and a roof 22 all made from appropriate refractory materials such as
alumina, silica, alumina-silica, zircon, zirconia-alumina-silica, chrome oxide
and the like. The roof 22 is shown generally as having an arcuate shape
transverse to the longitudinal axis of the channel, however, the roof may be of
most any suitable design. The roof 22 of the typical glass melting furnace 10 is
positioned between about 3 - 15 feet above the surface of the raw glass-
forming material. As well known in the art, the glass melting furnace 10 may
optionally include one or more bubblefs 24 and/or pairs of electrical boost
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electrodes (not shown). The bubblers and/or electrical boost electrodes
increase the temperature of the bulk glass and increase the molten glass
circulation under the batch cover.

The glass melting furnace 10 includes two successive zones, a melting
zone 27 and a downstream fining zone 28. The melting zone 27 is considered
the upstream zone of the glass melting furnace 10 wherein raw glass-forming
material is charged into the furnace using a charging device 32 of a type well
kn6m in the art. The raw glass-forming material 30 may be a mixture of raw
materials typically used in the manufacture of glass. It will be appreciated that
the composition of the raw glass-forming material (or batch) 30 is dependent
on the type of glass being prbduced. Normally, the material comprises, inter
alia, silica containing materials including scrap glass commonly referred to as
cullet. Other glass-forming materials including but not limited to feldspar,
nepheline syenite, limestone, dolomite, soda ash, potash, borax, kaolin clay
and alumina may also be used. To alter the properties of the glass, a minor
amount of arsenic, antimony, sulfates, sulfides, carbon, fluorides and/or other
components may also be added. Moreover, oxides of barium, strontium,
zirconium and lead may be added for special purpose glass, and other color
forming metal oxides may be added to obtain the desired color.

The raw glass-forming material 30 forms a batch layer of solid
particles on the surface of the molten glass in the melting zone 27 of the glass
melting furnace 10. The floating solid batch particles of raw glass-forming
material 30 are melted principally by at least one oxygen-fuel bumer 34
having a controlled impinging flame shape and length mounted within the roof
22 of the glass melting furnace 10. It will be appreciated that it has been
found that the installation and proper control of at least one oxygen-fuel burner
34 in the roof 22 of the glass melting furnace 10 over the raw glass-forming
material 30 in accordance with the present invention increases the melting rate
of the solid raw glass-forming material and, at the same time, maintains the
operating temperature of the surrounding refractory material within acceptable
operating limits.

As used herein, the phrase “at least one oxygen-fuel burner” means one
or more oxygen fuel burners. Also as used herein, by 100% oxy-fuel is meant
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that all bumers are adapted to utilize oxygen or oxygen enriched air, as
contrasted to air alone, as the oxidant. Furthermore, as used herein the phrase
“principally by at least one oxygen-fuel bumer” refers in retrofit installations,
to the condition wherein the additional or recovered glass production capacity
and replaced air fuel and or electric/oxygen boost energy for melting of the
raw glass-forming material is from at least one oxygen-ﬁlel burner. In one
particular embodiment, as shown in FIGS. 1 and 2A the glass melting furnace
10 includes three okygen-ﬁlel burners 34. A single oxygen-fuel burner 34 is
positioned upstream of two adjacently positioned downstream oxygen fuel
burners. However, it will be appreciated that any number of oxygen-fuel
burners 34 may be positioned at almost any suitable location in the roof 22 of
the furnace 10 over the batch to melt the raw glass-forming material 30. For
example, two oxygen-fuel bumers 34 may be positioned in a side-by-side
relation as depicted in FIG. 3 or a single oxygen-fuel burner may be used as
depicted in FIG. 4. Nonetheless, in accordance with the present invention, thé
angular orientation of each oxygen-fuel burner 34 in the roof 22 of the glass
melting furnace may be such that the flame 36 produced is directed
substantially perpendicular to the glass batch surface to produce a flame which
impinges on the glass surface to form an impingement area 26. In a preferred
embodiment, the oxygen-fuel burners 34 are positioned substantially
perpendicular to the batch material at an angle of about 90 degrees relative to
the raw glass-forming material 30. The angle may deviate from the

- perpendicular in the direction of the downstream end-wall (i.e., the front wall)

in some embodiments by as much as 45 degrees, but preferably less than 10
degrees. It has been found that the glass production rate and the qua]ity.of
glass produced may be improved by melting the raw glass-forming material 30
with at least one downwardly firing oxygen-fuel burner 34 having a controlled
impinging flame shape and length in accordance with the present invention.
The at least one oxygen-fuel burner requires fuel and an oxidant. The
fuel can be either gaseous or liquid or combinaﬁoﬁs of both. Gaseous fuels
include those listed above, as well as blends of the aforementioned gases.
Liquid fuels include heavy, medium and light fuel oils, kerosene and diesel.
Liquid fuels are required to be atomized and/or vaporized. The atomization
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can be either by mechanical means or secondary atomizing mediums which
include air, steam, oxygen, any of the aforementioned gaseous fuels and in
some cases an inert gas. Vaporization relies on the heat of the surrounding
products of combustion gases to evaporate the oil. The oxidant can be either
100% purc oxygen or a blend of oxygen and inert gas with an oxygen
concentration of preferably 50-100%, as described above.

Referring to FIG. 5, the at least one oxygen-fuel burner 34 within the
roof 22 of the glass melting furnace 10 has at least one fuel conduit 40 for
providing fuel and at least one oxygen conduit 42 for providing oxygen flow.
The oxygen-fuel burner 34 may have a capacity ranging from about 0.5 to
about 15 MM Btw/hr depending upon the glass melting farace 10 size and
desired pull rate. The oxygen-fuel burner 34 is designed to use a higher
percentage of oxygen than is present in air and thus the temperature above the
area of impingement of the flame 36 from the oxygen-fuel burner 34 is
substantially higher than in a conventional glass melting furnace utilizing air-
fuel burners. Notwithstanding, as well known to one skilled in the art, the
temperature of the flame 36 imparted by an oxygen-fuel burner 34 is
dependent on the quality of the fuel and the oxygen/fuel ratio. In a preferred
em:nodiment, the oxygen concentration of the oxygen-fuel burner 34 is
typically at a level of about 95 - 125 percent of the stoichiometric amount of
oxygen required to combust the fuel. The fuel to oxygen ratio can be varied,
however, to produce a range of operating conditions in the glass melting
furnace 10 to effect one or more desired properties, including, for example,
redox level, glass color, the level of gaseous bubbles known as seeds and
blisters in the trade and other glass properties.

