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( 57 ) ABSTRACT 
A ceramic liner can include a monolithic body having a 
surface portion and a bulk portion . The surface portion can 
have a thickness less than the total thickness of the mono 
lithic body . The monolithic body can include an amorphous 
phase . The amorphous phase can be discontinuous . At least 
one member of the discontinuous phase can be embedded in 
the surface portion . The bulk portion can be substantially 
free of the amorphous phase . A method of forming a ceramic 
liner can include providing a furnace with a coating and a 
bulk material of the ceramic liner and heating the bulk 
material and the coating . In an embodiment , a coated lining 
form can be used to provide the coating . In a particular 
embodiment , the coating can be transferred to the bulk 
material from the coated lining form . 
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CERAMIC LINER AND METHOD OF 
FORMING 

DETAILED DESCRIPTION 

CROSS - REFERENCE TO RELATED 
APPLICATION ( S ) 

[ 0001 ] This application claims priority under 35 U . S . C . S 
119 ( e ) to U . S . Provisional Patent Application No . 62 / 409 , 
458 , filed Oct . 18 , 2016 , entitled “ CERAMIC LINER AND 
METHOD OF FORMING , " by John Carl WALSH , et al . , 
which is assigned to the current assignee hereof and incor 
porated herein by reference in its entirety . 

FIELD OF THE DISCLOSURE 
[ 0002 ] The present application relates , in 
ceramic liners and method of forming . 

general , to 

BACKGROUND 
[ 0003 ] The inside wall of a foundry furnace is typically 
lined with a refractory material to prevent damage to furnace 
parts caused by extreme heat , such as 1 , 200° C . to 1 , 600° C . , 
used to melt metal . The liner of a furnace also functions as 
an insulating layer to prevent heat loss and improve furnace 
efficiency in maintaining operation temperatures . Installa 
tion of a furnace liner generally involves a lining form that 
can be made of metal or other suitable materials . A metal 
form is often kept in a furnace after a lining mix is installed 
and allowed to melt in heat applied to sinter the lining mix . 
As needed , the residual metal from the form can be washed 
out by running an additional heat cycle prior to an operation 
of melting metal , which , however , reduces the total number 
of heat cycles a furnace can run . In some instances , sintering 
aids are used in lining mixes to allow sintering to be 
completed at lower temperatures and removal of metal 
forms prior to melting metals . However , use of sintering aids 
renders liners less refractory and significantly shortens ser 
vice lives of liners . The industry continues to demand 
improvement in foundry furnaces . 

[ 0011 ] The following description in combination with the 
figures is provided to assist in understanding the teachings 
disclosed herein . The following discussion will focus on 
specific implementations and embodiments of the teachings . 
This focus is provided to assist in describing the teachings 
and should not be interpreted as a limitation on the scope or 
applicability of the teachings . However , other teachings can 
certainly be used in this application . 
[ 0012 ] As used herein , the terms " comprises , " " compris 
ing , ” “ includes , " " including , " " has , " " having " or any other 
variation thereof , are intended to cover a non - exclusive 
inclusion . For example , a method , article , or apparatus that 
comprises a list of features is not necessarily limited only to 
those features but may include other features not expressly 
listed or inherent to such method , article , or apparatus . 
Further , unless expressly stated to the contrary , “ or ” refers to 
an inclusive - or and not to an exclusive - or . For example , a 
condition A or B is satisfied by any one of the following : A 
is true ( or present ) and B is false ( or not present ) , A is false 
( or not present ) and B is true ( or present ) , and both A and B 
are true ( or present ) . 
[ 0013 ] Also , the use of “ a ” or “ an ” is employed to describe 
elements and components described herein . This is done 
merely for convenience and to give a general sense of the 
scope of the invention . This description should be read to 
include one or at least one and the singular also includes the 
plural , or vice versa , unless it is clear that it is meant 
otherwise . For example , when a single item is described 
herein , more than one item may be used in place of a single 
item . Similarly , where more than one item is described 
herein , a single item may be substituted for that more than 
one item . 
[ 0014 ] As used herein , a material or body being substan 
tially free of a certain element is intended to mean that the 
material or body may contain that certain element in an 
impurity content or trace amount that does not materially 
affect the properties of the material or body . For example , 
such impurity content or trace amount may be not greater 
than 0 . 1 wt % . 
[ 0015 ] Unless otherwise defined , all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs . The materials , methods , and examples 
are illustrative only and not intended to be limiting . To the 
extent that certain details regarding specific materials and 
processing acts are not described , such details may include 
conventional approaches , which may be found in reference 
books and other sources within the manufacturing arts . 
[ 0016 ] Embodiments are related to a furnace ceramic liner 
having a monolithic body . The body includes a surface 
portion and a bulk portion . The surface portion includes a 
discontinuous amorphous phase . The discontinuous amor 
phous phase allows the surface portion to sinter at a tem 
perature lower than the melting temperature of a lining form 
used to install the ceramic liner , which allows the lining 
form to be removed as desired prior to applying heat to sinter 
the bulk portion . Further , the discontinuous amorphous 
phase can help to prevent initial metal saturation of the liner 
and extend its service life . In a particular embodiment , the 
bulk portion can be substantially free of the discontinuous 
amorphous phase . Localized distribution of the discontinu 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0004 ] Embodiments are illustrated by way of example 
and are not limited in the accompanying figures . 
[ 0005 ] FIG . 1 includes an illustration of a cross - sectional 
view of a portion of a furnace in accordance with an 
embodiment herein . 
[ 0006 ] FIG . 2 includes an illustration of an enlarged 
cross - sectional view of a portion of a liner in accordance 
with an embodiment herein . 
10007 ] . FIG . 3 includes an illustration of a cross - sectional 
view of a portion of a liner in accordance with an embodi 
ment herein . 
[ 0008 ] FIG . 4 includes a top view of a furnace in accor 
dance with an embodiment herein . 
[ 0009 ] FIG . 5 includes an illustration of a cross - sectional 
view of a portion of a furnace including a lining form and a 
lining material in accordance with an embodiment herein . 
[ 0010 ] Skilled artisans appreciate that elements in the 
figures are illustrated for simplicity and clarity and have not 
necessarily been drawn to scale . For example , the dimen 
sions of some of the elements in the figures may be exag 
gerated relative to other elements to help to improve under 
standing of embodiments of the invention . 
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ous amorphous phase helps to limit potentially adverse 
effect of the amorphous phase on property of the ceramic 
liner . 
[ 0017 ] Further embodiments are related to methods of 
forming a ceramic liner including a bulk material . Methods 
include providing a coating on the bulk material and apply 
ing heat to the coating and the bulk material to form a 
ceramic liner including a discontinuous amorphous phase . In 
a particular embodiment , the coating is provided by utilizing 
a coated lining form and applying heat to transfer at least a 
portion of the coating from the form to the bulk material . 
The methods may allow a majority of the coating to be 
transferred to the surface portion of the liner so that the 
surface portion can be sintered at a lower temperature and 
provide rigidity to reduce the likelihood that the liner will 
collapse after the lining form is removed . Furthermore , the 
surface portion can be rigid enough to take impact of 
incoming charge metal , and thus , sintering the bulk portion 
of the liner prior to charging the furnace may not be 
necessary , which helps to improve efficiency of the furnace . 
[ 0018 ] The ceramic liner and methods of embodiments 
herein can be applied in foundry furnaces , such as induction 
furnaces and other furnaces utilized in melting metals , and 
may be particularly suitable for coreless induction furnaces 
and channel induction furnaces . 
[ 0019 ] In an embodiment , the ceramic liner can include a 
bulk material that can withstand extreme heat ( e . g . , a metal 
melting temperature ) without significant degradation . For 
instance , the bulk material can include a refractory material 
including alumina and magnesia . In another embodiment , 
the bulk material can include a chrome - based refractory 
material . In a particular embodiment , the bulk material can 
include a spinel , such as a magnesium rich spinel , an 
aluminum rich spinel , or a combination thereof . In a further 
embodiment , the bulk material may not include an element 
that may be a contaminant to metal production . For instance , 
when melting a superalloy , the bulk material may not 
contain an undesired metal , such as Ti , Ni , Co , or other metal 
that may contaminate the superalloy . In instances when 
incorporating a metal element from a liner is acceptable for 
metal production , the bulk material can include that metal 
element . For example , a chrome - based refractory material 
may be used in a liner of a furnace for melting certain alloys 
containing chrome . A skilled artisan would understand vari 
ous bulk materials can be suitably applied in embodiments 
herein and be able to select a suitable bulk material for a 
particular application after reading this disclosure . In a 
particular embodiment , the bulk material can be substan 
tially free of a sintering aid . 
0020 ] In an embodiment , the ceramic liner can include a 

