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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES
E. S. D.

Re: PI.-SEB S.A.-Solicitud de Patente de Invencién para "RECUBRIMIENTO
CERAMICO CON PROPIEDADES MEJORADAS DE RESISTENCIA AL
RAYADO Y CONDUCCION TERMICA".-Expediente nimero 13-258.452.-

Yo, ALICIA LLOREDA RICAURTE, mayor, vecina de esta ciudad, identificada con la
cédula de ciudadania nimero 39.690.713 de Usaquén, abogada titulada e inscrita, obrando
como Representante Legal en Bogota para todos los asuntos relativos a la propiedad
industrial de la sociedad LANDERS & CIA. S.A.S., organizada y existente de conformidad
con las leyes de Colombia y domiciliada en Medellin, Antioquia, Colombia, dentro del
término legal y en el ejercicio de lo dispuesto por el Articulo 42 de la Decision 486 de 2000
de la Comision de la Comunidad Andina, por medio del presente escrito procedo a

Complementar la Oposicién presentada el 04 de Agosto de 2015, en los siguientes
términos:

1. SOLICITUD DE PATENTE DE INVENCION CONTRA LA CUAL SE PRESENTA
OPOSICION.,

La solicitud de Patente de Invencién contra la cual se presenta Oposicion corresponde
a aquella contenida en el Expediente nimero 13-258.452 vy cuyo solicitante es SEB S.A.
Dicha solicitud de Patente de Invencion fue radicada ante esa Superintendencia el 31 de
Octubre de 2013, aparecié publicada en la Gaceta de Propiedad Industrial No. 726 de 08 de

Mayo de 2015, y el término para presentar Oposiciones fundamentadas vence el 05 de
Noviembre de 2015,
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<.  PRETENSIONES.

(i)  Que se declare la falta de novedad y/o nivel nvantive del objeto reivindicado en la
solicitud de Patente de Invencion que obra en el Expediente No. 13-258.452 y que se
refiere 2 un "RECUBRIMIENTO CERAMICO CON PROPIEDADES MEJORADAS DE
RESISTENCIA AL RAYADO Y CONDUCCION TERMICA", con fundamento en la
existencia de los siguientes documertos del arte previo: US 6372,290 (D1) —»" Methcd
of makir.g a temperature and scratct. resistant anti-sticking coating ", EP 0810301 (D2}
— “Ceramic heat insulating layer anc process for farming same “ y EP 2241138 (D3) —
" Method of repairing a thermal barrier coating and repaired coating formed thereby".
que divulcan un metodo para realizar un recubrimiento resistente anze la temperatura vy
al rayadc, una zapa de cerdmica de aislamiento térmico, 2| proceso para la formaci¢n de
la misma v un método de reparacion de un recubrimientc d=2 barrera termal y ademas =l
recubrimientc reparado y formado de este mismo, en donde estas invenziones
presentzn caracteristicas técnicas similares a las dz la sclidtud de Patente de Invencién
Colombizna CO 13-258.452.

(i) Que con fundamento en dicha declaraciéon, se niegu= el privilegio de paterte de
invencion para el objeto reivindicado en dicha solicitud de Patente que obra en el
Expedient2 No. 13-258.452.

3. LEGITIMO INTERES.

Mi representada, la sociedad LANDERS & CiA. S.A.S., es una emprasa ubicade 2n la
ciudad de Medellin, Antioquia, Colombia, dz2dicada al c sefo, fabricacion y comercializac én
de productos para la preparacion, cocciér y consumo de alimentos, por o que la concesion
de la solicitud de patente colombiana CO 13-258.452 impediria que empresas como
LANDERS & CIA. S.A.S. fabriquen recubrimientos ce-amicos con proniedades mejoradas
de resistenciz al rayado y conduccion térmica que son plenamente conocidos en el estado

de la técnica v jue son utilizados en el sector desde hace varios anos.
4, FUNDAMENTOS DE LA OPOSICION.

Segun lz defin cion de la reivindicac 61 1 de la solicitud de patente cclombiana CO 13-
258.452, esta se encuentra dirigida a proteger un recubrimienzo ceramizo, destinadc 3 ser
aplicado sobre un soporte metdlico y que estd en |a forme de al mencs una peicula
continua que tizne un espesor entre 2 y 100 ym, donde dichc recubrimients comprende una
matriz que inzluye &l menos un polialcoxido metalico vy en la que se disoersen particulas dz
las que, el didmetro oscila entre 0,01 y 50um, ademas porque dichas particulas son ce un
material que ziene una conductividad térmica igual o superior a 10W %K' v una densidad
aparente de & lo surmo 3,9 g/cm®.



LLOREDA CAMACHO «o

Calle 72 No. 5-83 Piso 5, Bogota, D.C.  Tel: 6069700 Fax 6069701

Ahora bien, es pertinente mencionar que la reivindicacion 21 de la solicitud de patente
colombiana CO 13-258.452 se basa en un método para la fabricacién de un recubrimiento
ceramico sobre al menos una superficie de un articulo de metal, donde dicho método

comprende las siguientes etapas:

(i)  Posiblemente, un tratamiento de superficie de dicha superficie con el fin de mejorar la

adherencia de la capa de sol-gel aplicada en la etapa (iv):

(i)  La preparacion de una composicién sol-gel con:

. Por lo menos un precursor de sol-gel seleccionado de entre los alcdxidos metalicos,

. Al menos particulas que tienen un didmetro que oscila entre 0,01 y 50 pm y que estan
de un material que tiene una conductividad térmica igual o superior a 10 WKy una
densidad aparente de maximo 3,9 g/cm?, y preferiblemente una dureza Mohs igual a o
mayor que 9, y

. Posiblemente (a) al menos un aceite de silicona, reactivo o no, y/o (b) al menos un

agente relleno estructurante y/o (c) al menos un pigmento.

(iii)  La hidrdlisis de dicho precursor de sol-gel mediante la introduccién de agua y un
catalizador, acido o base, seguido de una reacciéon de condensacién parcial para la

obtencién de una composicion sol-gel;

(iv) La aplicacién sobre dicha superficie de al menos una capa de dicha composicion sol-gel

SG obtenida siguiendo la etapa iii);

(v) Posiblemente secado de dicha capa a una temperatura comprendida entre 40 y 90°C;

y

(vi) Curar dicho articulo recubierto siguiente la etapa (iv) o (v) a una temperatura
comprendida entre 150°C y 400°C,

De igual manera es importante resaltar que a lo largo del capitulo reivindicatorio, se
reivindican una serie de modalidades preferidas, en donde caracterizan a la matriz del
recubrimiento cerdmico porque comprende aceite de silicona reactivo o no reactivo,

polialcoxilato metalico, 6xidos metalicos, silica entre otros elementos que son necesarios
para formar dicho recubrimiento cerdamico.

Ahora, de acuerdo a la descripcion de la solicitud de patente en cuestion, la presente
invencion incorpora materiales de relleno con una baja densidad aparente y una alta
conductividad térmica. Ademas de lo anterior, la patente de SEB S.A. menciona el desarrollo
de un proceso sol-gel con el fin de obtener un recubrimiento ceramico en el que hay
particulas de densidad aparente baja, a la vez de caracterizarse por tener buenas

propiedades de conductividad térmica. Por lo tanto la patente de invencién colombiana CO-
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13-258.452 s= refiere a un recubrimiento ceramico, destinado a ser aplicad> sobre un
soporte de matal y estar en forma de una pelicula contirua, donde dizho recubrimiento
comprende una matriz que incluye al meros un polialcéxido metélicc v en la que se
dispersan particulas de diametros entre 0.01 y 50 um, asegu-ando p-opiadades mejcradas
de resistencia al rayado y conduccion térmica.

Con bes2 en todo lo anterior y, a pertir de la atenta lectura ce les divulgacionas
adicionales realizadas en la solicitud de patznte cclombiana ZC 13-258.452, azentamente
me permito presentar ante ese Despacho una serie de consideraciones técnicas que,
basadas en la comparacion con la informacion de cocumentos del arte previo, demuestran
el incumplimiento de los requisitos de patentabilidad de Novedad y de Nivel
Inventivo establecido en los Articulos 14, 16 y 18 de la Decision Andina 486 de 2000:

4.1, En primer lugar, y después de una detallada revision y comboaracién de los
documentos US 6372,290 (D1) y EP 0810301 (D2), me permito sefalar que la
informacién divulgada en los mismos resuzlve, de manera simiar, 2 mismo problema
técnico al que la invencion de SEB S.A. itenta dar solucidn. Efectivarrente, tanzo los
documentos D1 y D2 ccmo la patente colombiana CO 13-258.452, comparten el objetivo de
proporcionar como producto final un recubrimiento con ciertas propiedades mejoradas que
hacen que la superficie donde son aplicados sean resistentes térmicamente, ademas de
presentar resistencia a abrasiones. De igual manera es pertinente resaltar gue el método
descrito por |3 invencion Colombiana, objeto de =studio comprende etapas que ya son

conocidas por las invenciones del estado del arte.

De mansera gene-al, tales recubrimientos y métodos de prodiccion junto con la
invencion de SEB S.A. hacen uso de etapzs concretas para la fabricacion de recubrim entos
ceramicos que postericrmente seran aplicados a superficies metalicas. Asi entonces, me
permito resaltar que dichos recubrimientos se caracterizan por tener propiedades sim lares.
En consecuercia, me permito manifestar que dicho recubrimiento ceramico con
propiedades mejoradas de resistencia al rayado y conduccién térmica es
plenamente conocido en el estado de la técnica anterior.

4.2, En referencia al documento US 6372,290 (D1), se considera que
particularmente dicho documento correspondzs &l arte previo mas cercano a la invencion
ya que revela una sustancia portadora de Lna estructura molecular inorganica y un
revestimiento superficial producido por la aplicacion de un tratamiento de sustancias y de

calor con__caracteristicas técnicas estructurales y funcionales similares al

recubrimienta ceramico con propiedades mejoradas dz resistenca al rayaco y conduccion
térmica de SEB S.A. Ademas de esto, me permito manifestar que estz documerto ce igual

manera reve a un método de produccién, asi como los usos adecuacos para 2l revestimienzo
de la superficie.
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Con referencia a lo anterior, me permito mencionar que el objeto de la invencidn
descrita en D1, se centra en proporcionar una superficie metalica, materiales portadores
ceramicos y vitreos con propiedades antiadherentes contra el agua y/o aceite a base de
materiales organicos o emulsiones de agua/aceite. Dichos materiales se caracterizan por ser
sustancialmente mas resistentes a la temperatura y al rayado que los recubrimientos
convencionales de Politetrafluoroetileno (PTFE) o silicona ya conocidos por el estado del
arte.

Con base en lo anterior, me permito mencionar que dicha anterioridad establece que
las excelentes propiedades antiadherentes de PTFE y los sistemas de superficie de silicona
que evitan que los alimentos se quemen, son particularmente notables en los moldes y
utensilios para hornear y cocinar. Sin embargo, dado que estos recubrimientos son
relativamente gruesos, sus temperaturas maximas Utiles son por debajo de 250°C- 300°C.
En conexion con lo anterior, este recubrimiento debido a su grosor, sufrird danos
significativos cuando se use de forma frecuente, perdiendo sus caracteristicas principales en
las areas que ha sido dafada.

Por lo tanto una desventaja de la superficie de revestimiento conocida en el estado del
arte, es aquella en donde es necesario aplicar agentes de unién a una superficie resistente
al rayado y a la temperatura antes de la aplicacion del recubrimiento organico. Entonces,
mientras dicho recubrimiento no se adhiera a una superficie especifica, la propiedad de
resistencia a altas temperaturas y resistencia al rayado resultante se perdera en la
superficie del material de soporte, en donde la superficie de este modo, se dana

mecanicamente, y la propiedad antiadherente de la superficie se deteriorars.

Asi entonces y con el fin de dar solucién a las anteriores desventajas, el documento
D1 se centra en un material de soporte y un revestimiento superficial, en la que el
revestimiento superficial, en sus capas moleculares superiores consta de un compuesto de
moléculas inorganicas del material de soporte y moléculas organicas de una sustancia
aplicada. De igual manera, esta invencion propone un nuevo método de produccidon de una
superficie antiadherente sobre una superficie portadora mediante |a aplicacion de una
sustancia organica que contiene silicona, seguidamente de un tratamiento térmico para la
reticulacion de las moléculas de |a superficie y de la sustancia mediante la eliminacion por

evaporacion de cualquier exceso de sustancia, donde se da la formacién de una nueva red
de moléculas.

Asi entonces, la superficie resistente al rayado Yy a altas temperaturas, particularmente
presenta resistencia incluso contra temperaturas en exceso de 300°C. Por otro lado, es
pertinente mencionar que la sustancia organica que forma la capa con las redes de silicona,
se aplica a esta superficie, en donde la capa molecular superior de la superficie del sustrato
y los grupos moleculares de union reactivos reaccionan quimicamente con las moléculas de

la sustancia orgénica y forman un intervalo de transicién con respecto a la superficie
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orgdnica sin genzrar 'a formacior. de una capa organica pura. Certro de este intervalo dz
transicién, los Jrupos moleculares que reaccionan son sustitu dos por atcmos o moléculas

hidréfobas, olefdbicos o grupos de moléculas.

Ahora biesr, la sustancia o-ganica aqui mencionadz cont ene silicong, la cual & su vez
contiene polidimetisiloxanos o polidimetilsiloxands con extramos especiales, tales como
fenilo, vinilo, si'ancl, amino, epoxi, o carbinol terminales. Ademas ce esto, los liquidos de
silicona son sustarc.almente no_reactivos ¢ modificables por grupos reactivos, que
adicionalmenta contienen componentes adicionales tales como ressinas de silicona,
disolventes organicos, agua, emulsionaites. compuestos de limpieza, aceleradores de

reticulacién, sistemas de encapsulacion y simiares.

En conexidén con lo ante-or, es evidente qu2 el recabrimiento divulgado pcr esta
anterioridad zontiene silicona al igual que el recubrimiento cerdmico de SZE S.A. en conde
el recubrimiarto cerdmico de SEB S.A. contiene aceite de silicona, el cual rapresenta

0.01 a 2% er peso de dicno recubrimiento ademas ce caracterizar dicho componente

ser _reactivo o no reactive. Entonces, es claro que existen similitudas estructurales y

funcionales -anto en la invendén de SEB S.A. como en la evidenciada por el documento D1.

Adicicnalmente, me parr—ito mencionar que el métodc definido er el documanto D1 se
basa principzlmente en (a) aplicar a una sugerficie un recubrimiento de una sustancia

organica que comprende ra2des de siliccna (b) tratar mediante calor el material

portador (e cual puede ser caramico) con 2| -ecubrimiento de sustancia orgarica. De icual
manera, e métcco descrito =n la reivindicazion 21 d2 la invencion de SEB S.A comp-ende
dentro de sus etapas aplicar sobre una superficie la composicién que pretende

reclamar para posteriormante curar el articulo recubierto a temperaturas entre
150°C Y 400°C.

Asi entonces, me permito resaltar que el objetivo de mejorar propiedades como la
conductividad térmica y a resistencia a altas temperaturas y al rayadc de ciertos
materiales, al igual que un método que comprende etapas similares que conllavan a dicha
mejora ya 2s totalmente conocido en el estado del arte. Por lo anterior, la invencion de SEB
S.A, al presertar las mismas caracteristices esenciales de la invencion divulcada 2n e

documentc D1 no_es considerada novedosa.

4.3. Ahora bien, resp=cto al docurento EP 0810301 (D2), me permito sefalar qu=
éste documento de igual manera desvirtda la novadad de la solicituc ce SEB S.A., ya qu2
divulga una capa de aislamiento térmico ceramica formada sob-e un material a base de
hierro con o sin una capa de unidn interpuesta ertr2 ellos. Dicha capa, comprende
particulas de agregado de mineral nefelira, un aglutinante compueszo por particulas ce

silice y un polimero de metaloxano, en dorde el aglutinante llena espacios entre las
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particulas de agregado y une quimicamente a las particulas de agregado entre si con el

material de base o a la capa de unién.

Teniendo en cuenta lo anterior, me permito resaltar que tanto el recubrimiento de la
invencion de SEB S.A., como la capa del documento D2 presentan caracteristicas idénticas

como:

- Su recubrimiento es ceramico.

. Dicho recubrimiento ceramico esta destinado a ser aplicado sobre un soporte metalico.

- La matriz del recubrimiento contiene silice.

. Uno de los pasos fundamentales del método para la elaboracion de dicho
recubrimiento o capa es calentar el material métalico que tiene la suspension aplicada.

= Ambas invenciones presentan resistencia a dafios mecanicos.

Por lo tanto, es evidente que la esencia de la invencion es exactamente la misma, por
lo que me permito resaltar que es plenamente conocido para una persona versada en la
materia la existencia de distintos recubrimientos ceramicos con caracteristicas idénticas a

las de la invencidon de SEB S.A.