The oxygen-fuel burner 34 extends downwardly from a burner block
38 located in the roof 22 of the glass melting furnace 10. Each primary burner
block 38 includes an opening having an inside diameter (id) which is at least
as great as the external diameter of the largest conduit 42 or 40 dependent on
configuration. The inside diameter (id) of the opening of the burner block 38
may range between about 2 - 8 inches. The end of the oxygen-fuel burner 34
primary combustion zone is located from the end of the bumner block 38 a
distance (LBb) between about 0 - 18 inches. The secondary and in some cases
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tertiary combustion zone is external to the burner block 38. It will be
appreciated that the opening of the burner block 38 between the end of the
oxygen-fuel burner 34 and the end of the burner block in some instances acts
to focus the burner flame and prevent the burner flame from spreading
outwardly but moreover protects the conduits of the bumner. The burner block
38 is made of a refractory material as well known in the art and may be of
most any suitable outside shape such as rectangular and the like.

The bottom surface of the burner block 38 may be flush with the inside
surface of the roof 22 or the bottom surface may project below the inside
surface of the roof to a distance of about 2 inches to protect the bumner block
38 and adjacent crown refractories from wear. Furthermore, as shown in FIG.
5, the fuel conduits 40 and oxygen conduits 42 of the oxygen-fuel burner 34
extend downwards within the burner block 38 and terminate at cither
substantially the same vertical height or totally different vertical heights from
the exit of burner block 38.

Dependent on height of burner block 38 from raw batch and desired
operating conditions of the burner, the greater the fraction of fuél staging and
oxygen staging internal and external to the burner block 38 will vary.
Additional oxygen injectors 60 are positioned to delay complete combustion
uatil after the flame has impinged on the raw batch. The location of these
additional injectors 60 is dependent on number and position of roof mounted
burners, however they can be located in practically any point in the roof and
walls.

In accordance with the present invention, the downwardly directed
impinging flame 36 produced by the at least one oxygen-fuel burner 34 is
precisely controlled to give a flame length greater than or equal to the distance
from the exit of burner block 38 to the surface of the raw glass-forming
ingredients 30 or the surface of the molten glass, and away from the
surrounding refractory, thereby reducing the risk of overheating the roof 22
and side walls 18 of the glass melting furnace 10. The impinging flame 36
may be controlled by such control devices as are conventional and standard in
chemical processing. For example, valves, thermocouples, thermistors coupled

with suitable servo circuits, heater controllers and the like are readily available
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‘and conventionally used for i:ontrolling the quantity and velocity of the fuel

and oxygen from the oxygen-fuel burner 34.

The impinging flame 36 is precisely controlled by controlling both the
relative velocity and the maximum and minimum velocities of the fuel and of
the oxygen streams and the internal and external sté,ging from the at least one
oxygen-fuel burner 34.

The maximum and minimum velocity of the fuel and oxygen flow
impingiﬁg on the surface of the raw glass-forming material 30 must be
controlled to prevent the disturbance of the batch material and entrainment of
or the displacement of glass batch material against the side walls 18 and roof
22 of the furnace while maintaining optimum convective heat transfer to the
surface of the raw glass-forming material. It will be appreciated that the
displacement of glass batch material against the side walls 18 and roof 22 will
adversely effect the refractory material and possibly shorten the operating life
of the glass melting furnace 10.

In order to determine the proper maximum velocity for the fuel and
oxygen flow a burner was vertically mounted and fired downwards into a bed
of glass sand across which grooves had been made. While the bumer was
adjusted to different heightS' from the sand and burner retractions into the
block (LBb) the firing rates at which sand movement was discerned was noted.

_ The data from these eiperiments was compared against simulations run on a

commercially available computational fluid dynamics code thus yielding a
maximum velocity across the surface above which sand would be disturbed in
the aforementioned experiments.
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Table 1 - Maximum Burner Firing Rates (MMBtuw/Hour)

Height (feet)
{LBb) 51 6 R 71 8
13 39 44 54 6.2
11.5 49 5.0 6.2 6.8
9 5.5 6.1 6.4 71
6.5 64 7.2 7.4 8.1
4 6.9 . 88 8.3 0.1

From these experiments the maximum surface velocity was ascertained
by comparison with the CFD models to be approximately 21 m/s. Due to
variations in batch material, batch glazing and batch particle cohesion the
exact maximum may differ from the above calculated maximum, therefore, it
should be possible for one skilled in the art to vary the maximum velocity up
to approximately 25 m/sec. To minimize disturbance and entrainment of the
batch material, however, the maximum velocity should be kept below 30
m/sec.

The maximum and minimum velocities of the fuel and of the oxygen
of the oxygen-fuel burner 34 are also controlled to hamess the maximum
energy from the impinging flame 36 without damaging the surrounding
refractory material. The maximum energy from the impinging flame 36 is
achieved by minimizing the amount of heat released to the glass melting
furnace 10 combustion space and maximizing the heat transfer to the raw-glass
forming material 30. The operational maximum and minimum velocity range
for the oxygen-fuel burner 34 to generate an acceptable heat transfer rate to the
raw glass-forming material 30 without damaging the refractory material
furnace walls and superstructure is a function of the design and location of the
oxygen-fuel burner, burner block opening geometry, the velocities of the fuel
and oxygen from the oxygen-fuel burner 34, burner staging, interaction of
adjacent oxygen-fuel burners, fuel bumers and furnace exhaust.

