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shielding fluid, such as an inert gas. The shielding
fluid, in turn, pfevents reactive gases, such as
oxygen, in the fluid streams' surrounding environments
from infiltrating into the fluid streams.

U.S. Patent No. 3,470,347 discloses a method for
produéing a substantially oxygen-free coating on a
substrate by the use of a plasma arc coating torch.
The torch produces an arc plasma through a constricting
nozzle orifice so as to provide a high velocity, high
enerqgy arc effluent which carries coating materials to
be deposited onto the substrate. The effluent is
protected from its surrounding environment by
surrounding it with a uniform turbulent flow of a
coaxial annular shielding gas stream having a certain
width and a certaiﬁ forward momentum. The coaxial
annular shielding gas stream, however, can only protect
the effluent containihg coating materials for a short
distance. When the substrate to be coated is located
too far from the torch, the coating materials in the
effluent are oxidized before they are deposited on the
substrate. Moreover, such a coaxial annular shielding
stream according to U.S Patent No. 5,154,354 is
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Thi s nay necessrtrangemeafudst noltue fdewtd vieo foepkertatine plasma :
deposition applications. For example, a low
temperature melting material, such as plastic powder,
may be used to coat a substrate. This material needs
to be blown into the effluent of the torch through a
tube as the effluent emerges from the nozzle in order
to prevent overheating of thé material. However,
blowiﬁg the material, as well as the tube, disrupts
and/or blocks the flow of the coaxial annular shielding
gas and causes the effluent to be unprotected.

U.S. Patent No. 4,869,936 discloses a method for
shielding a particle-carrying high velocity oxyfuel
flame stream. The shielding method involves ejecting
the particle-carrying high Vélocity oxyfuel flame
stream into a shielding cylinder and using a plurality
of nozzles to produce a high velocity tangential flow
around the partiClé-carrying high velocity oxyfuel
flame stream within the shielding cylinder. The
shielding cylinder, however, may fail after a short
period of operation due to the combination of high
temperature and high gas velpcity. This may
necessitate frequent shut downs to replace the
shielding cylinder.
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velocity oxyfuel flame streams.

Accordingly, it is an object of the invention to
provide systems and processes for shielding turbulent
fluid effectively in an efficient manner.

It is another object of the invention to provide
systems and processes useful for blocking most of the
ultra violet light given off by very high temperature
turbulent gas streams.

It is yet another object of the invention to
provide systems and processes for effectively
depositing coating materials on different size
substrates located at various distances from a torch or
a nozzle for ejecting a turbulent fluid stream.

It is an additional object of the invention to
provide shielding systems which can be retrofitted
easily on existing spray devices, without any water
cooling or other external cooling.

It is a further object of the invention to provide
shielding systems that can be used with a tube or other
solid objects which is located downstream of a
turbulent fluid stream.
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fluid transversely to the flowing direction of said

turbulent flow of said fluid containing stream; and

(c) entraining said shielding fluid in said
turbulent flow of said fluid containing stream to
prevent infiltration of gas and/or vapor from said
fluid containing stream's surrounding environment. The
fluid containing stream may be provided with coating
materials before or after being ejected from said at
least one opening. The fluid containing stream
carrying the coating materials may be preheated to melt
the coating materials and then is directed to a
substrate to deposit the coating materials on the
substrate. .

According to another embodiment of the present
invention, the above objectives and other objectives
apparent to those skilled in art are achieved by a
fluid shielding syétem comprising:

(a) an elongated hollow body having a
plenum, at least one inlet for introducing shieldihg
fluid into said plenum and a porous diffusing surface
for emitting shielding fluid in said plenum, said
porous diffusing surface defining at least part of a
passageway so that said porous diffusing surface can
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(d) mounting means for mounting said at
least one nozzle having said at least one opening to
direct said at least opening in the direction of said
passageway. ' _ '

As used herein the term "laminar flow" means root
means square of velocity fluctuations that are less
than 0.1 times average velocity.

As used herein the term "turbulent flow" means
root means square of velocity fluctuations that are
greater than 0.1 times average velocity.

As used herein the term "plenum" means an enclosed

chamber for distributing gases.

BRIEF DESCRIPTION OF THE DRAWINGS _
Figures 1, 2 and 3 show cross-sectional views of

preferred embodiments of the invention, which are
useful for shieldipg a turbulent fluid with inert gas.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is described in detail in

reference to the drawing.

Referring to the drawings, a turbulent flow of a
fluid containing stream, hereinafter referred to as a
turbulent stream, is ejected from at least on nozzle
having atileast_one opening. The turbulent stream (la)



turbul ent stre %hséﬁ'ected fromat |east on nozzle having at |east one
rour

opening. The tdr stream (| a) -6- may be Lgpﬁeéﬁﬁﬂmﬂ7ﬂT—TTﬁ—|d or
'gaseous streamincluding an inert gas. The turbul ent strean1na ated
e.g., heated to about 1000 [err]C to about 10, 000 [e “ case of
pl asma spray deposition. The heated turbul ent stream “h ﬂ from
known t hermal spray processes that use chewgi eal conbu Ic arc

heating to generate heat. Some chenical conbustion thermal. spraying

t echni ques include powder fla spra wire/rod flanme s ng and
detonatlon/eprE§nges PE?FHQ¥§° eﬂgﬂPﬁﬁc°Fe9??ﬁ8th§F%§P%§pray|ng

t echni ques i ncl gelwdifgabs Sﬁé@tlaasandTabatu&banen&ps@xeaﬁ mabnbalasna
arc spraying,

