6 Septenmber 2006 1 SYSTEMS AND METHODS FOR THE H GH TEMPERATURE
APPLI CATI ON OF PUMPABLE FI BROUS REFRACTORY MATERI AL FI ELD OF THE | NVENTI ON

The present invention relates generally to systens er eby
fibrous refractory material nay be applied onto sur?@%@ﬁ%&qﬁ?é@ﬁm '
tenperature process vessels while at or near their operational high

tenperatures. BACKGROUND AND SUMVARY OF THE | NVENTI ON Hi gh tenperature
process vessels (e.g., furnaces, kilns, snelters 10 and the like) are

enployed in a variety of industries. Typically, the wall surfaces of such
hi gh tenperature process vessels have an internal coating or lining formed
of a solid high tenperature refractory material. Such internal refractory

coatings or linings may sonetines need to be repaired, especially during
the latter part of their operational duty. cycles. 15 One well known
technique to repair refractory wall surfaces of high tenperature process
vessel s while giysTEMSAND METHODS FOPTHEHIGRATEMPERISIURRITeS i S ‘ ,
col | oqui al | xpbETERTRINOF POMPABIE FIBNSUS MEFRAPPORY MATERIALCA! |y, ceramic

wel di ng technTques are carrled out ITethe refractory rining is still hot
so as to mnimze- downtine of the process 20 vessel and to preclude
cracking of the lining which mght occur on cooling belowits operational

tenperatures. In ceran c wegh ppRTRENRZENTIONWe! ding particles (usually a
particul ate m xture of netdl's and netal oxides) is propelled in a stream of

a gaseous flui thi_cgE?és%hﬁﬁﬂwntﬁjn_rreiaHH %al%@o{skﬁéﬁs@nﬁ@#&%&sy water) cool ed

el ongate | ance. particles 1 nplng e area e refractory
I dlni g t o Wwhemdydidoumnmiradivey matariabmely decipptiedoBe mudata of 20PG, :
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, smeliers
10 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 intemal refractory coatings or linings may sometimes need to be
repaired, especially during the latter part of their operational duty cycies.

( 15 | One well known technique to repair refractory wall surfaces of high
temperature process vessels while at or near their high operational
temﬁéfétures is cpodﬁiaHy reférred to as “ceramic welding”. More
specifically, ceramic welding techniques are carried out while the

refractory lining 1s still'hot so"as to minimize downtime of tigprocess ™
20 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 mixiure of metals and metal
oxides) is propelied in a stream of a gaseous fluid, preferably air, through
a fiuid (typically watér) cooled elongate lance. The particles impinge on
25 the area of the r'efrac-tory lining to be welded and, due to the elevated



-2 tenperature of such lining, the particles fuse to forma ceramc weld
thereat. 1nuse, the lance is inserted into the process vessel while at or

near its high operational tenperatures, for exanple, er al
hundr eds of degrees Fahrenheit (e.g., about 500F) to‘ﬁ% {f“é‘g ?‘ﬁﬁg

t housands of degrees Fahrenheit (e.g., from 1000 to up to about 3000F). The
operator physically holds the proximl end of the |ance outside the process
vessel, and mani pul ates the | ance as to position the distal end adjacent
the area in need of welding. The operator is therefore shielded fromthe
extrenme high tenperatures existing wthin the process vessel, 10 but is
nonet hel ess capabl e of directing the streamof particulates toward the
refractory lining inside the vessel.2y virtue of the |iquid-cool ed |ance.
(See generally, U S. Patent No. 3,684,560, the entire content of which is
expressly incorporated hereinto by reference.) Sone refractory linings are

fibrous structures ave riQr 15 .t he present nventlon not been
repaired usiiFrakig ffm%@]“egﬁ’af&‘%*%ﬁﬂeﬁ%fﬂf%gf?fﬁmew% ques. In this

regard, unkidgat hg u@éﬁhb%ﬂc@ﬁ@m@@&&i in® t‘ﬁe%rﬁ‘é’és@%gﬁ Wi @0br @i ned in

pressurlzed gas and propelled through the" thernmal protected | ance, the
precur sor ﬁebrrlwslgh@peeadmoauemae@mra& forsexamyghe,cdlor peanrsavhel f orm of a -

rel atlvely bl uch the material can
only be atb cjr?ggg E?&% 55“‘%%%@% %%?588%6?89 O S ¥lace. For such
reas@n, fi h{manwbmégr@éwmmmmde% rfmmmo@va on'ed abouseon’appl i ed to
process vessel surfaces while woul d therefore be highly desirable

kgfe punpabl &NGicREEer Rlysigally h@agt@wrpw@al endbhPoihs lanepraudsids Premat eri al s coul d
appl i ed t 5}{)&1 whil e the process
vessel is EB}'%%S nggsré! :%’?'ﬁ?@ﬁ”%éé?ﬁ |a§§1§?3%] g P(edéitg end i s towards
provi di ng sdEitetidbhrirepimsnemadf wajdinge meha ds;mratohs tpeméceetsmetdednu on is
di rect ed. . o -
from the extreme high temperatures existing within the process vesse!,
10  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 gene'rélly, U.S. Patent No. 3,684,560, the entire content of which is

expressly incorporated hersinio by reference.)