The stagnation region 56, is the region where the flame 36 penetrates
the thermal boundary layer and impinges upon the surface of the raw glass-
forming material 30. Within this region 56, the flame 36 penetrates the thermal
boundary layer and impinges on the surface of the raw glass-forming material
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building a sharp pressure gradient at the surface that accelerates the horizontal
flow of the deflected flame causing the flame to spread outwardly radiaily
along the impinged surface. The end of the stagnation region 56 is defined as
the location on the surface of the raw glass-forming material where the
pressure gradient generated by the impinging flame 36 drops to zero. Within
the stagnation region 56, by carefully controlling the momentum of ﬂarhe 36,
the thermal boundary layer that naturally exists at the surface of the raw glass-
forming material 30 is penetrated and. climinated and thus its strong heat
resistive features are attenuated. Accordingly, the heat generated by the
impinging flame 36 penetrates more easily into the partially melted raw glass-
forming material 30. Furthermore, within the stagnation region 56 the flame
36 luminosity significantly increases which enhances the radiation heat
transfer into the relatively colder raw glass-forming material 30.

At the radial limits of the stagnation region 56 the wall jet region 58
begins. In this region, the flame 36 flows essentially parallel to the impinged
surface and the thermal Bounda:y layer grows along the impingement surface
and outward from the stagnation region 56, thus the thermal boundary layer
starts to build up restoring the surface resistance to the heat flow into the raw
glass-forming material surface.

The controlled flame heat generation in the frec-jet region 54 is the
result of the design of the oxygen-fuel burner 34, inside diameter of the
opening (id) of the burner block 38 and both the relative velocities and
maximum and minimum velocities of the oxygen and fuel streams. By
selectively controlling the design of the oxygen-fuel burner 34, the burner
block 38 geometrical design and the velocities of the oxygen and fuel streams
a reduced shear stress between the oxygen and gas streams is produced
providing controlled partial combustion and reduced thermal radiation
emissions. It will be appreciated that by optimizing burner design and
operation of the oxygen-fuel burner 34, the flame heat generated in the free jet
region 54 and the heat transfer resistance at the raw glass surface in the
stagnation region 56 are minimized thereby maximizing the heat generated in
the stagnation region. |
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The heat generated in the free-jet regioﬁ 54 is the result of the
following processes. First, the controlled partial combustion in the free-jet
region 54 permits controlled combustion at the ‘surface of the raw glass-
forming material 30 thereby bringing the combustion process proximate to the
surface of the raw glass-forming méten’al. Bringing the combustion process
proximate the surface of the raw glass-forming material 30 generates an

elevated temperature gradient at the surface of the raw glass-forming material

thereby improving the convection heat transfer. Second, the controlled partial
combustion in the free-jet region 54 generates an acceptable temperature for
the chemical dissociation of the combustion gases and the products of
combustion. These dissociated species, once impinged on the relatively colder
surface of the raw glass-forming material 30, partially recombine,
exothermically, generating significant heat at the surface of the raw glass-
forming material. The heat from the exothermic reactions further augments the
convective heat transfer process. The minimization of the heat resistance at the
stagnation region 56 of the surface of the raw glass-forming material 30 is the
result of the following factors.

First, the thermal boundary layer is eliminated through the controlied
flame 36 momentum and the turbulence generated by the carefully controlled
combustion characteristics at the surface of the raw glass-forming material 30.
Second, the localized surface heat generation allows for the conversion of the
low thermal conductive raw glass-forming material 30 into a significantly
better conductive molten glass material. This conversion allows for the heat
generated at the surface to penetrate more efficiently into the raw glass-
forming material depth.

In the cross-fired regenerative furnace Figure 2A with regenerators 81
the preferred embodiment of the present invention utilizes at least one crown
mounted burner 34 positioned over the raw batch materials entering the
furnace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. Crown-
mounted bumer 34 impinges the surface of the batch material 30 in
impingement area 26. In all cross-fired regenerative furnace applications of
this invention at least one pair of the opposing ports 71 will be fully or
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partially blocked or isolated. This will typically be the first port and perhaps
the second port dependent on the amount of boost required. Additional roof-
mounted burners can be located down the glass tank provided there are crown
mounted burners positioned over the unmelted batch materials. The energy
delivered from the crown mounted burners replaces energy removed from the
previously firing ports, the removed conventional electric or oxy-boost.

In the end-fired regenerative furnace of Figure 2B with regenerators 81
the preferred embodiment of the present invention utilizes at least one crown
mounted burners 34 positioned over the raw batch materials entering the
furnace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. In all end-fired
regenerative furnace applications of this invention the combustion air and
conventional fuel requirements will be reduced from the previous design and
replaced with energy from the at least one crown mounted burners 34
positioned over the raw batch materials and impinging the batch materials in
impingement area 26, Additional roof-mounted burners can be located down
the glass tank provided there are crown mounted burners positioned over the
unmelted batch materials. The energy delivered from the crown mounted
burners replaces energy reduced from the firing port, the removed
conventional electric or oxy-boost.

In the cross-fired recuperative furnace of Figure 2C with recuperator
82 the preferred embodiment of the present invention utilizes at least one roof
mounted bumner 34 positioned over the raw batch materials entering the
furnace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. In all cross-
fired recuperative furnace applications of this invention at least one pair of the
opposing burners 73 will be fully or partially blocked or isolated using a block
74. This will typically be the first zone of burners and perhaps the second
zone dependent on the amount of boost required. Additional roof-mounted
burners can be located down the glass tank provided there are crown mounted
burners positioned over the unmelted batch materials. The energy delivered
from the crown mounted burners replaces energy removed from the previously
firing ports, the removed conventional electric or oxy-boost.
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In the end-fired recuperative furnace of Figure 2D with récuperator 82
the preferred embodiment of the present invention utilizes at least one crown
mounted burner 34 positioned over the raw batch materials entering the
furnace to improve the rate of melting and improvement in quality to recover
or boost production capacity or reduce electric boost capacity. In all end-fired
recuperative furnace applications of this invention the combustion air and
conventional fuel requirements will be reduced from the previous design and
replaced with energy from the at least one crown mounted burner 34
positioned over the raw batch materials. Additional roof-mounted burners can
be located down the glass tank provided there are crown mounted burners
positioned over the unmelted batch materials. The energy delivered from the
crown mounted burners replaces energy reduced from the firing port, the
removed conventional electric or oxy-boost.