ert gas, ch as arg ject to an el arc
and then is e egFé efly ofrr Gt - IBS?F §n§°nBB?P E‘?kjgtgcp?%d%k%u% ﬁ?g@bg
tgrrper%u(r)gotFrmllaégltjﬁtﬁmr%afe 0eY 3 plésﬁé)@ﬂ'%yﬂémﬁolﬁ.temh rature of
about : err e ul ent stream can anong .ot he i ngs,
electric arc st%@%ﬁﬁd EpﬁgﬁéeHFCS§FF€§n§?YfSSWBE§PF8§HB FS?y&PBEP or
air-fuel f'a”E)th@iﬁhmeﬂbréyoﬁrbbéﬁeés ﬁnhteasdr@nbmiaa&tteﬁbastthUbd
spray streans pr re or gas_atom z nd ot her .streans

d b t.
cont ai ni ng partﬁgﬁg %6F %Fggﬁs? ing, L AGRREALR BF |%n gg@e PBGEdd into

a hot turbulentcshbaaﬁnahteheemameéptay&hg hebhhﬂqhebemhc&uaeapdeeQIected
fromthe nozzleséﬁ%F The coatin n_the f.orm of powder,
n

wire, or rod de Spﬁﬁyfﬂg'ngFFéEPQrfEP88e§?ra@FPgn andne coating
materials are | depondeiohgerpabgiteesppbydfigcedsome electric heating

- thermal spraying techniques include wire arc spraying
and plasma arc spraying. In plasma arc spraying, an
inert gas, such as argon, is subject to an electric arc®
and then is ejected from at least one nozzle (1) to
produce a high temperature turbulent stream, e.g., a
turbulent stream at a temperature of about 10,000 °C.
The tﬁrbulent stream can be, among other things,
electric arc streams, plasma arc streams, flame streams
(oxy-fuel or air-fuel flame), effluent ffom flames,
molten droplets streams (liquid spray streams produced
by pressure or gas atomization) and other streams
containing particles or droplets.

Coating materials may be introduced into a hot

turbulent stream after or before the hot turbulent

| stream is ejected from the nozzle (1). The coating
materials may be iﬁ the form of powder, wire, or rod
depending on the particular process. Often, the
coating materials are in powder form and are introducéd
into the hot turbulent stream through a conveying means
(3), such as at least one tube, with a powder conveying
gas. As the coating materials are introduced into the
hot turbulent stream, they are entrained in the
turbulent stream and are heated to a softened or molten
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| east one tube powder conveying gas. As the coatingmatertats—are
i ntroduced into the hot turbulent stream they are entrained in the

turbul ent stream and are heated to a softened or nolten ThnsSh@tl@sBeEﬁiﬁéd
a substrate

coating materials are introduced in the formof wire or ro
materials are atom zed. The nolten or seffered coatlng na
or entrained within the turbulent streamis then directed a

(5) to deposit the coatr materials. The coating nater y .be sel ect ed
from anong ot h&F2 Fﬁrngs BPESF?E 1nﬁeP3F§r13$Foﬁge b?Fﬁﬁaucggraﬁlg har d
internetal lic aﬂdrﬁﬁbﬂ|kLﬁeCﬁﬁpﬁdddStﬁédcﬁatiﬁgnmatéﬁi§$s ake type of
powder naterlals used éarleg gegdln %ge d sire .coat i LD
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or receiv e _shjel.di u a t._on en or

di stributing thtﬂgﬂl faehged 8 daaﬁHL Fr?tﬁsﬁgingop§F§9§lgr¥gﬁs|ng wal |

(15) for entttlﬁ@atﬁﬁgshmatdrm31§LUIdheTheaﬁehgvmaedrshlemdynbefIurd enters
t he pl enum (13) tg aga % I nl et % and eaves t he Elenuntg% i t hr ough
at | east one poFBuSChEFI f?%) fmopd ather éP9§CtP BSFaffnaPeFRoflr The
formation of thellagrsnaoxiaew,reepammtsedhhrdushﬂgméEamlteauan(ilS) havi ng

the d d depth dt | I. (15
naving o wel | GRSEPEbbECEoRptRaRF oRdr epdralRi i ARGes"q: BRerEIPEroF e nge
of about 0.2 topakwder m@t@rihatsounsefr eheiabl gepbnding dn fheudesgfired

‘coating characterlstlcs.

Shielding fluid is delivered from a source (7) to
an elongated ho;low body (9). The elongated hollow *
body has at least one inlet (11) for receiving the
shielding fluid, at least one plenum (13) for
distributing the shielding fluid and at least one
porous diffusing wall (15) for emitting the shielding
fluid. The delivered shielding fluid enters the plenum
(13) through the inlet (11) and leaves the plenum (13)
through at least one porous wall (15) to produce an
effective laminar flow. The formation of the laminar
flow is promoted by using the plenum (13) having the
desired depth (25), e.g., 1/8 inch, or more and the
porous wall (15) having a well distributed plurality of
pores having a diameter in the range of about 0.2 to
about 1000 micron,.preferably about 2 to about 20
micron. The plenum (13) is deep enough to attain a
fairly uniform distribution of gas through the porous
internal wall (15) which in turn allows it to emit an
effective laminar flow from the well or uniformly
distributed plurality of pores. Other gas distributing
means, such as a screen, may also be used to produce a
laminar flow even though they may be less effective.