monolithic body having an inner surface and an outer 
surface . FIG . 1 includes an illustration of a cross - sectional 
view of a portion of a furnace 100 . A furnace wall 102 is 
lined with a liner 106 having an inner surface 110 facing a 
cavity 104 and an outer surface 112 that faces away from the 
cavity 104 and abuts the wall 102 . In another embodiment , 
the outer surface can be more adjacent than the inner surface 
to the furnace wall defining a cavity but still distanced away 
from the wall ( not illustrated ) . 
[ 0021 ] In an embodiment , the monolithic body can have a 
total thickness that is measured as the distance between the 
inner surface and outer surface . FIG . 2 includes an illustra 
tion of an enlarged view of a portion of a liner 106 . In FIG . 
2 , the liner 106 has a monolithic body 108 including an inner 

surface 110 , an outer surface 112 , and a total thickness 130 . 
The total thickness of the monolithic body may vary sig 
nificantly according to requirements of different furnaces . In 
an embodiment , the monolithic body can have a total 
thickness of at least 75 mm to reduce heat loss and damage 
to other parts of a furnace . In another embodiment , the total 
thickness may be at least 110 mm or at least 140 mm to 
improve furnace efficiency in maintaining operation tem 
peratures . In another embodiment , the monolithic body can 
have a total thickness of at most 840 mm , at most 670 mm , 
or at most 520 mm , which may help to reduce heating time 
required to reach the maximum operation temperature and 
improve furnace efficiency . The total thickness may also be 
affected by the design or capacity of a furnace . In a further 
embodiment , the monolithic body can have a total thickness 
in a range including any of the minimum and maximum 
values noted herein . A skilled artisan would understand in 
some instances , total thickness of monolithic bodies may be 
different than thickness noted above in order to meet require 
ment of certain furnaces . 
10022 ] . In a further embodiment , the monolithic body can 
include a surface portion and a bulk portion . As illustrated 
in FIG . 2 , the body 108 includes a surface portion 122 and 
a bulk portion 124 . A dashed line 120 is illustrated in FIG . 
2 to aid understanding of portions of the body 108 . The 
surface portion 122 can include the inner surface 110 and 
have a thickness 140 . The bulk portion 124 can include the 
outer surface 112 and have a thickness 150 . 
10023 ] . In an embodiment , the surface portion can have a 
thickness at most 90 % of the total thickness of the mono 
lithic body . In another embodiment , the surface portion can 
have a thickness at most 50 % , at most 30 % or at most 15 % 
of the total thickness of the monolithic body to facilitate 
improved refractory property of the ceramic liner . In another 
embodiment , the surface portion can have a thickness of at 
least 0 . 2 % of the total thickness of the monolithic body , such 
as at least 1 % , at least 2 . 5 % , or at least 5 % of the total 
thickness of the monolithic body . A relatively thicker surface 
portion may help to improve rigidity of the ceramic liner to 
take impact from the upcoming charge . The surface portion 
can have a thickness in a range including any of the 
minimum and maximum percentages noted above . For 
example , the surface portion can have a thickness in a range 
including at least 0 . 2 % and at most 50 % of the total 
thickness of the monolithic body , such as in a range includ 
ing at least 1 % and at most 15 % of the total thickness of the 
monolithic body . 
[ 0024 ] In an embodiment , the surface portion can have a 
thickness at most 40 mm , such as at most 25 mm or at most 
16 mm to facilitate improved refractory property of the 
ceramic liner . In another embodiment , the surface portion 
can have a thickness of at least 4 mm to provide sufficient 
rigidity to the ceramic liner , such as at least 8 mm or at least 
11 mm . The surface portion can have a thickness including 
any of the minimum and maximum values noted above . For 
instance , the surface portion can have a thickness in a range 
including at least 4 mm and at most 40 mm . 
[ 0025 ] Thickness of the bulk portion may vary in different 
furnaces and can be affected as the total thickness of the 
monolithic body , thickness of the surface portion , or both 
change . In an embodiment , the bulk portion can have a 
thickness of at least 16 mm and at most 830 mm to facilitate 
improved furnace efficiency and refractory property of the 
ceramic liner . A skilled artisan would understand the bulk 
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portion can have a thickness other than values noted above , 
because the total thickness of the monolithic body can vary 
significantly to be suitable for various furnaces . In a par 
ticular embodiment , the bulk portion can have a thickness 
greater than the thickness of the surface portion . In another 
particular embodiment , the total thickness of the monolithic 
body is the total of the thickness of the surface portion and 
the thickness of the bulk portion . 
10026 ] In an embodiment , the monolithic body can include 
an amorphous phase . The amorphous phase can be present 
at a certain content to facilitate formation of the ceramic 
liner . In an embodiment , the monolithic body can include at 
least 1 . 6 wt % of the amorphous phase relative to a total 
weight of the bulk material to allow the surface portion to 
sinter at a lower temperature . In instances sintering reactions 
at greater depth are desired , higher contents of the amor 
phous phase may be included . For instance , a content of the 
amorphous phase can be at least 2 . 1 wt % or at least 3 . 1 wt 
% . In another embodiment , the monolithic body can include 
at most 5 . 2 wt % , at most 4 . 2 wt % or at most 3 . 5 wt % of 
the amorphous phase relative to a total weight of the bulk 
material to reduce the likelihood of potential impact of the 
amorphous phase on liner property . In a further embodiment , 
the content of the amorphous phase can be in a range 
including any of the minimum and maximum percentages 
disclosed herein . For instance , the monolithic body can 
include a content of the amorphous phase in a range includ 
ing at least 2 . 1 wt % and at most 5 . 2 wt % relative to the total 
weight of the bulk material . 
[ 0027 ] In another embodiment , the monolithic body can 
have at most 15 vol % of the amorphous phase for a total 
volume of the body . In a particular embodiment , the mono 
lithic body can include at most 11 vol % or at most 6 vol % 
of the amorphous phase for a total volume of the body . In 
another embodiment , the monolithic body can include at 
least 0 . 2 vol % of the amorphous phase , such as at least 1 vol 
% or at least 2 . 5 vol of the amorphous phase . The monolithic 
body can include a content of the amorphous phase in a 
range including at least 0 . 2 vol % and at most 15 vol % for 
a total volume of the body , such as in a range including at 
least 2 . 5 vol % and at most 6 vol % for a total volume of the 
body . 
[ 0028 ] In an embodiment , the amorphous phase can be 
discontinuous , and members of the amorphous phase can be 
separated from one another by the bulk material . In a further 
embodiment , the discontinuous amorphous phase can reside 
in the surface portion . Particularly , at least 50 % , at least 
70 % , or at least 80 % of the discontinuous amorphous phase 
can reside within the surface portion of the monolithic body , 
which may help to reduce potential adverse effect on overall 
liner property . In a more particular embodiment , at least 90 % 
of the discontinuous amorphous phase can reside within the 
surface portion . In another more particular embodiment , the 
bulk portion can be substantially free of the discontinuous 
amorphous phase . 
[ 0029 ] In a further embodiment , at least one member of 
the discontinuous amorphous phase can be spaced apart 
from the inner surface of the monolithic body . In another 
embodiment , at least one member of the discontinuous 
amorphous phase can be embedded within the surface 
portion of the monolithic body . In still another embodiment , 
the discontinuous amorphous phase can be outlined by the 
grain boundaries surrounding each discrete member . 

