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AUSTRALIA
Patents Act 1990

PATENT REQUEST AND NOTICE OF ENTITLEMENT

We  COAL INDUSTRY (PATENTS) LIMITED

of Hobart House, Grosvenor Place, LONDON SW1X 7AE, ENGLAND

being the Applicant and Nominated Person, request the grant of a patent for an
invention entitled IMPROVEMENTS IN OR RELATING TO CERAMIC WELDING which is
described in the accompanying standard complete specification.

Convention priority is claimed from the following basic applications:

Basic Application Ap} ;- .0on Country Country
Applicant flumber Datt Code

Coal Industry
(Patents) Limited 91 13365.2 20 June 1991 Great Britain GB

Coal Industry
(Patents) Limited 91 13370.2 20 June 1991 Great Britain GB

Leslie Ernest John Tucker; Kevin Dunderdale; David Kenneth Hurran and Robert
Geoffrey Everitt are the actual inventors of the invention.

‘The nominated person is the assignee of the invention from the inventors.

The basic applications were the first applications made in a Convention country in
respect of the invention the subject of this request.

Our address for service is: GRIFFITH HACK & CO
168 WALKER STREET
NORTH SYDNEY NSW 2060

Attorney Code: GH

2030204  17/046/92 DATED this 19th day of June 1992
..US(:J. " o oL

COAL INDUSTRY (PATENTS) LIMITED
By their Patent Attgriey
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Claim
1. A ceramic welding process in which a composition of matter
comprising a mixture of refractory particles and oxidisable metalloid
particles is projected with an oxygen-containing gas through a
lance to a surface where oxidisable particles react
exothermally to cause at least partial fusion of the other
particles of the mixture, both with themselves and with the
surface, so that a ceramic weld is formed, characterised in that
the harmonic mean size as defined herein of the refractory
particles is between 300 and 1000 microns inclusive, and the
size range spread factor as defined herein of the refractory
particles is between 0.4 and 1.1 inclusive.
4. A process according to any one of the preceding claims in which
the composition of matter compriseé a mixture of refractory oxide
particles and silicon powder, the silicon being the only component

of the mixture in elemental form.

' 5. A process according to claim 4 in which the silicon powder is
present in the mixture in the range of 10-18% inclusive by weight

of the total mixtucre.
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(11) AU-B-18441/92 -2-
(10) 656382

7. A process according to any one of claims 4 to 6 in which the
maximum size of the silicon is below 125 microns.

8 A process according to any one of claims 4 to 7 in which the

refractory particles comprise crushed silica particles.
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AUSTRALIA

Patents Act 1990 656382

SUBSTITUTE
COMPLETE SPECIFICATION
STANDARD PATENT

Invention Title: IMPROVEMENTS IN OR RELATING TO CERAMIC
WELDING

The following statement is a full description of this invention, including the

best method of performing it known to us:

GH&CO REF: P14139-FE:RPW:RK




IMPROVEMENTS IN OR_RELATING TO CERAMIC WELDING

This invention concerns improvements in or relating to ceramic
welding processes and in particular has reference to the size
characteristics of the powder elements of the composition of

matter employed in such processes.

5 The present invention also has reference to an improved

composition of matter for use in ceramic welding processes.

Such processes are well established for repairing the internal
ceceny refractory structures of coke ovens, glass furnaces and the 1like

and are disclosed for example in British Patents Nos 402 203,

. 10 1 330 894 and 2 035 524 and Swedish Patent No 102 283. A ceramic
RN welding process usually involves the conveyance in a carrier gas
'.H.: of a composition of matter in the form of a mixture of powders to

a lance, the powder particles being entrained within the lance in
an oxygen-containing gas and projected from the lance to a surface
: 15 where a part of the powder mixture reacts exothermically with
oxygen to cause at least partial fusion of the other part of the
powder mixture, both with itself and with the surface, so that a

ceramic weld is formed. 4,

A composition of matter suitable for use in a ceramic welding

20 process is Yypically a mixture of refractory oxide and metal
and/or metalloid particles in powder form. A compesition of
matter and process for use in forming refractory masses by a
ceramic welding process are disclosed in British Patents Nos 2 154

228, 2 110 200 and 2 170 191.