m cron. The gl Qu%&lS) I s deep enough to attain

di Stribution o 3 rough the porous internal vvaII (15) which in turn
‘allows it to emt an effective lam nar flow fromthe mbSheétrHaﬂBeteﬁné
distributed plurality of pores. Qther gas distributi ng |

screen, may also be used to produce a lamnar flow eve y be
| ess effective. .-8- The |l am nar fl ow-of8 t+he shi el di ng I'rected
transversely to the flow ng direction of the turbul ent stream By provi di ng

the | am nar fl of, .t he Shl Id|n ui ver t.he |eId| g fluid
is effectivel y%gﬁt o t%ﬁt gigas %@“ﬁ%‘éﬂh <:{]ur bul ent
stream as the tuahshertsediyr e:a:rnthleowslobn\n@r dlla:edﬂsjom@ﬂammt tLﬂ‘l:gllemt
substrate to be,coated (5). .ef f | tral nent r|b tion of
the shiel di ng PGl o%é)ﬁ%: g&é‘tgh%g’re ﬁ‘r?gl L?rb sftaq;g‘ n| n‘#Lz t he
oxi dation or cdidudni rlta‘tainsrvensed.ggra:dlm |srlmiedfdm@t e‘.rJJuaJoE 1$tscﬁfm1pmﬂqer,
droplets and/ or tlc%f i, %@ dpgﬁg r%$§§§ reactive
gases, such as 8§§G&H |?ﬁ Hﬁiﬁ& & & dlng enV|ronnent S
prevented or sthsbalend Isfreaeyast dhef rtamnbhﬂemg; smrrealrmeﬁiaws tHoavang laul ent -

gas. Normally, the anount., of the shiel d fI ui dod 3y hat he
oxygen | evel fie(‘?f"ﬁgfl P@ﬂ'@t V- &ag I e\7 3 etqf]h(é)rfpac e.g.,
t he surface of ef feddtvesentira inmendataed @E)stm:bultem tdfatth‘eo/qsrpredfchjmj)l y
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froma point mh&nﬂmﬁhestuhbubaaﬁaiumeammlsoqtammnAtrgm1dnﬂdegnadatlon
of materials, such as powder, droplets and/or
particles, within the turbulent stream since, reactive
gases, such as oxygen, in the turbulent stream's b
surrounding environment is prevented or substantially’
prevented from being entrained in the turbulent gas.
Normally, the amount of the shielding fluid used is
such that the oxygen level or other reactive gas levels
at the point of the impact, e.g., the surface of a
substrate to be coated (5), is less than 1%, preferably
less than 0.01%. The laminar flow of the shielding
_fluid is provided at a point near where the turbulent
stream is ejected, e.g., within 2 inches from a point
where the turbulent stream is ejected, so that the
shielding fluid is well distributed along the length of
the turbulent stream. The shielding fluid is an inert
fluid, such as nitfogen, argon, hydrogen or mixtures
thereof. The inert fluid, such as nitrogen, may
contain up to 5% by volume oxygen. Such inert fluid
can be obtained from a pressure or temperature swing
adsorption system or a membrane gas separation system.

The porous diffusing wall (15) may be made with

any solid material. Some of the materials useful for
‘making the porous diffusing surface include sintered



stream The shi uid is an inert fluid, such as pjtro el
hydrogen or nixtures thereof. The inert fluid, such as nf A Has Bée _
contain up to 5% by vol une oxygen. Such inert fluid can | mﬂum“ “om a
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separation system The porous diffusing wal9 «(15) may be nmade with any
solid material. Sonme of the materials useful for naking the porous
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surface especi al Lf itt. i S t o Lb}_e c%Esesd i o Q'IV%h tqbrrperattlﬁree e?}?fird.sr%e e.g.,

pl asma coati ng. epﬁgr(}lﬁ:él &' £IS) (5’ sdPace ds BotH porosity and °

t hi ckness suffi tlosmrivelry @amovixdead ijpme sesis tdmgp mafteatiadt, B.tg ,10 psig with
t he shielding ga fil q_wis si %eﬂrd?_r t%n%'}%'irl& g)l}l ff%I’IJP (a %tg'i bution of

shi el di ng gas. |§1§r ssure droﬁ IS8 Potnd 16 a1 W the shi el di ng gas
to cool the por coastirfucisingg maberded, forg ther gduwoasoddfifamtiing sswfeare by a

hot plasma stre i ni.g@ .he .depgsi 1j -Qf a ' or netal
or chem cal vap%gbte%g%lt eﬁ@uﬁ%uﬁ%ntt%s%%egrﬁe% ]’t(}]hé151 or)c‘):uegt@f%lfafcéum ng
surface. Deposi coatiafy,t les gst,r pliaspapacaEitings oTheaporous diffusing

surface has both porosity and thickness sufficient to

shi el di ng fl ui dgi_gov\gh:‘l di stributed along the | ength ofthe turbul ent
| &Ag

provide a pressure drop of about 1 to 10 psig with the
shielding gas flowing in order to ensure uniform
distribution of shielding gas. This pressure drop is
also found to allow the shielding gas to cool the
porous diffusing surface, e.g., reduce overheating
caused by a hot plasma stream, and minimize the
deposition of stray particles, or metal or chemical
vapor from the turbulent stream on the porous diffusing
surface. Deposition of the straying particles or vapors
can be further minimized if a screen means, e.g.,
stainless steel screens having openings having a
cross-sectional area of about 1 mm to about 10 mm, is
used to cover and protect the porous diffusing surface.
The shape of the outer surface (17) of the porous
diffusing wall (15) may be such that the shielding
fluid is emitted transversely to the turbulent stream.
The outer porous diffusing surface (17) may define a
passageway (19) having various shapes and sizes to
allow the shielding fluid to flow transversely or
perpendicularly to the axis (A) of the passageway (19).
The outer surface (17) of the porous diffusing'wall
(15), however, need not define the entire passageway:;



can be further Bigén% gd if a screen neans, e.g., SESLE%E;%T§££E1~§EL§§nS

havi ng openi ngs- hav{ é a cross-sectional area of ab 0 about 10 mm
i's used to cover and protect the porous diffusing surface.
outer surface (17) of the porous diffusing wall (15) Thﬁﬁ‘i