Some refractory linings are fibrous structures which have, prior to
15 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 propelled through the
thermally protected lance, the precursor fibrous refractory material is
typically in the form of a relatively viscous pumpable paste material. As
20 such, the material can only be atomized just prior 1o being applied onto a
surface. For such reason, fibrous refractory materials have prevnously
been apphed 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
o5 | surfaces while hot (i.e., while the process vessel is at or near its high
operational termperatures). It is towards providing such technigues and
systems that the present invention is directed.



6 Septenber 2006 -3 Broadly, the -present invention is enbodied in systens
and net hods -whereby punpabl e viscous fibrous nmaterial nay be applied onto

surfaces of high tenperature process vessels while ho I S“ i at or
near such vessels' high operational tenperatures of s€§%k’$ b&mrde sup 5to

several thousands of degrees Fahrenheit). More specifically, according to a
preferred systemfor repairing fibrous refractory on walls of a high
tenperature process vessel according to the present invention, there are
provi ded a | ance having a nozzle structure at a distal end thereof, and a
punp system for punping a o punpable fibrous refractory material to the
nozzle. The |ance has length sufd3tcient to allow the |ance to be inserted
into the high tenperature process vessel so that the nozzle structure is
adj acent an area in need of repair while an operator holds a proxinmal end

t her eof out S?%?ﬁdhﬂﬁ“evﬁéggﬁgn@%n%?@é@%{ﬂ gn %{%’né ange of the present

invention w [‘'udé "a eri a I N comuni cation with the

nozzl e sisthurisuptesréby puchpabiztvisugus fibrqusmetbtia habboasplisdtosid al from t he punp
systemto. the

nozzle structure. Inlet and di scharge cooling liquid conduits
are pr oS¥TERRES of Nighiempgngiurg BVOSWSOWSéP‘tSé&h‘iﬁ%om_'%f‘%&'e@g&fant (e.g., water)
t hr 0UgNné R UARBselkChigR bBkafbnA iembaifiel bPERVIrMUHEERE LAt Lres Wi thin the
process vessel. o Inportantly, an atom zing tube is provided as a conmponent
pdrt of ta $rverdldnewsands &3 deprape Fehrarheitiral communi cation therewith. The
atom zing tube has an inlet at the proximl end of the |ance so as to be

positioned L 4 p. e i : end at which fluid
comuni cat es%}‘?h‘g%#é&ﬁﬁ’téeér%:bg[ﬁﬁ%%ép%ﬁ%lf%rﬁ%d]e%asg?rﬂ?:%ﬁ?%]ﬁ nozzl e structure.
15 | nt r fibwes irefracibryaom attsoiza high dgerapédatioa phodsle vesest avgdrding her ef ore at onmi ze

the fibroys pu bhle materi al upon .di schar t hr ough the nozzl e
Eo e&egg‘?{ invention, there arepprow ed alanc ehav%galgozﬁe

structure at a distal end thereof, and a pump system for pumping a

0 pumpable fibrous refractory material to the nozzie. The lance has length
sufficient to allow the lance to be inserted into the high temperaiure
process vesse! 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 preferabty, the lance of the present invention will include a
5 material supply tube in communication with the nozzle structure for
directing the pumpable fibrous material from the pump system 1o the
nozzle structure. Inlet and discharge cooling liquid conduits are provided
C-- in the lance to allow circulation of a coolant {e.g., water) through the fance
“to protect the lance from high temperatures within the process vessel.
0 !rriportant!y, an atomizing tube is provided és 8 component part of the

lance so as to be in thermal communication therewith, The atomizing

“"Yibe has an inlet at the proximal end of the lance so as 1o be positioned
outside the process vessel, and a discharge end at which fluid
communicates with the material supply tube adjacent the nozzle structure.

