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SYSTEMS AND METHODS FOR THE HIGH TEMPERATURE
APPLICATION OF PUMPABLE FIBROUS REFRACTORY MATERIAL

FIELD OF THE INVENTION

The present invention relates generally to systems and methods
whereby fibrous refractory material may be applied onto surfaces of high

temperature process vessels while at or near their operational high
temperatures.

BACKGROUND AND SUMMARY OF THE INVENTION

High temperature process vessels (e.g., furnaces, kiins, smelters
and the like) are employed in a variety of industries. Typically, the wall
surfaces of such high temperature process vessels have an internal
coating or lining formed of a solid high temperature refractory material.
Such internal refractory coatings or linings may sometimes need io be
repaired, especially during the latter part of their operational duty cycles.

One well known technique to repair refractory wall surfaces of high
temperature process vessels while at or near their high operational
temperatures is colloquially referred to as “ceramic welding®. More
specifically, ceramic welding techniques are carried out while the
refractory lining is still hot so as to minimize downtime of the process
vessel and to preclude cracking of the lining which might occur on cooling
below its operational temperatures. In ceramic welding, a stream of
welding particles (usually a particulate mixture of metals and metal
oxides) is propelled in a stream of a gaseous fluid, preferably air, through
a fluid (typicaily water) cooled elongate lance. The particles impinge on
the area of the refractory lining to be welded and, due to the elevaied
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temperature of such lining, the particles fuse to form a ceramic weld
thereat. In use, the lance is inserted into the process vessel while at or
near its high operational temperatures, for example, at or near several
hundreds of degrees Fahrenheit (e.g., about 500°F) to up to several
thousands of degrees Fahrenheit (e.g., from 1000 to up to about 3000°F).
The operator physically holds the proximal end of the lance outside the
process vessel, and manipulates the lance as to position the distal end
adjacent the area in need of welding. The operator is therefore shielded
from the extreme high temperatures existing within the process vessel,
but is nonetheless capable of directing the stream of particulates toward
the refractory lining inside the vessel by virtue of the liquid-cooled lance.
(See generally, U.S. Patent No. 3,684,560, the entire content of which is
expressly incorporated hereinto by reference.)

Some refractory linings are fibrous structures which have, prior to
the present invention, not been repaired using ceramic welding or other
hot repair techniques. In this regard, unlike the particulate materials
which can be entrained in pressurized gas and propelied through the
thermally protected lance, the precursor fibrous refractory material is
typically in the form of a relatively viscous pumpable paste material. As
such, the material can only be atomized just prior to being applied onto a
surface. For such reason, fibrous refractory materials have previously
been applied to process vessel surfaces while cold.

It would therefore be highly desirable if pumpable viscous (e.g.,
paste-like) fibrous refractory materials could be applied onto the internal
surfaces while hot (i.e., while the process vessel is at or near its high
operational temperatures). lt is towards providing such techniques and
systems that the present invention is directed.

PCT/IB2003/003758
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Broadly, the present invention is embodied in systems and
methods whereby pumpable viscous fibrous material may be applied onto
surfaces of high temperature process vessels while hot (i.e., while at or
near such vessels’ high operational temperatures of several hundreds up
to several thousands of degrees Fahrenheit).

‘More specifically, according to a preferred system for repairing
fibrous refractory on walls of a high temperature process vessel according
to the present invention, there are provided a lance having a nozzle
structure at a distal end thereof, and a pump system for pumping a
pumpable fibrous refractory material to the nozzle. The lance has length
sufficient to allow the lance to be inserted into the high temperature
process vessel so that the nozzle structure is adjacent an area in need of

repair while an operator holds a proximal end thereof outside the vessel.

Most preferably, the lance of the present invention will include a
material supply tube in communication with the nozzle structure for
directing the pumpable fibrous material from the pump system to the
nozzle structure. Inlet and discharge cooling liquid conduits are provided
in the fance to allow circulation of a coolant (e.g., water) through the lance
to protect the lance from high temperatures within the process vessel.
Importantly, an atomizing tube is provided as a component part of the
lance so as 1o be in thermal communication therewith. The atomizing
tube has an inlet at the proximal end of the lance so as to be positioned
outside the process vessel, and a discharge end at which fluid
communicates with the material supply tube adjacent the nozzle structure.
Introduction of an atomizing gas through the tube will therefore atomize

the fibrous pumpable material upon discharge through the nozzle
structure.
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In use, according to the method of repairing a fibrous refractory
wall of a high temperature process vessel according to the present
invention, a protective liquid-cooled lance having an atomizing tube in
thermal communication therewith is inserted into the process vessel while
the process vessel is at or near its high operational temperature so that a
nozzle structure of the lance at a distal end thereof is positioned adjacent
to an area of the process vessel wall in need of repair, and so that the
lance may be manipulated from ou'tside the process vessel during repair
of the wall thereof. A viscous fibrous refractory material may then be
pumped from & source thereof from the proximal end of the lance to the
nozzle structure at the distal end of the lance, while an atomizing gas is
directed through the atomizing tube. In such a manner, the atomizing gas
causes the flowable fibrous refractory material to be discharged from the
nozzle structure of the lance in the form of an atomized spray.
Manipulating the lance from outside the process vessel will thereby cause
the atomized spray of the flowable fibrous material to contact the wall of
the process vessel thereby repairing the same.