08 f the
t the
shielding fluid is emtted transversely to the turbule i% E. n out er
porous diffusing surface (17) may defi ne- d@assageway rious

shapes and sizes to allow the shielding fluid to flow transversely or
perpendicularly,fo the axis (A .,of _th assageway, (19 The puter surface
(17) of the pord smﬁYf@ﬁg?ﬂﬁ Ré#y ?35?,8ﬁoﬁgvz??¥ﬁegﬂ%ﬁo? dEane the entire
passageway; . ﬁ@ssagéwa’?)/tﬁaf:i 8&nobeyupadt Fﬁrsatrbﬂﬁ&t ;ﬁan.é?ef: hhfa .
passageway that_cap, be uged to.surroun as rtion_of t .ength o
Phe turbul ent - sPPERisR O, oot SBRERLBE Fhe, EREbrTaBPcokBRaRovi 4E tRe out or
surface of the ¢orooardeffmuestgdeairable) tdeprovideathyl budercslirfiageageway
or a diverging cgnjical _passag so_that.th rul.ent _stream passi ng

t her et hr ough isogh#ngBErgPFe§¥?§8F§ngrHﬁ};lﬁlérdggfﬁpfﬂgtﬁe transversely
em tted shiel di oglihdriicalhpaksageéhway2dy af ditergdngagendygall9) may vary
fromone particular Ing_on _the desired

obj ective. The B?ﬁ?@&%ﬁ%gfgﬂgghgﬁgkﬂgiEE%P§18ﬂg:$g?%a%rpaﬁﬁéPgr than 1/ 4 of

the radius of tbkepathagaghyi§lShiebdedeeffieetdtreljefeyhi allli sdtes

Pho radius of tWEERaSBRGERAPSTeBs e Lnempttedomas Tabioh bion: FRES 1, ™"

part by the length (22) of the passageway (19) may vary from one
particular process to another, i.e., depending on the
desired objective. The preferred length is normally
equal to or greater than 1/4 of the radius of the
passageway (19) in the case of the'cylindrical
passageway. The most preferred length, however, is
equal to or greater than the radius of the passageway
(19).J The passageway formed by at least in part by the

- porous outer surface (17) of the diffusing wall (15)

does not materially affect the ejection angle of the
turbulent stream. Even when the diverging conical
passageway (2la) is formed, the turbulent stream can be
ejected at an angle in the range of about 0° to about
+70°, measured from the axis (A) of the passageway. In
fact, the porous diffusing surface in the form of a
passageway is, not only proven to be useful'for
providing the desifed shielding fluid flow in a desired
direction, but also proven to be useful for blocking a
large fraction of the ultra violet lights given off by
certain turbulent streams, e.g. plasma arc streams.
However, it should be understood that the outer surface
of the porous diffusing wall need not form a passageway
or need not be part of a passageway to surround the
turbulent stream with the shielding fluid. As long as



porous outer surface (17) of the diffusing wall (15) daes not materiaby—
af fect the ejecﬂﬂgﬁr&ﬁéie of the turbulent stream Even when the dlverging
coni cal passageway (21a) is fornmed, the turbul ent streannmamameS}

an angle in the range of about O[err] to about +70[err], he
axis (A) of the passageway. In fact, the porous dlffu5|n

formof a passageway is, not only proven-tgibe useful for prOV|

desired shielding fluid flowin a desired direction, but also proven to be
useful for blocking a large fraction of the ultra vrolet 33;3 grven of f

by certain turbdthentlamimagnsflaw g>f rﬂ%rﬁé“a-’r]cqu efelﬁaeldrcr@orb enkxttadul d
be under st ood t & f%? fﬁy jgyéngbdggjdﬁnggyﬁﬁgl need not
need not be

form a passageway or part of a pass aemay to surround t he

turbul ent strea lﬂ%ﬂ?qrﬁéﬁﬁﬁﬁﬂQﬂrﬂffﬂhﬂ(FUQQFM siream, the . the | am nar

flow of the shi it dritiift et R Bd LrRCh dJrIME réﬁébtf:!\fé!l!ﬁn appropriate
| ocation to the flow ng direction of the turbulent stream the turbul ent

stream can be ré&%ﬁ%ﬁﬁ%beffectlvely shi el ded. The foll owi ng exanpl es serve

to illustrate the invep igy1owiiRy eidhpIWs isdadas tia stdridid itie Exanple

1 The systemillustrated in Figure 1 was used to carry out a shielding
process. A gas iventhoteyi TheEORALS gt diFendrd ke el Migdndr at about
100 normal cubic feet per hour was subjected to a 30 kilowatt electric arc

to forma turbulent plasma stream The turbul ent plasna stream was ejected
froma nozzle (1). Example 1

The system illustrated in Figure 1 was used to
carry out a shielding process. A gas stream having 90%
argon and 10% hydrogen flowing at about 100 normal
cubic feet per hour was subjected to a 30 kilowatt *
electric arc to form a turbulent plasma stream. The
turbulent plasma stream was ejected from a nozzle (1).
The nozzle (1) has an opening or orifice which diameter
is abeut 0.25 inch. The cylindrical passageway (19)
defined by the outer surface (17) of the porous
diffusing wall (15) has a diameter (21) of about 5
inches. It is preferred that the diameter (21) be
larger than or equal to 1/4 of a plenum standoff
distance (23), i.e., a distance between the outlet end
of the passageway and a target or a substrate (5), to
ensure that the turbulent plasma stream will remain
inert until it strikes the target or substrate (5).
However, the diameter (21) is normally not critical.

