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for easy application even on irregular shapes or where
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gunni ng net hods have been wi dely used in fabricating
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Gunning devices that project a material onto a target substrate for producing or repairing
of refractory linings are generally known. Two widely used gunning methods for fabricating and
repairing refractory linings are known as the gunnite-type and shotcrete-type gunning methods.
Unlike other casting methods, these gunning methods require no framework for casting
refractory linings and allow for easy application even on irregular shapes or where frameworking
is difficult to construct. Accordingly, gunning methods have been widely used in fabricating and
repairing refractory linings, particularly, in furnaces such as a blast furnace, hot stove, electric

furnace, converter, ladle, tundish, basic oxygen furnace and reheating furnace.

In a gunnite method, a dry powdery material to be “gunned” is pneumaticaily fed through
a transporting hose to a nozzle assembly where water is added to produce a wet, highly viscous

gunning material with good adhesive properties. The gunning material is projected through the



nozzl e assenbly so that the material adheres and cures
on the furnace wall portion, whereby a refractory
wo wonmcAast i ning is fabricated or repaired. ThepgDmsioh€001663
application nethod requires no premxing of materi al
with water and can therefore be carried out rapidly
and on short notice and clean-up of equipnent is
m nimal . An additional advantage over other nethods of
fabricating or 5 repairing furnace Iinings i ncl ude not

nozzle aesléclfl nbg)( go thlﬂts a}nzltérﬂil qghe%l Q\d c‘ﬁhz% q 'vpsﬂl ﬁ&ﬁ&n whereby a
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thoroughllyenik alie matenial qud weldr strdam avat ie treesporteshifizough theyeppliqatien gunning
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the material does not adhere to the substrate and
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rebound”) which lowers the adhesion percentage of the
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part isdo%\éﬁ;' QBE g phenomenon that is independent of any attempted water control. A problem

associated with an overly dry or poorly wet gunning material that is gunned onto the object

target, is that a portion of the material does not adhere to the substrate and causes a loss of

deflected particles (known as “rebound”) which lowers the adhesion percentage of the gunning

material to the furnace wall, thus affecting the quality and durability of a refractory furnace

mass. To overcome the problems associated with nozzle gunning methods, shotcrete-gunning

methods were developed.
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wa@aiiossand better physical properties than obtBUS®A4/001663
by the gunnite nmethod and generally are used for
produci ng high density, nonolithic structures. In the
shotcrete nethod, a gunning material is produced by
mxing a dry material with water in a separate m xi ng
device prior to delivery to a gunning 5 device. The
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accurately control the anmount of water to the gunning
material in the shotcrete gunning nethod to nmaintain
the proper consistency. As a result, skill on the part
oThetsgetC@mﬁuen@g anethodn$ nej Wprwlma@pndast dreybricks diowever, in that it
mai ntain the correct anount of water for a desirable

is necesgMmpINIKithedry Infatdrpbwith wWeater & avparetei vessabwd) a bhigbleicogsigency is

' premat ure hardeni ng of the gunning material nay occur

obtainédn Thue, a shotepetecogundmpiginvaerial 3osiged Kdore étris alpplied by thn delivery pump
excessi ve anount of water is used, there can occur O

to a guRRipg datitorqufingaulitaal @mipdient @af, $tix fant delivesy apEmk) 4nd
powder which is contained in the gunning

manpower, when compared with the nozzle gunning method. Moreover, it is important to

accurately control the amount of water to the gunning material in the shotcrete gunning method
to maintain the proper consistency. As a result, skill on the part of the shotcrete-gunning
operator is required to maintain the correct amount of water for a desirable composition. If too
little water is used, blocking or premature hardening of the gunning material may occur in the
pump or delivery hose. Conversely, if an excessive amount of water is used, there can occur
separation of aggregates of coarse particles and fine powder which is contained in the gunning

material to be sprayed causing uneven and poor quality refractory layers.