Asi entonces, me permito resaltar que el objetivo de mejorar propiedades como la
conductividad térmica, la resistencia al calor y al rayado de ciertos materiales, al igual que
un método que comprende etapas similares que conllevan a dicha mejora ya es totalmente
conocido en el estado del arte. Por Io anterior, de igual la manera la invencion de SEB S.A,
al presentar las mismas caracteristicas esenciales de la invencion divulgada en el

documento D2 no es considerada novedosa.
10 €5 consigerada novedosa.

De esta forma, es de gran importancia aclarar que una invencién novedosa es aquella
que no ha sido conocida previamente en el 4mbito mundial. En otras palabras una invencién
Se considera nueva cuando no estd comprendida en el estado de la técnica antes de la
presentacion de la solicitud de patente, !

Consecuentemente, es importante resaltar que tanto el documento D1 como el
documento D2, permiten evidenciar la existencia de métodos y recubrimientos que ayudan
a mejorar las propiedades quimicas, fisicas y mecanicas de articulos especificos que se
basan en el mismo principio del recubrimiento cerdmico de SEB S.A. Asi entonces, me
permito manifestar que de ninguna manera la invencién de SEB S.A. es novedosa y merece
el privilegio de patente, ya que previamente en el estado del arte existian ensefanzas con
caracteristicas fundamentales y similares a la aquf estudiada,

! ht-t-p://api‘sic.gm-'.ro/ WEB/assets/pdf/Guia _patentes.pd(
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Entorices, conociendo que el estado de la técnica describe recutrimientos cor
propiedades mejoradas y métodos para fabricarlos, se considera que para la persona del

oficio norralmente versada en la materia, la invancion de SEB S.A. carece de novedad.

4.4. Por otro lado, me permitc manifestar que de igual mane-a tras ura atenta
revisién de los documentos D2 y D3, es evidente que la informacion divulgada en los
mismos resuelve, de manera similar, el mismo problemz técnico al que la invencion de SEB
S.A. inteqta dar solucién.

Efectivamente, tanto los documentos D2 y D3 como los cotumentos
W02010043826, EP 2412846 y EP 2206801, comparten el objet vo de prcporcionar
articulos con recubrimientos de sustancias quimicas que permitan cbtener propiedades
mejoradas de resistencia al rayaco y conduccén termica. De manera general, tales
invenciones junto con la de SEB S.A. hacen uso dz mz2todos para |a fabrizacion de
recubrimientos con caracteristicas puntuaes qu2 son resistantes mzcanicamente a les

agresiores de uso, resistentes al calor y ademds parmiten una 3ptima conduccion térmica.

4.5. En referencia al documento D2, se considea que particularmente dicho
documento corresponde al arte previo mas cercano a la invencion ya que provee una capa
de aislaniento térmico ceramica formada sobre una material d= tase a base de hierrc con o
sin una capa de union interpuesta entre ellos. Esta capa de aislamiento térmicc comprende
particularmente particulas de agregado dJel mineral nefel ng, un aglutinante compuesto par
particulas de silice y un polimero de meZaloxano, en donde el aglutinante llena lcs espacios
entre lzs particulas de agregado y une quimicamente a las particulas de agregado entre si

con el material de base o a la capa de unién.

Por otro lado, me permito resaltzr que la capa de aislamiento térmico d= ceramice
puede comprender alternativamerte: particulas de agregaco de sienita. un aglutinante
compuesto por particulas de silice y un polimero de metaloxano, en dcnde esta vez =
aglutinante interviene entre las particulas ce agregado fara dejar vacios y uri-
quimicamente a las particulas de agregad> entre si con el material de base o a la capa de
unién. De igual manera, esta anterioridad divulga uLn procaso de formacion de la cepa
aislant= de calor de ceramica que comprende las sigLientes efapas: (a) mezclar las
particules de agregado de nefelina, un aglutinante de un acoxido, ur organosilicasol, y un
medio d= dispersién para formar una suspensior, (b) la aplicacion de la suspension, ya sea
en la superficie de un material d= bzse a base de hierro, o en cualquier capa de union
formada sobre la superficie y (c) calentar e materal a bas2 de hierro que tiene la

suspensién aplicada.
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Con esta descripcion, es posible observar que tanto la anterioridad D2 como la

invencion de SEB S.A. implementan un recubrimiento o capa ceramica sobre un

material metalico, en donde dicho recubrimiento o capa estan compuestos por al menos

un alcoxido, silica, 6xidos inorganicos, entre otros componentes.

Continuando con las similitudes, es pertinente resaltar que ambos métodos se ven en
la necesidad de aplicar la suspension o recubrimiento en un material metalico para
posteriormente calentar dicho elemento. Ahora bien, la principal diferencia entre |a capa
divulgada en el documento D2 y el recubrimiento ceramico de SEB S.A. consiste
esencialmente en la matriz de componentes utilizada en donde la capa ceramica de

aislamiento termico de D2 comprende especificamente el mineral nefelina.

Ahora, es importante mencionar que, a pesar de que el documento D2 es el estado de
la técnica mas cercano a la invencién del SEB S.A., el documento D3 de igual manera revela
caracteristicas técnicas esenciales acerca del método para formar un recubrimiento con

propiedades térmicas mejoradas.

4.6. Con relacion al documento EP 2141138 (D3), me permito resaltar que éste
divulga una composicién de revestimiento y metodo de reparacion adecuado para la
reparacion de revestimientos de barrera térmica (TBC, por sus siglas en inglés), y en

particular TBCs basados en composiciones de alumina-silice. EI método incluye la

reparacion de una composicion de recubrimiento que contiene particulas sélidas

de ceramica, particulas ceramicas huecas, y un_aglutinante precursor de silice, en
donde se aplica la _composicién de revestimiento sobre una superficie de un

articulo expuesto por una abertura, por ejemplo, la espalacion del TBC, para

posteriormente hacerlo reaccionar con el aglomerante y asi producir un recubrimiento de
reparacion que cubre el drea de |a superficie del articulo. El revestimiento de reparacion
resultante contiene particulas de ceramica sélidas y particulas ceramicas huecas en una

matriz de silice formada por la descomposicién térmica del aglutinante.

De lo anterior, es claro que el método descrito en esta anterioridad al igual que el
mencionado previamente por el documento D1, en donde es fundamental (a) aplicar a una
superficie un recubrimiento de una sustancia organica que comprende redes de silicona

(b) tratar mediante calor el material portador (el cual puede ser ceramico) con el

recubrimiento de la sustancia organica, define etapas similares al método de fabricacion de

un recubrimiento ceramico sobre un articulo de metal definido por SEB S.A.

Teniendo en cuenta lo anterior y de acuerdo a la descripcidn de la invencién de SEB
S.A., “(..) los recubrimientos de sol-gel impartidos por estos documentos no permiten
resolver el problema técnico de la presente invencidn, que consiste en mejorar
conjuntamente y eficazmente Ia resistencia mecdnica de un recubrimiento de sol-gel de

bajo espesor y su homogeneidad térmica durante el uso.”. Sin embargo, en la descripcion
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no se menciona un efecto técnico sorprendente atribuido a la matriz de recubrimiento ni se
demuestra que los revestimientos o capas del estado del arte previo que incluven 2l mismo
principio d2 mejoramiento de propiedadas quimicas y mecanicas de zrticulos, como por

ejemplo los de coccidn culinarios, sean ineficientes en cuanfo a su func 6n y manejo.

Con oase en esto y en las diferencias previamente descritas, me permito mani‘esta-
que la persona ncrmalmente versaca 2n la materia. a partir de las ensenanzas del
documerto D2, puede modificar la capa de aislamiento t2rmico ceramica formada sobre una
material metalico, teniendo en cuenta e matodo de los documentcs D1 y D3, ademas del
proceso de sintesis sol-gel plenamente conccido en el estado del arte, en donde a pa-tir de
una solLc on a base de un precursor en fase liquida, e' racubrimiento es convertido en ur

solido a través de un conjunto de reacciones quimicas a baja tempe-a-u-a.

Frente a lo anterior, es importarze sefialar que la persone ve-sada en la matena
podria idear un recubrimiento ceramico, a partir de la combinac'on de elementos y etapas
esencia es de métodos de fabricacidn cel mismo ya conocidos en e estad> del arte, tal y

como pretende la invencion de SEB S.A.

E~tonces, me permito manifestar que la persona del oficio normelmente versaca en 'a
materia, conociendo que el estaco de la tecnica describe utznsilios culinarios ccn
revestimientos ce-amicos con propiedades qu'micas, f'sicas y mecanicas mejoradas, podria
combinar las ensefianzas de los documantos D1, D2 y D3 y asi lograr obtener un producto
que relna esencialmente las mismas czracter'stizas técnicas de la invencion de SEB S.A. En
este sentido, dicho revestimiento cerZmico con propiedades mejorzdas de resistancie al
rayado y conduccion térmica se consicare obvio porque la esencia tanto del producto ccmo
del métado descrito en la invencion de SEB S.A. no presenta caracteristices nuevas a las ya

conoc das.

Consecuentemente, me_permito declarar que la invencion reclamada en la

patente colombiana 13-258.452 de SEB S.A. carece de Nivel Inventivo en vista de

las ensefianzas de los documentos D1, D2 y D3.

4.7. Por otro lado, es releva~te menconar que documentos como EP2412846,
W02010043826, y EP2206801 de igual manera divulgan invanciones similares a la aqui
estudiada, incluso en donde el recubrimiento también es sintetizado par el proceso
sol-gel. Concretamente, el documento EP 2412846 define que articulos como una sartén
estan provistos de un revestimierto de sol-gel que cubre una de las caras del mismo, en
doncde dicho revestimiento tiene forma de una pelicula continua hecha de un material
que incluye una matriz formada por polialcoxilato metdlico y 5% en 2eso de oxido
metal co dispersado en la matriz con respecto al peso total de recubrimiznto, en donde este
reveszimiento comprende un pigments termocrémico y termoestable que hace que el

articulo sea resistente a altas temperaturas.

10



LLOREDA CAMACHO:co

Calle 72 No. 5-83 Piso 5, Bogota, D.C.  Tel: 6069700 Fax 6069701

Por su parte el documento W02010043826 divulga un elemento de coccién que
comprende un recubrimiento vitreo con propiedades mejoradas de resistencia al
impacto y obtenido mediante la sintesis sol-gel, cuya matriz contiene al menos un

polialcoxilato metalico, un oxido metalico en forma de agregado coloidal con un tamano
inferior a una micra o 400 nm finamente dispersado en la matriz. Dicho oxido metalico
puede ser de silice, aliimina, oxido de cerio, 0xido de zinc, 6xido de vanadio y oxido de

circonio, preferiblemente silice coloidal y alimina.

De igual manera, me permito resaltar que el documento EP 2206801 se refiere a un

compuesto para utensilios de cocina en la preparacion de alimentos, que comprende un

elemento de soporte de material metalico, cuya superficie exterior se encuentra

cubierta por una capa protectora vitrea.

Ademas de lo anterior, es de gran importancia hacer énfasis en que empresas como
Whitford, DuPont™ y Weilburger Coatings, comercializan en el mercado de distintos paises,
una serie de recubrimientos adheridos a superficies de elementos culinarios como cacerolas,
ollas y cubiertos que mejoran notablemente las propiedades de adherencia, conductividad,

termoestabilidad, resistencia a abrasiones, y durabilidad que cumple con altos estédndares
de calidad.

Adicionalmente, me permito resaltar que existen diferentes solicitudes de patentes
hechas por parte de estas entidades, que protegen recubrimientos con matrices novedosas
que se caracterizan por otorgarle al elemento culinario propiedades fisicas, quimicas y
mecanicas mejoradas, lo que da solucion a diversas desventajas en elementos culinarios ya
existentes. Por lo tanto, el recubrimiento ceramico definido en la invencion de SEB S.A. de
ninguna manera puede ser novedoso o tener nivel inventivo, ya que elementos culinarios
con caracteristicas como las que el recubrimiento ceramico de SEB S.A. presenta, son

plenamente conocidos por el estado del arte e incluso son productos comercializados hoy en
dia.

Asi entonces, es importante resaltar que la mencion de los anteriores documentos y
entidades permite evidenciar que existen dispositivos de coccion en el estado de la técnica
anterior que se basan en el mismo principio de contener revestimientos ceramicos que

permiten al dispositivo tener mayor resistencia a abrasiones y a altas temperaturas.

Consecuentemente, me permito declarar que la _invencion reclamada en la

patente colombiana 13-258.452 de SEB S.A. carece tanto de Novedad como de
Nivel Inventivo.

11
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5. SOLICITUD.

En razdén de los anteriores argumentos, atentamente solicito @ ese Despachc declarar
que la solicitud colombiana CO 13-258.452 no curiple con los requisitos de patentabilidad
exigidos en los Articulos 14, 16 y 18 de la Decision 486 de 2000 y por |2 tanto proceder a
rechazar dicha solicitud de patente.

6. ANEXOS.

Anexo al presente memorial me permito presentar:

(a) Copia del documento de patente US 6.372,23C (D1),

(b) Copia cel documento de patente EP 0810301 (D2),

(c) Copia del documento de patente EP 2141138 (D3)

7. NOTIFICACIONES.

Reitero que la suscrita como apoderada ce dicha sociedad, rec bira notificaciones en la

Secretaria de ese Despacho y en |a Calle 72 No. 5-83, Piso 60. ce la ciudad de 3ogota, D. C.

Del Seficr Superintendente,

ALICIA LLOREDA RICALRTE
T:P; 53.215

Direccién para Notificaciones: notificacionespatentes@lloredacamacho.com
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METHOD OF MAKING A TEMPERATURE
AND SCRATCH RESISTANT ANTI-STICKING
COATING

BACKGROUND OF THE INVENTION

1. Field of the Invention

"The invention relales to a carrier substance of an inorganic
molecular structure and provided with a surface coating
produced by application of a substance and heat treatment.
Furthermore, the invention relates to a method of producing,
as well as suitable uses for, the surface coaling.

2. The Prior Art

For providing a scratch and temperature resistant surface,
itis gencrally known to use surfaces of enamel, glass, glass
ceramics or similarly structured systems, i.c. networks par-
ticularly of silicon dioxide and/or other metal oxides. Also,
metal surfaces such as, for instance, steel, stainless steel,
aluminum, and chromium, which while inferior as regards

these propertics, are, nevertheless, acceptable compared 1o 2

surfaces of organic materials. The ahave mentioned prop-
erties are cspecially needed in surfaces used in the ficld of
houschold appliances,

Also, surlaces coaled with polytetralluoroethylene
(Teflon®) or silicone are known which are distinguished by
their non-stick propertics, The cxcellent non-stick properties
of PTFE and silicone-like surface systems against burnt-in
food are particularly noticeable in baking pans, cooking and
haking utensils. [owever, since those coatings are relatively
thick their maximum useful lemperatures are below 250° C,
to 300° C. Moreaver, because of its relatively thick coating
such a surface will suffer significant damage when used
frequently and abusively, and will lose its favorable chara-
teristics in those areas which have been damaged. A further
disadvantage of the known surface coating is that bonding
agents have 1o be applied to a scratch and temperature
resistant surface prior to the application of the organic
coating. While non-sticking is the resultant new property,
the scratch and temperature resistance of the surface of the
carrier material will be lost, While in its new state a
non-stick surface requires no scrubbing or scouring to he
cleaned, its non-stick properties will deteriorate after several
uses particularly close to their maximum vseful temperature,
and cleaning is possible only with greater effort, The surface
will thus be damaged mechanically, and the non-stick prop-
erty of the surface will deteriorate,

Bonding with water ar oil hased malerials or with water,
oil emulsions is accomplished by bonding forces between
malecular groups of the surface and corresponding atoms!
malecules of the bonded organic material, Typical reactive
molecular groups of the surface are, for instance, OH groups
which ta a great extent define the surfaces of silicone based
svstems. The OH groups at the carrier surface are either
absorbed by honding the coating, or they escape from the
system as 4 result of chemical reaction. The remaining fow
reactive molecular groups of the coating material then define
the non-stick characteristics. A substantial draw back is that
such relatively thick surface coating behaves very much like
orgame materials of low seratch and lemperature resistance.
The properties of the underlying inarganic layer cannot
permeale to the outer surface,

OBIECTS OF THE INVENTION

11 is, therefore, an ohject of the invention 1o provide a
surface on metallic, ceramic and glass-like carrier materials
with non-stick properties against water and/or oil based

h
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orgamic malerials or water/oil emulsions while at the same
time being substantially more temperature and scratch resis-
tant than conventional coatings of PTFE or siliconc

SUMMARY OF THE INVENTION

In accordance with the invention the object is accom-
plished by a carrier material and a surface coating in which
the surface coating in its uppermost molecular layers con-
sists af a compound of inorganic molecules of the carrier
matenial and organic molecules of an applied substance. In
another advantageous embodiment, the invenlion proposes a
novel method ol producing # non-stick surface on a base
carrier surface by applying to the surface an organic sub-
stance including silicone-like networks follawed by a heat
treatment for cross-linking the molecules of the carrier
surface and of the substance and remaving, by evaporation,
any excess substance whereby a new network is formed of
surface and substance molecules. Other objects will in part
be obvious and will in part appear hereinafter.