It can be as large as convenient. The depth (25) of
the plenum (13) was 2 inches. This depth (25), |
however, can be reduced to as small as 1/8 inch and
still can obtain good performance. A small depth can
be important in reducing the size and weight associated
with the plenum (13). The plenum (13) need only be
deep enough to attain a fairly uniform distribution of



The nozzle (1) has an opening or orifice which dianeter is about 0.25 inch.
Thé cylindri calDpiskdeway (19) defined by the outer

porous diffusing wall (15) has a dianeter (21) of about 5 inches. It.
preferred that the dianeter (21) be larger than or equﬁhsﬂmﬂlﬁﬂB

standof f di stance (23), i.e., a distance between the out m
passageway and a target or a substrate (S), to ensure t nt .
plasma streamwi |l remain inert until it strikes the target or substrate
(5). However, the dianeter (21) is normally not critical. It can be as

| arge as conven@%mtthﬂMEGMehhﬂ mdﬁquafwahb(bﬁbnunIntG;n&hsbaffhehemaYThis
depth (25), ho n | can
obt ai n good pe 6§%éﬁ%§ar£f ?“Eggm%%egggéggi%tﬁfb%f ﬁ|ér;t?r g%?%g&%ﬁ

si ze and melghtm@sgo@msiqmmwmtThet&eQQEMUhi%n39f The ml@m%M1W§3)ah@@ﬂ only
be deep enough distyd [ 1

t hrough the por%ﬁléﬁéﬂﬁtw tt'ai"ilz' n%{erna;f-g%f%{ +€si$r€§£a 1'(gf'"‘parlsovﬁtled to make
the distributiothefdiameter gbzlhoee Uhefnaa$agewayléh%th (EQ? gmatherpl enum

was about 3 inc t py ef t;as n he :
di aneter (21) d?gﬁ % %as%gﬁegg ééﬁg%fng%rigﬁgltﬁ.t*%ng?ﬁélé ?séentralned
into in the shi&leW rpriee th©w§¥#$kﬁlm%eg%ﬁlél@WH@eggg ¢mbmab@$@gl@h@ralned
into the turbulfﬁg +Sip uléﬁfrf ts NPp AP ef f?ﬁpﬁ@&ti@hiﬁn&ﬁhtﬁgz) of the

pl enum ('13) por ous wa had a t ness of about 0.062 inch and

a porosity (a pkﬁ@%hah%@br?foﬂih%bblﬁn@n{%iibns The tPREREF Watbubldhbl | will
have greater maghani C@hiSkAELPt e babodt 'O 9863 inch and a porosity (a

pore diameter) of about 2 microns. A thicker porous
wall will have greater mechanical strength but a higher
pressure drop. A larger porosity wall has a lower *
pressure drop, but might have a less uniform
distribution of gas flow through it. Porosities as
large as 100 microns have been used successfully. A
wire mesh screen (27) is suitable if the shielding gas
is distributed uniformly within the plenum (13) by gas
distributing means such as a porous tube (14). A

. removable wire mesh screen (21) can be placed on the
outer surface (17) of the porous wall (15) to help
prevent metal splatter from adhering to the porous wall
(15). If the wire mesh (27) becomes plugged, it is
easily removed and replaced. The porous wall was made
of stainless steel, such as those sold under the
tradename "316 stainless steel". It is, however,
understood that other materials, such as metal alloys,
ceramics, ceramic cloths and even plastics, can be
used, depending upon the specific application. The
nozzle (1) was sealed to the plenum (13) with a metal
cover (29). This cover improves performance by helping
to prevent air entrainment in the initial portion of
the turbulent jet. 1It, however, is not required. The



pressuré drop. A l&{ﬂfr porosity wall has a | ower pressure drop, but m ght
have a | ess uni¥of Ltribution of gas flow through 1t. Porositires as

(13) by gas distributing neans such as a porous tube (

nmesh screen (21) can be placed on the owqr3 surface (1 s wal
(15) to help prevent netal splatter fromadhering to the porous wall (15).
If the wire nesh (27) becones plugged, it is easily renoved and repl aced. -
The porous wal |d¥gEaRede(3}) sf5pm| Bhe @P%@%?gsﬁéhtgﬁ padsdeshtl tadehet he

tradepane "316 sigiLLesendt &8l the ﬁieﬁém bPﬁ?Vﬁés HPEEE s109di hRALSOL her
materials, such as netal allo ceramcs, ceramc cloths and even

pl astics, can th%§e@?SH%B€ﬁd¥§§)u%%np¥ﬁ€e§§€%Yfl@sﬁpbh36aﬁiBﬁmeSTﬁbenozzle
(1) was seal ed &Qaﬁéﬁe9|?@Pﬂ?&ﬁ3&h&‘§Qs§a?Eﬁa& ¢OYLT t§28revdhts cover

| nproves performance €ﬁ§help|n to preveni air entrainnment in the initial
portion of the ¥e¢btFehatjer of|thenpyehulentsshpeapcaeprtdng ofhghe This

is the repl acengotabhesvePai29) ; lPhe distance (31) {sompsbeppesaraplgf the
nozzle (1) to the closest_end of the plenum (13) was about 1.5 inches. This

di stance (31) ikepreernrGppytimes tharParevsedalhedipnptesrand1500P the

passageway (19)timedrENENLlehGERT C2ERALEONERE HEEohS I RALEN{16f regm heating of
the netal cover 29%. The di stance (31& I S nost preferabl¥ between 0.5
times the por olRTSEFRE dreRbiRy Qhdthe metal cover (29) by fadiation