material to be sprayed causi ng uneven and poor quality
refractory layers. 3 WO 2004/067187 PCT/ US2004/ 001663
w@moadeiisT onal di sadvant age of the "shotcret e"PaEUN®I4/001663
is the logistics of the m xer and punp. A certain
anmount of gunning material remains in the delivery
hose and nozzle creating a waste of material and
i oy slisteahahdispbretage o the “Slarteriete negthed/isithe bgtstics efthe ngxer and
of equipnent. 5 Furthernore, unlike the gunnite
pumpapdertait dngountef furthinghn@tiaCiemahs ie i detieery hbsbahd nozzle creating a
applications to repair furnace walls at el evated
wastel STTRREFH) Yh& irlcPeaed mBRIFer 2009 fH1RHE ERBtyidPHENERIg of equipment.
attenpts at using the shotcrete gunning nethod for
repairing refractories at high tenperatures have not
been very successful. 10 The foregoing illustrates
limtations 0 to exist.in present refractor .
S cohrhAgaamie e sintis oriseloRfredion, whEhicas e eiplayegn hot
it woul d be advantageous to provide an alternative
appliggtipaiogepait fureace wadisizhelevaied wmpetaterede. gt lsbove 2A00Slepisas
set forth above. Accordingly an alternative apparatus
Fahrehbeit)f #teengpisati usgngthe ahotereter guahirigangthod faterepadinng rediactgries at high
the features nore fully disclosed hereinafter. 15
tempephMARY v ot Bden b &ivENddeefuiccording to the present
i nvention, an apparatus for the gunning of a materi al
is provided having a nozzle with an inner passage
having an inlet end into which a wetted material is to
10 ?rglihg r%c?rgl &Itnr (i)l?lgs‘t:rgle S zlgr]ng%allglgngs. %\angttgte%?sq brg élggeél\é\@%fga%tc}r? %oating methods

and GV o8 4 6 APHOHER Gt AP S OF A0V AHAEFRYIO REPHIGE g altemative directed
to overcoming one or more of the limitations set forth above. Accordingly an alternative
apparatus for the gunning of a material is provided including the features more fully disclosed
hereinafter.
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SUMMARY OF THE INVENTION

According to the present invention, an apparatus for the gunning of a material is provided
having a nozzle with an inner passage having an inlet end into which a wetted material is to be
20  introduced and an outlet end from which the material is to be sprayed. An outer passage is

disposed around the inner passage and in fluid communication therewith and has an inlet end for



4 WO 2004/ 067187 PCT/ US2004/ 001663 introduci ng a gas

to be passed through the outer passage and i npi nged on
wo bw4wetised materi al passi ng through the i nnePCT/US2004/001663

passage, thus constricting the material as it exits

the nozzle. Al so provided is an apparatus for the

gunning of a material having a naterial delivery 5

introd @S a 8¢ tPHO Yhsdbd Shrdu SR RS hdér li)aﬁs t£id infYilded dh fHeUlétted material
communi cation with the material delivery hose

. | t 3 i 5
passinB R Ehe HeE b e Rhus s TBY I mR5 3 [RAEG fre poacle
di sposed internediate and in fluid comunication with
the material delivery hose and the nozzle and has at
| east one inlet for introducing a nixing gas. .10 The . )
f Blsegupyigechifdam apraratys facthe supning d comaleaigh iadnRg arpgigrial delivery
the followi ng detailed description of the invention
5  hose fuhprovizingsa deterthli A water umet nofuidicomniungcatioo ovitha thei maferial delivery
draw ng figures. BRI EF DESCRI PTI ON OF THE DRAW NGS :
hose pksvilleyv@htef @Rivef B MBRrial¥aN: aese Putpufether wetesdt material. A mixing
invention will become apparent to those skilled in

chambgg % airs%ogeﬁ UefnEfAE1 Ad A il %{){r‘ﬁ{ldﬂé’gﬁﬂﬁ wielh M fdterial delivery hose

scription in conjunction w he acconpanyi ng

dr aw, ngs,, wherei.n: 2 GURE 1 1S a tial sectional
and th IO ARE il o [efortng LA P kB A RBIZAE: enpoci ment
according to the present invention; FIGURE 2 is an end
view of the outlet end of the nozzle shown in Fl GURE
1, 5 .
10 The foregoing and other aspects will become apparent from the following detailed

description of the invention when considered in conjunction with the accompanying drawing

figures.

BRIEF DESCRIPTION OF THE DRAWINGS

15
Novel features and advantages o f the present invention will become apparent to those
skilled in the art from a reading of the following detailed description in conjunction with the
accompanying drawings, wherein:
20 FIGURE 1 is a partial sectional view of the gunning device with one nozzle embodiment

according to the present invention;

FIGURE 2 is an end view of the outlet end of the nozzle shown in FIGURE 1;
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WO 2_004/ 067187 PCT/ US2004/ 001663 FIGJRE 3 is a
secti onal view of an alternate nozzl e enbodi nent
wa@emandilzy to the present invention; FI GURE 4PCHUSIN04/001663

end view of the outlet end of the nozzle of FlI GURE 3;

FIGURE 5is a sectional view of an alternate nozzle

enbodi ment according to the present 5 invention;

E@ﬁ;@g (jé 5 s&tRDRMENBY I0f ah GREBSE Mo2E1E @hbotintkink bedordiflg & the present