'5 infroduction of an atomizing gas through the tube will therefore atomize
the fibrous pumpable material upon discharge th'rough the nozzle
structure. '



structure. 6 Septenber 2006 W2004/0i 4565 4 |In use, according to the
-nmethod of repairing a fibrous refractory wall of a high tenperature pr.ocess

vessel according to the present invention, a protectiy, %é ed | ance
havi ng. an atom zing tube in thermal comrunication th r% fte%grgﬁgerted

into the process vessel while 5 the process vessel is at or near its high
oper at i oM 2P éfat ure 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 nanipul ated from outside the
process vessel during repair of the wall thereof. A viscous fibrous
refractory material may then be 10 punped from a source thereof fromthe
proxi mal end of the lance to the. ngzzle structure at the distal end of the
| ance, while an atom zing gas is directed through the atom zing tube. In
such a manner, the atom zing gas causes the flowable fibrous refractory
material to be dlscharaa‘ fromthe nozzle structure of the lance in the

form of an at on'7é: SpFAYINULS tmmeadAl ireRpIHNgR fiefRue refFasiAnbut si de t he
process vegsalorwiy; %h Mﬁﬁ%@?ﬂﬁrf?ﬁﬁbﬁ@ssl {Y%F%&E}@os’cﬂé Yos@ht the flowable

fibrous material act t oces vessel t her eby
repairing friensame protecdiee hamdmbﬂed@wtﬁwmg amsgierizingiude ddvant ages of the

t t | 1 frogmthe foll detail ed
Gescr | pti ol GMal SmHBIGaTar SRFRNTblsdRis B AL BORER RRGVEE - BRI o
BES53 P s, Ao BN NG B Gl statted bo ot g e e

to the acconpanyi ng drawi ngs, wherel i ke reference nuneral s throughout
t r(e var i ouSOEIEIRESURRALIE lancekas estistalcansythereef ismestioped adjagdiér ei n:

to an area of the process vesse| wall in need of repair, and so that the
lance may be manipulated from ou"tside the process vesset during repair
of the wall thereof. A viscous fibrous refractory material may then be

10 pumped from a source thereof from the proximal end of the lance to the
nozzle struciure at the distal end of the lance, while an atomizing gas is
directed through the atomizing tube. Ity such a manner, the atomizing gas
causes the flowable fibrous rafractory material to be discharged from the
nozzle structure of the lance in the form of an atomized spray.

15 Manipulating the fance from outside the process vessel will thereby cause
the atomized spray of the flowable fibrous material 1o contact the wall of |

the process vessel thereby repairing the same. -

These, as well as other, aspects and advantagss of the present
invention will become more clear from the following detailed description of
20 the preferred exemplary embodiments theraof,

BRIEF DESCRIPTION QF THE ACCOMPANYING DRAWINGS

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



6 Septenber 2006 WD 2004/014565 -5- FIGURE 1 is a schematic representation
of a representative enbodinent of a systemin accordance with the present
invention in use to repair the fibrous refractive |i

terrperatw 'P*gl €SS vessel; FIGURE 2 is cross- sectlonﬁgﬁ" %?lh%ﬁ‘y

enbodi melt® BF Tiqw d- 5 cooled | ance in accordance with the pr esent
invention; FIGJRE 3 is cross-sectional view of the |ance depicted in FI GURE
2 as taken along line 3-3 therein; FIGURE 4 i.s a cross-sectional view of
anot her enbodi ment of a |iquid-cooled |ance in accordance with the present
invention; and 10 FIGURE 5 is across-sectional view of the | ance depicted in
FIGURE 4 as taken along line 5-5 the&ein. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON An exenpl ary system 10 for applying a punpabl e viscous fiber-
containing refractory material onto interior wall surfaces of a high ( 15
tenperature pr s I e vessel 12 is at
or near its h?@‘ﬁi?)%%ﬁd %osﬁéﬁm%%zjrr ur%@%ﬁ%rgg%é?%&gﬁ?n acconpanyi ng

FI GURE 1. dinbodiysdreny 2Gygeneinactyrdancd wite sheaprebentdmentibeth kance 14, a
abl e viscous fibrous refractory material, and a punp 18 to

source 16 of punp |'
transfer t_WereEﬁtré'P? gprous refraqiive liapa of 8 Nl eAPPEBHTeRIOGRSSHRERR al inl et tube
20 14-1 at the proximal end of the lance 14. Virtually any gas or |iquid

cool ant may be smm@dstc%sts%eﬂaﬁdlwuewpcsf%réfémtscmﬂbﬁrtﬁ%ﬁhﬂnd-Pr eferably, the
coolant fluid is water, but any other coolant gas or liquid may be enployed

as méy be erEpd NcRJR acperdapes Witk tearresaspaiventigr at i on. For conveni ence,
water will hereinafter be 25 referenced as the cool ant and thus the | ance 14

Wi & | herei naft eg)GURE 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 tance in accordance with the present invention; and

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

DETAILED DESCRIPTION OF THE INVENTION

An exerﬁplary system 10 for applying a pumpable viscous fiber-

containing refractory material onto interior wall surfaces of a high

(s temperaiure 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 Qenerally includes a fluid-cooled lance 14, a
~source 16 of pumpable viscous fibrous refractory material, and a pump 18
to-tramsferthe material-from the source™ 6 thereof to'an'materialinlet tube™ "~~~ - 7777
20 14-1 at the proximal end of the fance 14.