In the direct-fired furnace of Figure 2E, the preferred embodiment of
the present invention utilizes at least one crown mounted burners positioned
over the raw batch materials entering the furnace to improve the rate of
melting and improvement in quality to recover or boost production capacity or
reduce electric boost capacity. In all direct fired furnace applications of this
invention the combustion air and conventional fuel requirements will be
reduced from the previous design and replaced with energy from the at least
one crown mounted burners positioned over the raw batch materials. In multi-
air-fuel-burner 73 applications at least one bumer 74 will be isolated.
Additional roof-mounted burners can be located down the glass tank provided
there are crown mounted burmers positioned over the unmelted batch
materials. The energy delivered from the crown mounted bummers replaces
energy reduced from the firing port, the removed conventional electric or oxy-
boost.

In an electric hot top furnace the preferred embodiment of the present
invention utilizes at least one crown mounted burners positioned over the raw
batch materials entering the furnace to improve the rate of melting and
improvement in quality to recover or boost production capacity or reduce
electric boost capacity. Additional roof-mounted burners can be located down

the glass tank provided there are crown mounted bumers positioned over the
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unmelted batch materials. The energy delivered from the crown mounted
burners replaces energy reduced from the firing port, the removed
conventional electric or oxy-boost.

In all cases nitrogen oxides and sulfur dioxide can be reduced by the
careful selection of stoichiometric ratio of the different roof-mounted bumners
and remaining air fuel burners. Referring to Figure 2A as an example in the
cross-fired furnace application, the burners 34 mounted in the AL or AR
positions are operated with excess stoichiometric oxygen to create a fuel lean
(oxidizing) zone in the furnace. By operating either burner 34 at position BC
and or burners at the second port 71 with less than stoichiometric oxygen or air
creates a fuel rich (reducing) zone in the furnace. The remaining ports are
operated with excess stoichiometric oxygen to create a fuel lean (oxidizing)
zone in the furnace. This rich-lean-rich configuration effectively stages the
combustion zones of the furnace to optimize heat transfer and minimize
nitrogen oxide formation by creating a carbon monoxide screen.

The at least one roof mounted oxygen-fuel burner 34 may be either
placed in a new air-fuel glass melter furnace 10 or retrofitted into an existing
air-fuel glass melter furnace to increase the glass quality relative to an air-fuel
only fired furnace. It will be appreciated that the present invention facilitates a
substantial pull rate increase, reduction in glass melting furnace 10 wall
temperature and improved glass quality as compared to the same air-fuel
furnace that is not retrofitted with at least one roof mounted oxygen-fuel
burner as described herein. Furthermore, as will be readily appreciated by one
skilled in the art, the use of at least one oxygen-fuel burner as opposed to an
all air-fuel system can appreciably reduce NO, emissions, dependent upon the
stoichiometry of the oxy-fuel flames and the air-fuel flames.
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Example 1. Retrofit with roof mounted oxy-fuel burners.

One demonstration of this invention was the oxygen boosting, 100% -

oXygen conversion, re-conversion to oxygen boost and finally conventional air .

fuel firing of an existing hot 3-port cross-fired regenerative fornace. The
furnace was initially firing all air fuel. Port #1 firing was replaced with at least
one roof mounted oxygen fuel bumer. The furnace fired conventionally air
fuei regenerative on the remaining two ports. In the second phase, Port #2
firing was then replaced with at least one roof mounted oxy-fuel burner and
the furnace fired conventionally air fuel regenerative on the third port. In the
third phase, Port #3 firing was replaced with energy in the already installed
roof-mounted oxy-fuel burners. The furnace capacity was increased from 55
to 85 tons per day with reduced energy input from 23.5 mm BTU/hr to 18 mm
BTU/hr. The furnace was re-converted to air fuel firing in incremental stages.
This example demonstrates the ability to selectively boost an existing air fuel
furnace as well as to provide total heat input for a glass furnace from roof-

mounted oxy-fuel burners. The process does not require water-cooled burners.
Example 2. Burner and burner block with integral oxygen staging.

An oxy-fuel burner provided with integral staging of oxygen, by means
of the burner configuration or the burner in combination with the burner block,
has been shown to provide increased heat transfer and reduced NOx.
According to the present invention, at least one of this type of integrally staged
burner 103 is provided in the roof 111 of a glass melting furnace 110. The
burner 103 is ideally positioned over the raw batch materials 130 and is
preferably angled such that the angle alpha (ec in FIG. 6) equals about 91° to
about 135° in the direction of the glass flow 104 in the furnace.
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Example 3. A burner and burner block with external oxygen staging.

Referring to FIG. 7, it has been shown that a burner 122 with burner
block 121 mounted in the roof of a glass melting furnace 111 with 2-8 oxygen
injectors 112 external to the burner 122 and block 121 can produce higher heat
transfer than a non-staged burner. The burner 122 is preferably angled from
about 91° -to about 135° relative to the surface of the glass and in the direction
of the glass flow in the furnace. According to this example, 0% to about 90%
of the stoichiometric combustion oxygen is injected through the primary
oxygen burner 133, and the remaining 100% to about 10% secondary
combustion oxygen 134 is injected through the oxygen injectors 112, which
are angled from about 0° to about 90° relative to the surface of the glass. As it
can be appreciated by one skilled in the art, the number, angle and amount of
staging ports is designed specifically for each furnace, in order to delay the
combustion of the fuel 145 until it impinges on or near the surface of the raw
glass batch materials.