_ overlapping orientation of the ends of

inventcucum‘erentlal slots located in the nozzle shown in

PPGURE 5; FIGURE 7 is an end view of the outlet end of

the nozzle shown in FIGJRE 5; , a Fl GUR| ' Vi ew
GEIGUIRE s SR VigH o4 oot PR b SaPHBAT ELGRE gt o
the present 10 invention. DETAI LED DESCR| PTI ON OF THE
| RIENRE ONs Asectimmdl Yieweifan altprmatediogrie gmbedimey @peording to the present
generally, to the phenonenon that results when 15 wet
inventiin@duct fines separate out fromthe streamof a
gunnlnglna;eéhfl. More specifically, it includes, but
I P1 é 18 4 sdhehfatic RepreSenBition i Duktiayin iakgrefebed | cerlpppang orientation
t%egl{g{gp_ﬁf t he di schal?r/rge end of _thegnol?zl e asserrblr?/11
of the 5P o (I lrbu @i Wded 1o0AMA ARG MBAIOShIWR RIFIRIUIEE5N
6 j ected onto e target substrate, thus adversely
C

ef . th i f - .
] 5@1?5%&“%3 g pr enf B e Rno(h SPEIGURE 3, and
f Er | B phgnmo%gvgggfﬁmrabg%@{egﬁs‘ﬁ%léé% ‘gg’g’%ge%t}%gf’ms fataéoerwgngltto the present

_ gf the nozzl e assenbly, producing a |ess viscous
invenfial.i p* that is projected fromthe nozzle assenbly at

a lower velocity such that it creates nmaterial waste
since it does not reach the target substrate.

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “drip” refers, generally, to the phenomenon that results when
wet product fines separate out from the stream of a gunning material. More specifically, it
includes, but is not limited to, a viscous “putty-like” build-up at the tip of the discharge end of
the nozzle assembly that can fall down from the gunning material being projected onto the target
substrate, thus adversely effecting the quality of the application. Also included in this definition
is a second type of “drip” phenomenon which results when fines settle out from a gunning nozzle
stream along the inside wall of the nozzle assembly, producing a less viscous “drip” that is
projected from the nozzle assembly at a lower velocity such that it creates material waste since it

does not reach the target substrate.
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6 WO 2004/ 067187 PCT/ US2004/ 001663 As used herein the
term"rebound” refers, generally, to the occurrence

wobma/oerigunni ng material does not adhere to tPer/Us20g€001663
substrate, e.g., because it is poorly wet or not
entrapped by nore fully wet gunned mass. This al so
includes, but is not limted to, instances of

aggneas greindﬁlfeltgx% i‘%oﬂﬁﬂ”%f&ﬁ@hé‘x}all . RCH loBcyide when a gunning

aggregate contained in the nmateria ounces off a 5

targete urfac nd/.o t i o]
materEfS 5 e e PPy o lEEE  LrneRHiE iR EBHF eor not entrapped by
i medi ately after the gunnin terial .is appliedt
more f v BEVEH TG { I S ARGk, B 5yt HrRER, fifantS of aggregate
percentage of the gunning material to the furnace,
deflectinh | whitlk cgendiaHy acsutshwher ageiegate neastaingsh iy thg, matgripl bounces off a
device is provided for applying materials 10 such as )
targetd® B@ifadehirtl/orewhac ther pemin® neaterial ffalte offucththestarget substrate during or
interior wall surface of a furnace, preferably while
immelifAfly URBAGR benrihd Imhatbteatis hpphedlité ithd @drbyted tshbstpite sausing a lower
Invention provides a nozzle for a gunning device that
nmor.e_unifor ' hal o0 ter and conveys
adnes{Rrep g oF L SE AR e SR LR st S 27 T
particular, it has been discovered that the gunning
device of the present invention increases the degree
and thoroughness of contact between the powdery. 15 ) ial
mfcepiding tonidhe thieseatne PR ERHBE 8ViFS P BQVied dRbfRplying materials
poor m xing and inproved the consolidation of the
such gsimonuditist rrefiagtoti¢se toe Bysurfadeishety asgan pteriqrhwall surface of a furnace,
occurrence of a "split" non- honpbgenous stream and
preferabBOWHiNslhe fBnaseButilngatebesddifondlye e, preseat anepgiroprovides a nozzle
percentage of the gunning material is inproved to

for a %ﬁfﬁqﬂg %lg@ic!: It REorR AL RAN Mskes N ANAS WRASVAt @lidconveys the mixed
inpr ove strength, relative to conventiona

oSS APl P AR b i o e
present invention increases the degree and thoroughness of contact between the powdery
material and the water and improves irregular and/or poor mixing and improved the
consolidation of the gunning stream, thereby reducing “drip,” the occurrence of a “split” non-
homogenous stream, and “rebound.” By reducing these problems, the adhesion percentage of the
gunning material is improved to produce a lining body having improved density and improved