These, as well as other, aspects and advantages of the present
invention will become more clear from the following detailed description of
the preferred exemplary embodiments thereof.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

Reference will hereinafter be made to the accompanying drawings,
wherein like reference numerals throughout the various FIGURES denote
like structural elements, and wherein;

PCT/IB2003/003758
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FIGURE 1 is a schematic representation of a representative
embodiment of a system in accordance with the present invention in use

to repair the fibrous refractive lining of a high temperature process vessel;

FIGURE 2 is cross-sectional view of one embodiment of a liquid-
cooled lance in accordance with the present invention;

FIGURE 3 is cross-sectional view of the lance depicted in FIGURE
2 as taken along line 3-3 therein;

FIGURE 4 is a cross-sectional view of another embodiment of a

liquid-cooled lance in accordance with the present invention; and

FIGURE 5 is a cross-sectional view of the lance depicted in
FIGURE 4 as taken along line 5-5 therein.

DETAILED DESCRIPTION OF THE INVENTION

An exemplary system 10 for applying a pumpable viscous fiber-
containing refractory material onto interior wall surfaces of a high
temperature process vessel 12 while “hot” (i.e., while the vessel 12 is at or
near its high operational temperatures) is depicted in accompanying
FIGURE 1. The system 10 generally includes a fluid-cooled lance 14, a

source 16 of pumpable viscous fibrous refractory material, and a pump 18

to tfransfer the material from the source 16 thereof to an material inlet tube
14-1 at the proximal end of the lance 14.

Virtually any gas or liquid coolant may be employed to thermally
protect the lance 14. Preferably, the coolant fluid is water, but any other
coolant gas or liguid may be employed as may be desired for the
particular repair operation. For convenience, water will hereinafter be

referenced as the coolant and thus the lance 14 will hereinafter
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sometimes be referred to as "water-cooled" as use of a water as a coolant
is typically preferred.

At its proximal end, the fance 14 also includes an inlet conduit arm
14-2 for introducing cooling water into the lance 14, and a discharge
conduit arm 14-3 to allow the cooling water to be discharged therefrom.
An atomizing line 14-4 iraces the lance 14 along its length to allow
pressurizing air to be directed to a distally located atomizing nozzle
structure 14-5. As will be discussed in greater detail below, the distal
nozzle 14-5 of the lance 14 allows atomized fibrous material to be sprayed
onto the interior wall surfaces of the process vessel 12.

The lance 14 depicted in FIGURE 1 is shown in greater detail in
accompanying FIGURES 2 and 3. In this regard, the lance 14 is formed
generally of concentrically disposed inner and outer cooling tubes 20, 22
which collectively and concentrically surfound material supply tube 24.
The inner and outer cooling tubes 20, 22 are respectively fluid connected
to the inlet and outlet conduit arms 14-2 and 14-3, while the material
supply tube 24 is fluid-connected to the material inlet 14-1. As noted
briefly above, the lance 14 is of sufficient length to allow the operator to
stand physically outside the process vessel 12 during operation, while
permitting the atomized pumpable material to be applied to the desired
locations on the interior wall surfaces of the vessel.

The cooling tubes 20, 22 and material supply tube 24 are blocked
at their distalmost ends by means of plug member 25. Cooling water flow
in the tubes 20, 22 thus communicates respectively with the inner and
outer stub tubes 20-1, 22-1, while material flow in the supply tube 24
communicates with the material stub tube 24-1 which is connected to the

nozzle plug 26 so that material may be expelled through the nozzie
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opening 26-1. The inner cooling stub tube 20-1 terminates proximally of
the nozzle plug 26. As such, cooling water introduced into the lance via
the conduit arm 14-2 flows in the annular space between the inner tube 20
and the material supply tube 24, and is redirected into the inner stub tube
20-1. The cooling water then flows into the annular space defined
between the inner and outer stub tubes 20-1, 20-2 by virtue of the former
terminating in advance of the nozzle plug 26. As such, the cooling water
is returned to the discharge conduit arm 14-3 within the annular space
defined between the inner and outer cooling tubes 20, 22.