from the plasma. When no metal cover (29) is employed,

I'arge as 100 microns have been used successfully. A wg.e creen 7)
is suitable if the shielding gas is distributed unif'mrﬂj?s*ﬁi‘ﬁ’i]ﬂm ﬁ[’%ﬁzenum
e wre

the distance (31) is preferably less than 4 times the
passageway diameter (21) to prevent air entrainment
into the turbulent stream. It is most preferably
between 0 and -0.5 times the length (22) of the porous
wall (15). A negative distance (31) is a distance the
nozzle entered into the passageway, measured from the
entrance end of the passageway to the nozzle opening.
The nozzle stand off distance (33), i.e., a
distance between the opening of the nozzle (11) and the
substrate, was about 6 inches. This provides the
effective thermal properties of the turbulent stream
when it strikes the target or substrate (5). Other
nozzle standoff distance (33), however, can be used.
This is an improvement over the coaxial shielding
technology shown in U.S. patent 3,470,347, which is
normally limited to a stand off distance of about 4
inches. The shield gas flow rate was about 3,000 ncfh
of nitrogen. This gave an oxygen level measured at the
substrate (15) of less than about 0.01%. This flow
rate gives a low oxygen level at the target and gives
suitable low oxide levels in the deposit. The flow
rate of the shielding gas is normally proportional to



tines the | engt -%&214Pf the porous wall (15) to prevent heating of the
netal cover (Zd? y'tadi ation fromthe plasma. Wermrno metal cover (29) is

enpl oyed, the distance (31) is preferably |less than 4 tjne as he ssggevay
di aneter (21) to prevent air entrainnent into the tdﬂﬁﬁmﬁa It is

nost preferably between O and -0.5 tines the length ( ous wal |
(15). A negative distance (31) is a distadce the noz o the
passageway, neasured fromthe entrance end of the passageway to the nozzle

openi ng. The nq e d off_distance (33 i , a distance between the
ogening of the %%éi?§£€€i)g%ﬁﬂgt%tgs%bié?%_%,(%§§ Abot? ErenthESULenhi s

provi des the efé¢ereamefidwer mal properties of the turbulgn}fsépean1mhe?35§
trikes the target substrate ... O he ozz|l ¢ standoff, di stance ,
ﬁo&ever, can begusegé ﬁ¢%§r+§l%%($gﬁﬁ%&%ﬁ%ﬁt riR¥RPERRRI BF ShREI di ng

t echnol ogy showreducédi Soxjdé eddpds 4T, St , bawvista ited osvah | whén ntked to a
stand of f di stance néiap:gﬁ)%]sél-inches. The shield gas, f]ow rate was about

3,000 ncfh of nitr oW FRLG T B SYEE | R S dreduirrd stdstrate
(15) of less thzpet dhoutoXyddittlevdls sat | e raiifstiaes. a wiown op@emm dwvel at
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machining. When the shielding gas was turned off, the
nickel deposit had high oxide levels as evidenced by
difficult to machining. It appears that the shield gas
is preferentially entrained into the turbulent stream *
near the orifice where the temperature is highest and
oxidation most rapid. If the flow rate is less than
that required to get a low oxygen level in the gas at
the sﬁbstrate, then the metal cover (29) is
preferentially employed to insure that the shield gas
is entrained in the initial portion of the turbulent
stream. High purity nitrogen (less than 10 ppm
impurities) was used for the shield gas. Any shield
gas suitable to the process can be used. A preferred
'shield gas is a flammable mixture with a flame ignited
at the interface between the shield gas and the ambient
air. This flame stabilizes the flow and allows for
plenum standoff diétances (23) to be greater than 4
times the passageway diaméter (21) . A preferred gas
composition for high vapor pressure metals is a mixture
containing controlled levels of oxidizing gases such as
02, CO2 and H20. The total oxidizing potential of the
mixture is less than that of air. The controlled
oxidation level reduces the vapor pressure of the
metals without forming excessive oxides. Zinc,



get | ow oxygen vels at the substrate. Wen the flow rate was reducedt re uce o]
500 cfh, the o%@é@ﬁ%%&mﬂ at the substrate was about 1Qﬂg$@aqu§
however, had reduced oxide | evels as evidenced by easy

osit,
ﬁithe
shi el ding gas was turned off, the nickel deposit had h| mﬂﬁﬁ
evidenced by difficult to nachining. It appears that t
preferentially entrained into the turbukens streamnear the orifice mhere
the tenperature is highest and oxi dati on nost rapid If the flowrate is

| ess than that required to get a low o en lqﬁﬁt rhth as at the
substrate, theMaFeSid RGO AFe | MG ot g??p%yedtomsure

that the shiel digas ficat aigd prieddigrddiddat i cmanflmqadmwj ent
stream H gh purity nitrogen (Iless tBag éCE£E£1|npur|t|es) was used for
the shield gas. Any shield gas suita

process can be used. A

preferred shield gaq ishieldagradcedEtuils sdrdiad fdtmaud gy tige at the
i nterface betwe n t.he shlaqiégi nd the a 4ﬁnen air. . This fl anme
stabilizes the SHEIHRE Y UK Shean (23) to be

greater than 4 donExildiss mgﬂwxsaduearﬁ afxdmplle 1 Ajuaiterfed gas

conposition for 4}ﬁ#wva or (%gfsure nghals IS a q%%é%éﬁﬁgontmlgﬁéb .
tot a

control |l ed Iev
oxi di zi ng pot erridzmle)fhatxfmqnaﬁ el fiiscd e;s:mtdm tdRtabfutpio.25 Thech is

control | ed oxi dat '1iPVE| ed ces th apor _.pressure of the netals wthout
f or mi ng excessﬂ?’é"‘& i fri’r % a(tﬁ.brer,em Jy%ﬁﬂﬂerbheet nmagnesi um
and iron are t hytde g s;atdﬁaﬂld”va\mtﬁ gy famm 25paicfiestig es near their
mel ting pOIntS'passageway formed by a porous surface has a diameter of
about 1 7/8 inches and a length of about 2 inches; and

the distance between a metal cover or other sealing

means (29) and the closest end of the plenum (13) is
about 0 inch. The experiment was repeated using the
same qonditiohs except that the nitrogen shielding gas
was héated to about 540 °F before it was introduced
into the plenum (13). The following Table illustrates
the oxygen levels at various nozzle standoff distances

(6) and at various nitrogen shielding gas temperature.