25 British Patent No 2 170 191 specifies the size characteristics of
the refractory particles and the oxidisable particles by
various properties including one term which  approximates to
average size and another term  which relates to size
distribution. The language of the principal claims of 2 170 191

30 can be simplified by translation into more readily understandable
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expression to convey the meaning that the average size of the
refractory particles must be greater than the average size of the
oxidisable particles and that the spread of sizes of the
refractory particles should be above a certain minimum. The

former of these two requirements is plainly obvious and merely
reproduces the disclosures of earlier patents in the ceramic
welding field, for example British Patent No 1 330 894 which gives
maximum average sizes for refractories and oxidisable particles as
500 microns and 59 microns respectively. A wide distribution of
sizes, giving a high size range spread, is said in 2 170 191 to be
of benefit in that it contributes to the formation of durable
welds which are less porous and contain less cracks than welds
produced using refractory particles of more homogeneous size

distribution.

In view of the benefits said to be derived from the operation of
the process and use of a composition of matter as defined in
British Patent No 2 170 191, we have found, surprisingly, that
high quality, durable refractory masses can be formed by employing
refractory particles of more uniform size distribution than is
suggested to be the case by this earlier patent. Moreover, the
removal of the coarse fractions of the refractory particles
assists the flow of the composition of matter through the
transport system, enables smoother finish to the resultant weld to
be achieved and reduces the proportion of conveyed material which
does not form part of the weld. The eliminaticn of the fine size
fractions of the refractory particles is als» beneficial in aiding
the flow of matter, but has added benefits in regard to reducing
the extent of silica dust which becomes airborne during handling,
to reducing the dust cloud at the reaction zone and hence to
reducing the proportion of conveyed material which does not form
part of the weld, and to enhancing the exothermic reactions of the
oxidisable particles by not stifling these reactions in a similar
manner to stone dust which is wused in extinguishing fires in

underground mines.
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The earlier British Patents Nos 2 154 228 and 2 110 200 describe
compositions of matter consisting of incombustible refractory
material and particles of exothermically oxidisable material which
latter have a characteristic average size of below 50 microns and
comprising silicon and aluminium, the aluminium being present in
an amount up to 12% by weight of the total mixture. Claim 8 of
British Patent No 2 154 228 prescribes the aluminium content as
being at least 1% by weight of the total mixture. In the
Examples of these patents, mixtures of ‘silicon and aluminium are
described as being used with refractory oxide particles comprising
one or more of the following namely =zirconia, magnesia, alumina,
silica, sillimanite and mullite. It is a feature of all the
aforementioned patents that a suitable choice of refractory
particles can be made to give a weld repair composition which is

as close as posgsible to that of the substrate refractory to be

treated when this is desired.

The ceramic welding process is widely used in the repair of coke
ovens the 1linings of which are formed from silica refractory
blocks. Conventionally, the composition of matter, ie the

welding powder, comprises a mixture of aluminium, silicon and
silica particles, and Example VIII of British Patent No 2 154 228
gives a composition of matter for the repair of a coking furnace
as comprising 1% aluminium, 12% silicon and 87% silica (% by
weight). (It is to be noted that the Example in question

actually quotes 80% silica but it is believed to be an erratum).

In coke cvens, the silica refractory blocks are not '100% pure
silica and contain inter alia small quantities of aluminium, iron
and calcium impurities present in complex refractory oxide
molecules. Furthermore, the silica is present in the ¢rystalline

forms tridymite and cristobalite. The preferred silica component
of the welding powder is crushed silica refractory of the same

crystalline and chemical form as indicated above.
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Use of a welding powder mixture comprising aluminium in an amount
of at least 1% by weight of the total mixture, silicon and crushed
silica refractory cannct always produce a weld composition which
matches exactly the composition of the silica substrate. The

chemical mismatch is compounded by the fact that a certain
proportion of the applied welding powder mixture is lost at the
periphery of the spray of material projected from the lance, and
does not form part of the final weld since it is not accommodated
within the hot zone at the repair area. The lost material is

essentially refractory and thus the use of aluminium, particularly
in amounts of at 1least 1%, in the welding powder, results in
significantly higher quantities of aluminium as an oxide in the
weld repair per se than is present in the substrate refractory

silica brick.

Furthermore, it has been found that welds formed from fpowder
mixtures of aluminium, silicon and silica may contain & proportion
of silicon which is considered at least by some skilled in
the art to be detrimental to the quality and durability of the
resultant weld, and hence to the efficacy of the process as a

whole.