strength, relative to conventional application equipment and methods, thereby enhancing the

quality and durability of an applied mass.
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7 WD 2004/ 067187 PCT/ US2004/ 001663 The invention is

best understood by reference to the acconpanyi ng
waoleawiosgs? i n which i ke reference nunbers ref epCt/oSionken1e63

parts. It is enphasized that, according to comon

practice, the various dinensions of the apparatus and

t he associ ated conponent parts as shown in the

drai st 8 Hatturders&ealbs rafeeerda vethe@eforepingngattaiBigs in which
clarity. 5 Referring nowto the draw ngs, shown in

like reféx%fil({e Ondﬂ?be??re?&ﬁ? 'ilﬁ{a Hﬁrtg at is égﬁ:ﬁﬁk’ﬁ@d Bt %f:c&ﬁdm%% 86thAlon practice,

nNozz avi ng I nner péssage
having an. i nl end 102

the vafigus s ot P SBRTEING 3 nB s elee o b i hfbom i the

the nmaterial is to be gunned. An outer passage 200 is
drawingssase seldosealanad haye hqeﬁénlafﬁééa@‘éawo that is in fluid

10 communi cation therewith, the outer passage 200

having an inlet end 202 for introducing a gas to be

passed through the outer passage 200 and i npi nged on

t RRfepBhE B6wBIRE Uatwings shaven ihFued 1, ishe dppaeruspfas s&ggunning of a

100. The inner passage 100 is preferably defined by an

mateﬂggplﬁguéc%ﬁj%y 872188 H¢ n ng a]ajign@r%sﬁgg 100tHaVinR 3 SiARe er® P02 $nto which a

y an outer tubul ar nmenber 210 di sposed around

wetteé? {enéi&i e%r Bot Fblillllt%durge ﬁ{)&%]b%ﬂetlgnéq%'%rh%%% tlée matenal s to be

hé"hozz
material delivery hose. . 20, an ter inlet 1

guncy o SRR meSTARC 1A 5 CisMNGH b e tnet rPPEﬁi‘ fﬁm ﬁﬁt is in fluid
a mterial is fed, preferably, being suppli

comnpmésatian thezewith, ihe enter paseage 20D hgvisese 1slet e 2Q¥t f%é‘ﬁ&ducmg a gas to
to the water inlet 10. Water inlet 10 is connected to

be passedah@ugls thy oetetPassigzt 208 and ihgsnguslt e theowetttd mhierial passing through
mat eri al

the inner passage 100. The inner passage 100 is preferably defined by an inner tubular member

110 and the outer passage 200 is defined by an outer tubular member 210 disposed around the

inner tubular member 110.

Sequentially attached to the nozzle 100 are a mixing chamber 30, a material delivery hose
20, and a water inlet 10, all of which are in fluid communication and through which a material is
fed, preferably, being supplied pneumatically by a transporting pipe 5 that attaches to the water
inlet 10. Water inlet 10 is connected to a water source 60 that provides water to wet the material
to form a “gunning” material that is passed through the material delivery hose 20 to mixing

chamber 30.
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20 to forma "gunning" material that is passed through
the material delivery hose 20 to m xing chanber 30. 8
wOE020048067187 PCT/ US2004/ 001663 M xi ng chanber/uS®o4/601663

di sposed internediate to and in fluid conmunication
with material delivery hose 20 and nozzle 1. Mre
specifically, mxing chamber 30 is in fluid
c dirring ahamiben30 isi disposérbintarnediatentd abd4n dluid éemmnmiestion with material
passage 100 of nozzle 1 and a source of m xing gas.

deliveFy @osgd (Xariin@ake 1. SMpkespRediRhNy, phikidathnihér 30 id Badlid @8@munication
gas inlet 90 for injecting gas onto the now of 5 the

with ¥ riﬁ‘l'e{‘ EndROLLF e 11;&{%{) sRAgRf ﬁf(ﬁ‘@t} YozAdE ggﬂsag%og}(%t ofRixing gas. The

|nc udes a ring o i zont al | orlent

mixin} ag ?s %r%PetrzE’ocf{/ %%ovv\@edcba)a %trﬁtg?s(g %g[: 23 %}l%t\éﬁ(f) Pc{x??jtﬁgxeng gas onto the flow of
the glarﬁ‘%?qeé%%a?ﬂndm rariclaertly: g0 mrid hipobRanbamess herdontally oriented