[ 0030 ] FIG . 3 includes an illustration of a discontinuous 
amorphous phase in the monolithic body of a liner 300 . 
Exemplary members 332 , 334 , 336 , and 338 of a discon 
tinuous phase are illustrated and separated from one another 
by grains like the grain 330 of the bulk material . An artificial 
line 320 is included to aid understanding of the locations of 
the surface portion 322 and the bulk portion 324 . As 
illustrated , the members 334 , 336 , and 338 are spaced apart 
from the inner surface 310 and embedded within the surface 
portion 322 . 
[ 0031 ] In an embodiment , the amorphous phase can 
include a heat induced reaction product of an alkali solution 
and an acidic solution . An exemplary alkali solution can 
include a silicate , such as a silicate including a Group I or 
Group 2 element of the IUPAC Periodic Table of the 
Elements ( dated Jan . 8 , 2016 ) . In a particular embodiment , 
the alkali solution can include sodium silicate , potassium 
silicate , or a combination thereof . In an illustrative exem 
plary application , the alkali solution can be a sodium silicate 
solution including Na 0 and SiO2 . In a particular applica 
tion , the sodium silicate solution can include Na , in a 
concentration of 5 wt % to 12 wt % relative to the total 
weight of the solution and Sio , in a concentration of 18 wt 
% to 35 wt % relative to the total weight , and water as the 
solvent . 
[ 0032 ] An example of an acidic solution can include citric 
acid , boric acid , aluminum phosphate , aluminum fluoride , 
cryolite , or any combination thereof . In a particular embodi 
ment , the acidic solution can include citric acid . In another 
particular embodiment , the acidic solution can include boric 
acid . In a further embodiment , the acidic solution can 
include an oxide including a metal oxide , a non - metal oxide , 
or both to enhance strength of the reaction product . An 
example of the metal oxide can include Na2O , CaO , A1 , 03 , 
MgO , Fe , O2 , K , O , or a combination thereof . An example of 
the non - metal oxide can include an oxide of silicon , such as 
SiO2 . In a particular embodiment , the acidic solution can 
include A1 , 02 , SiO2 , and boric acid . In some instances , clay 
can be included in the acidic solution to provide the suitable 
oxide , such as kaolinite , montmorillonite - smectite , illite , 
chlorite , or any combination thereof . In further embodiment , 
additives may be added to the acidic solution , alkali solu 
tion , or both to aid preparation of the solutions . For example , 
an additive can include a de - foaming agent , a dispersant , or 
the like . An exemplary de - foaming agent can include 
sodium lignosulfonate , lignofulfonate , calcium lignosul 
fonate , or any combination thereof . A dispersant can include 
polyethylene glycol , polyacid , polycarboxylates , or any 
combination thereof . The alkali and acidic solution may be 
selected to be suitable for the particular metal production a 
furnace is used for . For instance , boron may be a contami 
nant for certain superalloy production , and accordingly , 
boric acid may be avoided in forming the amorphous phase 
in those applications . 
[ 0033 ] In an embodiment , the alkali and acidic solutions 
can be prepared separately , each utilizing H , O as a solvent . 
In an embodiment , the alkali solution can include 25 wt % 
to 35 wt % of the silicate for a total weight of the alkali 
solution . In another embodiment , the acidic solution can 
include 40 wt % to 80 wt % of boric acid , 1 wt % to 30 wt 
% of citric acid , 5 wt % to 75 wt % of cryolite , 5 wt % to 
35 wt % of aluminum phosphate for a total weight of the 
acidic solution . In a further embodiment , the acidic solution 
can include the oxide at a concentration of 5 wt % to 60 wt 
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[ 0040 ] In an embodiment , the coated lining form can be 
placed in a furnace using suitable tools and methods known 
to a skilled artisan so that the form can be centered for its 
entire length and spacing between the form and furnace wall 
can be uniform along the circumference of the form . In a 
further embodiment , dry bulk material in the powder form 
can be introduced into the spacing and compacted using 
techniques known to a skilled artisan . In an embodiment , the 
bulk material powder can have a suitable average particle 
size known to a skilled artisan , such as at least 45 microns 
and at most 3200 microns . In another embodiment , the bulk 
material can be dry and vibratable . In a particular embodi 
ment , the bulk material can be in contact with the coating on 
the outer surface of the lining form . In another particular 
embodiment , the coating can include a sintering aid . 
[ 0041 ] FIG . 4 includes an illustration of a top view of a 
furnace 400 . A bulk material 410 is placed between a furnace 
wall 402 and a lining form 420 . The lining form has a 
coating 422 on an outer surface of the form ( not illustrated ) , 
and the coating 422 abuts the bulk material 410 . An inner 
surface 424 of the form 420 faces a cavity 404 of the furnace 
400 . 