Virtually any gas or liguid coolant may be employed 1o thermally
. protect the lance 14, Preferably, the coolant fluid is water, but any other
coolant gas or liquid may be employed as may be desired for the
particular repair operation. For convenience, water will hereinafter be
25 referenced as the coolant and thus the lance 14 will hereinafter



6 Septenber 2006 WD 2004/014565 -6--sonetines -be referred to as
"water-cool ed" as use of a water as a coolant 1is typically preferred. At
its proxinmal end, the lance 14 also includes an inlet conduit arm 14-2 for
i ntroduci ng cooling water into the lance 14, and a di6sBeptegaber 288@uit arm
14-3 to allow the cooling water to be discharged therefrom An atom zing
line 1l4wé Héanessthe ance 14 along its length to al.low pressurizing air to
be directed to a distally | ocated atom zing nozzle structure 14-5. As wll
be discussed in greater detail below, the distal nozzle 14-5 of the | ance
14 allows atom zed fibrous material to be sprayed 10 onto the interior wall
surfaces of the process vessel 12. The lance 14 depicted in .FIGURE 1 is
shown in greater detail in acconpg$ying 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 surround

mat eri al supply tube 24. 15 The inner and outer cooling tubes 20, 22 are

respecti vebefines decolenecteds "watet-beniédYtusend :ouitbeds geodanit arns 14-2 and
14-3, while the material supply tube 24 is fluid-connected to the materi al

inl et 14-iB.typgalhoRretprregri ef |y above, the lance 14 is of sufficient length to
allow the operator to stand physically outside the process vessel 12 during

operat i on, whi keu2cRRiThli G rde 121 REdapY R MG oBPkip! to be appl i ed

to the desire [ ocati ons on t he interior wa surfaces of the vessel. The
cool i ng t i&sfopitrogacing dodlingerdial intoubp lance dlde ald aalisshbigecked. at their

%-,S%g!zn?ﬁ%%‘r? it Eae 8 Pu s SR TEFERRS Re AR maRa SRS outer stub tubes
-1, 22- An atbthlzthgTieer4-alrabb Oweildhdea SomPhy ehtPeo Aow
pressurizing air to be directed 1o a distally located atomizing nozzle
structure 14-5. As will be discussed in greater detail below, the distal f,‘ji
_ nozzie 14-5 of the lance 14 allows atomized fibrous material 1o be sprayed
10 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 surround material supply tube 24.
15 The inner and outer cooling tubes 20, 22 are respectively fluid connected
o the inlet and outlet conduit arms 14-2 and 14-3, while the material
supply tube 24 is fitid-connecied to the material inlet 14-1. As noted
briefly abave, the lance 14 is of sufficient length to allow the operator {o
stand physically ouiside the process vessel 12 during operation, .whiie
20 permitiing 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

25 auter 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 ta the
nozzie plug 26 so that material may be expelled through the nozzle



communi cates with the material stub tube 24-1 which is connected to the
nozzl e plug 26 so that material may be expelled through the nozzle 6

Sept enber 2006 -7 opening 26-1. The inner cooling s&g%éﬁ@ﬁ}@é};ﬂd@rm nat es
ter I 'ntrodu

proximally of the nozzle plug 26. As such, cooling ced into
the lance via the conduit arm14-2 flows in the annular~space between the
inner tube 20 and the material supply tube 24, and is redirected into the
i nner stub tube 5 20-1. The cooling water then flows into the annul ar space
defined between the inner and outer stub tubes 20-1, 20-2 by virtue of the
former termnating in advance of the nozzle plug 26. As such, the cooling
water is returned to the dischargexonduit arm 14-3 within the annul ar
space defined between the inner and outer cooling tubes 20, 22. 10