Aside from a scratch and temperature resistant surface the
advanlages attainable by the invention are, in particular, that
the surface is resistant even agains! temperatures in excess
of 300° C, and that it has non-stick propertics with respecl
to water andfor oil based organic malerials or water/oil
emulsions, On a molecular plane the surface of the substrate
has at least local network structures with at least one layer
of molecules of reactive honding molecular groups being
bonded 1o the uppermost network plane. A layer-forming
organic substance with silicone-like networks is applied to
this surface, [n the upper molecular layer of the substrate
surface close to the surface the reactive honding molecular
aroups react chemically with the malecules of the organic
substance and form a transitional range with respect to the
arganic surface without leading to the formation of a pure
organic layer. Within this transitional range the reacting
molecular groups are substituted by hydrophobic and/or
oleaphobic atoms or molecules ar groups of molecules, If
the non-stick coating does not reject anather surface when in
use, the latter surface will define the surface characteristics
of the entire system. In accordance with a [urther embodi-
ment unintended organic prolective films on the non-stick
surface can be removed without loss of the non-stick prop-
crties. Except in the mentioned transitional range between
inorganic and organic substances the growth of an organic
layer is prevented al the end of or during a heat treatment
process above the decomposition temperature of the
silicone-like substance, As a result, the organically modificd
uppermost plane of the inorganic substrate remains. An
advantageous field of application of surfaces modified in this
manncr relates lo enameled surfaces of substrates, The
modified surface is used especially in connection with
electrical household appliances or kitchen furniture. The use
of a modified surface imparts especially advantageous prop-
erties o a glass-ceramic cooking surface, baking, roasting,
broiling and/or microwave oven and/or 1o components 1o he
placed into & roasting chamber and/or to baking, roasting,
cooking containers, for instance, cooked [ood containers

BRILF DESCRIPTION OF THE SLVERAL
DRAWINGS

The novel features which are considered to be character-
istic of the invention are set forth with particularity in the
appended claims. The invention itsell, however, in respeet of
its strueture, construction and lay-out, as well as manufac-
turing techniques, together with olher objects and advan-
tages thereol, will best be understond from the following
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description of preferred embodiments whern read with ref-
erence o the appended drawings, in which:

FIG. 1 depicts a silicon oxygen actwork of a conventianal
glass surface or of a surface of a glass-like material (prior
art);

FIG. Z depicts the silicon oxygen network of FIG. 1 with
a conventicnal surface coating (prior art); and

F1G. 3 depicts the silicon oxygen network. of FIG. 1 with
a surface modified in accordance with the invention.

DESCRIPTION OF FREFERRED
EMBODIMENTS

In use, the propertics of a surface are always defined by
its final exposed coating. A surface made, _¢. modifieC in
accordarce with the invention and a method for produdng
a surface “hus modified will hereafter bz described in
connection with a substrate surface similar to glass or
ceramic. The description is no, however, intended 10
¢xclude “he modification of other t ypes of substrate surfaces.

F1G. 1 depicts a silicon oxygen aetwork of a conventicnal
glass o- glass-like carrier material withoul coating.
Typically, molecular groups similar 1o the OH groups shewn
are formred at the surface of suck a carr:er material. By a
chemical reaction, for instance by condznsation, t(hese
molecular groups may be made to react with aqueous and/or
waler basec coatings on the surface. They also react strongly
with vegeteble and/or animal fate. In use tais leads to the
formaticn cn the surface of strongly bonded residues wkich
can only be removed with difficu ties.

FIG. 2 depicts a network which exhibits structures result-
ing from epplying to the carrier materia. an inherenatly
permanent organic coating. Though an improved non-stick
cffect is obtained by low reactive molecular groups (CIl5)

formed at the outer molecular layers, el the inheremtly ~

permanent -elatively thick organic coating is prone to suffer
from mechanical action.

FIG. 3, by contrasl, depicts a network prcduced in accor-
dance witk the invention in which even the uppermost
molecular layer is formed by substantially non-reacive
moleculzs of the CH, group immediately acjacent to which
there is pesitioned the molecular structure of the camier
malerial

Hence, tae terminal or final molecular groups shown in
FIG. 1 as OH groups are substitLted by sunstantially non-
reactive molecular groups of the applied substance, The
methyl groups depicted here have aydroptobic and oleopho-
bic properties. The OH groups of the prior art may, however,
also be substituted by phenyl groaps. It is essential that the
organic nodification of the surfaces, i.¢. the ncorporation of
carbon (C atoms) is restricted to the uppermost layer of the
surface, bu! in any event to the upper several layers. In this
manner, the thermal and mechanical cheracteristics of the
inorganic material will be substartially maintained. In con-
nection with the modified surfaces it was experimentally
proved thal, for instance, methyl zroups are retained in the
Si0 nets even at very high temperatures (>500° C.).

The -eactive bonding molecular groups forming the
uppermost molecular layer of the mitial substrate surface are
subslilued by atoms, molecules ar molecular groups which
are hydropaobic, oleophobic or both hydrephobic and ole-
ophobic. The surface of the modified system consists of enly
one, but in no case more than very few pet layers in which
substantially non-reactive molecular groups are bound.
Hence, an organically modified inorganic system is pro-
duced only in the uppermost layer of the surface. Any excess
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organ:c substance 5 sudstantially dissolvd during the hear
treatirer t of the coating process, without forming a perma-
nent layer of its own. The surface produczd by this Jrocess
may be mechanically cleaned with impunity by the same
means as a glass cr ceramic surfzce. It is stable at tempera-
tures 1p to about S00° C. and possesses non-stick zharac-
teristics.

The o-ganic substance may be applied in various ways. Ir
a macner known per se the surface of tte carrier material
which exhibits a local network structurz is brought intc
contact at a low temperature wita at leas: one sliccne-like
component or the'mal decomposition products thereof, in
liquid form or in a gaseous phase. This leads to cross-linking
withir the liquid with the reactive bonding molecular groups
of the carrier mater-al. Thereafter, for a time dependeat upor
the thickness of the layer, the changed surface (inclucing the
carrier) s tempered at a tempera-ure above the deccmposi-
tion temperature ¢ the silicone-like network. The organic
layer of -he cross-linkec silicone-.ike liquid whic1 may have
become too thick during the coating proczss will evaporalte
and will thus decompose pyrolytically. Only the one
required molecular layzr of this substance with non-stick
prope-ties remains, which connezt to the silicose oxide or
other metal oxide met or Lo the exterior, e.g., OH groups. The
preferred tempering lemperature is a tempera.ure in the
range between 300° C. and 700° C. The silicone-like liquic
contains polydimethylsiloxanes or polydimethylsi.oxanes
with special ends. suca as phenyl, vinyl, hybrid, silanol,
amine, zpoxy, or carbinol ends. The silicone lLiquids are
substentially non-reactrve or they are mcdified by reactive
groups. The silicone-Eke liquid may contain additiona!
componznls such ¢s, for instance, silicone resins ind organic
solvents and thinners, wates, emulsifiers. cleaning
compounds, cross-link ng accelerators, cocapstlation sys-
tems and the like.

Another way ¢ modifying the surfece of the carries
malerial is preferasly carried out by hecting (ke substrate
surface, as well as the oven into which the surfaze has been
placed for modifization, to about the same clevated tem-
perature. Followiny this, a liquid or sclid silkonz-based
substance is evaparated, preferably in a separate chamber,
and the substance converted into a gascous state is drought
into contact with the su-face of the substrete. To this nd, the
temperature of the substrate surface is 1o be chosen to be
higher t1an the evzporation temperature of the silicone-like
substance. Al the same :ime, the lemperatere of tae substrate
surface should be higher than the decompositicn tempera-
ture of the silicone-like substancz. Since the temperature of
the sourze (evaporztor) is lower 1aan that of the surface to be
modified (sink) the fermation of “thicker” lavers on the
surface 10 be mod-ded s prevented. ln the event, but for the
concent-ation gracient >¢tween source and sink 10 accumu-
lation would occur. Raising the temperature of the surface to
a temperature abcve the decomposition ‘emperature of the
organic substance will additiomally result in preventing
orgamic layers [rom accumulating, Only the desired organic
modification of the iiorganic surface will remain. The
temperature of the 2vaporator lies between 150° Z. and 6007
C., whereas the temperature of 1ae surface is bawezn 300°
C. and 700° C.

The carrier matzsrial provided with the surface coaling in
accordaace with the icvention is particularly useful either
where frequent cleaning is unavoidable or where improved
corrosicn prolecticn is necessary against thermal corrosion
or chemical attacss (laundry lye, salt water). A modified
surface s of specizl advantage in household appliances, for
instance cooking surfaces of glass ceramics, baking,
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roasting, broiling and/or microwave ovens, including parts
thereof, baking, roasting and cooking vessels with
cnameled, chromium-plated or stainless steel surfaces,
washing machine drums, or dish washing sinks of slainless
steel. In addition, many advantages such as, for instance,
repelling chemicals (e.g. starch from laundry) are derived
from & modificd surface in clothes mangles having alumi-
num parts, aluminum oxwde with or without anodized hard-
ened surfaces andsor laundry iron surfaces. Scarcely any
lime or calcium sediments are formed on tubular heaters the
carrier material surfaces of which have been modified, for
instance, in water boilers, washing machines and dish wash-
ers. Such a modification may also be applicd, however, to
glass and glass-like carrier materials, such as, for instance,
bottles for beverages, laboratory glasses, glass, glass
ceramic and ceramic surfaces, systems of a similar chemical
structure, such as glass shop counters, glass door panels in
general, shop windows, large surface three-dimensional
glass structures of vapor vent hoods, (kilchen) cupboard
windows or on plain metal and coated metal surfaces, such
as, for instance, any kind aof stainless steel or aluminum
surfaces. In many individual cases a surface of a carrier
material of the kind described supra is structured more
smoothly which resulls in reduced shding fnction and often,
because of it, lower noisc.

At least the interior surface of the coated carrier material
of cooking, roasting, haking or frying vessels of enameled
steel, glass, glass ceramie, ccramie, poreelain and the like
(c.g. pots or cake [orms) which comes into conlact with the
food to be prepared should be treated by one of the processes
deseribed above. OFf course, it would be best if their other
surface would be additionally treated in accordance with the
process. Also, in door glass panes with IR reflecting prop-
crties of known tin dioxide coatings, the tin dioxide reflectar
muy he provided with an organically modified surface
coating made be the same process as silicone dioxide and
other glass or glass ceramic-like metal oxide surfaces.

Surfaces suitable for modification may be applied 1o
glass, plass ceramic, ceramic surfaces and systems of a
similar chemical structure on electric household appliances
such as, for instance, glass service panels, door panes in
gencral, display windows, large surface 3D glass structurcs
on venting hoods, doors of (kitchen) cupboards and so forth.
Components of a warming chamber made of glass, glass
ceramic, ceramic or related materials, such as baking sheets,
drip pans, removable side and surface panels, lamp covers,
mlerior daar panes af a stove, such as a haking aven or a
microwave apparatus, At least one side, preferably all sides,
however, of their surface are organically modified for the
above described non-stick properties. In cooking, roasling,
baking and frying vesscls of plass, glass ceramic, ceramic,
poreelain and the like (c.g. pot or cake forms) at least the
inner surfuce which comes into contact with the food 1o he
processed should be modified as described above, It is best,
however, 10 modify their exierior surfaces as well. IR
reflectors based upon known tin dioxide coatings ol door
pancs may be organically modified as well by the same
process as silicone dioxide and other glass, and ceramic-like
metal oxide surfaces

The cnamel as deseribed above may alsa be modified in
a pyrolysis oven provided with an oven chamber and com-
poncats coaled with pyrolysis ename] at a pyrolytic cleaning
cyele at conventional temperatures between 400° C. and
600° C. The modified non-stick layer is also resistant ugainst
the usual pyralylic temperatures of 480° C. The interior door
pane should be medificd 10 be stick resistant. Preferably the
pyrolysis oven is provided with a glass doar including a

[r3

a
e

0

40

a5

60

[

6

glass ceramic interior pane without a structural frame and,
preferably, the glass ceramic interior pane should also be
modified. Its temperature resistance makes it possible after
cach cleaning cycle 10 regenerate its modilied surface lol-
lowed by an exposure 10 a high temperature. But even in an
aven with chrome-plated aceessories or stainless steel parts
1n or at the roasting chamber, such as broiling grids, broiling
skewers, support grids for buking sheets, elescoping arms,
vapor vanes and/or air exhaust vanes (outside of the aven

, chamber !) and the like, the surfaces of those parts should be

madified 1n the manner deseribed supra,

If, in usc, another layer adheres 1o the non-stick coating
the former layer defines the surface characteristics of the
eotire system. Hence, it is apparent that the sedimentation of
undesired layers is to he prevented. Some cleaning agents,
for instance stainless steel cleaners, are combinations of
cleaning agents and protective agents specifically develaped
to form such protective lavers on the surfaces to be treated
by them. Such protective films on non-stick surfaces are
contraindicalive, for cither their non-stick property is such
that the protective films cannot adhere, or a simple method
has 10 be developed for removing such foreign protective
film in order to reestablish the non-stick properties, T is for
this reason thal the surface should have non-stick as well as
seralch and scouring resistanl properties. A conventional
cnamel coated surface may be the basis of such a treated
surface. The modified surface is regencrated by exposing the
non-stick surface previously cleaned, serviced and/or pro-
teeted for a short tme 10 a lemperature above the decom-
position temperature of the protective film. This eliminates
the undesired protective film of the treatment agent by
evaporition or pyralytic decomposition. Sinee ils non-stick
properties sufler no damage as a result of such heat
treatment, the surface will he fully reuscable after cach
cleaning, servicing and/or protective treatment. The organi-
cally madified layer with non-stick properties below an
undesired organic cover layer may he regencrated by heal
Ireatment.

Baking ovens equipped in their baking chambers with
surfuces or components modified in the above described
manner are suitahle for regeneration of the modified sur-
faces. They should be cquipped with a user actuated switch-
ing element for cyeling the oven through a regeneration. In
this manner, a user, after first carefully cleaning the oven and
its accessories with litle effort in the usual manner, may then
cause the modified surface to regencrate itself. To this end,
the accessories are placed in an emply state into the nven
chamber. Under its function or setting *Regeneration of the
non-stick properly” the oven executes regeneration cyele
along & time/temperature curve, and any organic protective
films formed by cleaning agents are remaved from the
modified surface. The surface is cleancd from any organic
ayer present and the modificd non-stick surface will again
be exposed, By input means, the user may alter duration and
temperature of the regencration process within predeter-
mined limits (rom a minimum 1o a maximum eflect).
Preferably, the treatment temperature is between 200° C, and
400° C. and the holding time is from 15 1o 30 min.

Since a slainless steel surface is not particularly scratch
resistant, it may be desireable 1o provide it with a surface
coating without changing the expensive look of the stainless
steel. Since at higher temperatures stainless steel quickly
and irreversibly takes on heat-tinting colors, a way has to be
found of modifying the surface coating without discoloring
the stainless steel. Such a way consists of dircetly applying,
at low temperatures (e.g. <100° C.), a very thin coating of
fransparent glass or ceramic (e.g. water glass) 1o the stainless

-/
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steel su-face in order to prevent a chaoge in color of the
stain ess sleel. Thereafler the sarface is treated by (ae above
described process.

What is claimed is:

1. A method of forming a remperature and scratch resis-
lant coating on a surface of an inorganic camier material
comorising at least one organo-functicnal molezula® group,
comorising the steps of:

applring 1o the surface a czatng of aa organic substance

comprising silicone-like networks;

heat-treating the carrier mzte-ial w.th the coating of the

orzanic substance therec at a teperatur: in excess of
thz permissible operating iempercture of the organic
substance and for a cuarztion selected to ensure a
reaction for cross-lic<img th: orgaro-fuactional
molecular groups with t-e silicone-like networks of the
substance, and

evaporaling excess organic sabslares.

2 The method of claim 1, wherzia the surface of the
carrier material comprises s.aialess stzel and whzrein the
application of the coating is preceded by applying a layer of
one of glass and ceramic to the surface.

5. The method of claim 1, whereln the organic subslance
is applied to the surface :n a chamoer maintamed at a
temperature not falling belcw he epe-ating temperature of
the organic substance.

4. The method of claim 1, further including tae steps of
converting the organic substance (o 1's gaseous phase and
precipitating it on the carrizr surface within a hezled treal-
ment chamber.