10 projected into inlet end 102 and out of outlet end
gas inergion fp artsyehich ippinge afdaemta 1ie wratariaht ¢ anrgpeta dditional mixing o f the
substrate (not shown). The inner tubular nenber 110
materthd bmchwagr.i nner passage 100 is fromabout 4 inches to
about 30 feet. Preferably, the inner tubular nenber
110 defining inner passage 100 is from about 12
inches to about 36 inches in length and is in fluid

i tQ é'] 4 - Xi.N : . . .. .
prOPRTAEEY Eartabhebf P RaaBUEIRERr B pramoer 30w
ra e 5 SS 200 i s an annul ar
pmw%%f el Beiknd 407 aRi pblo b BRET R ATkt R RBIRLET 110 0nto a targe
bei ng di sposed . concentrically within the outer
substralGH TP OB G She AEF tupglabmamAg’ t1Gdefining nerpassaged 00 is from about 4
_ enbodi ment, o uter tubular in enber 2 10 d efining the
inchesigt about &@agﬁreﬁﬂ@blvsthb omype tubiuiEmmember Nifedefininpuinaer passage 100 is
menber 110 defining the inner passage 100, as
from about 12 inches to about 36 inches in length and is in fluid communication with the mixing
chamber 30 and, preferably, attached by a threaded nipple as shown. Preferably, the outer

passage 200 1s an annular space that is defined by the inner tubular member 110 being disposed

concentrically within the outer tubular member 210.

According to a first nozzle embodiment, o uter t ubular m ember 2 10 d efining the outer
passage 200 is longer than the inner tubular member 110 defining the inner passage 100, as
shown in Figure 1. The outer tubular member 210 is located such that the outer passage 200
extends beyond the outlet end 103 of the inner tubular member 110, preferably, from about Y4

inch to about 12 inches.
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20 shown in Figure 1. The outer tubular nmenber 210 is

| ocated such that the outer passage 200 extends beyond
wo bw4oetiBet end 103 of the inner tubul ar menmbePCLf2004/001663

preferably, fromabout V4 inch to about 12 inches. 9

WO 2004/ 067187 PCT/ US2004/ 001663 Preferably, nozzle 1

further conprises a hollow flange 40 di sposed around

t P?eféxﬁb%t n&Mk 10l ctohﬁ)rl's@sn@ ho]l’(ﬂﬁ TRE8e 40Qispokeaitoluid the inlet end

Fi gure iIs an end V|em10f hol om1f|ange 40 as vi ewed

102 ol[{r@-ne mne(}f%%sag%'ﬁ OQ.US ’Fg %111_86'323% 1 8id ggSfaliidﬂBWegénge 40 as viewed
il A o R

be inpinged on the wetted material. In this fashiaon,
least angrges iletedd thatconngaiethe obleca 202 §f rﬂéﬁ/?la@romsmgséé wiffa source of the
outer passage in which gas flows through the outer
gas tofhedmpieed baalhwstt¢dmateniall et end, and acts to
consolidate the streamof gunning material as it
| eaves the outlet end of the inner tubular nmenber 110
allowing 10 for |ower material waste and better

QERkHil YasRRR 'a%'h{rgped DRWEN icBn bk GH6Rddd tREEIhem@RluYer passage in

pneunatlc I nes provi ded whi ch supply a source

whlche%atg? ﬂ—[rg%g% nIoeu cr R Aé%s gorea %%19 loﬂg &daﬁﬂa E@t@ to cogsolidate the

JEETE"T Went

srear RE ESEITAA Smt sq%%'s el egq@a Za&aezr tﬁwﬁ‘” der'ﬂ%gr f10 allowing
menber 110 conprises at | east one opening 105, throu

for loaved matarialj wastgandebettor djualitye peplicationndet shayNt WeJ%p preferably,
and outer passages of the nozzle. Preferably, at |east

pneurfiti 10jee 50Rge provated avhichasugply  somnecadfairt to gasiajeted, 20
about 90 degrees with respect to a |longitudinal axis
of the inner tubular nmenber 110 to force the gas
bei ng passed through the outer passage to be projected

! rMc%ording to another embodiment of the present invention, shown in Figure 3 is an
alternate embodiment of a nozzle 2 according to the present invention, wherein the mner tubular
member 110 comprises at least one opening 105 through and near its outlet end, thereby
connecting the inner and outer passages of the nozzle. Preferably, at least one opening is at an
angle from about 5 degrees to about 90 degrees with respect to a longitudinal axis of the inner
tubular member 110 to force the gas being passed through the outer passage to be projected into
the inner passage at an angle as it enters the stream of gunning material. In this fashion, the
spray of the gunning material is controlled as it exits the outlet end of the nozzle and more
precise gunning and a reduction in drip and rebound are provided. Shown in Figure 4 is an end

view of a hollow flange 40 as viewed looking at the outlet end of nozzle 2.
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the inner passage at an angle as it enters the stream
of gunning material. In this fashion, the 20 spray of

wo bw4gemsi ng material is controlled as it exitBCT/82004/001663
outlet end of the nozzle and nore precise gunning and
a reduction in drip and rebound are provided. Shown in
Figure 4 is an end view of a hollow flange 40 as