I mportant to the present invention is the presence of the rigid atom zing
line 14-4 which'is physically fixed to, and hence is in ther

communi cat RANMNG ?ﬁﬁ-?ﬁ%e Baee 05&’8%ﬁ?%u{:’ﬁ3@‘12t§.rmff‘ﬁtf‘§,mf’¥i@aﬁbf ®mi zing air
wthin thenbimezknifglos. GRARE ARG Weier RSB RO Hd1aRYe Vir t ue of the
cooling water circufating wthin the annul ar space between the inner and
outer 15 ctheldomgutt @ies! 42D flo@2 jn thespedtar epdse Pétween thel incer tube2bube 14-4 is in

th | i cat | ith th ter tube 22). The terninal end 14-4a of
the tube 40 14 RIS UL Bl s R ES e hetnag R Bbed Sposed.
concentri cag-hy Wid Bddlinghxiamthes fighs TP afiul shbedddtel As such, the

punpable fibrous materiral being supgl ied to the stub tube 24-1 via the 20
i nl et tubeb2lwees 1ae dfeseadpptarpiiiuess 8Pilz eB-2dy vidie etihe @@ r om t he

t erm nal Of, 4 r-by, -y nozzl e opening
2d-1 of tﬁfea’qwganiaz“ﬁg '%388”53% %ﬁ@%”?%eib &E*?@%Ef’*ﬁsﬁfg?‘v@%ﬁgﬁ%ﬁg%val ve 14-4b is
pr ef er abl yispetuwrnee tb Hite dibehgpgosonduit guor 14-8mwitbin theéanhalacspabé so as to al |l ow
t he operatgr to, control. the atom zatio t he zl%rous mat eri al .

efined Detween the inner and outer coo in%ftubes 26,i
10 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
15 cooling tubes 20, 22, respectively (i.e., since the tube 14-4 is in thermal
communication with the outer tube 22). The ferminal end 14-4a of the
tube 14-4 is redirected through the plug 25 so as to be disposad
( concentrically within the material supply stub tube 24-1. As such, the
pumpable fibrous material being supplied to the stub tube 24-1 viathe
20 inlettube 24 is atomized hy the ;Sfessmﬁﬁzéaéir'diééhérged from the
terminal end 14-4a of tube 14-4 and thereby sprayed from the nozzle
. apening 26-1.of the-nozzle plug 26 onto the wal-of thervessel 12; Avalve ™~ "7 7777
14-4b is preferably provided at the proximal portion of the fance 14 so as
1o allow the operaior to contrel the atomization of the fibrous material.

25 An alternative 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

1s especially usetul in direcling an atomized spray of pumpable fibrous -



25 An alternative enbodi ment of a lance 30 in accordance with the present

i nvention-is depicted in acconpanying FIGJRES 4 and 5. In this regard, it
wi || be observed that the |ance 14 depicted in Fl GUREg %Ra)'ir‘]’dl? #@
especial |y useful in directing an atonized spray of p ﬁ% mhere400 o

Sept enber 2006 -8 material laterally (e.g., at a right angle) relative to
the lance's el-engate axis, whereas the |l ance 30 allows the atom zed
punpabl e fibrous material to be sprayed generally in the sane direction as
the lance's elongate axis. As such, the lances 14, 30 may be used as
desired to apply the punpable 5 fibrous material onto discrete portions of
the interior wails of the process vessel 12. Simlar to the |lance 14
descri bed previously, the lance 30 degi-cted in FIGURES 4 and 5 |i kew se has

a material inlet tube 30-1 (simlar to the tube 14-1), and cooling water
inlet and outlet conduits 30-2 and 30-3 1 D (simlar to the conduits 14-2,

14- 3, tively). T terial inlet tube, 30-1is fluid ted t
vt of 1 51 Sup BV TELGTY hieh ¢ LI GRIBHTFOR P)e GaF 8 ARSIy o cool i ng

wat er outl et ?iib',bﬁhéiéaé kil ﬁné@a@%\@éﬂthb@tdmi%%@@h@rpabvembﬁsusqﬁﬂ@mt 30- 2.

Mul tiple cooling water supply tubes 36a, 3 and 36c are positioned

physi cal | y wia 8 spreyied ganerally indpaeeme eireeisd ascthadacetshelondiieraxieri al supply

suppl i ed 1 nt B EHE AP HcEnaLaE ey Bh bHREs dRet TR e E aufloa Rnas "of "the.
t ubes 36a- 36bro(is matedid! dpeo @ippreBCictic®E of the intstior e@ds df thelhadcesbecause of the
cross-sectioning of the lance 30 in FIGURE 4, only 20 the tubes 36a and 36b

ar(ce)» vi si bl e t’?r‘esreéﬂ%.) Since the term nal ends of tubes 36a-36¢c term nate
proxi mal Iy of the nozzle plug 38 at the distalmost end of the | ance 30, the

cooling water wilgiriifae b feQénod fdidichifl RIBLAY, the lance 30 depicted
in FIGURES 4 and 5 likewise has a material iniet tube 30-1 (similar to the
tube 14-1), and cooling water iniet and outiet conduits 30-2 and 30-3
10 {(similar to the conduits 14-2, 14-3, respectively). The material inlet tube
30-1 is fiuid connected fo a material supply tube 32 which is concentridally
“surrounded by a cooling water outlet tube 34 fluid-connected to the water
intet conduit 30-2. Multiple cooling water supply tubes 38a, 36b and 36¢c
are positioned physically within the annular space defined between the
15 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