=
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5. The metzod of claim 4, further inc.uding the stzp of
mising the temgerature of the organic substance o abovz its
dezomposition temoerature and of thereafier applying thz
erganic substacce in a gaseots phase to the surface.

6. The melzod of claim 4, further inchuding the sleps of
‘a-sing the terpera-ure of the organic substance to below its
Jecomposttion temperature and of thereafier applyirg the
Jrzanic substzace -n a gaseous phase to the surface.

7 The mezx0d of claum 4, further including the s¢p of
conveying the organic substaace to th treaiment chamkber at
atemperazure 10t ower thar the temrperature of the cerrier
malzrial.

8 Tte merwd of claim 1, whereir the organic subsrance
when coased oo taz carrier material surfice is at a tempera-
tLre below its deccmposition temperéeture and that fellowing
coating the carriz- material and the organic substeree are
sibjected to a heat trea-mert.

4 The mehod of claim 1, wherein the heat treaimznt is
performed at 2 te zperature between aboat 300° C. aad about
700° C.

10. The me hod of claim 2, wherern the organo-functional
groups of tte surface of the carrier ma‘erial comprises cne
of methyl grcups and phenyl groups.

11. The m=thcc of elaim 1, wherein the organic sudstance
has one of kydrophobiz and oleophobiz properties.
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(54)  Ceramic heat insulating layer and process for forming same

(57) A ceramic heat insulating layer formed on an
iron-based base material with or without a bonding layer
interposed therebetween, comprising: aggregate parti-
cles of a nepheline mineral; and a binder composed of
silica particles and of a metalloxane polymer, the binder
filing spaces between the aggregate particles and
chemically bonding the aggregate particles to each
other and to the base material or to the bonding layer.
The ceramic heat insulating layer may alternatively
comprise: aggregate particles of a nepheline mineral: a
binder composed of silica particles and a metalloxane
polymer, the binder intervening between the aggregate
particles to leave voids and chemically bonding the
aggregate particles to each other and to the base mate-
rial or to the bonding layer; and a sealing layer sealing
the voids in a surface region of the ceramic heat insulat-
ing layer. A process of forming the ceramic heat insulat-
ing layer comprises the steps of: mixing aggregate
particles of a nepheline mineral, a binder of an alcoxide
and an organosilicasol, and a dispersing medium to
form a slurry; applying the slurry either on the surface of
an iron-based base material, or on any bonding layer
formed on the surface; and firing the iron-based base
material having the applied slurry; wherein the mixing is
either carried out in a sufficiently acidic or sufficiently
alkaline solution such that the surface potential of parti-
cles dispersed in the slurry does not pass an isoelectric
point due to an increase in a pH value of the slurry
because of alkaline metal ions dissolved from the
aggregate particles of the nepheline mineral, or the mix-
ing is carried out after coating the aggregate particies of
the nepheline mineral with a coating layer which pre-

vents dissolution of alkaline metal ions from the aggre-
gate particles of the nephelina mineral.

Fig.5

O S510; particle (originated from organosilicasol)

£ herical siloxane polymer
?Erlgimtad from 'rmgfl
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Description

BACKGROUND OF TH= INVENTION
1. Field of the Inrvention

The present invention relates to a ceramic heat irsulating layer formed on aniron-based base materil with or with-
out an interposed bonding layer therebetween, and to a process “or fc ming the neat insulating laye-.

2. Description o the Related Art

Itis known in the art that a ceramic layer having good hezt resistance and heat insulation eficiency can be farmed
on aniron-based structural member in which the heat resistance and the heet insulation are necessary, such as the cyl-
inder, piston, cy inder head, and other members of I e exhaust syster of d esel engines, gasol ne 2ngines, and other
internal combustion enginzs.

Japanese Unexamined Patent Publication (Koxai) No 61-26781 proposed forming a ceramic layer mainly com-
posed of oxides of Fe, Al and Cr on a base material made of a irzn-besed metal or alloy sucn as cast ircn forming part
of an internal ccmbusticn 2ngine, which part is exposed to high temperatures. The ceramic ‘ayer praferably comprises
Fes0s, Fe;03-Cr, or other iron oxide-based ceramic having a linsar thermel expansion coefficiant close to that of the
iron-based base material.

The proposad iron oxde-based ceramic layer, however, has = drawbacx in that, at sarvice ‘emperaturas of £00°C
or higher, a reduction reaction of Fe,C; and a sintering sh-in<ag= occur to cause cracking of the ceramic 'ayer end/or
exfoliation of the ceramic lyer from th2 base materiel or fron th= sonding layer formed on the base mazer al.

To eliminate this drawoack, it is necessary to form 3 heat insuating layer which is stable at -emperaturas >f €00°C
or higher, has a thermal expansion coefficient comparable with or grea-er then that of the ror-based base material, and
has a thermal conduction coefficient comparable wth cr less than that of tha iron oxide-based ceramic.

Nepheline minerals (typically, NaAISiO,) have been considered to have an ptimal property to form an aggragate
of the above-mentioned h2at insulating layer.

Nepheline minerals, Fowever, cannot be practicelly usad because, when praparing a slurry from a nepheine min-
eral powder, alkaline matal ions (typically, Na*) of th2 nepheline minesal cause -apid prcgress of both gglutinaton of
the powder partcles and reaction of a binder, and therefore, conrollec preparation of slu-ry cannot actually be realized
on commercial scale.

Even on laboratory scale, there is still a probler that, at sersce kemperatures of 1000°C ar higher, the repheline
mineral aggregate sinters and the ceramic layer than shrinks to zause cracking and exfoliation of the caremic layer to
oceur.

SUMMARY OF THE INVENTION

The object of the prasent inventon is to solve the above-merrioned conventional problems and to provide a
ceramic heat insulating layer containing a nepheline mineral as an aggregate, having a thermel expansion coeficient
comparable with that of the iron-based base materia, nav ng an impraved strength of bending to the iron-basec base
material or to a bonding Byer interposed between the ceramic yer and the base material, and Faving an imgroved
heat resistance and stren3th, and also to provide a precess for forming the ceramic heat insulasing layer.

To achieve the object according to one aspect of the presemt nvention, thers is provded a ceramic heat instlating
layer formed on an iron-based base mraterial with or #thout a barding layer interposed terebetwezn, compr sing:

aggregate particles of a nepheline mineral, and

abinder composed of silica particles and of a meta loxane palvme-, the binder filling spaces oetween the aggeegate
particles and cherrically bonding the aggregat= particles to =ach other and to the base material or to the bending
layer.

The ceramc heat insulating layer contains an ajcregate of £ nepheline mineral having a heal res stancs at tem-
peratures of 1000°C or hgher and a high thermal expansion coefficent comparable wth that of an iron-basec base
material, to ensure an improved heat resistance anc to pravent ¢-ackng and exfoliation due to a difference in thermal
expansion coefficient relasive to the iran-based basa material; comains a binder composed of sil ca particles and a met-
alloxane polymar, whicn binder fills spaces betweer the aggregste particles, to ensure a good heat resistance while
providing a bufser agains! a sintering shrinkage of the aggrega-2. thareby preventing cracking and exfoliation &t high
temperatures o~ 1000°C or higher, the binder also ciemically bending the aggregate particlas to each cther and 1o the
base material or to the imerposed bonding layer, tc ensure an improvad strangt.
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According to another aspect of the present invention, the ceramic heat insulating layer may contain a binder which
intervenes between the aggregate particles leaving unfilled pores or voids between the aggregate particles, except for
the surface region of the ceramic layer in which the voids are sealed with a sealing layer. In this structure, the voids left
between the aggregate particles preserve air in the ceramic layer while the voids are isolated by the sealing layer from
the environment to provide an improved heat insulation.

For either of the above-mentioned aspects of the present invention, there is also provided a process of forming a
ceramic heat insulating layer on an iron-based base material, comprising the steps of:

mixing aggregate particles of a nepheline mineral, a binder of an alcoxide and an organosilicasol, and a dispersing
medium to form a slurry,
applying the slurry either on the surface of an iron-based base material, or on a bonding layer formed on the sur-
face, and
firing the iron-based base material having the applied slurry,

wherein the mixing is either carried out in a sufficiently acidic or sufficiently alkaline solution such that the
surface potential of particles dispersed in the slurry does not pass an isoelectric point due 1o an increase in pH
value of the slurry because of alkaline metal ions dissolved from the aggregate particles of the nepheline mineral,
or the mixing is carried out after coating the particles of the nepheline mineral with a coating layer which prevents
dissolution of alkaline metal ions from the aggregate particles of the nepheline mineral.

The process of forming a ceramic heat insulating layer of the present invention utilizes a sol-gel process, including
applying a slurry in a sol state on the surface of a base material, causing the applied layer of the slurry to gel, and firing
the thus-formed gel layer to form a ceramic layer.

In the conventional art, during this process, alkaline metal ions {typically, Na*) from a nepheline mineral cause
agglutination of particles in the slurry to occur in a very short time and gelation proceeds rapidly, so that controlled prep-
aration of a slurry cannot actually be carried out and a ceramic heat insulating layer utilizing a nepheline mineral was
not practically realized.

The basic concept of the present invention is that the agglutination of particles in a slurry, or the gelation of the
slurry, proceeds rapidly because alkaline metal ions from a nepheline mineral increases the pH value of the slurry, dur-
ing which the surface potential of particles in the slurry passes an isoelectric point to cause agglutination of particles.

In one aspect, the process of the present invention uses a slurry which is either sufficiently acidic to overcome or
cancel the increase in pH value due to the alkaline metal ions from the nepheline mineral, or is sufficiently alkaline to
provide an initial pH value on an alkaline side, to prevent the surface potential of particles in the slurry from passing the
isoelectric point,

In another aspect of the process of the present invention, particles of the nepheline mineral are coated, prior to the
preparation of slurry, to prevent dissolution of the alkaline metal icns from the particles.

According to any of these aspects, the gelation during preparation of a slurry can be substantially delayed so that
controlled preparation of a slurry on commercial scale can be practically achieved to provide a ceramic heat insulating
layer utilizing a nepheline mineral as an aggregate and having an improved heat resistance and strength.

Inthe ceramic heat insulating layer of the present invention, particles of a nepheline mineral form an aggregate and
spaces between the aggregate particles are filled with a binder composed of silica particles and a metalloxane polymer
which alse chemically bonds the aggregate particles to each other and to a base material, or to any bonding layer
formed on the base material.

The term "metalloxane” is herein used as a generic name of the chemical compounds having M-O bonds and con-
sisting of a metal M, oxygen O, and hydrogen. The metal M is not necessarily limited but may be any metal which coop-
erates with the silica particles to chemically bond the aggregate particles of a nepheline mineral to each other and to
the base metal, or to any bonding layer formed on the base metal to provide good stability at high temperatures of
900°C or higher, preferably 1000°C or higher. From the viewpoint of easy handling, those chemical compounds in which
polycondensation does not proceed rapidly but proceeds slowly are preferred.

Siloxane is one of the most preferred embodiments of metalloxane, which contains Si as the metal M and has Si-
O bonds, i.e., siloxane bonds. Siloxane may preferably be produced from tetraethoxysilane (TEOS), in which poly-
condensation is easy fo control.

Polycondensation of tetraethoxysilane can be easily controlled to selectively produce either linear or spherical
siloxane polymers. A linear siloxane polymer provides a stiff ceramic heat insulating layer. In contrast, a spherical
siloxane polymer has a relatively lower stifiness and is suitably used to provide a buffer against sintering shrinkage
where it is significant.

A ceramic heat insulating layer having the aggregate particles of a nepheline mineral according to the present
invention may not be directly formed on a base material but may be formed on a bonding layer formed on the base
material in order to provide a further strengthened bond 10 the base material. The bending layer is typically composed
of a Fe-Nialloy and a Cr oxide. In this case, the ceramic heat insulating layer also preferably contains a Cr oxide. To this
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end, a C powder is added in the slunty for forming the ceramic heat insulating layer.

A strengthened bond to the base material zan ako be achieved without forming a bond ng layer by an alternativa
method including initially applying a slurry direzdy on a base material, drying the applied layer, then fring in &n inert
atmosphere to cause formation of a cense oxide lay=r chemically bonded to -he base material while a ceramic heat
insulating layer of the present invertian is formed on the dense oxide leyer. This provides an improvec bond sirength
between "he base material and the ceramic heat nsulating layer becaus2 the dznse oxide film protects the base mate-
rial from cxidation to prevent exfoliation of the cerzmic layer due to oxidaton of the base mzterial and because the bonc
between the ceramic layer and the bas2 materia & substantially effected by chemical bonding through the dense oxide
film.

In the above-mentioned embodiment, in whizh a bonding layer containing a Cr oxide is not formed on the bese
Taterial, € ceramic heat insulating laye* need not on-ain Cr oxides. Because C- oxides have a heat conduction coeffi-
cient of atout 150 times that of nepheline minerals, the absence of Cr oxides advantageous'y provides an improved
heat insulgtion of the ceramic heat insulating layer Mor2over, because Cr oxides exhbit green color whereas nepheline
minerals a-e white, the absence of C- cxides also advantagecusly reducas radiant heat absorption to further improve
t7e heat insulation.

Inthe preparation of a slurry for farming a ceramic heat insulating laye- according to the present inventon, the -apid
gelation of the slurry caused by alkaline metal io~s dissolved from a nepheline mineral is prevented either by (1) the
mixing of a binder and an aggregate is performec in (g an acidic solution or (b) an alkaline solution, or Ly (2) coatirg
particles of 2 nepheline mineral with a sutab'e coat 1g layer to prevent dissolution of alkaline meral ians from the neohe-
lme mine-al particles.

Incase (1)-(a), the aggregate particles of a nephelin2 mineral are agitated in £n acid solution to form a suspension,
prior to being mixed with a binder, to pravent the surace potential of the aggregate oariicles from reaching en isoeleztriz
paint in the process of the increase in pH of -he slu~y because of alkaline metal ions.

The acid solution is advantageously composed of a carboxylic acid and an alcohol containing a small amount of an
inerganic acd to form an alkaline metal szlt o° alkal me metal ions from a nepheline mingral and an ester, which salt acts
as a surfactant to improve the dispersivity and stabi iy of a slurry while preventing ratertion of inorganic salts other tnar
the binder scurces to provide an improved strength af a ceramic heat insulating laver.

From -his point of view, it is preferrad thet the zarbezylic acid may be composed of an anhydrcus carboxylic &cid
which does not cause formation of inorcanic acids, = mey further contain at least cne selected from the group consist-
ing of polyamine, polyphosphine, and polyether, to f < alkaline metal ions from a n2phzline mineral as a chelate ccm-
plex, thereby substantially improving the dispersivity and stability of a slurry.

In case (1)-(b), the pH value of a dispersad liqud composed of the binder and the dispe-sing medium is suitadly
ad usted to 8 or greater, prior to the mixing step. This holZ's the pH value of -he dispersed liqud cn the alka'ine side to
prevent the surface potential of the dispersec partizies from passing an isoelectric pcint even when the pH value is
inc=2ased ty alkaline metal ions dissolved from the nephedine mineral.