Q8 KindtheR lenftio@insHt | FLth€ Prlesht &AL, ZhoW MTFigure S is yet
200 glg$m%CT/USZOOh/001663 qﬂicordlng to aﬁotﬁeflgg_—_ Y

anotheir engneotd ent %og 8e§c%8{dllj(1#“1’oe B @%Ferﬁ gﬂ%abﬂ @'hgxléfnea%lurahty of

anoth accordlng

esent | nvent r a pluralit
throug@ siqtg 405 lpgat%eaq%p aan“@fpmneﬁ?ls eél“l“iPI?fr{X?‘H‘éer lr}ﬂ 40fhe intet end
tubul ar nmenber 110 near the inlet end 102. These
102. Biese sloftagnaebel localeddt any eyitigpsyithipthevimer fupHar member. Shown in
tubul ar nenber. Shown in 5 Figure 6 is a schematic
Figurg @ 3reshamatic taprésehtason dhismatireg ppreferederyedeppihgppéentgtion of the ends
orientation of the ends of each of the

of each lof EAEiRNug{TEreAtial A $04.08howh dWHidufe Fiighii end viesy afhadlov flange 40
view of hollow flange 40 as viewed | ooking at the

as v1e\99& loﬁ)km%rhq i tRE &l o fdhoziledure 8 illustrates yet
enbod! ment of an apparatus for the gunning of
a rmt eri al 10 according to the present invention in
V\,hi ch a tubul ar mermber 300 is used in conjunction with
gas_m xi ng chanber 301 Iocate at the i t end. of .

il s lmogisn CaRaUgh Gl o ratieh By i Eig of a material
| ocated at an outlet end 303 of the tubul ar nenber.

accordihg tecthripiresgnt ipmerdfontihevhigh gitwhylaraember 391is asef inpgongipstion with a
i nl et chanber 302 acts to enhance the m xi ng and

gas mixing ehardbér 301 loehted he thatidei edd afitheratbelar pnénobert 0 and a gas inlet
reaching the outlet end. The tubul ar nenber 300 can be

chamBés 892 19 16datEoqt 4N6itle® Rnd 30D e AfibllAXemB@bBeér. €The c ombination of the
descri bed above attached at its outlet end 303 or

mlxmglcfla?r%@eal‘%%ll ¥1n E‘he as l?nl@% ﬂ'[a&xﬁ)%p 86h hetd tc@erj}xaﬁéé @WQXngandtconsohdatlon

OI’]S I‘IC e gunning 1 n eria

of the material and water prior to reaching the outlet end. The tubular member 300 can be used
in conjunction with any of the nozzles described above attached at its outlet end 303 or
alternately may b e attached to a narrowed tip, thereby c onstricting the gunning material as it

exits the nozzle.

While embodiments and applications of this invention have been shown and described, it
will be apparent to those skilled in the art that more modifications are possible without departing
from the inventive concepts herein described. It is understood, therefore, that the invention is

capable of modification and therefore is not to be limited to the precise details set forth. Rather,
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exits the nozzle. Wile enbodi nents and applications

of this invention have been shown and described, it
wQ@0mmib118be apparent to those skilled in the apeT/UbBD4/001663

nore nodi fications are possible w thout departing

fromthe inventive concepts herein described. It is

under st ood, therefore, that the invention is capable

VaHOL%me&ﬁh;ﬁ(ﬁ@tIh@nb@ﬂﬁdé e (RS Qutdllsl withiatthé @cc?ﬂ dnldniahgslof quivalents of
preci se details set forth. Rather,

2004/ 67 0Q4/ S
the Iy %Sh Ay PR P B e Nk gﬂ%%g‘%ﬁ%‘s??\%% is apparatus
of e lepts of the c .\ t.hout rti :
can DRSS ribe SOPEHE HEhOT GHRTA HERHIs0l o) b d P r ooned that tis
this apparatus can be used in_the shotcrete nethod of
apparaius can e yseddempaticatiops joatsides of Hiose oo fadEicatng of H‘P@mng refractory
apparatus can be used in applications outside of those
lininggor fabricating or repairing refractory 5 linings. 10
15 20 12 WO 2004/067187 PCT/ US2004/ 001663 What is
clainmed is: 1. An apparatus for the gunning of a
mat erial conprising: a nozzle having 5 an inner
passage having an inlet end into which a wetted
material is to be