TABLE I
Nozzle 02% at 70 degF 02% at 540 DegF
Standoff Inches Shield Gas Shield Gas

2 | <0.01 <0.01

2.94 1.2 | <0.01
| 3.88 4.5 0.8
4.81 7.5 4
5.75 10 7.8

The results illustrates that a

standpff distance can be achieved by

longer nozzle

heating a



EXAMPLE 2 A shie igglprocess was carried out using the shielding system
ilTustrated in"Ffgtiré~1. The conditions were the gﬁﬁ§—5§‘éxanp+e—é—except

“for the following conditions: A nitrogen jet flow1 fr n1a nozzle
having an orifice dianeter of about 0.25 inch is abo QMOom
tenperature; a nitrogen shielding gas flowrate is a H the
passageway fornmed by a porous surface hasl@ i anet er 8 |nches

and a length of about 2 inches; and the distance between a netal cover

ot her sealing ans ,(29) and t Iose t.he pl en S about 0
inch. The expgﬁ?ﬁiﬂgnﬂggaﬁepegﬁé ing éetﬁ l?&ﬁén@bﬁﬁﬁt%ﬁhgﬁéic pt that
the nitrogen shhekrdagedgthenas braiseantiof&bdiistahdel Erom- 2b@f4ormchteswas

i ntroduced int t e pl enu 13) .., The follownn Tabl e i | t he oxygen
| evel s at varigﬁ nggzﬁgcg% ndofPigi iBafAlednF faéﬁdo ta% ?inltrogen
shi el di ng gas Aeﬁnethéur&ncTABbE hszbsb&ble when addl&a%naﬂ 70 degF 02%

35 giOZDSEF Sta 1ng %i?% Broga§ é§ prov1ded coax121g t% <0.01
0.8 4.81 respect té. ihe turbulent streém5 7%he additional 10

7.8 The results |Iggstra%§ h%& Ion% A Ie standof f di stance can be
achi eved by heSPiRydAng Tluid Ilok; isqPrg &5? Mé&?ﬂﬁ&afne shi el ding gas to
540 OF increased thetl¥hodlst bedahtiedistbadc ehfatotrh2. Féregoliasy

description is only illustrative of the invention.
Various alternatives and modifications can be devised
by those skilled in the art without departing from the
invention. Accordingly, the present invention is
intended to embrace all such alternatives,
modifications and variances which fall within the scope

of the appended claims.



respect to the turbulent stream The additional shield
preferably lamnar. It should be understood that the f

is only illustrative of the invention. Various al ter
nodi fications can be devised by those skil{gd-in th mmgmu u ﬂ(ﬂitrtl ng.
fromthe invention. Accordingly, the present inventi

enbrace all such alternatives, nodifications and vari ances mhlch fal
wi thin the scop¥hat ﬂﬁecéﬁé@ﬁdeéselalns This is the replacenment sheet
(17 - What i clai med i s: Alprochsdl 26e3ni@n diNgebdif1aia Lokthisangal ni ng.

stream fromits surrounding enV|ronnent sal d process conpri Sing:

ejecting a turb§¢§ﬁﬁmfﬁéﬂmoﬂt§aﬁ&rﬁpupél@shF&Wﬁ?ﬁ@m§P¢eaﬁﬁﬂﬁoﬁnﬂpqs§ast one
openi ng; (b) egbhl kﬂglﬁglan1nar flow of a shielding fluid transversely to
the flowing direction of “"said turbulent flow of said_fluid containing
stream and (c) entraini ndadai @Jegtdng agturbudent fdow ofr Salentligy of

said fluid cont gpRitBgnIhbeaFreamP FevaNhatl Nkialsit! 3hie0Bpehi%ds and/or vapor
fromsaid fluid containing stream s surrounding environnent. 2. The

process according to clai Pl FBAthdRIcEnBARIPAE Kok R @rS@dﬁﬂﬂéﬁghg sai d
fluid containi ng18t HedFaRBvRrBellly td ¢hRCFAdWiAgPUITect ivdl 1t Walid ent

turbulent flow of said fluid containing stream; and

to 3.88 inches. This is an increase of about 32% A qhbrg as B!
posSi bl e when aBdPPrdAdl shielding fluid or gas is pro ﬁﬂgﬂ lI[E vmth
p

tIOI’l

(c). entraining said shielding fluid in said
turbulent flow of said fluid containing stream to
prevent infiltration of gas and/or vapor from said
fluid containing stream's surrounding environment.

2. The process according to claim 1, further
- comprising heating or combusting said fluid containing
stream before it is ejected to pfoduce said turbulent
flow and introducing powder into said turbulent flow of
said fluid containing stream.

_ 3. The process according to claim 2, further
comprising directing said turbulent flow of 'said fluid
containing stream at a substrate and depositing said
powder on said substrate..

4. The process according to claim 1, further
comprising heating said shielding fluid before it is
emitted tfansversely to said turbulent flow of said
fluid containing stream.