Important to the present invention is the presence of the rigid
atomizing line 14-4 which is physically fixed to, and hence is in thermal
communication with, the outer cooling tube 22. Thus, the atomizing air
within the line 14-4 is cooled along its entire length by virtue of the cooling
water circulating within the annular space between the inner and outer
cooling tubes 20, 22, respectively (i.e., since the tube 14-4 is in thermal
communication with the outer tube 22). The terminal end 14-4a of the
tube 14-4 is redirected through the plug 25 so as to be disposed
concentrically within the material supply stub tube 24-1. As such, the
pumpable fibrous material being supplied to the stub tube 24-1 via the
inlet tube 24 is atomized by the pressurized air discharged from the
terminal end 14-4a of tube 14-4 and thereby sprayed from the nozzle
opening 26-1 of the nozzle plug 26 onto the wall of the vessel 12. A valve
14-4b is preferably provided at the proximal portion of the lance 14 so as
to allow the operator to control the atomization of the fibrous material.

An aiternative embodiment of a lance 30 in accordance with the
present invention is depicted in accompanying FIGURES 4 and 5. In this
regard, it will be observed that the lance 14 depicted in FIGURES 2 and 3
is especially useful in directing an atomized spray of pumpable fibrous
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material laterally (e.g., at a right angle) refative to the lance’s elongate
axis, whereas the lance 30 allows the atomized pumpable fibrous material
to be sprayed generally in the same direction as the lance’s elongate axis.
As such, the lances 14, 30 may be used as desired to apply the pumpable
fibrous material onto discrete portions of the interior walls of the process
vessel 12.

Similar to the lance 14 described previously, the lance 30 depicted
in FIGURES 4 and 5 likewise has a material inlet tube 30-1 (similar to the
tube 14-1), and cooling water inlet and outlet conduits 30-2 and 30-3
(similar to the conduits 14-2, 14-3, respectively). The material inlet tube
30-1 is fluid connected to a material supply tube 32 which is concentrically
surrounded by a cooling water outlet tube 34 fluid-connected to the water

~ inlet conduit 30-2. Multiple cooling water supply tubes 36a, 36b and 36¢

are positioned physically within the annular space defined between the
material supply tube 32 and the cooling water outlet tube 34 (see FIGURE
5).

Cooling water supplied into the inlet conduit 30-2 thus enters the
proximal ends of the tubes 36a-36¢. (It will be appreciated in this regard
that, because of the cross-sectioning of the lance 30 in FIGURE 4, only
the tubes 36a and 36b are visible therein.) Since the terminal ends of
tubes 36a-36¢ terminate proximally of the nozzle plug 38 at the distalmost
end of the lance 30, the cooling water will then flow within the annular
space defined between the material supply tube 32 énd the cooling water
outlet tube 34, and then into the cooling water outlet conduit 30-3

The atomizing line 40 is, like the tubes 36a-36¢, disposed
physically in the annular space defined between the material supply tube
32 and the cooling water outlet tube 34. Thus, the atomizing line 40 is in

PCT/IB2003/003758
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direct thermal communication with the cooling water which flows in such
annular space thereby protecting the same from the high temperature
environment within the process vessel 12. The distal end 40-1 of the
atomizing line 40 projects into the material supply tube 32 proximally
upstream of the nozzle plug 38. Most preferably, the distal end 40-1 of
the atomizing line 40 is aligned coaxially with the nozzle opening 38-1 and
the elongate axis of the lance 30. A valve 42 is preferably provided in the
atomization tube 40 at the proximal portion of the lance 30 so as to allow
the operator to control the atomization of the fibrous material.

The particular pumpable fibrous material that may be handled by
the systems and techniques of the present invention is not critical. ‘A
variety of pumpable refractory fibrous materials are known in the art and
commercially available from a number of sources. For example, the
pumpable fibrous materials commercially available from Unifrax
Corporation of Niagara Falls, New York may be employed successfully.
In general, such pumpable fibrous materials have a putty-like consistency
(e.q., a viscosity of about cP or greater) with a wet density
of between about 65 to about 90 Ib/it® (typically between about 70 to
about 85 Ib/ft®) containing between about 20 to about 60% solids (fibers).

While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment,
it is to be understood that the invention is not to be limited to the disclosed
embodiment, but on the contrary, is intended to cover various
modifications and equivalent arrangements included within the spirit and
scope of the appended claims.