12
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i ntroduced and an outlet end fromwhich the materia

is to be sprayed, and an outer passage di sposed around
wo bw4ioemer passage and in fluid comruni cati on PCT/US2004/001663

therewith, the outer passage having an inlet end for

introducing a gas to be passed through the outer

passage and inpinged on the wetted material passing

What isRi@medist he 10 inner passage. 2. The apparatus

according to claim1, wherein the inner passage is

defined by an inner tubular nenber and the outer

passage i s defined by an outer tubular nenber disposed

around fhe inner tubular nmenber. 15 3. The apparatus
1. An appaptyg é‘?@ﬁieogwgﬁgrﬂff,mm?lézpﬁlppﬁ@ghozzI e further

conprises a hollow flanged end disposed around the

anozzlgmavingnd of the inner passage, the hollow flanged end

having at least one air inlet port that connects the
i nl et enn infiert passagathevingass aglet wid hnta whigh e wefted hpaterial is to be
gas to be inpinged on the wetted material. 20 13 WO

20Q4JAG B AR ULSREME B3R Wifich the nTheiA pprtetspsayed, and
according to claim1, wherein the nozzle further

conpris af og;fek] ?hésgg& dib 0268 droufil thSlinnBOSRE R MUNA fluftecommunication

inlet en e Tnner passage, the hollow flanged end

PRI bt 2 Bl hERSCRL e L SSHPEIE g o e e

ga%hrggghb?he é)l?tgrl gags%ggeogndt pnelpi\rll\géc{ grq tggtweecltlegl lrr'latgrial passing through the

inner passage.

2. The apparatus according to claim 1, wherein the inner passage is defined by an inner tubular
member and the outer passage is defined by an outer tubular member disposed around the inner

tubular member.

3. The apparatus according to claim 1, wherein the nozzle further comprises a hollow flanged
end disposed around the inlet end of the inner passage, the hollow flanged end having at least
one air inlet port that connects the inlet end of the outer passage with a source of the gas to be

impinged on the wetted material.
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5. The apparatus according to claim2, wherein the
outer tubul ar nenber defining the outer passage is

wo oovges718han t he i nner tubul ar menber defi ni ngpe®S2004/001663
i nner passage, the o uter t ubular nenber being
| ocat ed such that the outer passage extends beyond the
outl et end of the inner passage. 10 6. The apparatus

4. Th%g 5,0 gcéo?di?lg 3b Nafm lvm{e?éiﬂ thdBodA ﬁit']rthfe%J @b&hﬁﬁséﬁ’ﬂi’cﬂl’ow flanged

rrses at ast one opening through and near its

.outlet end thereby.connect] Laner - .
end digiseEang i T A SO ok Hasb iR, IR it ¥ faving mutiple
. to claim®6, wherein the att¥east one openjng i s at
air inlgfoparis habgorniegh the inkgh e ofi R QUL Restage gvish @ source of the gas to be

| ongi tudi nal axis of the inner tubular nenber. 8. The
impingedmarthe wstted patedithg to claim 6, wherein the at | east

one opening is a plurality of through slots |ocated

circunferentially in the inner tubular nenber near the

inlet end. 20 9. The apparatus according to claim 2,

5. Thd Hgdefilis GOMREIhE D L1BmM XiwvhAsrefNBIED&Iter fubliladirtember defining the outer
communi cation wWith the inlet end of the inner passage.

passagéf:'lcs: \C%% Ogeg gﬁ;{ngé% ﬂlgﬁ%aggél\%ﬁ&ggﬁfep Q%fgﬁﬁ? 10 1r;rxﬁﬁ g%%ggé, h&$ uter t ubular

ereint Xing c Is in

flui.d co nicatjon, with a sourc f.m xi.n as,.. 5 .
membyr bein, TOFG{E: SHEf Ao Ol GERHER & P P PO et ehd of the inner
conprising: a material delivery hose for providing a
passageat eri al ;

6. The apparatus according to claim 2, wherein the inner tubular member comprises at least one
opening through and near its outlet end thereby connecting the inner and outer passages of the

nozzle.

7. The apparatus according to claim 6, wherein the at least one opening is at about a 30 degree

angle with respect to a longitudinal axis of the inner tubular member.

8. The apparatus according to claim 6, wherein the at least one opening is a plurality of through

slots located circumferentially in the inner tubular member near the inlet end.