% for a total weight of the acidic solution . In some instances , 
clay can be used in the acidic solution to provide one or more 
oxides that are desired by certain applications , for instance , 
at a concentration of 5 wt % to 60 wt % . In another 
embodiment , the additive may be included in a content of 
not greater than 25 wt % for the total weight of the solution , 
in which it is included . 
[ 0034 ] In an embodiment , the amorphous phase can 
include a sintering aid . In a particular embodiment , the 
amorphous phase can include a silica , a borate , or a com 
bination thereof . More particularly , the amorphous phase 
can include a borosilicate . In another particular embodiment , 
the amorphous phase can include a Group I element , a 
Group II element , or both . More particularly , the amorphous 
phase can include an oxide of a Group I element ( e . g . , 
sodium oxide ) , a Group II oxide , or a combination thereof . 
In some other particular applications , the amorphous phase 
can include an alumina , cryolite , or a combination thereof . 
[ 0035 ] In an embodiment , a coating can be provided to the 
bulk material to form the ceramic liner including the amor 
phous phase . In a particular embodiment , the coating can be 
provided to the bulk material by a lining form . More 
particularly , the coating can be transferred from a coated 
lining form to the bulk material . 
[ 0036 ] In an embodiment , the outer surface of a lining 
form can be coated by painting , spraying , gunning , or the 
like , as desired by a skilled artisan . For coating large lining 
forms , spraying or gunning may be used for ease of han 
dling . In another embodiment , a two - part spray or gun 
system can be used with a dual - component solution . In a 
particular embodiment , the dual - component solution can 
include the alkali and acidic solutions disclosed herein . In a 
further embodiment , the alkali and acidic solutions can be 
combined at the nozzle of a two - part spray / gun system and 
react to form a product , which is sprayed onto the outer 
surface and solidifies upon contact with the form . 
[ 0037 ] In an embodiment , the alkali and acidic solutions 
can be combined at various volume ratios to for the reaction 
to take place and formation of the product . In an embodi 
ment , the speed of the reaction and drying rate of the product 
can be affected by the volume ratio of the alkali and acidic 
solutions . In an embodiment , the volume ratio of the acidic 
solution to alkali solution can be at least 1 : 1 and at most 10 : 1 
to allow the reaction to take place at a proper speed and help 
to prevent excessive spray . 
[ 0038 ] Many lining forms are applicable in embodiments 
herein , and the invention is not limited to any particular 
lining form . The lining form can be made of a material 
known to a skilled artisan , such as a metal or a ceramic 
material . Exemplary metal material can include a metal 
element or an alloy , such as steel . 
[ 0039 ] In an embodiment , the coating on the outer surface 
can have a thickness at least 2 . 5 mm to allow the coating to 
be continuous . For example , the coating can have a thick 
ness of at least 3 mm or at least 4 mm . In another embodi 
ment , the coating can have a thickness at most 10 mm to 
prevent the coating from flaking off , such as at most 8 . 8 mm 
or at most 7 mm . Thickness of the coating may be adjusted 
to allow sufficient coating to be provided on the bulk 
material . In a further embodiment , the coating can have a 
thickness in a range including at least 2 . 5 mm and at most 
10 mm , such as in a range including at least 4 mm and at 
most 7 mm . 