Example 4. Inter-bumner staging between at least two roof mounted burners.

The staging of combustion utilizing oxy-fuel burners can be
accomplished according to the invention by inter-burner staging, between at
least two roof mounted burners. One of the burners is operated at sub-
stoichiometric levels, that is, in a fuel-rich mode, and the second or additional
burner(s) is run with the balance of the oxygen required for complete
combustion, that is, in a fuel-lean mode. Experimentation was conducted on
the boosting of a conventional air fuel regenerative glass furnace 110, where
two of the rear burners 162 were operated in a fuel lean mode, while the
upstream, roof mounted oxy-fuel burner 161 was operated in a fuel rich mode.
(FIG. 8). This mode of operation produced an oxy-fuel lean zone, adjacent to
an oxy-fuel rich zone, followed by an air-fuel lean zone. The result of
operating the glass furnace according to this method was to increase furnace

capacity while reducing the emissions of oxides of nitrogen on a per ton basis.
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This method of inter-burner staging can also be applied in conjunction with
the two previously detailed staged combustion embodiments.

Example 5. Staging combustion in a glass melting furnace with oxygen
bubblers.

One method of staging combustion according to the invention involves
the use of oxygen bubblers in cohjunction with at least one roof mounted
burmer (FIG. 9). Oxygen bubbling has been used for several glass
manufacturing applications, such as to mechanically promote the convection
currents within the molten glass. Oxygen is soluble in glass, and under normal
operating conditions only a small amount (less than 5% of stoichiometric) of
oxygen is injected into the glass. By positioning at least one roof mouhted
oxy-fuel burner 105 above a single oxygen bubbler 108, or a row or bundle of
bubblers, it is possible to operate the roof mounted oxy-fuel burner(s) 105
under stoichiometric or sub-stoichiometric conditions, and supply the

remainder of combustion oxygen 134 via bubblers 108 located in the floor 107

of the glass melter 110. This enhances the availability of oxygen at the glass
131 surface for secondary combustion of fuel or partially oxidized combustion
products or reactive intermediates.

n

Example 6. Oxy-Oii Burners.

Conventional oil and oxygen oil burners for glass melting furnaces rely
on the combustion of oil drops which have been atomized by either twin fluid
atomizers (using steam or compressed gas) or mechanical atomizers (using
either pressure or rotational energy). The flame shape is governed by the
thrust of the spray and the size of the droplets. Conventional oxy-oil burners
would release a high proportion of the heat in the near roof position.

As shown in FIG. 10, in this oxy-oil bumner design, the majority of the
combustion oxygen (greater than about 60%) is injected by at least 2 nozzles
136, or a plurality of nozzles up to a concentric ring set apart from, yet
substantially sutrounding the oil stream 137, to a point beyond the initial non
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visible combustion zone of the oil spray. The centerline of these nozzles is
preferably angled about 45° to about 101° from the horizontal. This staging of
the oxygen produces reactive intermediate species, such as described
hereinabove, and delays complete combustion until it impinges on or near the
raw batch materials. The remaining oxygen can be injected immediately
adjacent and concentric to the oil stream 137, such as via the atomizing
medium 138, via an additional concentric oxygen tube (not shown),or by
tertiary injection in the furnace such as by an oxygen lance (not shown), to
achieve complete combustion. This oxy-oil, staged, roof mounted burner
minimizes heat release to the roof while maximizing heat transfer to the raw
batch, due to the additional convective heat transfer on the surface. The burner
may be cooled by a water jacket having an inlet 139 and an outlet 140.

An oil atomizer commonly used in the glass industry for conventional
melting has been shown, by measurements made of the oil droplet particle size
from this atomizer using Laser Doppler Ammemometry, to produce a mean
particle diameter of about 50 microns (50 x 10E-06m) when atomized with
compressed air. ‘

We have found that in this and in other series of bumners, the
combustion of the oil spray is delayed until the oil meets the oxygen stream.
A visible "no flame" can be witnessed at up to 18 inches from the atomizer tip.
During this non-visible combustion phase in the hot glass melting furnace, the
oil particle size is reduced due to endothermic evaporation. When utilized in a
roof mounted burner, this endothermic reaction absorbs radiative heat energy
from the surrounding environment, and advantageously reduces the net
radiative heat transfer to the furnace roof.

The present invention includes the use of an atomizer that produces a
significantly higher particle size, of greater than about 100 microns (100x 10E-
06m). Less energy is required to produce this larger particle, and as a result,
the thrust of the flame is reduced. The partially atomized large oil droplets
free-fall from the roof-mounted burner, and at least partially evaporate in the

endothermic, non visible combustion zone adjacent to the roof.
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The maximum velocity of combustion reactants and products at the
surface of the raw batch, however, should be less than 30 m/s to avoid air
borne movement of raw batch materials.

Because a gas (such as oxygen) free jet expands about 11°, an oxygen
outlet positioned close to a fuel outlet will cause oxygen to impinge on the fuel
jet close to-the outlet point. It is therefore preferred that staging of oxygen,
and hence combustion, be accomplished by angling the oxygen outlets from
about 45° convergent to the axis of the fusel stream to about 11° divergent from
the axis of the fuel stream. This can be accomplished with externally staged
burners, as well as with integrally staged burners where the oxygen outlets are
provided in the bumer block.

It is possible to further reduce the radiative losses from oxy-oil flames
by altering the mechanisms that can lead to extremely radiative carbonaceous
species in the flame. Two common processes leading to the formation of these
species are liquid phase cracking and reformation of the less volatile
components in the oil droplets and gaseous phase condensation reactions
leading to soot formation. The former mechanism is exacerbated by large
droplet sizes and the presence of aromatic compounds e.g. asphaltenes. The
second mechanism is promotéd in high temperatures and fuel rich regions
where partially saturated gaseous phase reactants, e.g. acetylene, can react via
a multitude of reaction paths to eventually form aromatic networks and
eventually solid soot.