In case (2), the particles of a nepheline mneral &re suitably coated with an inosganic coating by an alcexide, prior
to t-e mixing step according to the present invention The inorganic coating cn the repheline mineral particles is suita-
bly formed by using a solution containing a metal alccxide, particularly a non-aqueoJs solution contamning an unhydro-
lyzed metal alcoxide, preferably a stock sol.tion of a meta alcoxide, so that polycondensation preferzntially proceeds
more on the surface of the nepheline mineral particles than between the molecules of the metal alzoxde.

n this cass, it is advantageous that hydroxyl groups ar= preliminerily added on the surface cf the nephelire mineral
partizles by exposure to water vapor or bciling in pure water, efc., to form, or ircrease the number of, banding hands o1
the ~ephelinz mineral particles for coupling with the metal alcoxide and the metalloxane polymer, thereby forming a
densz coating. Preferably, hydrochloric acid is Lsed as a n.cleophilic reaction catalyst to facilitate gratt polymerization
of thz metal elcoxide molecules on the suriace o” the neshe ne minergl particles to form a dense soating of an inorganic
oxide:

BRIE= DESCRIPTION OF THE DRAWINGS

Figure 1 s a flow chart showing a slusry preparafion s:2p of the present nventive process for forming a ceramic
heat insulat:ng layer having particles of a nepheline mireral as a main agg-egate and a linear sioxane polymer as
a main bindar;

Fi3. 2 is a schematic illustration of the cress-sectional stucture of a nephelne mineral-based cerarric heat insulat-
ing layer formed from a slurry preparec by the step shown in Fig. 1

Fig. 3 is a graph showing the gelation time cf a slu~y prepared by mixing and the bond strengih of ceramic heat
inzulating 'ayer formed by firing, in relasion to the ac- treatments of the aggregate particles mainly composed of a
neoheline mineral before mixing of the particlas witna binder mainty compesed of tetraethoxysilane (TEQS) in the
slurry preparation step shown in Fig. 1;

Fig. 4 is a flow chart showing a slurry preparation s:ep of the present invent ve procese for forming & ceramic heat
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insulating layer having particles of a nepheline mineral as a main aggregate and a spherical siloxane polymer as a
main binder;

Fig. 5 is a schematic illustration of the cross-sectional structure of a nepheline mineral-based ceramic heat insulat-
ing layer formed from a slury prepared by the step shown in Fig. 4;

Fig. 6 is a graph showing the relationship between the gelation time of slurry prepared by mixing and the adjusted
pH value of a dispersed liquid of a binder mainly composed of tetrasthoxysilane (TEOS) in the slurry preparation
step shown in Fig. 4;

Fig. 7 is a graph showing the relationship between the exposure temperature and the bond strength for two types
of the ceramic heat insulating layers formed by using spherical and linear siloxane polymers as a binder, respec-
tively, according to the present invention;

Fig. 8 is a flow chart of a slurry preparation step of the present inventive process, in which nepheline mineral parti-
cles are coated with a linear siloxane polymer and then mixed with a binder component;

Fig. 9 schematically illustrates a processing sequence of the slurry preparation step shown in Fig. 8, in which
hydroxylic groups are added on the surface of nepheline mineral particles and & linear siloxane polymer coating is
then formed;

Fig. 10 is a schematic illustration of the cross-sectional structure of a nepheline mineral-oased ceramic heat insu-
lating layer formed from a slurry prepared by the step shown in Fig, 8:

Fig. 11 is a tlow chart of a slurry preparation step in which the nepheline mineral particles coated with a linear
siloxane polymer in the slurry preparation step shown in Fig. 8 are mixed with a conventional aluminum phosphata
binder to form a slurry, to demonstrate the advantageous effect of coating the nepheline mineral particles;

Fig. 121s a graph showing the gelation time of a slurry prepared by the step shown in Fig. 11 and the bond strength
of a nepheline mineral-based ceramic heat insulating layer formed from the slurry, comparing two cases in which
nepheline mineral particles are coated and non-coated, respectively;

Fig. 13 is a graph showing the gelation time of slurry and the bond strength of a ceramic heat insulating layer, in
relation to the conditions for coating the nepheline mineral particles;

Fig. 14 is a schematic illustration of the cross-sectional structure of a nepheline mineral-based ceramic heat insu-
lating layer not containing Cr oxides, which layer is formed from a slurry prepared by the same step as shown in
Fig. 8 except that no Cr powder is added:

Fig, 15 is a schematic illustration of the cross-sectional structure of a porous nepheline mineral-based ceramic heat
insulating layer not containing Cr oxides and having a sealing layer of Cr oxides in the surface region, which layer
is formed from a slurry prepared by the same step as shown in Fig. 8 except that no Cr powder is added and that
the mixing proportion is varied;

Fig. 16 is a scanning electron micrograph of a fracture surface of the porous nepheline mineral-based ceramic heat
insulating layer schematically illustrated in Fig. 15;

Fig. 17 is a graph showing the relationship between the metal alcoxide concentration G1 of slurry and the bond
strength of porous nepheline mineral-based ceramic heat insulating layer;

Fig. 18 is a graph showing the bond strength and the heat insulation of a porous nepheline mineral-based ceramic
heat insulating layer in relation to the powder concentration (nepheline mineral powder concentration) G2 of slurry;
and

Fig. 19 is a graph showing the relationship between the heat insulation of a porous nepheline mineral-based
ceramic heat insulating layer and the solid concentration of binder C3.

In the drawings, the abbreviations have the following meanings:

TEOS = tetraethoxysilane,
Et-OH = ethanol,

ME = 2-methoxyethanol,

AA = anhydrous acetic acid,
NAS = nepheline mineral, and
NaAlSiO, = nepheline mineral.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Example 1

According to the present invention, a bonding layer was formed on a base material and a ceramic heat insulating

layer having a main binder of a linear siloxane palymer was formed on the bonding layer. A slurry was prepared by using
the blend components summarized in Table 1 and in the process sequence shown in Fig. 1.
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Table 1
Phase Blend component Blend ratio
MR (| wR (2

1 2-methcxy2thanol 1 - 15
tetraethoxrsilane 1
ethanol 1
H,O 2
HCI 0.c1

2 2-methoxyethanc! - 1
oragarosilicasol 15038 ] 1

3 2 4-pentandione 14

4 nephelina mineral particles | - 15 | 35
chromium particles - 0.5
2-mefhoxyetharol - 1.2
anhydrous acetc acic [ - 0.3

Note

*1) M.R.: molezular ratio

*2) W.R.: weigt ratio

*3) the value radwced 1o the amcunt of SiO; Jor SiC; equivalent)

A binder was prepered through the processing phases 1, 2 and 3, in which, in phase 1, tetraethcxysilane (TEOS)
was dispersed in 2-mathoxyethanol (ME) end agitated in the praseace of HyD and HCl for 2 hours to cause hydrolysis
and polycondensation Icondensaticn polymerization) of the te-raethoxysilane (TEOS) to produce a liner sloxane pol-
ymer, which was then, in phase 2, adsorbed on the surtace ci silica particles criginated from an organcsilicasol in the
form of a silancl (agi-ation at room temgerature for 1 hour), ard finally, in phese 3, the hycrolysis and solycondensation
was terminated (agitaton at room temgerature for 0.5 hour).

An aggregate ccrponent was separately prepered in phzse 4 in which a nephel ne mineral powcer (ave-age par-
ticle size of 5 pm) and a Cr powder (average part cl2 size of I umior less) were dispersed in 2-methoxyetharol, which
was then maintained acidic by adding *herein anhydrous acefiz acd (AA).

The binder prea-ed by phases 1 to 3 and the aggregate component prepared by dhase 4 were mixed to form a
slurry.

A bonding layer composed of a Fe-Mi alloy and a Cr axida was formed an the surface of a cast ircn bas2 material
and the slurry was tnen applied on the bonding |ayer, dried, a1d taen fired in air at 850°C for 5 hours to form a ceramic
heat insulating laye- having a thickness of 1 mm.

Figure 2 schemetically illustrates the cross-secticnal structure of the ceramic Feat insulating layer cbserved by 2
scanning electron misroscope and a ransmission electron ~icroscope. The ceramic heat insulating laye- is formed on
the bonding layer formed on the cast ron base meterial (not shown), and has aggregat2 particles composec of nephe-
line mineral particlzs (large blank circles in Fig. 2) and Cr cxide perticles (cross-hatched circles) and a binder composed
of silica particles +small blank circles) and a lirear siioxanz polymer (hatcned portons between garficles), the bind2r
filling spaces betwaen the aggregate particles and chemically bending the aggregate articles to eash othe and to the
bonding layer.

For comparisan, the same bonding layer was formed 07 the same base material as the above, and on the bonding
layer, a conventionel iron-oxide-base ceramic heat insulating layer having Fe,0; particles as an egarecate and alumi-
num phosphate &s a binder and having the same thickness of 1 mm as the above was formed.

The bond strength and the neat insulation o° these ceamic heat insulating layers were measured by e following
methods, which were also used in the dther examples which w | be Cescribed later.

To evaluate t1e bond strength, 2 dice is cut from a sample having a ceramic heat insulating layer aloag the cross
section in the direction of the thickress of the ceramic laver (tre direction of the depth in the base macerial), the base
material portion af the slice is hald by a jig from bott: sides to orly expose the ceramic layer porticn of the lice from the
jig, and a pressirg force is appied to the expasad ceramiz layer portion Dy another j g in the direction of the thickness
of the slice (the dirction along an inte-face between the base material axd the heat insulating laye") until shear fraciure
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occurs at the interface between the base material and the heat insulating layer, at which fracture a shear stress f is
measured as the bond strength,

To evaluate the heat insulation, a heat insulating layer is formed on the inner wall of a hollow cylindrical base mate-
rial, the atmosphere within the cylinder is held at 850°C to simulate a heat flux in an exhaust manifold of an automobile
engine, a pair of thermocouples are inserted in the cylinder from the circumferential surface in the direction toward the
center thereof to measure a temperature at the interface between the base material and the heat insulating layer and a
temperature at the free surface of the heat insulating layer, and the temperature difference At between the two temper-
atures is used for the evaluation.

The measured results for the above two samples are summarized in Tabla 2.

Table 2
Heat insulating layer At (°C) | f(MPa)
Present invention 60 60
Fe,03-aluminum phosphate 30 25

At heat insulation,
f: bond strength.

It can be seen from Table 2 that, in comparison with the conventional iron oxide-based ceramic heat insulating
layer, the ceramic heat insulating layer according to the present invention not only has a significantly improved bond
strength (invention: 60 MPa, conventional: 25 MPa) because the aggregate particles are chemically bonded to each
other and to the base material (or to the bonding layer) by siloxane bonding and because the number of the bonding
points is increased by the presence of a linear siloxane polymer, but also has a significantly improved heat insulation
(invention: 80°C, conventional: 30°C) because the aggregate particles are mainly composed of nepheline mineral par-
ticles,

Example 2

In the process of forming a ceramic heat insulating layer in Example 1, nepheline mineral particles were subjected
to different acid treatments prior to mixing with a binder for comparison.

Slurries were prepared with the same blend composition and the same process phases as in Example 1, except
that. in phase 4, anhydrous acetic acid (AA) was (1) not used or was replaced by (2) HCl or (3) glacial acetic acid.

A bonding layer was formed on the base material in the same way as in Example 1, and the above-prepared three
types of slurries were applied on the bonding layer, dried, and then fired under the same conditions as in Example 1 1o
form three types of ceramic heat insulating layers having a thickness of 1 mm.

Fig. 3 compares the gelation time of slurry and the bond strength of ceramic heat insulating layer between these
three slurries and the slurry using anhydrous acetic acid used in Example 1.

It can be seen that the gelation time is significantly increased by acid-treating the nepheline mineral particles
according to the present invention ((2), (3) and (4) in Fig. 3) in comparison with that achieved without acid-treating ((1)
in Fig. 3). i.e.. the gelation time is increased from several minutes of the non-treated case (1) to several hours of the
acid-treated cases (2), (3) and (4), which means a sufficient stability of the slurry for commercial use. The bond strength
of ceramic heat insulating layer is also significantly more improved by acid treatment in (2), (3) and (4) than that
achieved without acid treatment in (1), In particular, (3) and (4), in which organic acid treatment was used, provided the
most improved strength because a reduction in the number of the bonding points due to retained inorganic acid was
suppressed

Example 3

According to the present invention, a bonding layer was formed on a base material and a ceramic heat insulating
layer having a main binder of a spherical siloxane polymer was formed on the bonding layer. A slurry was prepared with
the blend composition shown in Table 3 and in the process sequence shown in Fig. 4.



25

32

50

55

EP 0 £10 301 A1

Table 3
“hase Blend companent Blend rato
MR. -1 W.R. (2
1 2-methoxyethano 1 - 4
tetraethoxysilane 1
NH; 2.01
H0 2
2 oraganosilicaso 1 () .
NH3; depends on pH-adjust
3 nepheline mine-al particles - 4 5
chromium partiz es - 1

Note

*1) M.F .. molecular ratio
*2) W.R.: weight ratic
*3) SiC, equivalent

A binder was prepared by dispersing tesraethoxysilane (TECE) in 2-meshoxyethanol (M=), adding therein NH; fo
adjust the pH of -he dispersed liquid to a va.ue of grester than 7 and less than or 2qual to 8, and undar the presence of
H,0, causing hydrelysis and polycondensaticn to produce 2 sphasical siloxane polymer by egiteting at room tampera-
ture for 1 hour. Crganosiicasol, and then NH; were added in the dispessed liquid to adjust the pt of the liquid to a value
of greater than & and less than 11.

In the above-preparec binder, nepaelire inerel Jerticles (avarage particle size of 5 um) and a Cr powder (perticle
size of 10 um or less) were added as aggragate partcles to forma slurry.

A bonding laysr was farmed on a base material i1 the same way as in Examole 1 and tha above-formed slurry was
applied on the bonding layer, dried, and tren fired under the same cenditions as in Example 1 to form a ceremic heat
insulating layer having a tnickness of 1 mr.

Figure 5 schematically illustrates the ross-sezfional structee o the ceramic heat nsulating layer observed by a
scanning electron micraszope and a tansmission 2lectron microscope. The ceramic heat insulating layer s formed on
the bonding laver formec on the cast iror base marerial with (not shown), anc has aggregate particles composed of
nepheline mineral parficles (large blznk circles in Fg. 5) and Cx oxide particles (cross-hatched crcles) anc a binder
composed of s lica partic:es (small blank circles) and & sphericzl silo=ane polymer (short segmants betwean particles),
the binder filling spaces between the aggregate peric es and chzmically bonding the aggregats particles -0 each other
and to the bording layer.

In the process of oreparing a slurry shown in Fig. 4, the pri of 2 dispersed liquid cf a binder mainly composed of
tetraethoxysilene (TEDS) was adjusted to different values pricr to mixing with the eggregete mainly composed of
nepheline mineral particles. Figure 6 shows the relaionship te-weszn the adjusted p value and the gelation time of
slurry.

As can be s=2en from Fig. 6, the jelasion of slurry occurred i a few minutes when the binder dispersed Iiquid has &
pH value of 7 or less be'ore the mixing. This is because, when mixed with the aggregatz, the pH value of the dispersed
liquid is increased by alkaline metal ions cissolved from the nechelire mineral, and in the process of increasa o tha pH
value, the surface potertial of the dispers2d binder ad aggregete particles pesses an isoslectric poirt to ceus= agglu-
tination of the dispersed particles.

When tha pH vaue of the disparsed liquid is preliminarily ncreased to & or more, the surface potential does nct
pass an isoekectric pairt if the pH is increased, and also. the resulting agglutination of the disoersed particlas does not
occur, 50 tha the gelation of slurry can sutstantially be delayed, i.e., the gelation time can oe increased to several hours
or more.

The gelzticn time, however, reaches a peak at a pH value of 10 and is then decreased as the pH value i further
increased. THis is beceuse, when the p— value exceeds 10, palycandensation of TECS rapidly proceeds to accelerase
the gelation of slurry.

It can be s2en from Fig. 6 that the ok of the birder dispersed fquid is stitably adjus-ed o within tha range of from
8 to 12 before -he liquid is mixed with th2 aggregate particles.

Figure 7 compares the bond strength at hich temperat.mes detwean the ceramic neal insulatng laver having a
spherical silaxane polvmer as a main tinder procuced in Example 3 and the ceramic heat irsulating laver having a lin-
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ear siloxane polymer as a main binder produced in Example 1.

The ceramic heat insulating layer of Example 1 containing a linear siloxane polymer and having a stiff structure
exhibits a high bond strength correspanding to the stiff structure at temperatures up to 1000°C, but at higher tempera-
tures, sintering of the nepheline mineral particles proceeds and the stiff structure only has a poor buffer effect against
the sintering shrinkage causing easy occurrence of cracking and exfoliation to reduce the bond strength.

In contrast, the ceramic heat insulating layer of Example 3 containing a spherical siloxane polymer and having a
less stiff or soft structure exhibits a relatively lower bond strength corresponding to the low stiffness of the structure at
temperatures up to 1000°C, but at higher temperatures, the low stifiness advantageously provides a substantial buffer
effect against the sintering shrinkage of nepheline mineral particles to ensure & high bond strength. As the result, when
a spherical siloxane polymer is used as a binder, the bond strength can be maintained substantially constant at a high
level over the whole testing temperatures ranging from room temperature to 1200°C.

Example 4

According to the present invention, nepheline mineral particles were coated with a linear siloxane pelymer and
mixed with & binder to form a slurry, which was then used to form a ceramic heat insulating layer on a bonding layer
formed on a base material in the same manner as in Example 1.

A slurry was prepared with the blend composition shown in Table 4 and in the process sequence shown in Fig. 8.

Table 4
Phase Blend component Blend ratio
MR (1) wR (2

1 nepheline mineral particles - 100 | 2
H,0 . 800
Cr particles - 25

2 tetraethoxysilane 1 300
ethanol 0.1
HCI 0.01 -

3 ethancl 50 - | 25
tetrasthoxysilane 4
H,O 15.2
HCI 0.01 -
2-methoxyethanol 1.4 -
organosilicasol 43

Note

"1) M.R.: molecular ratio
"2) W.R.: weight ratio
*3) 5i0; equivalent

To prepare an aggregate, in phase 1, nepheline mineral particles having an average particle size of 5 um were
HoO-treated by either exposing to water vapor or boiling in water to add hydroxyl groups to the surface of the particles,
which were then recovered by suction filtration and the recovered powder was dried at 110°C for 2 hours. Next, in phase
2, HCl as a nucteophilic reaction catalyst was added in tetraethoxysilane (TEOS) and the hydroxyl group-added nephe-
line mineral powder prepared in phase 1 was then added therein and the mixture was agitated at 75°C for 5 hours, fol-
lowed by suction filtration to recover a powder, which was then dried at 250°C for 3 hours. This yielded a nepheline
mineral powder with the particles coated with a linear siloxane polymer. Figure 9 schematically illustrates the reaction
process through phases 1 and 2.