[ 0042 ] In an embodiment , prior to application of heat , the 
bulk material can have a porosity at most 17 vol % for a total 
volume of the bulk material after installation , such as at most 
15 vol % or at most 13 vol % , to facilitate formation of a 
ceramic liner having desired density . In another embodi 
ment , the bulk material can have a porosity at least 7 vol % , 
such as at least I vol % , as porosity of the bulk material may 
be affected by the installation process ( e . g . , compacting ) . It 
is to be understood , after installation , the bulk material can 
have a porosity in a range including at least 7 vol % and at 
most 17 vol % for a total volume of the bulk material , such 
as in a range including at least 9 vol % and at most 15 vol 
% . 
10043 ] In another embodiment , an initial heat can be 
applied to the coated form and the bulk material , using 
techniques known to a skilled artisan , such as torch , elec 
trical power , or both . In a further embodiment , the initial 
heat can be sufficient to transfer at least a portion of the 
coating to the bulk material . In an embodiment , at least 30 
vol % for a total volume of the coating or a majority of the 
coating can be transferred to the bulk material to facilitate 
formation of the ceramic liner . In a particular embodiment , 
the initial heat can be sufficient to transfer at least 70 vol % . 
at least 90 vol % , or at least 95 vol % of the coating to the 
bulk material . In another embodiment , coating residuals may 
be left on the form after the first heat is completed . For 
example , less than 5 vol % , less than 2 vol % , or less than 
0 . 7 vol % of the coating may be left on the form , as transfer 
may be affected by heating time , temperature , and initial 
thickness of the coating . 
[ 0044 ] In another embodiment , the initial heat can be 
sufficient to soften at least a portion of the coating so that at 
least a portion of the coating can flow into pores within the 
bulk material . In still another embodiment , pores within at 
most 50 % of the thickness of the bulk material may be filled 
with the coating . In a particular embodiment , pores that are 
within at most 30 % , at most 20 % , or at most 15 % of the 
thickness of the bulk material can be filled with the coating . 
In another embodiment , the coating may not reach a pore 
that is localized deeper than 60 % , deeper than 50 % , or 
deeper than 30 % of the thickness of the bulk material . In 
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another embodiment , at least a portion of the coating can 
adhere to the bulk material without going into pores within 
the bulk material . 
[ 0045 ] In an embodiment , the initial heat can be per 
formed at a certain temperature . The temperature can be 
lower than the melting temperature of the lining form , the 
sintering temperature of the bulk material , or both . In a 
further embodiment , the initial heat can be sufficient for the 
coating to react with the bulk material and allow localized 
sintering reaction to take place . In a particular embodiment , 
the sintering reaction can be limited within a surface portion 
of the bulk material that is filled with the coating , such that 
the surface portion of the bulk material can be sintered in the 
initial heat , while the bulk portion can be unsintered . 
[ 004 ] FIG . 5 includes an illustration of a cross - sectional 
view of a portion of a furnace 500 in the initial heat . As 
illustrated , a lining form 502 has a coating 506 in contact 
with the surface portion 522 that includes the bulk material 
having grains 510 . An artificial line 520 is included to 
demonstrate locations of the surface portion 522 and bulk 
portion 524 . The bulk portion 524 include the same bulk 
material as the surface portion . The bulk material can have 
various grain sizes , and the average grain sizes in the surface 
portion and the bulk portion can be the same prior to the 
initial heat . As illustrated , the coating 506 has entered into 
the surface portion 522 and takes up at least some of the 
spaces between grains . In a particular embodiment , all of the 
spaces within the surface portion can be occupied by the 
coating . In the initial heat , a discontinuous amorphous phase 
508 is being formed in the spaces within the surface portion 
522 . The bulk portion 524 remains unsintered , and air is 
trapped ( e . g . , pores 528 ) between the grains 510 . The bulk 
portion 524 can have a low porosity . In an embodiment , the 
bulk portion 524 can have a porosity resulted from com 
pacting the refractory powder . In a particular embodiment , 
the coating may not enter the bulk portion 524 . 
[ 0047 ] In an embodiment , the initial heat can be at a 
temperature of at least 500° C . , such as at least 650° C . or 
at least 800° C . to allow transfer of the coating , sintering of 
the surface portion , or both . In another instance , the initial 
heat can be at a temperature of at most 1200° C . , such as at 
most 1150° C . or at most 1050° C . to be below the melting 
temperature of the lining form . In a further embodiment , the 
initial heat can be at a temperature in a range including any 
of the minimum and maximum temperatures noted herein . 
For example , the temperature can be in a range including at 
least 500° C . and at most 1200° C . The initial heat can be at 
different temperatures for applications using different coat 
ings . For instance , when boric acid is used , the first tem 
perature can be in a range from 800° C . to 860° C . However , 
when aluminum fluoride is used , the first temperature can be 
in a range from 950° C . to 1000° C . A skilled artisan would 
be able to determine a suitable temperature for applying the 
initial heat after reading this disclosure . In a further embodi 
ment , the furnace can be heated at a rate of at least 90° C . / hr 
and at most 1000° C . / hr to reach the desired temperature for 
the initial heat . In a particular embodiment , as desired , the 
heating rate can be at least 90° C . / hr and at most 500° C . / hr . 
If the heating rate is too high , strength of the form may be 
compromised , and the form may tear . The heating rate can 
be determined according to the furnace design , such as 
capacity and materials of a furnace , and operation condi 
tions . 

[ 0048 ] In a further embodiment , heating at the first tem 
perature can be performed for at least 20 minutes , such as at 
least 40 minutes or at least an hour or even longer to allow 
transfer of the coating to complete and adequate depth of the 
bulk material to sinter . In another embodiment , the first heat 
can last at most 6 hours , such as at most 4 hours , or at most 
3 hours . Heating time of the initial heat may vary according 
to compositions of the bulk material and coating and the 
heating temperature . In a further embodiment , the initial 
heat can be applied for a time period in a range including any 
of the minimum and maximum values disclosed herein . For 
instance , the first heat can last for at least 20 minutes and at 
most 6 hours . 
[ 0049 ] In an embodiment , after the initial heat , the surface 
portion and the bulk portion can have a different porosity . In 
an embodiment , after the initial heat , the surface portion can 
be sintered . In another embodiment , after the initial heat , the 
surface portion can have a porosity of at most 5 vol % for 
the total volume of the surface portion , such as at most 2 vol 
% or at most 0 . 5 vol % , as the porosity may be affected by 
the extent of the sintering reaction and heating conditions . In 
another embodiment , the porosity of the surface portion can 
be greater than 0 after the initial heat . In a further embodi 
ment , after the initial heat , the bulk portion can remain 
unsintered . In a further embodiment , after the initial heat , the 
bulk portion can have a porosity of at least 7 vol % , such as 
at least 9 vol % , of the total volume of the bulk portion , as 
the porosity may be affected by the installation process ( e . g . , 
compacting ) . In another embodiment , the bulk material can 
have a porosity of at most 17 vol % for a total volume of the 
bulk portion , such as at most 15 vol % or at most 13 vol % , 
to facilitate formation of a ceramic liner having desired 
density . 
[ 0050 ] In an embodiment , if desired , the lining form can 
be removed after the first heat is completed . In an embodi 
ment , the furnace can be cooled down to at most 200° C . for 
safety concerns and to allow the lining form to be pulled 
away from the bulk material . In another embodiment , lower 
temperatures may facilitate separation from the bulk mate 
rial due to shrinkage of the form . For instance , the furnace 
can be cooled down to at most 120° C . or at most 60° C . In 
an embodiment , the furnace can be allowed to cool down by 
just turning off the heat , or use of a tool ( e . g . , a fan ) to speed 
up cooling as desired . In a further embodiment , a cooling 
rate may be applied based on the desired time for cooling , 
availability of tools and furnace designs . For instance , a 
cooling rate can be at least 400° C . / hr or at least 800° C . / hr 
to shorten the cooling time . In another instance , a higher 
cooling rate , such as 1600° C . / hr , may be desired to accel 
erate metal production . After reading this disclosure , a 
skilled artisan would be able to determine a proper cooling 
rate to suit an application . In a further embodiment , the 
lining form may be cleaned and coated as disclosed herein 
for reuse in liner installation . In another embodiment , the 
lining form may be kept in the furnace and allowed to melt 
in subsequent heat . 
[ 0051 ] In an embodiment , a subsequent heat can be 
applied to the bulk material and the coating . The subsequent 
heat can be applied before or after the furnace is charged 
with metal . In a particular embodiment , the subsequent heat 
can be sufficient to sinter the bulk material . In another 
particular embodiment , the subsequent heat can be sufficient 
to melt the charge of metal . In some instances , it may be 
desired to fully sinter the liner before the furnace is charged 