In one embodiment, the present invention preferably utilizes a high
degree of atomization to produce small oil droplets, on the order of about 5 to
about 50 microns, preferably about 10 to about 50 microns, so that the time
spent in the liquid phase is short. Thus, liquid phase cracking is minimized
and any resultant solid carbonaceous residue is finely divided and will thus be
oxidized more readily by its increased surface area, Rapid mixing with an
atomizing medium in the initial burner region, such as by inducing a relative
velocity difference between the fuel atomizing and oxidant streams to increase
the rate of shear in the gaseous phase, rapidly dilutes the fuel rich regions
surrounding each.oil droplet, thus creating a more substantially homogeneous
mixture overall of vaporized fuel droplets, oxidant, atomizing medium and
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partial combustion products. Reactions of the fuel vapor with an oxidizing
atomizing medium creates a partially precombusted mixture which is less
prone to sooting. The amount of atomizing medium introduced in the initial
region of the flame is very much dependent on the sooting nature of the fuel
itself, which is a strong function of its chemical make up.

It is known that as a broad rule the degree of sooting that occurs is
related to the C:H ratio of the oil, with a much reduced tendency to soot at
greater H concentrations. However the trend becomes extremely erratic as the
aromaticity of the fuel increases e.g. napthas are extremely prone to sooting.
Thus the atomizing medium itself can be advantageously chosen to reduce the
sooting tendency via alteration of the C:H ratio. Atomizing mediums useful in
countering the sooting tendency include air, oxygen, steam, natural gas and
hydiogen or a mixture thereof. The first two have a purely oxidizing effect,
the last two have the effect of altering the C:H ratio in the fuel
vapor/atomization medium mixture in the near burner region so that sooting
conditions are avoided. Steam has a combined effect, and coupled with
radiative heating from the main flame and/or ﬁﬁnace, causes gasification
reactions to occur, yielding CO and H, for further reaction.

Following the initial near burner region, the original liquid fuel stream
becomes essentially a gaseous fuel stream, and interacts with surrounding
secondary oxygen streams in the same manner as experienced with use of the
staged gas burners discﬁssed above.

Example 7.  Fuel Staged Oxy Fuel Burner.

An oxy-fuel burner 150 shown schematically in FIG. 11 was designed
for use in roof mounted glass melting furnace applications, using fuel staged
principles, from one outer oxidant (oxygen) injector and two inner fuel
injectors; one central fuel injector being adapted for. high velocity injection
and onc annular fuel injector being adapted for low velocity injection, The
injectors preferably comprise at least three concentric tubes. Burner flame
length and oxidant-fuel mixing is controlled by a central high pressure fuel jet
142, which is supplied through tube walls 152 from the first fuel feed 147,
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utilizing about 10-90% of the fuel stream. This high velocity, high momentum
flow governs the flame shape and the mixing, rather than the lower momentum
fuel gas shroud 143. This gas flow is also higher than that of the oxygen flow,
in order to control the mixing. The remaining fuel 143 (about 90-10%) is
supplied from the second fuel feed 148 concentrically through at least one
annular fuel injector formed by tube walls 152 and tube walls 153, with the
combustion oxygen 141 being supplied from the oxygen feed 146 via an outer
annular injector formed by tube walls 151 and tube walls 153. Sizing of the
central high pressure injector govems the rate of mixing due to the high
momentum of the jet. The central jet is staged due to the shrouding of the
secondary gas streams. This arrangement provides a means of propelling the
fuel gas, such as natural gas, and allowing the fuel gas to interact with raw

_batch and oxygen in a staged manner near the batch surface in a glass furnace

application. Optionally, the central high velocity jet may have a lower mass
than the low velocity fuel jet, as long as the momentum of the central jet is
higher.

In one embodiment, the high velocity central jet may comprise a liquid
fuel supplied by a liquid fuel burner, such as an oil burner, rather than a
gaseous fuel, and the lower velocity fuel shroud may comprise a gaseous fuel.

The patents and documents described herein are hereby incorporated
by reference.

Although the invention has been described in detail with reference to
certain specific embodiments, those skilled in the art will recognize that there
are other embodiments within the spirit and scope of the claims. It should
therefore be appreciated that the present invention is not limited to the specific
embodiments described above, but includes variations, modifications and

equivalent embodiments defined by the following claims.
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We claim:

1. A method of melting glass forming material in a glass melting
furnace, said furnace having a back wall, breastwalls above sidewalls, and a
downstream front wall connected to a roof, wherein at least one batch charger
for charging glass forming batch material is contained in at least one of the
back wall and the sidewall, comprising:

providing at least one oxy-fuel burner in the roof of said furnace
over said batch material, wherein said at least one oxy-fuel burner is adapted
for staged combustion;

providing a flow of fuel to said at least one oxy-fuel burner;

providing a flow of gaseous oxidant in association with said at least
one oxy-fuel burner;

injecting the fuel and the oxidant into the furnace; and,

combusting said fuel from at least said one oxy-fuel burner such that
at least a portion of combustion is effected in the vicinity of said glass forming
material to enhance convective and radiative transfer of heat to said glass
forming material without substantially disturbing said glass forming material.

2. The method of claim 1 wherein the mixing of said fuel and said
oxidant is delayed to localize combustion proximate to or at the surface of said
glass forming material.

3. The method of claim 1 wherein the injected fuel jet and the injected
oxidant jet are separated, and are optionally angled with respect to the other,
by an amount sufficient to cause the respective flows to converge proximate to
or at the surface of the glass forming material.

4. The method of claim 3 wherein the fuel jet comprises one of a
substantially fuel only jet and a fuel rich fuel-oxidant mixture, and wherein the
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oxidant jet comprises one of a substantially oxidant only jet and a fuel lean

fuel-oxidant mixture,

5. The method of claim 4 wherein the fuel jet and oxidant jet are
separated and angled with respect to each other from 0° to about 90°.

6. " The method of claim 1 wherein oxidant is bubbled from beheath the

glass forming material surface.

7. The method of claim 1 including fully combusting reactive
intermediate species proximate to or at the glass forming material surface.