9. The apparatus according to claim 2, further comprising a mixing chamber in fluid

communication with the inlet end of the inner passage.
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a water inlet in fluid conmunication with the materia
delivery hose for providing water to wet the
woioensak7 a nozzle for outputting the wetted PeEL/E51084/001663
and 10 a m xi ng chanber di sposed internediate and in
fluid conmmunication with the material delivery hose
and the nozzle and having at |east one inlet for
i ntroducing a m xing gas. 12. The apparatus accordi ng
to claim1l, wherein the water inlet conprises a ring
10. T gpferab § 2% beu BB R B o 1R b apdmogtds B B communication
. further caonprises an inner passage having an inlet end
with ajspprse RhPHNG St t ed material is to be introduced and
an outlet end fromwhich the material is to be
sprayed, and an outer passage di sposed around the
i nner passage and in fluid conmunication 20
11. Ad fpasitid for tHehenalibef apaaasdeomprising: an inl et end for
introducing a gas to be passed through the outer

PSRRI 88 e Rs89610h8idilpen Mefeligll material passing
t hrough the ‘i nner passage. 15 WD 2004/067187

PCT 0Q.1: . -di | .2l Iy

TR P RAT R 0 PG SR RSO0 26 vt
tﬁbular.‘nenber and the outer passage is defined by an

to wetdpg Rtrighul ar nember di sposed around the inner

tubul ar nmenber, 5 )
a nozzle for outputting the wetted material; and

a mixing chamber disposed intermediate and in fluid communication with the material

delivery hose and the nozzle and having at least one inlet for introducing a mixing gas.

12. The apparatus according to claim 11, wherein the water inlet comprises a ring of at least one

water injection port.

13. The apparatus according to claim 11, wherein the nozzle further comprises
an inner passage having an inlet end into which a wetted material is to be
introduced and an outlet end from which the material is to be sprayed, and
an outer passage disposed around the inner passage and in fluid communication
therewith, the outer passage having an inlet end for introducing a gas to be passed
through the outer passage and impinged on the wetted material passing through the

Inner passage.
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15. The apparatus according to claim 13, wherein the
nozzl e further conprises a hollow flanged end
waolc@posas around the inlet end of the inner paBSEYS2004/001663
the hollow fl anged end having at |east one air inlet
port that connects the inlet end of the outer passage
Wth a source of the gas to be inpinged on the wetted
material. 10 16. The apparatus according to claim 15,
wherein the outer tubul ar nenber defining the outer
14. Thg%?)g% ¥ Ia{?’(}?!é IPE ﬁoe?laggg eerél?ﬂ}% 1ntn§1ib}gasgatgemgg$ﬁr{ed by an inner tubular
nmenber belng | ocat ed such that the oquter :
membesashibis OBiey BAIIENE ASTRFLPY GRAUSF RS THFEPer hsosadaround the inner
15 17. The apparatus according to claim 15, wherein
tubulat membener t ubul ar nmenber conprises at |east one
openi ng through and near its outlet end thereby
connecting the inner and outer passages of the
nozzle. 20 18. The apparatus according to claim17,

15. Thﬁ@??@r‘aﬁls a@@or@ﬁlg 6 3BEMOANE whBRM 118 roZzRtfuARGWonrids a hollow flanged
angle With respéect to a |ongitudinal axis of

o 488 R PO OB s o o o

A NN T XEE R TR S

tubul ar nmenber near the inlet end. 20. The apparatus

impingedesy @ migtied mefesian 14, further conprising a m xing
chanber in fluid 5 connunication with the inlet end
of the inner passage.

16. The apparatus according to claim 15, wherein the outer tubular member defining the outer
passage is longer than the inner tubular member defining the inner passage, the outer tubular
member being located such that the outer passage extends beyond the outlet end of the inner

passage.
17. The apparatus according to claim 15, wherein the inner tubular member comprises at least
one opening through and near its outlet end thereby connecting the inner and outer passages of

the nozzle.

18. The apparatus according to claim 17, wherein the at least one opening is at about a 30 degree

angle with respect to a longitudinal axis of the inner tubular member.
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21. The apparatus according to claim 20, wherein the
m xi ng chanber is in fluid communication wth a
waeounoe71ief m xi ng gas. 10 22. The appar at us aceOT/Us1994/001663
to claim1l, further conprising a gas inlet chanber
di sposed internmediate and in fluid conmunication wth
the nozzle and the inner passage outlet and having at
19. THERHarMNE abddh@hg ftOcldint 1 PAWaERE hedASleastSone2fpening is a plurality of

through slots located circumferentially in the inner tubular member near the inlet end.

20. The apparatus according to claim 14, further comprising a mixing chamber in fluid

communication with the inlet end of the inner passage.

21. The apparatus according to claim 20, wherein the mixing chamber is in fluid communication

with a source of mixing gas.
22. The apparatus according to claim 11, further comprising a gas inlet chamber disposed

intermediate and in fluid communication with the nozzle and the inner passage outlet and having

at least one 1inlet for introducing a gas.
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