20 the tubes 36a and 3Bk are visible therein.) Since the terminal ends of
* tubes 38a-36¢c terminate proximally of the nozzie plug 38 at the distalmost

end of the lance 30, the cooling water will then flow within the annular
space defined betwsen the material supply tube 32 and the cooling water
outlet tube 34, and then into the cooling water outlet conduit 30-3

25 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



“Ib/ft3 (typically between about 70 to about 85 I b/ft3

space defined between the material supply tube 32 and the cooling water
outlet tube 34, and then into the cooling water outlet conduit 30-3 25 The
atomzing line 40 is, like the tubes 36a-36¢c, disposed physically in the
annul ar space defined between the material supply tube6 S¢ptembéih20060! i ng
wat er outlet tube 34. Thus, the atomzing line 40 is in 6 Septenber 2006
direct thermal comunication with the cooling water which flows in such
annul ar space thereby protecting the same fromthe high tenperature
environment within the process vessel 12. The distal end 40-1 of the

atom zing line 40 projects into the mat&ial supply tube 32 proximally 5
upstream of the nozzle plug 38. Mst preferably, the distal end 40-1 of the
atom zing line 40 is aligned coaxially with the nozzle opening 38-1 and the

el ongat e axi sy; i 1-SinA Vi in the
atom zation tctljlgéect%@g&ﬁt% E@nﬁ%&%@% g@lfelz%dnalgﬁ “ﬁi‘g‘r ﬁglr?égmé‘\% I‘Q%ﬁgg to all ow
thet ppelrator amugzlmﬂpfrqzﬂg mbmbgtp:uoie_z:ﬁ?g fi’:]e sdtmem@tr)]ﬂ irha“higia tem'gereitmﬁ. 10 ;I'he .
particul ar punpabl e fibrous materia a e, ha y e systens an
techni ques of STHOTMEIE LN NERIPrEFs Y%Ssﬁﬁ)ﬂEg%ﬁ?idégﬁpe‘ﬁggﬂrqféé? of punpabl e

refractory fi abﬁuﬁnggggr4?3$r§je%fsein&ﬁmérmb@rffah@@w} Fﬁieédsz Eﬁj’pﬁgﬁlé@} al l'y

available froma nu sources. For exanp p fibrous
mat eri alBs conwestiaan bf thevreazihpleofito Vel preterally, BergistahendACdfofNi agar a

Fror ous. ot or T SoHAs BREBYSEghsr ERR i 2 Sbanidy S "ot *abour
1000 Poi se, Othegsiongae)axw 6ifthe lavwle @mnai\xay/emvisqﬂbmmw%wme@m fhe about 90

A ) ) cont ai ni ng bet ween
about 20 to aBOUIZEIM WERI‘dalthe Pepdnal portioniof &he Race FPein 2oie ARY been

descri bed in j 1 1,.S: I d to be the nost
practi cal andﬁ’%r e?{roggc gbmﬁ}g%ﬁﬂn%tﬁﬁrﬁizﬁﬁ&?gﬁiﬂ% %{58%@'& S ag'od that the
invention is not to be limted to the discl osed

10 The patticular 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

15 Corporation of Niagara Falls, New York may be empio‘yed successfully.

In general, such pumpable fibrous materials have a putty-like consisiency
(e.g., a viscosity of about 1000 Pofse, or greater) with a wet density
of between about 65 to about 90 Ib/ft® {typically between about 70 to
about 85 lb/ft®) containing between about 20 to about 60% solids (fibers),

20 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 riot to be limited to the disclosed
embodiment, but on the conirary, is intended to cover various
modifications and equivalent arrangements included within the spirit and