Inphase 3, a binder was prepared by adding tetraethoxysilane (TEOS) in a dispersing medium of 2-methoxyetha-
nol (ME), adding H,0 and HCI, agitating the mixture at 75°C for 1 hour, adding the rest of 1-methoxyethanol, fractionally
distilling the mixture at 95°C for 1 hour, adding organosilicasol, and agitating at room temperature.

The nepheline mineral aggregate prepared by phases 1 and 2 and the binder prepared by phase 3 were mixed to

|6
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form & slurry.

A bonding layer was formed on a basa material as in Example 1 and the sluTy was apolied on the bonding laser,
dried, ard then fired under the same ccncitions as in Examp'e 112 form a ceram ¢ heat insulating layer having a thizk-
ness of 1 mm.

Figure 10 schematically illust-ates th2 cross-seztional siructur of the ceramic heat insulating layer observad zy a
scaning electron microscope and a transmission electrom microscepe. The ceramic neat insulating layer is formec on
the cast iron base material with tre bonding layer interpos2d therebetween, and has an aggregate composed of neghe-
line mireral particles (large blank circles in Fig. 10) and C- oxide parficles (cross-hatched) and a binder comgosad of
silica particles (small blank crcles) anc a linear siloxare polymar (natched poriots beween particles), the binder
chemically bonding the particles of th2 aggregate ‘o each other and fo the bonding kayer. The nepheline minesal parti-
cles shown by a large blank ci'cl2 are coated with tne linear siloxanz polymer shown 2y a hatched case surrounding the
large blank circle.

Teble 5 shows the heat i~stlatior. (at) and the band sr=ngth [fi cf the ceramic heat insulating layer of =xampi2 4 in
comparison with those of the conventional iron oxide-besad ceramic heat insuatng layer.

TEble S
Heat insuleting ley=r at(°C) | f(MPa)
Present invention 70 80
Fe,Oz-aluminum phosphate | 30 23
At. heat insulation,
f. oond strengtn. |

The linear siloxane palymer present as a coating on tha nepheline minaral particles, as well as that oresentas a
birder, also provides bording haads between the agg-egate particles and ihe base material (or the bonding layer on
the base material) to provide a further improved heat insulaticn and bond strergth in comparison wit1 those obtained
in Example 1.

Example 5

To demonstrate the advantag=ous effec’ cf the inear sloxane polymer ccating on the nepheline mineral parficles
eccording to the present invention, the followirg ccrparative experiments were conductad.

An aggregate was drepared in the same manne- as in Example 4, i.2., with the blend composit on shown in Table
4 and through phases - and 2 shown in Fig. & to cct the nepheline minaral particles wth a linear siloxane polymer. A
sonventional aluminum phosphat-based bincer wes prepzared with the b erd compositicn shown in Tabke 6 and a s.urry
was prepared by the process sequence shown in Fig. 11.

Tehie
! Blend component Weight r=io ]
Powder rephelin2 mineral particles 4 2
Cr partides 1 ‘
Dispersing medium containing binder | aqueous soluton of auminum phosphate . l
‘solid conc. = 30%)

A bonding layer was formed on a base mazerial in the samz mane- as in Example 1 anc the slurry was applied cn
the bonding layer, dri2d and then fired urder the same conditions as in Zxampole 1 to form a ceramic heat rsufating
layer having a thiceness of 1 mm.

Figure 12 corperes the gelation tim2 of a slurry orepared by mixing the aggregate ard the kinder and fhe bod
strength of a ceramic heat insulating layer formad by applying the slumy, crying and firing, between fhe cases (1) Faving
and (2) not having the coatirg on nephel ne mreral particles respectivesy.

In the non-coat case {2). alkaline metal ions disscived from the repbeline mineral reactad with the phosphor ¢ acid
of the binder to forr an insoluble salt and causes rapid celation or setting of fhe slurry. Mcrecver, the formation of the

10



20

25

30

35

40

45

50

EP 0810 301 A1

insoluble salt only provided a low polymerization degree of aluminum phosphate and the bare nepheline mineral parti-
cles only had a small number of bonding bands and failed to provide a high bond strength as achieved in case (1) in
which the nepheline mineral particles were coated.

Example 6

Comparative experiments were conducted by varying the conditions for coating nepheline mineral particles in
phases 1 and 2 shown in Fig. 8 used in Example 5.

In Comparative Examples 1 and 2, a ceramic heat insulating layer was formed under the same conditions as in
Example 5, except that, at stage (A) in phase 2 shown in Fig. 8, either (1) the same molar amount or (2) double the
molar amount of H,0 was added to the tetraethoxysilane (TEQS).

In Comparative Example 3, a ceramic heat insulating layer was formed under the same conditions as in Example
5. except that hydroxy! groups were not added in phase 1 shown in Fig, 8.

In Comparative Example 4, a ceramic heat insulating layer was formed under the same conditions as in Example
5, except that HCI was not added in the phase 2 shown in Fig. 8.

Figure 13 compares the gelation time of slurry and the bond strength of ceramic heat insulating layer, between
Comparative Examples 1o 4 and Example 5.

In Comparative Examples 1 and 2, the addition of H,0 to TEOS for use in phase 2 promoted formation of the coat-
ing to provide a small increase in the gelation time of slurry relative to Example 5. On the other hand, polymerization
between alkoxide molecules was promoted during the formation of the coating causing bonding between the powder
particles to increase the aggregate particle size and the packing density of the aggregate particles was thus reduced to
lessen the number of the sites for bonding betweaen particles, with the result that the ceramic heat insulating layer had
a significantly reduced bond strength. This tendency is particularly remarkable in Comparative Example 2 in which a
relatively greater amount of H,O was added in TEQS,

In Comparative Example 3, because hydroxyl groups were not added to the surface of nepheline mineral particles,
a linear siloxane polymer coating formed on the particles was not dense and failed to prevent dissolution of alkaline
metal ions, with the result that the gelation of the slurry occurred in a short time Thus, the slurry was not suitably pre-
pared and the ceramic heat insulating layer had a low bond strength,

In Comparative Example 4, because HCI was not present as a nucleophilic reaction catalyst, polycondensation did
not preferentially occur on the surface of nepheline mineral particles and a linear siloxane polymer coating formed on
the particles was not dense and failed to prevent dissolution of alkaline metal ions, with the result that the gelation of
slurry occurred in a short ime. Thus, the slurry was not suitably prepared and the ceramic heat insulating layer had a
low bond strength.

In the preceding Examples 1 to 6, a ceramic heat insulating layer was formed on a bonding layer on a base mate-
rial, the bonding layer being composed of a Fa-Ni alloy and Cr oxides,

In the following Examples 7 and 8, a ceramic heat insulating layer will be formed directly on a base material having
no bonding layer thereon.

Example 7

According to the present invention, a ceramic heat insulating layer was formed directly on a base material having
no bonding layer thereon, by applying a slurry directly on the base material, drying, and then firing in an inert atmos-
phere,

As in Example 4, a linear siloxane polymer coating was formed on the surface of nepheline mineral particles, which
was then mixed with a binder to form a slurry.

The slurry had the blend composition shown in Table 7, which is the same as that shown in Table 4 used in Example

4, except that no Cr powder was added. The slurry was prepared in the same process sequence as shown in Fig. 8
used in Example 4.
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Table 7
Phase Blend comgonent Blend ra‘io
MR.(T | wR.(2

1 nepheling minasal particles - 100 [ 2
H,0 . )

2 tetraethoxysiane 1 300
ethanol 0.1
HCI 0.01

3 ethanol S0 . 25
tetraethoxysiiene 4 -
H0 15.2 -
HCI 0.01 -
2-methoxy=canol 1.4 -
organosilicasol 43

Note

*-) M.R.: molecular -atio
*2) W.R.: weight rati>
*3) Si0; equivalent

The slurry wes appliec cn a cast iron basa material to a thickness of 1 mm, dried, and then -ired in an A- gas atmos-
phere at 850°C for 5 hours t form a ceramic heat insulating layer (Samole 1)

Figure 14 scriematically illustrates the cross-sectional sructure of the ceramic heat insuleting layer observed by a
scanning electro~ microszooe and a transmss on electron microscope. The ceramic heat nsulating layer has a dense
SiQ; layer formed on the cst iron base mat=rial and has an aggregate omposec of nephzline mineral partizles (large
blank circles in Fig. 14) 2nd a binder compased of silica particles (small blank crcles) and a linear siloxare polymer
(hatched portions tetwezn particles), the brder filling spaces betweer partizles and chemically bonding the partcles
of the aggregate to each c-her and to the SO layer on the base material. The nepheline mineral particles shown by a
large blank circle ae cozted with the linear siloxane polymer shown by a hatshec case surrounding the large bianx cir-
cle.

For compa~scn, a ceramic heat irsulating layer was formed by using tre szme slurry axd firing in air 1 Sample 2),
and also, cerarmic neat ingulating layers werz formed by using the same slurry except that a Cr powder hav ng an aver-
age particle siz2 cf 10 pm was added in a1 amount of 20 wt% based on the nepheline mineral powder and by fiing in
an Ar gas atmespnere [Sample 3) and in air Sample 4), respectively.

The bond strength f and the heat insulazion At were measured for Samp'es 1to 4, in which a ceramic heat insulating
layer was formed directly on & base materia having no bording layer. The measured restits are summarnized in Teble 8.

Table 8
No. " ¢ Firing atmosphere | f (MPa) | At(°C)
1 None Ar 50 85
2 air 5
3 Addzd Ar 61 60
4 air 1
At: heat irsuation,
f: bord st-ergth.

In Samole 1, prapared by using no Cr powder and firing in an Ar azmosphere, a dense SiO; layer was formed by
chemical bonding ¢ siloxane polymer cn the base material to prevent exfoliation due to oxidation of the tase materia
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and the SO, layer is strongly bondad with the aggregate mainly by chemical bonding, thereby providing a high bond
strength.

The ceramic heat insulating layer of Sample 1 also had an improved heat insulation in both heat conduction and
heat radiation because it contained no Cr oxides having a heat conductivity about 150 times that of a nepheline mineral
and because it exhibited a white color of the nepheline mineral present as a main aggregate due to the absence of Cr
oxides exhibiting a green color.

In Sample 2 prepared by using no Cr powder and firing in air, no Si0; layer was formed cn the base material and
oxidation of the base material occurred, with the result that no substantial formation of a ceramic heat insulating layer
was achieved.

In Sample 3 prepared by adding a Cr powder and firing in an Ar gas atmosphere, a ceramic heat insulating layer
was formed which was strongly bonded to the base material through Cr oxides produced during the firing to provide a
high bond strength although the heat insulation was lower than Sample 1 in both heat conduction and heat radiation
because of inclusion of Cr oxides.

In Sample 4 prepared by adding a Cr powder and firing in air, oxidation of the base material occurred as in Sample
2 and no substantial formation of a ceramic heat insulating layer was achieved.

Example 8

A first slurry containing no Cr powder as in Example 7 was applied on a base material having no bonding layer ther-
eon, dried, and then fired in an inert atmosphere to form a porous ceramic heat insulating layer, and thereafter, a sec-
ond slurry having a Cr powder as an aggregate was applied on the porous layer, dried, and then fired to form a sealing
layer composed of Cr oxides in the surface region of the porous ceramic layer,

The first slurry was prepared in basically the same process sequence as in Example 4, i.e., through phases 1, 2
and 3, except that no Cr powder was added in phase 1 for preparing an aggregate and that an increased amount of a
dispersing medium for diluting a binder was used in phase 3 for preparing a binder,

The blend composition of the first slurry was varied in the following compositional parameters C1, G2 and C3 by
varying the weight ratios Wp, W1, W2 and W3 shown in Table 9.

C1 = concentration of metal alcoxide (TEQS in this example)
= W1/(W2 + W3),
C2 = concentration of powder (nepheline mineral powder)
= Vp/Vt, and
C3 = concentration of solid component of binder
= (a1W1 + a2W2)/(W1 + W2 + W3),
wherein
W1 = mass of metal alcoxide binder,
W2 = mass of organosilicasol binder,
W2 = mass of diluting and dispersing medium,

Vp = volume of powder material (calculated from Wp),

Vit = volume of slurry,

al = concentration of solid compenent of metal alcoxide binder, and
a2 = concentration of solid compenent of organosilicasol binder.
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Table 9
Prase Blend comocnent Blend ratio
MR () W.R. 2
1 nepheline mineral perticles - 100 | Wp
4,0 - 800
2 tetraethoxysiiene 1 300
ethanol 0.1 -
HCI 0.C1 -
3 | Binder1 ethanol 50 W1
tetraethoxysi ane 4
H,0 152
HCI 0.01
2-methoxyezhano 1.4
Binder 2 organosilicasol . w2
4 | Sowvent for diluting binder | 2-methoxyetranol - W3

Note
*1) M.R : molecular -atio
*2) WR. weight rato

The second slurry was prepared with th2 blend compcsiion shown in Table 10.

Table 10
Blend component Weight ratio | Volume ratio
Crpowcer (d = 10 um, average) - 175
Binder - 1 825
Binder 2 1
Salven: for diluting binder (2-methaxyethaol) 8.2 i

The first slurr= was first applied on a cast iron base material to a thickness of 1 mm, dried, and then fired inan Ar
atmosphere at 850°C for 5 hours to form a porous ceramis heat insulating layer. The second slurry was then appfed on
the porous ceramc ‘ayer, dr ed, and then fired in air a1 853°C for 5 hours to form a sealing laye- composed of Cr oxides
in the surface region of tre dorous ceramic heat insu atirg layer.

Figure 15 schematically illustrates tne cross-secional sructure of tie ce"amiz heat insulating layer ooserved by a
scanning electrcn microscope and a fransmission electron microscope. The ceramic heat insJlat rg &yer has & dense
Si0; layer formed by a siloxane polymer on the cast i'on base material and has an aggregat2 ccrposec of nepheline
mineral particles (Brge blank circles in Fig. 15) and a binder composed of silica partic'es (no: shown’ and a linear
siloxane polyme- (not shown), the bindzr intervening between particles leaving voids and chemicelly honding the parti-
cles of the aggregate to each other and to the SiCy layr, and further, in the surface region, a sealing layer composed
of Cr oxides (cross-hatched) filling spaces between the aggregate parficles of a nepheline mineral. The nephesine min-
eral particles snown by a large blank circle are coated with the linear siloxane polymer shown by a hatched cas2 sur-
rounding the lerge blank circle.

Figure 16 shows a scanning elecron microscope mage of the thas-formed ceramic heat insulating lager in which
the bright portians are aggregate particles and the dark partions are oids petween the aggregate part cles.

The heat ivs.lation and the bond strength were measured for ceramic heet insulating layers formed with different
values of the compositional paramatars C1 of 20 to £0%, C2 of 5 te 30% and C3 of £ to 25%. which ware varied by
varying the wzigt ratios Wp, W1, W2 and W3.
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Figures 17, 18 and 19 shows the variations of the measured values in relation to the variations of C1, C2 and C3,
respectively.

Referring to Fig. 17, in the region where the TEOS concentration C1 is low (i.e., the organosilicasol concentration
is high), bonding is mainly effected by organosilicasol having fewer bonding hands per volume relative to those of TEOS
and the bond strength f is low. The bond strength has a peak when Cl = 50% at which the TEOS binder 1 and the orga-
nosilicasol binder 2 are present in the same amount and is lowered at higher TECS concentrations, and cracking occurs
when the TEOS concentration is more than 80%. C1 is suitably within the range of from 40 to 60% to provide a bond
strength substantially greater than 25 MPa achieved by the conventional iron oxide-based ceramic heat insulating layer.

Referring to Fig. 18, as the concentration of aggregate powder is increased, the ceramic layer is made more dense
to provide an increased bond strength while the number of voids is decreased by the increased density to result in a
reduced heat insulation. When the powder concentration is more than 30%, the amount of aggregate is excessive rel-
ative to that of binder and a ceramic heat insulating layer is not successtully formed Referring to Fig. 19, the heat insu-
lation is also reduced for the same reason as described above referring to Fig. 18. The powder concentration C2 is
suitably within the range of from 15 to 20% and the binder solid companent concentration C3 is suitably within the range
of from 5 to 15% in order to ensure a bond strength f of at least 50 MPa or more and a heat insulation AT of at least
85°C, which values were achieved in Example 7, in which a ceramic heat insulating layer was formed directly on a base
material as in this example. If C3 is less than the lower limit of 5%, the amount of binder solid component is too small
to successfully form a ceramic heat insulating layer.