US 2018 / 0106547 A1 Apr . 19 , 2018 

Embodiment 3 
[ 0062 ] A method of forming a ceramic liner , comprising ; 

[ 0063 ] providing a furnace with a coating and a bulk 
material of the ceramic liner ; and 

[ 0064 ] heating the bulk material and the coating to form 
the ceramic liner having a monolithic body , 

[ 0065 ] wherein the monolithic body comprises a sur 
face portion and a bulk portion , the surface portion 
including an inner surface of the monolithic body and 
having a thickness less than a total thickness of the 
monolithic body ; and 

[ 0066 ] wherein the surface portion comprises an amor 
phous phase embedded within the surface portion and 
the bulk portion is substantially free of an amorphous 
phase . 

with metal . In an embodiment , the furnace can be heated up 
at a rate of at least 100° C . / hr and at most 200° C . / hr to allow 
sufficient time for the sintering reaction to take place . In 
instances that the furnace is charged prior to formation of a 
fully sintered liner , the heating rate can be at least 100° C . / hr 
and at most 500° C . / hr to reach the proper melting tempera 
ture . In some applications , the liner can become fully 
sintered after a couple of or more operations of melting 
metal . 
[ 0052 ] In an embodiment , the subsequent heat can be 
performed at a temperature of at least 1200° C . , such as at 
least 1200° C . , or at least 1400° C . In another instance , the 
subsequent heat can be at a temperature of at most 1650° C . , 
such as at most 1500° C . , or at most 1450° C . The tempera 
ture may vary according to compositions of the bulk mate 
rial and melting temperatures of metal . In a particular 
embodiment , the subsequent heat temperature can be higher 
than the initial heat temperature . 
[ 0053 ] In an embodiment , the subsequent heat can be 
performed for a suitable time to allow the bulk material to 
fully sinter , the charge of metal to melt , or both . In an 
embodiment , the subsequent heat can be performed for at 
least 1 hour , such as at least 2 . 5 hours , or at least 4 hours . In 
another embodiment , the second heat can be performed for 
at most 12 hours , such as at most 10 hours or at most 8 hours . 
The subsequent heating time may vary depending on the 
material and thickness of the bulk material and desired 
heating temperature . The subsequent heat can be performed 
for a time period in a range including any of the minimum 
and maximum values noted above . In an embodiment , after 
the subsequent heat is completed , molten metal can be 
removed as needed , and the furnace can be cooled down for 
a second operation . 
[ 0054 ] Many different aspects and embodiments are pos 
sible . Some of those aspects and embodiments are described 
herein . After reading this specification , skilled artisans will 
appreciate that those aspects and embodiments are only 
illustrative and do not limit the scope of the present inven 
tion . Embodiments may be in accordance with any one or 
more of the embodiments as listed below . 

Embodiment 4 
[ 0067 ] A method of forming a ceramic liner , comprising ; 

0068 ] placing a form having a coating in a furnace ; 
[ 0069 ] introducing a bulk material into a space between 

a wall of the furnace and the form having the coating ; 
[ 0070 ) heating the bulk material and the form having 

the coating at a first temperature , wherein the first 
temperature is sufficient to transfer at least a portion of 
the coating to the bulk material ; and 

[ 0071 ] removing the form from the furnace . 
Embodiment 5 

[ 0072 ] The method of embodiment 4 , further comprising 
heating the bulk material and the coating at a second 
temperature after removing the form , wherein the second 
temperature is sufficient to sinter the bulk material . 

Embodiment 6 
[ 0073 ] The method of embodiment 5 , wherein the ceramic 
liner includes a monolithic body having an amorphous 
phase . 

Embodiment 1 
Embodiment 7 

[ 0074 ] The method of embodiment 6 , wherein the amor 
phous phase is within a surface portion of the monolithic 
body , wherein the surface portion has a thickness less than 
a total thickness of the ceramic liner . 

Embodiment 8 

[ 0055 ] A ceramic liner , comprising a monolithic body 
including : 
10056 ] a surface portion including an inner surface of the 
monolithic body and having a thickness less than a total 
thickness of the monolithic body ; and 
[ 0057 ] a bulk portion , 
[ 0058 ] wherein : 

[ 0059 ] the surface portion comprises an amorphous 
phase embedded within the surface portion ; and 

[ 0060 ] the bulk portion is substantially free of an amor 
phous phase . 

[ 0075 ] The method of any one of embodiments 4 to 6 , 
further comprising spraying the coating onto the form . 

Embodiment 9 
[ 0076 ] The method of embodiment 8 , wherein spraying is 
performed with a dual - component solution . 

Embodiment 10 Embodiment 2 
[ 0077 ] The method of embodiment 9 , wherein the dual 
component solution comprises a silicate solution . 

Embodiment 11 

[ 0061 ] A ceramic liner , comprising a monolithic body 
comprising a discontinuous amorphous phase , wherein at 
least 50 % of the discontinuous amorphous phase resides 
within a surface portion of the monolithic body , wherein the 
surface portion includes an inner surface of the monolithic 
body and having a thickness at most 90 % of a total thickness 
of the monolithic body . 

[ 0078 ] The method of embodiment 10 , wherein the silicate 
comprises an element selected from the group consisting of 
Group I and Group II elements . 
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Embodiment 12 
[ 0079 ] The method of any one of embodiments 9 to 11 , 
wherein the dual - component solution comprises a sodium 
silicate solution , a potassium silicate solution , or a combi 
nation thereof . 

Embodiment 23 
[ 0090 ] The method of any one of embodiments 4 to 18 and 
20 to 22 , wherein introducing the bulk material comprises 
compacting the bulk material within the space such that the 
bulk material has a porosity of at most 15 vol % . 

Embodiment 13 
[ 0080 ] The method of any one of embodiments 9 to 11 , 
wherein the dual - component solution comprises a solution 
including aluminum phosphate , aluminum fluoride , or a 
combination thereof . 

Embodiment 24 
[ 0091 ] The method of any one of the embodiments 4 to 21 , 
wherein after heating at a second temperature , the amor 
phous phase is at most 15 vol % of the monolithic body . 

Embodiment 25 
Embodiment 14 

[ 0081 ] The method of any one of embodiments 9 to 11 , 
wherein the dual - component solution comprises an acidic 
solution . 