PCT/IB2003/003758
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CLAIMS:

1. A system for repairing fibrous'refractory on walls of a high
temperature process vessel comprising:

a lance having a nozzle structure at a distal end thereof, and

a pump system for pumping a pumpable fibrous refractory

material to the nozzle, wherein

said lance has length sufficient to allow the lance to be

inserted into the high temperature process vessel so that the nozzle
structure is adjacent an area in need of repair while an operator holds a
proximal end thereof outside the vessel, and wherein

-said lance includes:

()  amaterial supply tube in communication with said
nozzle structure for directing the pumpable fibrous
material from the pump system to the nozzle
structure,

(ii) inlet and discharge conduits to allow circulation of a
coolant through the lance to protect the lance from
high temperatures within the process vessel, and

(iii) an atomizing tube having an inlet at the proximal end of
the fance so as to be positioned outside the process
vessel, and a discharge end which fluid
communicates with the material supply tube adjacent
the nozzle structure so as to atomize the fibrous

pumpable material upon discharge through the nozzle
structure.
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2. The system of claim 1, wherein said atomizing tube is affixed to
a surface of one of said inlet and discharge conduits so as to be in

thermal communication therewith.

3. The system of claim 1 or claim 2, wherein said material supply
tube is concentrically positioned within said inlet conduit so as to define an
annular space therebetween, and wherein said atomizing tube is

positioned within said annular space.

4. The system of any preceding claim, wherein said nozzle
structure is positioned so as to direct a stream of atomized pumpable

fibrous refractory material laterally relative to the lance.

5. The system of any preceding claim, wherein said nozzle
structure is positioned so as 1o direct a stream of atomized pumpable

fibrous refractory material longitudinally relative to the lance.

6. A thermally protected lance for repairing fibrous refractory on
walls of a high temperature process vessel comprising:

a tubular lance structure of sufficient length between
proximal and distal ends thereof to allow insertion of
the tubular lance structure into a high temperature
process vessel while at or near its operational
temperature so that the distal end of the tubular lance

structure is adjacent a site on a wall of the process
vessel to be repaired while allowing an operator of
the lance to manipulate the same outside the process

vessel during repair thereof;



WO 2004/014565 PCT/IB2003/003758

-12-

a supply tube within the tubular lance structure for supplying

a pumpable fibrous refractory material to the distal
~end of the lance; and

an atomizing tube in thermal contact with the tubular lance
structure along the length thereof so as o be
thermally protected thereby from the high operational
temperature of the process vessel for providing an
atomizing gas to the distal end of the lance proximally
of the distal end of the tubular lance structure to
thereby cause an atomized spray of the pumpable
fibrous refractory material to be discharged therefrom

and onto the walls of the process vessel.

7. The lance of claim 6, further comprising inlet and discharge
coolant conduits to allow circulation of a coolant through the lance to

protect the lance from high temperatures within the process vessel.

8. The lance of claim 7, wherein said atomizing tube is affixed to a
surface of one of said inlet and discharge coolant conduits so as to be in

thermal communication therewith.

9. The lance of claim 7 or claim 8, wherein said material supply
tube is concentrically positioned within said inlet coolant conduit so as to
define an annular space therebetween, and wherein said atomizing tube

is positioned within said annular space.

10. The lance of any one of claims 7 to 9, further comprising a

nozzle structure at said distal end of said tubular lance structure.
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11. The lance of claim 10, wherein said nozzle structure is
positioned so as to direct a stream of atomized pumpable fibrous

refractory material laterally relative to the lance.

12. The lance of claim 10 or claim 11, wherein said nozzle
structure is positioned so as to direct a stream of atomized pumpable

fibrous refractory material longitudinally relative to the lance.

13. A method of repairing a fibrous refractory wall of a high
Q temperature process vessel, comprising the steps of:

(a) inserting a thermally protected lance having an atomizing
tube in thermal communication therewith into the
process vessel while said process vessel is at or near
its high operational temperature so that a nozzle
structure of the lance at a distal end thereof is
positioned adjacent to an area of the process vessel
wall in need of repair, and so that the lance may be
manipulated from outside the process vessel during
repair of the wall thereof;

(b)  pumping a viscous fibrous refractory material from a source

~ thereof from the proximal end of the lance to the
nozzle structure at the distal end of the lance;

(c)  directing an atomizing gas through the atomizing tube so that
the atomizing gas causes the fibrous refractory
material to be discharged from the nozzle structure of
the lance in the form of an atomized spray; and

(d)  manipulating the lance from outside the process vessel so as

to cause the atomized spray of the fibrous material to
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contact the wall of the process vessel thereby

repairing the same.

14. The method of claim 13, which comprises circulating a liquid

coolant through the lance within liquid inlet and discharge conduits..

15. The method of claim 14, which comprises fixing the atomizing

tube to a surface of one of said liquid inlet and discharge conduits.

16.. The method of claim 14 or claim 15, which comprises pumping
the fibrous refractory material through a material supply tube positioned
concentrically within said liquid inlet conduit, and positioning the atomizing
tube within an annular space defined between said material supply tube
and said liquid inlet conduit.

17. The method of any one of claims 13 to 16, which comprises

directing the atomized spray of the material generally transversely relative
to the lance

18. The method of any one of claims 13 to 17, which comprises

directing the atomized spray of material generally axially relative to the
lance.