As described herein above, the present invention provides a ceramic heat insulating layer having an aggregate of
a nephelin mineral realized by controllable preparation of a slurry free from the influence of alkaline metal ions charac-
teristic to the nepheline mineral, thereby having a linear thermal expansion coefficient comparable with that of an iron-
based member, an improved strength of bonding to the iron-based member or to a bonding layer formed on the mem-
ber, and an improved heat resistance and strength.

A ceramic heat insulating layer formed on an iron-based base material with or without a bonding layer interposed
therebetween, Eomprising. aggregate particles of a nepheline mineral; and a binder composed of silica particles and of
a metalloxane polymer, the binder filling spaces between the aggregate particles and chemically bonding the aggregate
particles to each other and to the base material or to the bonding layer. The ceramic heat insulating layer may alterna-
tively comprise: aggregate particles of a nepheline mineral; a binder composed of silica particles and a metalloxane pol-
ymer, the binder intervening between the aggregate particles to leave voids and chemically bonding the aggregate
particles to each other and to the base material or to the bonding layer; and a sealing layer sealing the voids in a surface
region of the ceramic heat insulating layer. A process of forming the ceramic heat insulating layer comprises the steps
of: mixing aggregate particles of a nepheline mineral, a binder of an alcoxide and an organosilicasol, and a dispersing
medium to form a slurry; applying the slurry either on the surface of an iron-based base material, or on any bonding
layer formed on the surface; and firing the iron-based base material having the applied slurry; wherein the mixing is
either carried out in a sufficiently acidic or sufficiently alkaline solution such that the surface potential of particles dis-
persed in the slurry does not pass an isoelectric point due to an increase in a pH value of the slurry because of alkaline
metal ions dissolved from the aggregate particles of the nepheline mineral, or the mixing is carried out after coating the
aggregate particles of the nepheline mineral with a coating layer which prevents dissolution of alkaline metal ions from
the aggregate particles of the nepheline mineral.

Claims

1. Aceramic heat insulating layer formed on an iron-based base material with or without a bonding layer interposed
therebetween, comprising:

aggregate particles of a nepheline mineral, and

a binder composed of silica particles and of a metalloxane polymer, the binder filling spaces between the

aggregate particles and chemically bonding the aggregate particles to each ather and to the base material or
to the bonding layer.

2. A ceramic heat insulating layer according o claim 1, further comprising chromium oxide particles.
3. A ceramic heat insulating layer according fo claim 2, wherein the metalloxane polymer is a linear siloxane polymer.

4. Aceramic heat insulating layer according to claim 2, wherein the metalloxane polymer is a spherical siloxane pol-
ymer

5. A ceramic heat insulating layer according to claim 1, wherein the aggregate particles of the nepheline mineral are
coated with an incrganic oxide such as alumina and silica.
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A ceramic heat insulating leyer according to claim 2, wherein th2 aggragate particles of the nepheline mineral ars
coated with an inorganic oxide sac as alumiia and silica.

A ceramic heat insulating layer farmed on an iron-based base material with or without an interposed ponding layar
therebetween, comprising:

aggregate particles of a neoheline mineral,

a binder composec o silicz particles and a metalloxane polymer, the binder intervening between the aggre-
gate particles to leava voids and chemically bonding the agcrejate particles to each othes and to the base
material or to the bonding ayer, and

a sealing layer seding the vcids in a surface region of the ceramic heat insulating layer.

A process of forming a ceramic heat insulating layer on a7 iror-based base material with or without a bonding leye”
interposed therebetweer, comprising the steps of:

mixing aggregate particles of a nepheline mineral, a bunder of an alcoxide ard ar: organosilicasol, and a dis-
persing medium to form a saurry,
applying the slurry either ori the surface of an iron-besed base material, or on any bonding lay2r formed on tre
surface, and
firing the iron-based basz material having the applied slurry

wherein the mixirg s either carried out in a suffiziertly acidic or sufficiently alkalire solution such trat
the surface potential of pa-ticles dispersed in the slury does 7ot pass an isoelectric poirt due to an increase
in a pH value of the slurry Jecause of alkaline metai ions dissolved from the aggregate particles of the nephe-
line mineral, or “he mixing is carried out after coating the eggregate particles of the nepheline mineral with a
coating layer whica prevets dissolLtion of alkalire metal iors from the aggregate particles of the nepheline
mineral.

A process according t claim 8, wherein the slurry further comprises chromium particles.

A process according to claim 9, wherein the mixing ¢ carriec out using the aggregate parficles of the nephelina
mineral held in suspensior ir an acid solution.

A process according to cle m 10, wherein the acid soliton is a solution of a carboxylic acid and an inorgaric acid.
A process according to clzim 11, wherain the carboxrlic acid is an anhydrous carboxylic add.

A process accord ng to claim 8, wherein the slurry further comprises at least one selected from the group consist-
ing of polyamine, pclyphosphine, and polyether.

A process according to ciam 9, wherein, prior to the mxing, the pH value of a dispersec liquid composad of the
binder and the dispersinc medium is adjusted to 8 = more.

A process accordirg to claim 8, wherein, prior to th2 mixing, &n inorganic coating is formed on the aggregate par-
ticles of the nephefine mnzral by an alcoxide.

A process accoding to claim 15, wherein hydroxyl groups are added to the surfaces of the aggregate parficles cf
the nepheline minzral before use.

A process accerd ng to claim 15, wherein hydrochoric acid is used as a nucleophilic reaction catalyst.

A process accarding ta c-aim 15, wherein the firing & carried out in an inert atmosphere.

16
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Description
BACKGROUND OF THE INVENTICN

[020°] This invention relztes to coatings for componev's exposed to high temperatures, s.ch as the Fostle thermal
environment of a gas turbine. More par-icularly, this inve~tion is dirsczed ‘o amethod for redairing thermal barrier coatings
that have suffered localized spallatian

[C002] Hot section components cf aircraft and industrial (power gensration) gas turbine engines are often protected
by a thermal barrier coating (TBC), which reduces the tzmpera-ure of the underlying component substrete erd thereby
prolongs the service life of the comoonent. Ceramic materials end part cularly yttria-stabilized zirconia (YSZ) are widely
Lsed as TBC materials baczuse of their high temperature carability, low thermal conductivity, ard relatve zase of
deposition by plasma spraying, flame spraying, and phvsical vapoer dzposition (PVD) such as electron beam physicel
vapor deposition (EBPVD!. A rplasma spraying (APS)is aften praferred over other deposition processes due to r2latively
low equipment costs and ease of apalication and mas«<ing.

‘0003) Analysis has shown that YSZ TBC’s depositec by APS are about 20% to 70% trar sparent to thermal radiation
(wavelengths of about 780 nm to about 1 mm) when Jeposited at typ cal thicknesses of about 250 %o 530 micrometers.
As a result, the thermal grotection provided by such TEC's is compromised by their infrared (IR) transmissivity in envi-
romments that have high -hermal radiation loads, such as witkin the combustor section o a gas turbine. In r2sponse,
other materials have bee proposed for insulating ¢ busticn section hardware and other hardware sub ect to simi‘ar
operating conditions. Nctable examples include ma-enals cenia ning alumina and sil‘ca that are non-rarsparent to IR
wavelengths of particula” conce™n in the combustor, “or exampie, wavelengths of asout 0.3 to about 6 Nicrometers.
These coating materiale also have the advantage cf having lower mass and excellent insulating oronertes. Particelar
e<amples of TBC's formad of thes= coating materiels involvz tha use of a mixture ccntaining alumina powder particles
and a silica precursor, which are applied to the surface to be protacted and heated to thermally decompose “he precursor
to form a silica matrix in which tha powder particles are dispersed. The mixture can be preformed as a tape that is appliec
t3 the surface or can be sprayed onto the surface. As exarrpies, see commenly-assigned U.S. Patent hes. 6,165,600,
6,177,186, 6,210,791, £,465,0€0, and 6,827,969.

[0004] To be effective, TBC systems must have 'ow themmal conductivity, strongly adhere te the component, and
-emain adherent throughout many heating and cacling cycles. The latter requirement is particularly demanding due to
the different coefficiens cf thermal expansion between the ceremic materials of the "BC and the substra‘es they prctect,
which are typically mezall ¢ superalloys. To promo'e 2dhesion and extend the service life of a TBC syste, an oxidetion-
resistant bond coat is often employed. Bond coats zre typcally in the form of overlay coatings such as MCrAlX (where
M is iron, cobalt and/zr nickel, and X is yttrium, r=r2 earth 2lements, and/or reactive edlements}, or dif'Lsion aluminide
coatings. During the zepositicn of the ceramic TEC and subsequent exposures to hich temperatures, such as during
engine operation, these bond coats form a tightl» adherent aumna (Al,O5) layer or scale that adheres the TBC to the
bond coat.

[0005]) The service ife of a TBZ system is typically limited oy a spallation event driven by bond coa’ oxidation, increased
interfacial stresses, andthe restiting thermalfaticue. Thou gh sign ficant advances have been made, the e isthe inevitable
requirement to repa’t components whose thermal barrier ccatings have spalled. Though spalation tyaically occurs ir
localized regions or catshes, thz conventicnal repeir method has been to completely remove th thermr &l barrier coatng
restore or repair the bond leyer surface as necessary, and then recoat the entire cemponen:. As an alternativ2, U.S
Patent No. 5,723,073 to Nacaraj et al. teach a p-ocess fcr selectively repairing a spalled regior of a TBC Lsing a dlasma
spray technigue.

[0006] In the cas= of large power generation tu-bines completely halting power generation for an 2xtended period n
order to remove components whose TBC’s hawe suffered only localized spallaton is not eccnomicaly desirable. As &
result, components dentified as having spalled TBC are often analyzed to detenrine whether tne spallaticn has cccurred
in a high stress area, and a judgment is then made as te t1e nsk of damage to the “urbine due 1o the reduced therm=l
protection of the czmponent, which if excessiv2 can lead to catastrophic failure of the component. If the decisior is to
repair the TBC, the spalled component is removest and 1ew TBC material is deposited by plasma spraying on the spall2d
surface region. Such repair processes have fo1d wide use for the repair of YSZ T3C’s. However, there is an ongoing
need for new repai- materials and technigues, ineluding these particularly adapt=d to repair the a‘orementioned alumira-
silica TBC materials.

BRIEF DESCRIFTION OF THE INVENTION
[0007] The present invention provides a coating composition and repair method suitatie for reparing a TBS ¢n a

component, and particularly TBC materials based on alumina-silica composit.ons
[0008] Accord g to a first aspect of the invention, the method includes preparing a cogting composition comprising
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solid ceramic particles, hollow ceramic particles, and a silica precursor binder, applying the coating composition on an
exposed surface area of the component, for example, exposed by localized spallation, and then reacting the binder to
yleld a repair coating that covers the surface area of the compenent. The resulting repair coating comprises the salid
ceramic particles and the hollow ceramic particles in a silica matrix formed by thermally decomposing the binder. Also
encompassed by the invention is the coating composition and the repaired TBC.

[0009] Coating compositions and the resulting repair coatings described above are compatible with alumina-silica
based TBC materials, and the hollow ceramic particles provide the additional benefit of reducing density and enhancing
the insulative and erosion-resistant properties of the repair coating. Preferred materials for the solid and hollow ceramic
particles are non-transparent to IR wavelengths of particular concern in the combustor section of & turbine engine, for
example, wavelengths of about 0.3 to about 6 micrometers. As such, preferred materials for the repair coating do not
degrade the thermal reflectivity of the TBC being repaired.

[0010] In view of the above, it can alse be appreciated that the method of this invention does not require the TEC to
be completely removed, and does not require removal of the component in order to repalr its TBC. The method also
does not require a high temperature treatment, as the silica precursor binder may be initially cured to enable the repair
coating to exhibit sufficient strength to withstand engine operation, during which time the precursor binder is gradually
converted to form the silica matrix. As a result, minimal downtime Is necessary to complete the repair and resume
operation of the turbine engine. In the case of large power generation turbines, the cost is aveided of completely halting
power generation for an extended period in order to remove, repair and then reinstall a component that has suffered
only localized spallation.

[0011] The method of this Inventien can be used to repair ceramic coatings on a wide variety of components exposed
tothermal loads, including but not limited to TBCs formed of materials cther than alumina-silica compositions and applied
to hot section components of aircraft and industrial (power generation) gas turbine engines.

[0012]  Other objects and advantages of this invention will be better appreciated from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
(0013)

FIG. 1is a cross-sectional representation of a component surface protected by a thermal barrier coating that has
suffered localized spallation.

FIGS. 2 and 3 are cross-sectional representations of the component surface of Figure 1 during the repair of the
thermal barrier coating in accordance with a preferred embodiment of this invention.

DETAILED DESCRIPTION OF THE INVENTION

[0014] The present inventicn is directed to components protected by thermal barrier coatings for operation within
environments characterized by relatively high temperatures, and are therefore subjected to severe thermal stresses,
cycling, and radiation loads. Notable examples of such compenents include the nigh and low pressure turhine nozzles
and blades, shrouds, combustor liners, secondary seals, and augmentor hardware of gas turbine engines for use in
alreraft and industrial applications. The present invention is particularly directed to thermal barrier coatings (TECs) that
exhibitthermalinsulating properties to conduction and thermal radiation. The advantages of this invention will be described
as particularly applicable to combustor components of turbine engines, though the invention is generally applicable to
any components in which thermal barrier-type coatings as described herein may be used to thermally insulate a com-
ponent from its environment.

[0015] Represented in Figure 1 is a surface region of a component 10 with a thermal barrier coating (TBC) system
12 having an exposed region 20, for example, as a result of localized spallation. The TBC system 12 is shown as being
composed of a bond coat 14 on the surface of the component 10, and a ceramic layer (TBC) 16 deposited on the band
coat 14 as the thermal barrier coating. As is the situation with high temperature components of gas turbine engines, the
component 10 may be formed of & nickel, cobalt or iron-base superalloy. The bond coat 14 s preferably formed of a
metallic oxidation-resistant material, so as to protect the underlying compenent 10 from oxidation and enable the ceramic
layer 16 to more tenaclously adhere to the component 10, Suitable materials for the bond coat 14 include, but are not
limited to, MCrAIX overlay coatings and diffusion aluminide coatings. Following deposition of the bond coat 14, an oxide
scale 18 forms on the surface of the bond coat 14 at elevated temperatures. The oxide scale 18 provides a surface to
which the ceramic layer 16 more tenaciously adheres, thereby promoting the spallation resistance of the ceramic layer 16.
[0016] The ceramic layer 16 may be formed of a variety of materials, including YSZ materials widely employed as
TBC materials, though results of the repair method of this invention will depend in part on the extent 1o which the themal
expansion properties of the ceramic layer 16 are compatible with the repair materials discussed below. In a preferred
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embodiment of 1e invention, the ceramic layer 16 is an alumina/silica-based material (alumina, silica, and/or alurmino-
silicates are the sredominant constituents) thzt is non-t-ansparent to IR wavelengths of articular concem in the com-
busticn sections of turbine engines. Particu ar=xamplas of such materials include the aforzmentianed U.S. Patant Nos.
6,165,600, 6,177,186, 6,210,791, 6,465,09C, and 6,827,969, whose contents regarding coazing compositions anc cozting
processes are referenced nere, The cerarric ayer 1€ may have been formed from tapes applied to the surface cf the
component 10, er a composition sprayed orto Ihe corrpenent surface, or another suitable depositon process. Preferred
examples of these coating materials contein aluminz powder particles, optionaly additional ce-amic particles, and a
silica precursor, which are mixed and applied to the component surface and then heatec to thermally decompose the
precursor to for™ a silica matrix in which the powde- rarticles are dispersed. The coating matzrial is deposied to a
thickness that is sufficient so that the resulting ceramic &yer 16 is capable of providing th= requi-ed -hermal proteztion
for the componet 10.

[0017] If locatzd within tre combustion sectian of a wroine engine, surfaces of the companent 10 are subjected to hot
combustion gases during cperation of the engine anc are therefore subjected to severe attack by oxidation, carrcsion
and erosion. Accordingly, the component 10 rust remain protected from its host le operating envsironment by the TBC
system 12, Loss ef the ce-amiclayer 16 dueto soallation leads to premature and often rapid geterioration of the compenent
10. As such, the localized spalled region 20 of the ceramic layer 16 represented in Figure 1 must be repaired o- the
component 10 scrapped. A preferred TBC regair process of this invention is representec in Figdres 2 and 3. Each of
the following steas performed in the repair of the component 10 can be perfermed while the companent 10 “emrains
installed in the tu-bine engine, thereby complekely aveiding the requirement to remove and later reinstall the component,
[0018] The rezair process begins with clzaring the surface 22 exposed by the localized spalled region 20 s0 as to
remove loose ox des and contaminants such as grease, oils and soot without damaging the undamaged ceramic kayer
16. The oxide scale 18 as well as any well-adtered remnants of the ceramic layer 16 exposed by the spalled regicn 20
may remain to promote achesion of a coating composition 24 deposited in the spalled region 20, as represented by
Figure 2. Accord ng to the invention, the ccating comacsition 24 is a mixture cortaining cne or more powders of solid
(nen-hollow) ceramic particles 26, one or mose powders of hollow ceramic partcles (mizroballoons) 28, and a silica
precursor that wien sufficently heated forms a ceramic repair ceating 30 shown in Figure 3. Ir addition, the coating
composition 24 May contan other filler materials, includng glass cempositions.