25 | scope of the appended claims. ‘



enbodi nent, but on the contrary, is intended to cover various nodifications
and equi val-ent arrangenents included within the spirit and 25 scope of the

appended clainms. |I!l 6 Septenber 2006 -1D CLAI MS: mj9
repairing fibrous refractory on walls of a high te e$§?ﬁe?h§5§$%gg§s vessel

conprising: a |lance having a nozzle structure at a distal end thereof, and
a punp system for punping a punpable fibrous refractory material to the
nozzl e, wherein said | ance has length sufficient to allow the |lance to be
inserted into the high tenperature process vessel so that the nozzle
structure is adjacent an area in need of repair while an operator holds a
proxi mal end thereof outside the vessel, and wherein -said | ance includes:
(i) a material supply tube in communigation with said nozzle structure for
~directing the punpable fibrous material fromthe punp systemto the nozzle
structure, (ii) inlet and discharge conduits to allow circulation of a

cool ant through the |ance to protect the lance from high tenperatures
within the procdslsAM%sel , and (iii) an atonizing tube having an inlet at
the proximal end of the |lance so as to be positioned outside the process.
vessel, and a discharge end which fluid comunicates with the nateri al

supply tube adj 3 @Rlystem for repairing fibrous refractory on walls of & high
temperaturé process vessel comprising:
a lance having a nozzle structure at a distal end thereof, and

C a pump system for pumping a pumpable fibrous refractory

. mﬁwﬁhoﬁenmﬂamﬁ@dn

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

C (if) inlet and dischargé conduits to allow circulation of a
coolant through the fance to protect the lance from
high temperatures within the process vessel, and

filiy an atomizing tube having an inlet at the proximal end of
the lance so as to be positioned outside the process
vessel, and a discharge end which fiuid
communicates with the material supply tube adjacent
the nozzle structure so as to atomize the fibrous
pumpable material upon discharge through the nozzle

structure,



the nozzle structure so as to atom ze the fibrous punpable material upon
di scharge through—-the nozzle structure. 6 Septenber 2006 -11 2. The system

of claim1l, wherein said atom zing tube is affixed to fagce Q ne of
said inlet and discharge conduits so as to be in therﬁgs ﬁﬂﬂﬁﬁrg pg
therewith. 3. The systemof claim1l or claim2, wherein said materi al supply
tube is concentrically positioned wthin said inlet conduit so as to define
an _ annul ar space therebetween, and wherein said atom zing tube is
positioned within said annular space. it 4. The system of any preceding
claim wherein said nozzle structure is positioned so as to direct a stream
of atom zed punpable fibrous refract.ory material laterally relative to the

| ance. 5. The system of any preceding claim wherein said nozzle structure
is positioned so as to direct a stream of atom zed punpable fibrous
refractory material longitudinally relative to the lance. 6. A thermally
protected | ance far Thepysiamagl dizibr Qu.shefremraida:tomim tubalig affieéd @ hi gh.
tenperature process vessel - conpri a tubul ar | apce structure of

sufficient | @riyfiRCBE RRRAT saa%a&f?wd%[ NaEgeeduinae 26 ARPRHT to al | ow
i nsertion of fhél’%iEHrle‘lLﬁlr |8H‘ﬁrf‘er§\{v&t‘|mt“re into a high tenperature process

vessel while at Of “near 14s operational tenperature so that the distal end
of the tubular |ance structure is adjacent a site on a vvaII of the process

|
. vessel to be repaired while allow ng an operator of

',_ 3. The sysiem of claim 1 or claim 2, wherein said material supply
i

|

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 (aterally relative o the lance.

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

fibrous refractory material longitudinally relative to the lance.

8. 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
proxnmai and distal ends thereof to allow insertion of
the tubular lance structurs into a high temperature
process vesse! whﬂe at or near its operational
teﬁperature so that the distal end of the tubular lance
structure is adjacent a site on a wall of the p.rocessl
vessel 1o be repaired while allowing an operator of
the lance o manipulate the same outside the process

vessel during repair thereof;



the I ance to mani pul ate the sanme outside the process vessel during repair
‘thereof; 6 Septenber 2006 -12 a supply tube within the tubul ar |l ance

structure .for supplying a punpable fibrous refractory erlﬁ éﬁ &n
distal. end of the lance; and an atom zing tube in t h&r eL2P00i t h the

tubul ar | ance structure along the length thereof so as to be thermally
protected thereby fromthe high operational tenperature--of the process
vessel for providing an atom zing gas to the distal end of the |ance
proximally of the distal end of the tubular |ance structure to thereby
cause an atom zed spray of the punpable fibrous refractory material to be
di scharged therefrom and onto the walls of the process vessel. 7. The | ance
of claim®6, further conprising inletysand di scharge coolant conduits to
allow circulation of a coolant through the lance to protect the |ance from
hi gh tenperatures within the process vessel. C 8. The lance of claim7,
wherein said atomzing tube is affixed to a surface of one of said inlet

and di scharge cool ang saeiyitieSwiiien &% fuBuBLIahBe sﬂrtﬁtﬁﬁr@br&ﬁmﬁgm‘fﬂ cation
therewith. 9. The lance of claim7 or claim8, wherein said material supply