8. The method of claim 1 wherein the oxy-fuel burner is contained in a
burner block, further wherein said providing a flow of gaseous oxidant
comprises providing integral staging of said oxidant via injection from the

same oxy-fuel burner block.

9. The method of claim 1 wherein the oxy-fuel burner is contained in a
burner block, further wherein said providing a flow of gaseous oxidant
comprises providing external staging of said oxidant via injection separate
from the oxy-fuel burner block.

10. The method of claim 9 further comprising pi:oviding at least one
secondary oxidant injector in the roof of said fumace to provide additional
oxidant for completing combustion proximate to or at the surface of said glass
forming material.

11. The method of claim 9 including injecting from 0 to 90% of
stoichiometric oxidant through the oxy-fuel burner block and injecting from
100% to about 10% stoichiometric oxidant via at least one secondary oxidant

injector separate from the oxy-fuel burner block.
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12, The method of claim 1 wherein the glass forming material enters the
furnace through at least one charger, including providing the at least one oxy-
fuel burner in the roof of the fumace proximate to the at least one charger
above the glass forming material.

13. The method of claim 1 wherein the burner is mounted substantially
perpendicular to the surface of the glass forming material.

14, The method of claim 13 wherein the burner is mounted up to 45
degrees away from the perpendicular and toward the downstream front wall of
the furnace.

15. The method of claim 13 wherein the bumer is mounted not more than
10 degrees from the perpendicular and toward the downstream front wall of
the furnace.

16. The method of claim 1 wherein the oxidant is selected from the
group consisting of oxygen-enriched air, non-pure oxygen and "industiaﬂy"
pure oxygen.

17 The method of claim 1, including staging the flow of fuel from the
oxy-fuel burner.

18.  The method of claim 1 wherein the fuel is 2 gas selected from the
group consisting of methane, natural gas, liquefied natural gas, propane,
liquefied propane gas, butane, low BTU gases, town gas, producer gas and
mixtures thereof.
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19. The method of claim 1 wherein the fuel is a liquid selected from the
group consisting of heavy fuel oil, medium fuel oil, light fuel oil, kerosene and
diesel.

20. The method of claim 1 wherein at least one oxy-fuel burmer is
provided in the roof proximate the downstream front wall.

21. The method of claim 1 wherein the glass forming material
comprises material selected from the group consisting of cullet, silica,
feldspar, nepheline syenite, limestong, dolomite, soda ash, potash, borax,
kaolin clay, alumina, arsenic, antimony, sulfates, sulfides, carbon, barium
oxide, strontium oxide, zirconium oxide, lead oxide, color forming metal
oxides, and mixtures thereof.

22, The method of claim 1 including providing all furnace bumners as
oxy-fuel burners.

23, The method of claim 1 including providing all furnace burners as

roof mounted burners,

24, The method of claim 1 including operating at least one said roof
mounted oxy-fuel burner in a fuel rich mode and at least one said roof

mounted oxy-fuel burner in a fiel lean mode.

25. A method of melﬁng glass fc;rming material in a glass melting farnace,
said futnace having a back wall, breastwalls above -sidewalls, and a
downstream front wall connected to a roof, wherein at least one batch charger
for charging glass forming batch material is contained in at least one of the
back wall and the sidewall, comprising:

providing at least one oxy-fuel burner in the roof of said furnace
over said batch material;
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providing a flow of liquid fuel to said at least one oxy-fuel burner;

providing a flow of gaseous oxidant in association with said at least
one oxy-fuel burner; ' |

injecting the fuel and the gaseous oxidant into the furnace; and,

combusting said fuel.
26. The method of claim 25 wherein said at least one oxy-fuel bumner is
adapted for staged combustion, including:

combusting said fuel from at least said one oxy-fuel burner such that
at least a portion of combustion is effected in the vicinity of said glass forming
material to enhance convective and radiative transfer of heat to said glass
forming material without substantially distarbing said glass forming material.

27.  The method of claim 26 wherein the oxy-fuel burner is contained in
a burner block, further wherein said injecting the gaseous oxidant comprises
providing integral staging of said oxidant via injection from the same oxy-fuel
burner block.

28. The method of claim 26 wherein the oxy-fuel burner is contained in
a bumner block, further wherein said injecting the gaseous oxidant comprises
providing external staging of said oxidant via injection separate from the oxy-
fue] burner block.

29, The method of claim 26 further comprising the step of mounting at
least one oxygen injector in the roof of said furnace to provide additional
oxygen to complete combustion at or near the surface of said batch material.

30. The method of claim 26 comprising injecting a majority of oxidant
set apart from and substantially surrounding the liquid fuel flow to a point

" beyond the initial non visible combustion zone.
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31 The method of claim 30 including angling the injected fuel and the
injected oxidant about 45° to about 101° from the horizontal.

32. The method of claim 30 including injecting the remainder of the
oxidant adjacent to and concentric to the injected fuel.

33. The method of claim 30 including injecting the remainder of the
oxidant by tertiary injection into the furnace.

34, The method of claim 26 including staging the flow of the fuel from
the oxy-fuel burner.

35. The method of claim 25 wherein the liquid fuel is selected from the
group consisting of heavy fuel oil, medium fuel oil, light fuel oil, kerosene and
diesel.

36. The method of claim 35 wherein the injected liquid fuel has a
droplet size of greater than about 100 microns.

37. The method of claim 25 wherein the burner is mounted substantially
perpendicular to the surface of the batch material.

38. The method of claim 25 wherein the burner is mounted up to 45
degrees away from the perpendicular and toward the downstream front wall of
the furnace.

39. The method of claim 25 wherein the burner is mounted not more

than 10 degrees from the perpendicular and toward the downstream front wall
of the furnace.
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40, The method of claim 25 including atomizing the liquid fuel to
produce droplets in the range of about 5 microns to about 50 microns.

41. The method of claim 40 including rapidly mixing the droplets with
an atomizing medium in the initial bumer region to form a substantially

homogeneous mixture.