It is also to be noted that when repairing coke ovens the
temperature of the refractory can be 800°C: at the ends and
possibly 1200°C and in excess thereof at the centre of the oven.
Whilst it may be the case that the use of aluminium in the welding

powder mixture can promote good initiation of the weld at lower
temperature, it can lead to high and undesirable reaction rates at
relatively higher temperatures, namely 1200°C and above, thereby
resulting in overheating of the reaction zone magma layer which
becomes low in viscosity and flows easily. When this phenomenon

occurs, correct application of the weld becomes difficult since
the forward velocity of the projected welding powder forces the
magma layer to spread and distort at the periphery, thus producing
poor quality welds which are porous and have an uneven finished

surface.
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One object of at least preferred embodiment(s) of the
present invention is to provide an improved ceramic

welding process and a composition of matter therefor.

A further object of at least preferred embodiment(s) of
the present invention is to provide a composition of
matter for use in a ceramic welding process which affords
a better chemical match between the weld repair and

substrate refractory.

A still further object of at least preferred
embodiment (s) of the present invention 1is to provide a
compogition of matter for use in a ceramic welding
process which can be used at relatively high
temperatures, for example a substrate temperature of at
least 800°C, without giving rise to the disadvantage of
distortion and poor quality welds occasioned by the use

of compositions containing aluminium.

According to a first aspect of the invention there is
provided a ceramic welding process in which a composition
of matter comprising a mixture of refractory particles
and oxidisable metalloid particles is
projected with an oxygen-containing gas through a lance
to a surface  where oxidisable particles react
exothermally to cause at least partial fusion of the
other particles of the mixture, both with themselves and
with' the surface, so that a ceramiq weld i1is formed,

characterised in that the harmonic mean size (aé defined

herein) of the refractory parﬁicles is between 300 and
1000 microns inclusive, and the size range spread factor
(as defined herein) of the refractory particles is
between 0.4 and 1.1 inclusive.

The harmonic mean size is defined as I Wi

z Wi/si
where W; is the weight or percentage of maté}ial in the
;bh size fraction and S; ig the mean size of the ;th

fraction.
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The size range spread factor is defined as follows:
F(G) = _2__(Q30_”__G_.20.)_
Ggo + Gao
where Ggy is the theoretical mesh size through which 80%
5 by weight of particles would pass and G,, is the
theoretical mesh size "through which 20% by weight of
part;icles would pass (ie. "% grain size" 1is used to
denote that % ©proportion by weight of refractory
particles which will pass a screen having a mesh of that

10 size) .

The harmonic mean size is a wuseful term to adopt to
describe particle size distributions since it is widely

. * known and in processes such as ceramic welding where the
a chemical reactions are surface dependent, the harmonic
“iee 15 mean size is relevant in that it is equivalent to the
:.::: diameter of a particle of average surface area.

It is known that the oxidisable metalloid
e particles should be fine in order to promote their
seee reaction with oxygen. In practice, commercially

20 available metal particles of this kind with a maximum
size of 125 microns (but with a size distribution down to

sub-micron size) are used and are very satisfactory.

-
.

According to a second aspect of the invention there is
provided a composition of matter for a ceramic welding
25 process, the composition 'éémprq'.sing a. mixture of
refraié&cgry particles and ‘oxidisable
- metalloid particles characterised in that the harmonic
mean size as defined herein of the refractory particles:
is between ;'%00 and 1000 microns inclusive, and the size
30 range spread factor as defined herein of the refractory
particles is between 0.4 and 1.1 inclusive.

%) Preferably the composition comprises a mixture of

, QE refractory oxide particles and silicon powder, the

Sn)!/ silicon being the only component of the mixture in
35 elemental form.
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The refractory oxides which can be used in the invention are
preferably silica. The silicon powder may be present in the
composition of matter in an amount of at least 10% up to 18% by
weight of the total composition. Preferably, the silicon powder

is present in the composition of matter in an amount of from 12%

to 16% inclusive by weight of the total composition.

A ceramic welding process and a composition of matter according to

the invention are now illustrated by the following Examples.
EXAMPLE 1

A composition of matter comprising a mixture was prepared with 84%
by weight of crushed silica refractory and 16% by weight silicon
powder in elemental form. The particle sizes of the refractory
were 2 mm maximum, 250 microns minimum and 750 micron average.
The refractory had a harmonic mean size of 600 microns and a size

range spread factor of 0.95. The silicon was of 125 microns

maximum size and an average size of 26 microns.

The mixture was sprayed onto silica refractory bkrick at 1000°C
using a machine and method essentially as described in British
Patent No 2 173 715. Powder was delivered at 60 kg/hr using an

oxidising gas flow of 550 NL/min and an air/oxygen ratio of
1:2. The powder was ejected through a nozzle of 19 mm diameter,
the nozzle being positioned 75-100 mm from the substrate

refractory.