tube is concentrically po@pumaa@afwftumrafrwwmatemi tethsl distel conduit so as to
define an annul ar space the d wherein said atom zing tube is
positioned within said. a &?{Ee ggean 10, The | ance of anyone of clains 7

to 9, further conpri g BghAizing tube in thermal contact with the tubular lance

structure along ’rhe length thereof so as to be

C thermally protected thereby from the high operational
temperature of the process vesse! for providing an
atomizing gas fo the distal end of the lance proximatlly
of the distal end of the tubular lance structure to
thereby cause an atomized spray of the pumpable
fibrous refradtory material to be discharged therefrom

and onio the walls of the proceés vessel.

7. The lance of claim 8, further comprising inlet and discharge
coalant conduits to allow circuiation of a coolant through the lance to

protect the lance from high temperatures within the process vessel.

B. Thelance of claim 7, wherein said atomizing tube is affixed to a
surface of one of said infet 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 concenirically pesitioned within sald inlet coolant conduit so as to
define an annular space therebetweeh, and wherein said atomizing tube

is positioned within said annular space.

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

nozzle structure at said distal end of said tubular lance structure.



nozzl e structure at said distal end of said tubular |ance structure. 6
Septenber 2006 -13 11. The | ance of claim 10, wherein said nozzle structure

is positioned so as to direct a stream of atom zed %Lmkﬁ,{. S
refractory material laterally relative to the | ance. ance of claim

10" or claim11l, wherein said nozzle structure is positioned so as to direct
a stream of atom zed punpable fibrous refractory material longitudinally
relative to the lance. 13." A nethod of repairing a fibrous refractory wall
of a high tenperature process vessel, conprising the steps of: (a)
inserting a thermally protected | ance having an atom zing tube in thernal
comuni cation therewith into the progess vessel while said process vessel
is at or near its high operational tenperature 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 C

mani pul at ed fromoutfiedentasf gaiocHs wheesis shiddozziegtrusipaiss of the wall
t hereof; (b) punping a viscous.fibrous refractory material froma source
t her eof fr orROSHENPH 6RiasdP dHAEE %$W5rﬁ'%of alpeizedPunmable Bygle structure at the

di stal end q%réagrytrﬂgfe«ﬁa é]ier Fe?a%%?@tk%sa m zing gas through the

atom zi ng tube SO omzing g causes the fibrous refractory
material to be discharged fromthe nozzle structure of the lance in the

formof an atom zed spray; and (d% mani pul ati ng the | ance from outside the
process vessel sd2adhe lance oT claim 10 or claim 11, wherein said nozzle

structure is positioned 80 as to direct a stream of atomized pumpable

C fibrous refractory material longitudinally relative to the lance.

13. A method of repairing a fibrous refractory wall of a high

| 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 thereot is
positioned adjacent 1o an area of the process vessel
wall in need of repair, and so that the lance may be

( manipulated from outside the process vesse! during
_ repair of the wall thereof; -

(b}  pumping a viscous fibrous refractory material from a source
thereof from the proxnmal end of the lance 1o the.
“ozzle structure at the distal en& 'ciftff;a_.l;nce

(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) manipuiaﬁng the lance from outside the process vessel so as

to cause the atomized spray of the fibrous material to



to cause the atom zed spray of the fibrous material to 1 6 Septenber 2?06
- -14- contact the wall of the process vessel thereby repairingthe sanme. 14.

The net hqod of claim 13, which conprises circulating iquid, ¢ nt
through the lance within liquid inlet and di scharge %ﬁaﬂf%b?r%@bgme
met hod of claim 14, which conprises fixing the atom zing tube to a surface
of one of said liquid inlet and di scharge conduits. 16. The nethod of .claim
14 or claim 15, which conprises punping the fibrous refractory nmateri al
through a material supply tube positioned concentrically within said |iquid
inlet conduit, and positioning the atom zing tube within an annul ar space
defined between said material supply tube and said liquid inlet conduit.
17. The nmethod of any one of clains-18-to 16, which conprises directing the
atom zed spray of the material generally transversely relative to the |ance
18. The method of any one of clains 13 to 17, which conprises directing the
atom zed spray of material generally.axially relative to the |ance.

contact the wall of the process vessel thereby

repairing the same.

14. The meihbd of claim 13, which comprises circuiating a liguid

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

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

tube 1o 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 fefractory material through a material supply tube positioned
concenirically within said liquid inlet condui, and positioning the atomizing
tube within an annular space defined between said material supply tube

and said liguid 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 1o 17, which comprises
directing the atomized spray of material generally axially relative to the
fance.