[ 0092 ] The method of any one of the embodiments 4 to 22 , 
wherein after heating at a second temperature , the mono 
lithic body has a porosity of at most 2 vol % , at most 1 vol 
% , or at most 0 . 4 vol % . 

Embodiment 15 

[ 0082 ] The method of embodiment 14 , wherein the acidic 
solution comprises boric acid , citric acid , or a combination 
thereof . 

Embodiment 26 
[ 0093 ] The method of any one of embodiments 4 to 18 and 
20 to 25 , further comprising cooling the furnace to a 
temperature of at most 200° C . , at most 120° C . , or at most 
60° C . prior to removing the form from the furnace . 

Embodiment 16 
[ 0083 ] The method of any one of embodiments 3 to 14 , 
wherein the coating has a thickness from at least 2 . 5 mm to 
at most 10 mm . 

Embodiment 27 
[ 0094 ] The method of any one of embodiments 4 to 18 and 
20 to 26 , wherein removing the form from the furnace is 
performed before heating at the second temperature . 

Embodiment 28 Embodiment 17 
[ 0084 ] The method of any one of embodiments 4 to 15 , 
wherein the first temperature is at least 500° C . to at most 
1200° C . 

[ 0095 ] The ceramic liner or the method of any one of 
embodiments 1 to 27 , wherein the ceramic liner comprises 
an alumina , a magnesia , or a combination thereof . 

Embodiment 29 Embodiment 18 
[ 0085 ] The method of any one of embodiments 4 to 16 , 
wherein heating at the first temperature is performed for at 
least 20 minutes to at most 6 hours . 

[ 0096 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 28 , wherein the amorphous 
phase comprises a silica . 

Embodiment 19 
[ 0086 ] The method of embodiment 3 , wherein before 
heating , the bulk material has a porosity of 9 vol % to 15 vol 
% for a total volume of the bulk material . 

Embodiment 30 
[ 0097 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 29 , wherein the amorphous 
phase comprises one or more elements selected from a group 
consisting of Group I and Group II elements . 

Embodiment 20 

0087 ] The method of any one of embodiments 4 to 17 , 
wherein before heating at the first temperature , the bulk 
material has a porosity of 9 vol % to 15 vol % for a total 
volume of the bulk material . 

Embodiment 31 
[ 0098 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 30 , wherein the amorphous 
phase comprises a sodium oxide . 

Embodiment 21 
[ 0088 ] The method of any one of embodiments 3 to 20 
wherein at least 90 vol % of the coating relative to a total 
volume of the coating is transferred to the bulk material . 

Embodiment 32 
[ 0099 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 31 , wherein the amorphous 
phase comprises an alumina , a cryolite , or a combination 
thereof . 

Embodiment 22 
[ 0089 ] The method of any one of embodiments 3 to 21 , 
wherein at least 95 vol % of the coating relative to a total 
volume of the coating is transferred to the bulk material . 

Embodiment 33 
[ 0100 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 32 , wherein the amorphous 
phase comprises a borosilicate . 
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solutions were combined at a volume ratio of 1 : 1 for each 
coating . The coatings had thickness of approximately 3 . 2 

Embodiment 34 
[ 0101 ] The ceramic liner of any one of embodiments 1 , 3 , 
and 6 to 33 , wherein the monolithic body comprises a 
discontinuous amorphous phase residing in the surface por 
tion . 

mm . 

TABLE 1 
Components Composition 1 ( wt . % ) Composition 2 ( Wt . % ) 

Embodiment 35 
[ 0102 ] The ceramic liner or the method of embodiment 2 
or 34 , wherein at least 70 % or at least 90 % of the discon 
tinuous amorphous phase resides in the surface portion . 

Boric Acid Anhydrous 
# 6 Tenn . Clay 
Lignosol A 
Alumina 
Citric Acid 
Cryolite 
Polymeric Dispersant 

40 - 60 
30 - 50 

2 - 12 
5 - 35 

0 
10 - 40 
10 - 30 

0 - 30 
10 - 30 
25 - 50 

0 . 20 - 1 Embodiment 36 0 - 1 

[ 0103 ] The ceramic liner or the method of any one of 
embodiments 2 , 34 , and 35 , wherein a discrete amorphous 
member of the amorphous phase within the monolithic body 
is spaced apart from an inner surface of the monolithic body . 

Embodiment 37 
0104 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 5 to 36 , wherein the ceramic liner 
has a content of the amorphous phase from at least 0 . 2 vol 
% to at most 15 vol % of the monolithic body . 

Embodiment 38 
[ 0105 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 7 to 37 , wherein the surface 
portion has a thickness at most 40 mm , at most 25 mm , or 
at most 15 mm . 

Embodiment 39 
f0106 ] . The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 7 to 38 , wherein the thickness of 
the surface portion is at most 50 % , or at most 30 % , or at 
most 15 % of the total thickness of the monolithic body . 

Embodiment 40 

[ 0111 ] The present embodiments represent a departure 
from the state of the art . Metal lining forms typically have 
melting temperatures lower than sintering temperatures of 
liner refractory materials . After refractory powder is 
installed , a first heat is generally applied to sinter the 
refractory materials , which cause metal forms to melt . In 
metal production for applications in aerospace , medical , and 
other superalloy instances , metal forms are contaminants 
and required to be washed out prior to melting superalloy , 
such as using a heat cycle with a load of suitable molten 
metal . This additional wash step reduces the total heat cycles 
a furnace can run ( e . g . , reduction by 40 % ) , and thus , 
significantly decreases furnace efficiency . Using sintering 
aids to lower sintering temperatures of refractory materials 
may cause reduction of liner service life , because sintering 
aids adversely impact refractory property of liners , render 
ing liners more susceptible to erosion and corrosion at 
operation temperatures . The ceramic liner and methods of 
embodiments herein provide a liner with improved service 
life , and may be particularly suitable for superalloy produc 
tion , because melting metal forms can be avoided and 
distribution of a sintering aid is limited to the surface portion 
of a liner , minimizing the overall adverse effect on refractory 
property of the liner . In addition , metal forms can be reused 
as desired to reduce cost of metal production . 
[ 0112 ] Note that not all of the activities described above in 
the general description or the examples are required , that a 
portion of a specific activity may not be required , and that 
one or more further activities may be performed in addition 
to those described . Still further , the order in which activities 
are listed is not necessarily the order in which they are 
performed . 
[ 0113 ] Benefits , other advantages , and solutions to prob 
lems have been described above with regard to specific 
embodiments . However , the benefits , advantages , solutions 
to problems , and any feature ( s ) that may cause any benefit , 
advantage , or solution to occur or become more pronounced 
are not to be construed as a critical , required , or essential 
feature of any or all the claims . Many different aspects and 
embodiments are possible . Some of those aspects and 
embodiments are described herein . After reading this speci 
fication , skilled artisans will appreciate that those aspects 
and embodiments are only illustrative and do not limit the 
scope of the present invention . Additionally , those skilled in 
the art will understand that some embodiments that include 
analog circuits can be similarly implement using digital 
circuits , and vice versa . 
[ 0114 ] The specification and illustrations of the embodi 
ments described herein are intended to provide a general 
understanding of the structure of the various embodiments . 