5. The process according to claim 1 wherein said
laminar flow of a shielding fluid is emitted from a
porous diffusing surface and surrounds at least a



flow and intro ugi,n owder_into said turbulent flow of said fluid
containing stream 3.  The process according to claim?2, further

tonprising dir tigﬁgetﬁgsiéiﬂ{ hsdent flow of said fluid containing stream at
a substrate and ! powder on said SUbSHmﬂH"llmllu a mrocess
according to clai mmﬂa\lﬂ onprising heating sal | " d
before it is emt ! |y to sa+disurbul ent Flow of Said fluid
cont ai ning stream 5. The process according to claim1 wherein said

| am nar flow of a.shielding.,fluid is em,tted trqm rous di f f.usi ng
surface and suPPEHH&R é’? |ae&§pg§% °%Tlﬁa§'qt gqr&)éﬂre@% &g‘é’%rﬁfdﬁ?é‘ - 18 -
portion of a | élgild @ontaiithitng Btresim.f | ow of said fluid containing stream
6. The process according to claimb5, wherein said porous diffusing
surface has pores having a dianeter in the range of about 0.2 to about 100
m.crons. 7. The preaces Thac prodiesd beodralimgd toMadiadm SSaiwher@ious

di ffusing surface defines a,. i ndrical passageway for . passing said

turbul ent fI ows8f%ROFOUS, & MG Gﬁesg’%lshﬁé’rfgi (ljrlglvdﬂgn f1 ow of

sai d shi el di ngdfilametell dns thiearanges @lfy aboutaiod 2t wob@bewt floow of said
stream 8. The process according to claimb5, wherein said porous

di ffusing sur f B¢ELR8Fisnes a di vergi ng coni cal passageway for passing said
turbulent flow of said streamtherethrough so that said shielding fluid

7. The process according to claim 5, wherein
said porous diffusing surface defines a cylindrical
- passageway for passing said turbulent flow of said
stream therethrough so that said laminar flow of said
shielding fluid flows transversely to said turbulent
flow of said stream.

8. The process according to claim 5, wherein
said borous diffusing surface defines a diverging
conical passageway for passing said turbulent flow of
said stream'therethrough so that said shielding fluid
flows transversely to the turhulent flow of said
stream.

g. The process according to claim 1, wherein
said turbulent stream is an electric arc stream, a
plasma arc stream or a flame.

10. The process according to claim 1, further
comprisiﬁg emitting a laminar flow of additional
shielding fluid coaxially to said turbulent flow of
said fluid containing stream.

11. A fluid shielding system comprising:



fl ows transversel to the turbulent flow of said stream 9. The process
‘according to PafPalt4lwherein said turbulent streamis an electric arc
'stream a plasma arc eamor a flane. 10. The process according to claim

1, fummbﬁka@gyﬁ AL enlttlng a lam nar flow of additional shielding ‘fIU|d
coaxi a ®ulent flow of said fluid cont j’mmimnlﬂimuﬂll
fluid m conpri si ng: Thig is the r 19-

(a) a | ow body having a pl'enum at |edst ‘on& ihlet for
|ntrodUC|ng shleldlng fluid into said Elenunland porous diffusing wall
for emtting shielding fl(@d ap sapaIpreduhpliavdbpe¥obavéngs asi ng wal |
having an out e}{:lQﬂﬁﬁusag' iéagtnenéum%e ésil mhagoaachﬁasgh@aialﬁt; a
passageway so that sai d porous dif u5|n8 surface can _emt shielding fluid
transversely t5luhd #rfQ 6Fl§aPHeBH§s§@ wayPoreys diffugingoWaliofipEe
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according to transversely to the axis of said passageway;

(b) at least one source containing shielding
fluid in communication with said at least one inlet of
said elongated hollow body:; -

{c) at least one nozzle having at least one
opening for ejecting a turbulent flow of a fluid
containing stream into said passageway; and

(d) mounting means for mounting said at
least one nozzle having said at least one opening to
direct said at least opening in the direction of said
passageway.

12, - The fluid shielding system according to
claim 12, wherein the porosity of said porous diffusing
wall is sufficient to provide a pressure drop of about
1 to about 10 psig with the shielding gas flowing.

13. The fluid shielding system according to claim
12, wherein said porous diffusing surface defines a
cylindrical passageway having a length equal to at
least 1/4 the radius of said cylindrical passageway.

14. The fluid shielding system according to claim
12, wherein said porous diffusing surface defines a
diverging conical passageway and wherein said at least
one nozzle having at least one opening is at an angle



claim 12, wherein the porosity of said porous diffusing wall is sufficient
to prOV|de a pPegQutdldrop of about 1 to about 10 psig with the shleldlng

‘gas fl ow ng—13——Fhefluid-shi el di ng system accor erein
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The fluid shi u ccording to_cjgiin 12 rous
di ffusing sur di ver gi ng conlcal passageway and wherein said
at | east one nozzle haV|ng at | east one opening is at an angle. This is
t he repl acementinstibet ra@gei prt Iaboua:ngé o atbowut OFeTr }netammaﬂnfremo
measured from I The fluid
shi el di ng syst%gga%%g§d§%g§ ﬁéxﬁl%éﬁgrﬁgﬁﬁ%% %%%%%g I'ng neans for
" introducing powder into the turbulent flow of a fluid containing stream
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ejected from sa1d at least one nozzle.

16. The fluid shielding system according to claim
12, further comprising a screen means covering said
- porous diffusing surface. '

17. The fluid shielding system according to claim =
12, wherein said mounting means comprises a metal cover
extending and covering one end of said passageway.