[0019] The sold particles 26 are preferakly zlumina, though the use of other ceramic materials or mixtures trereof is
also foreseeable. Preferrdmaterials are refrac:ory oxijes that are non-transparen: to IR waveleng-hs, ncluding eluming,
magnesia (MgO titania ITiD,), and calcia (CaQ). Addrionally, Y SZ particles may te included as part of the solid partcles
26 as scattering sites for wevelengths of abcut 0.9 abo ut 2.5 micrometers. Suitable particle sizes for the powder partcles
26 and other soid constituents of the coatin] compasition 24 are generally in a range of abcut 0.01 to about 100
micrometers, mare preferasly about 0.1 to abeut 25 micrometers. Depending on the partizular application and desired
construction of the coating 30, preferred a'ur-ina powcers for the solid particles 26 may incluce A-14 (an unground
calcined aluming powde~; particle size rance ¢f about 3 to 5.5 micrometers) available from Almetis, A-16SG (a sLper-
ground thermally reactive a umina powder; car cle size range of about 0.3 to 0.5 micromete ) also avaikable from Alratis,
and SM8 (partic 2 size range of about 0.10 to 2.6 micrometer) available from Baikowski Irternational Comp.

[0020] Depenzing on the particular applicatien and cesired construction of the coating 3G, the hcllow ceramic part.cles
28 may be alumina, another ceramic material or a mxture of one or more ceramic materials, with preferred materials
being those non-ransparent to IR wavelengths such as alumina and silicates including aluninosil cates. Though skown
throughout the ceating corr position 24 and repair coaling 30 in FIGS. 2 and 3, the hollow particles 2€& may be limited to
certain regions tf the composition 24 and ccating 33, for example, their innermost, cuermost, and/or intermediate
regicns. According to a preferred aspect of the invention, an important role played by the hollow ceramic particles 28 is
to increase the nsulation properties of the reoair coating 30 without diminishing the overall no-transparency o the
alumina-silica ce~amic layer 16 to IR wavelancths of pa-ticular concern in the combustion sections cf turbine engines.
Other potential benefits include improved erosian resistance of the repair coating 30 with minimal cr nc adverse increase
in weight. The low density cf the hollow powde - particles 28 compared to the solid powder particles 26 allows for greater
thicknesses of the repair coating 30 withou: esceedin] the weight of a similar coating composition cantaining only the
solid particles 22, or a rapair coatings 30 of similar thicknesses but lower weight. Prefe-red materials for the hcliow
particles 28 inclLde alum nosilicates having a particle censity of less than 0.40 g/erm3. Various sources of hollow ceramic
powders exist, including Sphere One, Inc. (Extendosphares®), 3M® (Zeeospheres], Sphere ServicasIrc. (cenosphe-es),
and Trelleborg Emerson & Cuming, Inc. (Eccespheres®). Preferred hollow ceramic particles 28 include aluminosilicates
with a particle size range of about 0,05 to atout 200 m crometers, such as Extendospheres® SL (about 10 to about 150
micrometers) avzilable from Sphere One, Inc. and Zeeoespheres (D50 of about 13 micrometers) available fronr 3M.
[0021] The silica precursar serves as a bindzr in the coating composition 24. Preferred <ilica precursors are telieved
to be silicone-besed compasitions such as sovmethy s loxane, though it is foresseable that other silicon scurces and
ceramic precurszrs could be used, such as TEOS (terra-ethyl-ortho-silicate) or possibly a colloidal silicon source. Par-
ticularly suitable orecursars include methylsesquisiloxane mixtures of the polysi oxane family availzble from sources
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such as Apolla Plastics Corporation (for example, SR350 and SR355) and Dow Chemical Corporation, and a polyvinyl
butyral available under the name B-78 from Monsanto Co.

[0022] The remaining constituents for the compasition 24 are preferably organics, primarily a carrier liquid or solvent
and optienally surfactants, dispersants, and/or additional binders/plasticizers capable of adhering the powder particles
26 and 28 together to yield a composition 24 that can be applied to the surface 22, Depending on the types and amounts
of the additional ingredients, the composition 24 may be formulated and processed as solid but pliable tapes that can
be individually applied to the surface 22, or a more pliable and malleable material that can be applied as a putty or paste.
A suitable carrier liquid/solvent is an anhydrous alcohol such as ethanol, denatured alcohol and isopropyl alcohol, though
acetone, trichloroethylene, and others compatible with silicone materials could be used. Suitable plasticizers include
dibutyl pthalate (DBP) and polyvinyl butyral (for example, the aforementioned B-79). If the composition 24 Is to be used
in the form of a tape, a sufficient fraction of binders and plasticizers should be present to allow the tape to be applied
and chemically or mechanically bonded to the surface 22 with the use of heat and pressure. Surfactants can also be
used to achieve a suitably tacky consistency that enables the compesition 24, particularly those prepared as a tape, to
adhere to the surface 22 exposed by the spalled region 20. Suitable surfactants include an alkyl organic phosphate ester
acid surfactant commercially available as PS21A from Whitco Ghemical, Another surfactant that can be usad s available
under the name Merpol A from Stephan.

[0023] The fraction of organics used in the composition 24 may also depend on whether the repair process is intended
lo praduce a coating 30 whose structural properties vary through its thickness, In which case multiple layers of the
composition 24 with different compositions are applied to the sudace 22. For example, it may be desirable that the
innermost layer or region of the applied coating material 24 contains sufficient binders/plasticizers to produce submicron
voids and yield a desiraole porosity level that increases the thermal insulation capability of the coating 30, while the
fraction of organics used in the outermost layer or any intermediate layers is preferably lower to minimize porosity to
promote abrasion and infiltration resistance.

[0024] Whether formulated as a paste or tape, it may be desirable te formulate certain regions of the coating 30 to
have additional enhanced properties. For example, the outermest surface region of the coating 30 may incorporate |R-
reflective or IR-absorbing particles, as well as other constituents such as erosion- and/or corrosion-resistant materials.
Another example is to formulate the outermost surface region of the coating 30 to achieve a smoother surface finish
that promotes the aerodynamics of the component 10. In this case, it may be desirable to apply as the outermost layer
a coating composition 24 that uses finer solid and/or hollow particles 26 and 28. For example, the Interior of the coating
30 may be formed by a composition 24 that centains an alumina powder material such as A14, while the exterior of the
coating 30 may be formed by a composition 24 that contains a finer alumina powder material such as A16SG, and may
completely omit the hollow particles 28,

[0025] Approximate broad and preferred ranges are stated In weight percents in Tables | and Il below for Individual
constituents for coating compositions 24 in the form of pastes and tapes, respectively,

TABLE |
CONSTITUENTS BROAD | PREFERRED | EXAMPLE
Solvent 10-60% | 15-45% 29.3%
Solid Powder Particles 5-55 12-35 22.0
Hollow Powder Particles | 5 - 45 10-35 30.2
Silica Precursor (binder) | 6 - 40 10-25 18.5

[0026] For the quantities indicated for the Example in Table |, the solvent Is preferably denatured alcohol ar acetone,
the solid powder particles are preferably A16SG or A14 alumina, and the sllica precursor is preferably SR350.

TABLE Il
CONSTITUENTS BROAD | PREFERRED | EXAMPLE
Solvent 10-60% | 12 - 40% 21.5%
Solid Powder Particles 5-55 15-40 28.4
Hollew Powder Particles | 5 - 45 10 - 40 333
Silica Precursor (binder) | 3 - 40 5-20 8.5
QOther binders 2-20 3-10 4.0

L
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(continued)
CONSTITUENTS BRCAD | ®REFERFED | EXAMPLE
Plasticizer(sy 1-10 1-5 20
Surfactant(sy c-9 -5 26

[0027] Forthe quantities indicated forthe Examole in Table I, the so vent is preferably denaturec alzol ol er acetonz,
the solid powder parficles are preferably A16SG a um na, the silica precursor is prefarably SR355, the addlitionz! binder
is preferatly 3-79, the plasticizar is prefzrably DBP, nd the surfactant is preferably PS21A. The solvant is evaporated
from the tape comoositions of Tasle | p-or to aoplicasion of the tape to the component surtace 22 and sintering to form
the repair coating 30.

[0028] The choice of silica precurser 1 Tables and |l is due i1 part to their diffefing silica y elds. The SF350 bindzar
indicated i1 Table | vields silica in an amount of about 60 to abcut 75 weight percent of tre original amount of SR350
binder present in the coating compositien 24, whereas a like amaunt cf the SR355 binder indicated in Table Il yielding
silica in lower amounts of about 30 to ebout 40 weight percent f the original amount of SR355 tinder present in the
tape coating composition 24,

[0029] £ suitable drocess for formng coating compositions 24 of this invention as a paste involvas sombining the
above-not2d constituents of Table | te echieve a suiteble paste-lke consistency, after which the compos'tion 24 can be
applied to fill the spalled regio 20 in ey suiteble mmanner, suca as with a trowel. Deperding on its composfion, the
binder of the paste composition 24 may, react t room temperature, or its reaction acceleratec by heating sich as with
a heat lamrp, torch, cr other heat source until the strergth of the r2sulting repair coating 30 has reached & rejuired kevel
for operaton in the “urbine engine. A suitable sure t-eatment is about six-een hours at room tempe-ature to zure the
preferred silicone binders, though cure times can be significanty redcec at elevated tempe-atures. Conformance of
the paste compos ticn 24 to the spalled -egion 20 and curing of the bincer can be prcmoted by using a thermal treatment
that incluces pressing the apglied corrpositior 24 with a heated iron. Thereafter, post p-ocessing operations can be
performec tc prepare the component 1J for use.

[0030] During cperation of the turtinz enginz, the repair coatng 3C cortinues tc react, associated wth an ncrease
in the strength and other mechanical properties of the coating 3C. The preferred silicone b nders initiglly zur= by palym-
erization to form a dlicone matrix whos= strength is sufficient for engine operation. With extendec use at high temper-
atures, th= silicone thermally cecompozes to s lica, forming a silica matrixin which the ceramic particles 2€ and 28 zre
dispersed

[0031] A suitable process for form ng coating compositions 2« of th s invention es a tape involves zasting the ome or
more tapes on a tetrafluoroetnylene (Le., TEFLON®) sheet. Compasitions withir the ranges defined in Table I are
applied tc the TESLON sheet ard th2n dried “cr a duration sufficient to evaporate t1e solvant. The dried tapes are then
removed ‘rom the TEFLON sheet ard —ansfer-ed to the component surface to be protectad by the repair coating 30. If
a coating 3C with multiple layers of diferent properties is desired, a tape formulat2d to p-oduce an nnznmos: layer or
region of “he coating 30 may be appled first, “cdicwed by one or more iapes to form the ouermost and any intermediate
layers or “egions of the coating 30. Alte natively, a siagle multilayer tase may be cest that contains the desived different
coating compositior s 24, such that 01y a single tape application is required. An advantage with using a single multilayer
tape is that the retat've amounts of th= £2lid paric es 26, hollow particles 28, and binder car be varied to achiave diffzrent
porosity I2vals within the coatng 30 fcr example, greater porosity near tre surfacz 22 of the compenent 10 end lower
porosity near the outer surfacs of th= coating 30. As noted above, the sroothness of the surface of the repair caat ng
30 can ako be improved by epprop-iasely selecting the relative sizes of the solid and hallow pariicles 26 and 28. end
the relative amounts of the solic and hollow partcles 26 and 28 and binder.

[0032] Fallowing tape application, pessurz is preferably applied to the outer sirface cf th2 tape(s) thrcugh the use
of a caul plate, rubber form, cr other suitable means in order tc produce the desired final su-face finish and geometry
for the ccating 30. I the component 1C has be2n removed, a vacuum bag can be Lsed in Zonjunction wih an autozlave
to apply the heat end presstre recuied to chemically or mechanically bond the tape(s) to the comporent 10 The
unsintered tape or tapes can then be sintered 2y operating the engine or an additional themel treatmert tc conso idate
and set the tape{s’. In either case, sitering s perormed at & temperature that will not adverszly affect the desived
properties far the component 10, but ebove thz lemperatures a- whicn the binders and plasticizers will 2um o'f ard the
ceramic particles 23 and 28 will sinter.

[0033] Whilethe nvention Fas been descriced in terms of parficular embcdiments, itis appa-ent that ohe -forms >culd
be adopt=d by one skilled in the art. Accordincly the scope of the invanticn is to be limited orly by the falicwing caims.
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Claims

1,

10

11.

A method for repairing a thermal barrier coating on a component that is formed of an alumina/silica-based material,
the method comprising the steps of;

preparing at least a first coating composition comprising selid ceramic particles, hollow ceramic particles, and
a silica precursor binder;
applying the first coating composition on a surface area of the component exposed by an epening in the thermal
barrier coating; and then
reacting the binder to yieid a repair coating that covers the surface area of the component, the repair coating
comprising the solid ceramic particles and the hollow ceramic particles In a silica matrix formed by thermally
decompesing the binder.

The method accerding to claim 1, wherein the solid ceramic particles comprise at least one ceramic material chosen
from the group consisting of alumina, magnesia, titania, and calcia,

The method according to claim 1 o claim 2, wherein the hoilow ceramic particles comprise at least one ceramic
material chosen from the group consisting of alumina and aluminosilicates.

The method according to any preceding claim, wherein the preparing step comprises preparing the flrst coating
composition as a paste and the applying step comprises applying the paste to the surface area,

The method according to claim 4, wherein the first coating cemposition is prepared to contain, by weight, about 10
to about 80 percent of a solvent, about 5 to about 55 percent of the solid ceramic particles, about 5 to about 45
percent of the hollow ceramic particles, and about 6 to about 40 percent of the silica precursor binder, the balance
incidental impurities, and at least a portion of the solvent is removed from the first coating composition prior to
applying the first coating composition to the surface area.

The method according to any one of claims 1 to 3, wherein the preparing step comprises preparing the first coating
composition as a tape and the applying step comprises applying the tape to the surface area.

The method according to claim 6, wherein the first coating composition is prepared to further contaln at least a
second binder, at least one plasticizer, and optionally at least one surfactant.

The method according to claim 7, wherein the first ceating composition is prepared to contain, by weight, about 10
to about 60 percent of a solvent, about 5 to about 55 percent of the solid ceramic particles, about 5 to about 45
percent of the hollow caramic particles, about 6 to about 40 percent of the silica precursor binder, about 2 to about
20 percent of the at |east one second binder, about 1 to about 10 percent of the at least one plasticizer, and up to
about 8 percent of the at least one surfactant, the balance incidental Impurities, and at least a portion of the solvent
is removed from the first coating composition to form the tape and prior to applying the tape to the surface area,

The method according to any precedingclaim, further comprising preparing a second coating composition comprising
the solid ceramic particles, the hallow ceramic particles, the silica precursor binder, and an additional constituent
chasen from the group consisting of particles that are more |R-reflective, IR-absorbing, erosion-resistant, and/or
corrosion-resistant than the solid ceramic particles and the hollow ceramic particies of the first coating composition,
and the secend coating composition is applied to form an outermast surface region of the repair coating.

The methed accerding to any one of claims 1 to 8, further comprising preparing a second coating composition
comprising the silica precursor binder and at least one of second solid ceramic particles and second hollow ceramic
particles that are finerthan the solid ceramic particles andthe hollow ceramic particles of the first coating compasition,
and the second ceating composition is applied to form an outermost surface region of the repair ceating having a
smoother surface finish than otherwise possible with the first coating composition to promote the aercdynamics of
the repair coating.

The method according to any preceding claim, wherein the reacting step comprises initially curing the silica precursor

binder by polymerization to form a sllicone matrix, and then heating the component to thermally decompose the
silicone matrix and form the silica matrix,
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12. The method according to any przceding claim w~herein the applying and reacting steps are performed while the
comoonent remains installed i1 the gas turbine engine.

13. The methed according to clair 12, wherein the gas turbine engine is operated during the reacting step.

14. The m=2thod according to anv preceding claim. wherein the alumina/sil ca-based material of the themma: barrier
coaing comprises alumina perticles in a silica Matrix.

1£. A comaonent repaired by the mathod of any preceding claim, wherein the opening in the themmal ba-rier ¢oating is
the result of localized spallatizn of the themrma. barrier coating.
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