[ 0107 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 7 to 39 , wherein the thickness of 
the surface portion is at least 0 . 2 % of the total thickness of 
the monolithic body . 

Embodiment 41 

[ 0108 ] The ceramic liner or the method of any one of 
embodiments 1 , 2 , 3 , and 6 to 40 , wherein the monolithic 
body has a thickness of at least 75 mm , at least 110 mm , or 
at least 140 mm . 

Embodiment 42 
[ 0109 ] A furnace , comprising the ceramic liner of any one 
of embodiments 1 , 2 , 3 , and 28 to 41 or made by the method 
of any one of embodiments 3 to 41 . 

Example 1 

[ 0110 ] Acidic solutions 1 and 2 were prepared with H2O , 
having Compositions 1 and 2 , respectively , as disclosed in 
Table 1 . A silicate solution was prepared including 25 wt % 
to 35 wt % of sodium silicate . Steel forms were coated using 
a two - part spray system with the silicate solution and 
Solution 1 or the silicate solution and Solution 2 . The 
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The specification and illustrations are not intended to serve 
as an exhaustive and comprehensive description of all of the 
elements and features of apparatus and systems that use the 
structures or methods described herein . Separate embodi 
ments may also be provided in combination in a single 
embodiment , and conversely , various features that are , for 
brevity , described in the context of a single embodiment , 
may also be provided separately or in any subcombination . 
Further , reference to values stated in ranges includes each 
and every value within that range . Many other embodiments 
may be apparent to skilled artisans only after reading this 
specification . Other embodiments may be used and derived 
from the disclosure , such that a structural substitution , 
logical substitution , or another change may be made without 
departing from the scope of the disclosure . Accordingly , the 
disclosure is to be regarded as illustrative rather than restric 
tive . Benefits , other advantages , and solutions to problems 
have been described above with regard to specific embodi 
ments . However , the benefits , advantages , solutions to prob 
lems , and any feature ( s ) that may cause any benefit , advan 
tage , or solution to occur or become more pronounced are 
not to be construed as a critical , required , or essential feature 
of any or all the claims . 
What is claimed is : 
1 . A ceramic liner , comprising a monolithic body includ 

ing : 
a surface portion including an inner surface of the mono 

lithic body and having a thickness less than a total 
thickness of the monolithic body ; and 

a bulk portion , 
wherein : 

the surface portion comprises an amorphous phase 
embedded within the surface portion ; and 

the bulk portion is substantially free of an amorphous 
phase . 

2 . The ceramic liner of claim 1 , wherein the ceramic liner 
comprises an alumina , a magnesia , or a combination thereof . 

3 . The ceramic liner of claim 1 , wherein the amorphous 
phase comprises a silica . 

4 . The ceramic liner of claim 1 , wherein the amorphous 
phase comprises one or more elements selected from a group 
consisting of Group I and Group II elements . 

5 . The ceramic liner of claim 1 , wherein the amorphous 
phase comprises a sodium oxide . 

6 . The ceramic liner of claim 1 , wherein the amorphous 
phase comprises an alumina , a cryolite , or a combination 
thereof . 

7 . The ceramic liner of claim 1 , wherein the amorphous 
phase comprises a borosilicate . 

8 . The ceramic liner of claim 1 , wherein the amorphous 
phase is discontinuous . 

9 . A ceramic liner , comprising a monolithic body com 
prising a discontinuous amorphous phase , wherein at least 
50 % of the discontinuous amorphous phase resides within a 

surface portion of the monolithic body , wherein the surface 
portion includes an inner surface of the monolithic body and 
having a thickness at most 90 % of a total thickness of the 
monolithic body . 

10 . The ceramic liner of claim 9 , wherein at least 70 % or 
at least 90 % of the discontinuous amorphous phase resides 
in the surface portion . 

11 . The ceramic liner of claim 9 , wherein a discrete 
amorphous member of the amorphous phase within the 
monolithic body is spaced apart from an inner surface of the 
monolithic body . 

12 . The ceramic liner of claim 9 , wherein the amorphous 
phase comprises a silica . 

13 . The ceramic liner of claim 9 , wherein the ceramic 
liner has a content of the amorphous phase from at least 0 . 2 
vol % to at most 15 vol % of the monolithic body . 

14 . The ceramic liner of claim 9 , wherein the thickness of 
the surface portion is at most 50 % , or at most 30 % , or at 
most 15 % of the total thickness of the monolithic body . 

15 . A method of forming a ceramic liner , comprising ; 
providing a furnace with a coating and a bulk material of 

the ceramic liner , and 
heating the bulk material and the coating to form the 

ceramic liner having a monolithic body , 
wherein the monolithic body comprises a surface portion 

and a bulk portion , the surface portion including an 
inner surface of the monolithic body and having a 
thickness less than a total thickness of the monolithic 
body ; and 

wherein the surface portion comprises an amorphous 
phase embedded within the surface portion and the bulk 
portion is substantially free of an amorphous phase . 

16 . The method of claim 15 , further comprising ; 
placing a form having the coating in the furnace , 
wherein the bulk material is between a wall of the furnace 

and the form having the coating ; and 
wherein heating the bulk material and the coating is 

conduced at a first temperature , wherein the first tem 
perature is sufficient to transfer at least a portion of the 
coating to the bulk material . 

17 . The method of claim 15 , further comprising removing 
the form from the furnace ; and heating the bulk material and 
the coating at a second temperature after removing the form , 
wherein the second temperature is sufficient to sinter the 
bulk material . 

18 . The method of claim 15 , wherein the first temperature 
is at least 500° C . to at most 1200° C . 

19 . The method of claim 15 , wherein heating at the first 
temperature is performed for at least 20 minutes to at most 
6 hours . 

20 . The method of claim 15 , wherein before heating , the 
bulk material has a porosity of 9 vol % to 15 vol % for a total 
volume of the bulk material . 

* * * * 