42.  The method of claim 40 including atomizing the liquid fuel with an
oxidizing atomizing medium to produce a partially pre-combusted mixture.

43. The method of claim 40 including atomizing the liquid fuel with an
atomizing medium selected from the group consisting of air, oxygen, steam,
natural gas and hydrogen or mixtures thereof to reduce the C:H ratio in the
fueVatomizing medium mixture.

44, A method of melting glass forming material in a glass melting
furnace, said fumace having a back wall, breastwalls above sidewalls, and a
downstream end front wall connected to a roof, wherein at least one batch
charger for charging glass forming batch material is contained in at least one
of the back wall and the sidewall, comprising;

providing at least one oxy-fuel burner in the roof of said furnace
over said batch material, wherein said at least one oxy-fuel burner is adapted
for fuel staged combustion and contains at least one outer oxidant injector and
two inner fuel injectors, the innermost fuel injector being adapted for high
velocity fuel injection and the other fuel injector, disposed between the

innermost fuel injector and the outer oxidant injector, being adapted for lower .

velocity fuel injection;

providing a flow of fuel to said at least one oxy-fuel burner, wherein
the flow of fuel through the innermost fuel injector has a higher momentum
than the flow of fuel through the other fuel injector;
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providing a flow of gaseous oxidant to the outer oxidant injector,
having a lower momentum than the flow of fuel through the innermost fuel
injector;

combusting said fuel from at least said one oxy-fuel burner such that
at least a portion of combustion is effected in the vicinity of said glass forming
material to enhance convective and radiative transfer of heat to said glass
forming material without substantially disturbing said glass forming material.

45, The method of claim 44 wherein about 10% to about 90% of the
fuel flow is utilized by the innermost fuel injector.

46. The method of claim 44 wherein the mass of the fuel flow of the
innermost fuel injector is lower than the mass of the fuel flow of the other fuel

injector.

47. The method of claim 44 wherein the mass of the fuel flow of the
innermost fuel injector is greater than the mass of the fuel flow of the other
fuel injector.

438. The method of claim 44 wherein a liquid fuel is provided to the
innermost fuel injector, and a gaseous fuel is provided to the other fuel
injector.

49.  The method of claim 48 wherein the liquid fuel is selected from the
group consisting of heavy fuel oil, medium fue] oil, light fuel oil, kerosene and
diesel; and the gaseous fuel is selected from the group consisting of methane,
natural gas, liquefied natural gas, propane, liquefied propane gas, butane, low
BTU gases, town gas, producer gas and mixtures thereof,
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50. The method of claim 44 wherein the fuel is a gas selected from the
group consisting of methane, natural gas, liquefied natural gas, propaue,
liquefied propane gas, butane, low BTU gases, town gas, producer gas and
mixtures thereof.

51. The method of claim 44 wherein the oxidant is selected from the
group consisting of oxygen-enrich'ed air, non-pure oxygen and industrially

pure oxygen.

52. An oxy-fuel bumer comprising at least one outer oxidant injector
and two inner fuel injectors, the irmermost fue] injector being adapted for high

velocity fuel injection and the other fuel injector being adapted for lower
velocity fuel injection.

53. The oxy-fuel burner of claim 52 wherein the innermost fuel injector
is adapted to provide a central high pressure fuel jet; the other fuel injector is
adapted to provide a substantially aﬁnular lower pressure fuel shroud
outwardly concentric to the central fuel jet; and the oxidant injector is adapted
to provide a substantially annular oxidant stream outwardly concentric to the

fuel shroud; the oxidant stream being provided with a lower momentum than
the central fuel jet.

54, The oxy-fuel burner of claim 52 wherein the fuel injectors are
adapted to provide a gaseous fuel.
55. The oxy-fuel burner of claim 52 wherein the innermost fuel injector

is adapted to provide a liquid fuel and the other fuel injector is adapted to
provide a gaseous fuel.

Attorney Docket No. 004412 43

TRADUCTION OFICIAL io.

o -

I S A e

JUAN PABLO PIEDY, ‘L‘ll \/\”JILF”A
TRADUCTOR E INTERFRETE OFICIA

C IDONEDAD 045

LIMIVERS R R I LR e,

~ L

el




P NS

10

15

A
1At

56. A method of melting batch material in a glass furnace having
regenerators, recuperators and/or e}ectdc boost, said furnace having sidewalls,
a back wall, a front wall and a roof comprising:
providing at least one burner in the roof of said furnace over said
batch material;
providing a flow of gaseous oxidant to said at least one burner;
providing a flow of gaseous fuel to said at least one burner;
generating a flame from at least said one burner said flame having a
velocity sufficient to maximize transfer of heat from said flame to said batch
material without substantially disturbing said batch material, and,
providing additional oxygen to complete combustion at or near the
surface of said batch material from at least one oxygen injector in the roof of
said furnace.
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ABSTRACT OF THE DISCLOSURE

In an industral glass furnace, which optionally contains
recuperators, regenerators, electric boost or other devices for proViding heat to
glass batch material, at least one staged combustion oxy-fuel bumer is
mounted in the roof of the furnace to provide heat to melt the glass batch
material by providing a flow of fuel to the oxy-fuel burner; providing a flow of

gaseous oxidant in association with said the oxy-fuel burner; injecting the fuel -

and the oxidant into the furnace; and, combusting the fuel such that at least a
portion of combustion is effected in the vicinity of said glass forming material
to enhance convective and radiative transfer of heat to said glass forming
material without substantially disturbing the glass forming material. In one
embodiment, the oxy-fuel bumer is adapted for injecting liquid fuels. In
another embodiment, the oxy-fuel burner is adapted for fuel staged
combustion and contains at least one outer oxidant injector and two inner fuel

injectors, the innermost fuel injector being adapted for high velocity fuel

_injection and the other fuel injector, disposed between the innermost fuel

injector and the outer oxidant injector, being adapted for lower velocity fel

injection.
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