The mixture auto-ignited and produced a good weld which was firmly
adhered to the substrate and which had similar physical and

chemical characteristics as the substrate.
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Chemical analyses of the weld gave an alumina content of 2.1%

which compares with a typical value of 1.5 - 2% in the host brick.

For comparative purposes, a powder mixture containing by weight
82.5% crushed silica refractory, 16% silicon in elemental form and

1.5% aluminium was prepared and sprayed in the same manner as
previously described onto silic¢a refractory brick. The chemical
analysis of the resultant weld gave an alumina content of 5.7%,
representing a not inconsiderable divergence from the 1.5 -~ 2%

value of the host brick alumina component.

Determination of the free elemental silicon of the two welds
showed that the content of the resultant weld using the
composition of matter of the present invention was only half that

in the weld resulting from the comparative test.

EXAMPLE 2

A composition of matter was prepared as in Example 1 but with

the mixture containing 14% by weight of silicon in elemental form,
and 86% by weight of crushed silica refractory; in all other
respects the mixture was identical to that of Example 1.

Again the mixture was sprayed onto silica refractory brick under
the same conditions and again the resultant weld and the host
substrate displayed similar alumina contents to those given in
Example 1 above. Furthermore, the elemental silicon content of
the weld formed with the composition of matter of the invention

was significantly lower than when using the prior art formulations.

EXAMPLE 3

) The experiment of Example 1 was repeated but with a composition of
matter comprising a mixture of refractory particles sized between
lmm and 250 microns to give an harmonic mean size of 400 microns

and a s8ize range spread factor of 0.6. Again, the welding
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operation was easy to initiate and control, and a good dense

durable weld was formed.

EXAMPLE 4

Further experimentation using the compositions of matter set forth

in the previous Examples was conducted at different temperatures,
namely at 800°C, 900°Cc and 1200°cC. Additionally, tests were
carried out at a coke works to establish actual working coaditions
for the new formulations of the present invention. In all cases,

the further investigaﬁive activity gave beneficial results in

10 terms of ready powder ignition, ease of welding, and welds of good

guality.
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THE CLAIMS DEFINING THZ INVENTICN ARE AS FOLLOWS: N
1. A ceramic welding process in which a composition of matter
comprising a mixture of refractory particles and oxidisable metalloid
particles is projected with an oxygen-containing gas through a
lance to a surface where oxidisarl? particles react

5 exothermally to cause at 1least partial fusion of the other
particles of the mixture, both with themselves and with the
surface, so that a ceramic weld is formed, characterised in that
the harmonic mean size as defined herein of the refractory
particles is between 300 and 1000 microns inclusive, and the

10 size range spread factor as defined herein of the refractory

particles is between 0.4 and 1.1 inclusive.

2. DA process according to claim 1 in which the harmonic mean size

is between 400 and 700 microns inclusive.

3. A process according to claim 1 or 2 in which the size range

15 gpread factor is between 0.5 and 1.0 inclusive.

4. A process according to any one of the preceding claims in which
the composition of matter camprises a mixture of refractory oxide
particles and silicon powder, the silicon being the only component

of the mixture in elemental form.

20 5. A process according to claim 4 in which the silicon powder'is
present in the mixture in the range of 10-18% inclusive by weight

of the total mixture.

6. A process according to ¢laim 5 in which the silicon powder is
present in the mixture in the range of 12-16% inclusive by weight

25 of the total mixture.

7. A process according to any one of claims 4 to 6 in which the

maximum size of the silicon is below 125 microns.
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8. A process according. to

- 11 -

any one of claims 4 to 7 in which the

refractory particles comprise crushed silica particles.

'

9. A ceramic welding process substantially as hereinbefore

described with reference to the Examples.

DATED this 17th day of November 1994

COAL INDUSTRY (PATENTS) LIMITED

By their Patent Attorneys

GRIFFITH HACK & CO

o —— oty s e

e i . | s s o &

2N

PR,



BCC/P26/28

ABSTRACT OF THE INVENTION ;
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In a ceramic welding process a compcsition of matter therefor
includes a mixture of refractory particles and oxidisable metal
particles wherein the harmonic mean size of the refractory
particles is between 300 and 1000 microns, and the size range

spread factor of the refractory particles is between 0.4 and 1.1

inclusive.




