COLD SPRAY NOZZLE DESI GN BACKGROUND COF THE | NVENTI ON The present invention
.relates to an inproved nozzle design for use in a cold spray systemfor
depositing nmetal alloy coatings onto a workpiece. Cold gas dynamc
spraying (e.g. cold spray) is a relatively new technol ogy where powder
metal is deposited through §8LEdSPEREt ECEERY] MESTEN s bondi ng mechanismis
achi eved through acceleration of the particles to supersonic speeds

t hrough a convergi ng/diverging (Laval) nozzle using helium and/ or
nitrogen gas. U S. Patent No. 5,302,414 to Alkhinmov et al., which is
hereby incorporated by reference hereln illustrates a cold gas dynamc
sprayi ng system Typical nozzle naterlals whi ch have been used in cold
spray systens include brass, stainless steel, and tool steel. During
deposition of certain materials, nanely alum num and some ni ckel alloys,
the nozzle wll foul or,clog mnth the netallic powder causing system
failure and rework to renove the 'damaged nozzle. Fouling of al um num
occurs within a matter of 3 - 4 mnutes, whereas a mninmm of 8 hours
continuous operation is desired to conmercial i ze this new t echnol ogy.
SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
invention to provide a nExIESRGINh @WITH}prIIWEtGTHDMesi red | evel of

cont i nuous eration. The foregoin ect is achieved y the. p Ssent
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for use in a cold spray system for depositing metal alloy

coatings onto a workpiece.

Cold gas dynamic spraying (e.g. cold spray) is a relatively
new techneology where powder metal is deposited through sclid
state bonding. This bonding mechanism is achieved through
acceleration of the particles to supersonic speeds through a
converging/diverging (Laval) nozzle using helium and/or nitrogen
gas. U.S§, Patent No. 5,302,414 to Alkhimov et al., which is
hereby incorporated by reference herein, illustrates a cold gas
dynamic spraying system.

Typical nozzle materials which have been used in cold spray
systems include brass, stainless steel, and tool steel. During
deposition of certain materials, namely aluminum and some nickel
alloys, the nozzle will foul or clog with the metallic powder
causing system failure and rework to remove the damaged nozzle.
Fouling of aluminum cccurs within a matter of 3 - 4 minutes,
whereas a minimum of 8 hours continuous operation i1s desired to

commercialize this new technology.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to
provide a nozzle which will provide a desired level of
continuous operation.

The foregeing object is achieved by the present invention.
1



spray nozzl e conprises a passageway for spraying a powder nmaterial, the
passageway having a converging section and a diverging section, and at

| east the diverging section being fornmed from pol ybenzi mi dazole. In one
enbodi nent of the present invention, the converging section is also

f or med fr omIrpelopverizsnviedawiolte .t @ herestattailsreaft idre, col di mprayed azzl @
design of _the resent invention, as well ot her obj ects and advant ages
at t endSRE VhEFERIE ArE e Tor BATE A9l | GWiTRF TESK | DTSN t he

acconpagyieRd adr, aWHRg SNSRIk iR i o QNGRS | S cdep cind ke

el ements. BRI EF DESC%I PTI % OEJ THE W NGS FI G- léli ITustrates a cold
sprayi Agveystiom isearicch téhel atoZAastoft hehadipreeseima |gvcet indn the vy be
used; ELG 2 is an _enl arged cross .sectional view of. a cold spray nozzle
in accéPddiice f\%iot"h ptgﬁé/%p ezslé“rﬁd%z_rﬂ}een'ti o’ qfi%e"gqcil"é?r&réb% @T‘F‘O\ﬁl??gse”t

er osi OAnkahe ias ,a thencldron 1@find idgw dioin a Nezzde maded ramn

pol ybenzi m dazole; and FIG 4 is a graph show ng the performance of

vari ouSCAFRENE iMiReeq & -s. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBODI MENT( eferri. to th rawi ngs, FIl.G i.llustrates a system
10 for col dé)ggfegyid%g;;taélq%o%g\grthgoé:toﬁr?g,s dich TREHAT ﬁ%ausrﬁgr{‘urﬁfr% er

coat i ngretenthe nserftaee ,0fasa warladuet ot systemsl@iBsdwatasidy 1' which
accommodat es a hoEPer 2 for a powder havin lid 2" nounted by nmeans of

Chr ead 5% ChAAREANBER S oS 178 & HO PbvidbrtHeari 1d G bieh Gt oml |
comunigat iRG \él'ctcla)m%%(hl}l ggrawﬂ:@:‘s Sl Ahse as R 9 6 thd i s

accel erati ng powder partic
depict like elements.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a cold spraying system in which the

by he present invenilion may be used;
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FIG. 2 is an enlarged cross sectional view of a cold spray
nezzle in accordance with the present invention;

FIG. 3 is a graph showing erosion rate as a function of
time for a nczzle made from polybenzimidazole; and

FIG. 4 is a graph showing the performance cf various nczzle

materials.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT (S)

Referring now to the drawings, FIG. 1 illustrates a system
10 for cold spraying a powder coating, such as an aluminum
powder coating, to the surface of a product. The system 10 has
a casing 1’ which accommodates a hopper 2 for a powder having a
lid 2 mounted by means of thread 2”7, a means for metering the
powder, and a mixing chamber, all communicating with each other.
The system also has a nozzle 4 for accelerating powder particles
in communication with the mixing chamber, a compressed gas
supply 5 and means connected theretoc for supplying the

compressed gas to the mixing chamber. The compressed gas supply
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in communication with the m xing chanber, a conpressed gas supply 5 and
means connected thereto for supplying the conpressed gas to the m xing
chanber. The conpressed gas supply 2 neans is in the formof -a pneumatic
line 6, which connects, via a shut-off and control nmenber 7, the

conpr esgedsgas supphe Fdren ah-d prefunpitpie: 8 ofe et e neh f eedes-ds A powder
netering neans _is in the farmof a cylindrical drum9 having on its

cyl i nd@i EaME -kt 20€ FordeStled iRy 10 dite coiRrA TR IR TWPRhe i kdng

chanber, a it b the qp i - I nozzl e 4, Th tem al so
conpri ggsqgll\ggv\g)é&}@pgr %{%Ingt%%v%}%go%{e?% enlr' R i@e%%lrﬁ%d“‘?r%nipaced
rel ati os i2 téleatfioren tod theyldyldmdrdlcalriperd pherynd' omfitde- @ unmHi 891 as
to ensure the desired mass flow rate of the powder during coating, and an
i nt er MEHFARE G2z CEPES SFIANT difle @ NSUjCEEEHI X7 K Wi e Haltfh &R 1 X Bivedl
comuNicealiag: A ifte, ket Hine & WA e conpr gas supply means
and with the conpressed gas supply S. To prevent powder particles from
getting int@hae spatenlsl soetows idees dr pov@eandoasidige 1f1©F ddes 1l Bsd ng
f eeder 11 a‘tr}d thus to avojd theéa irtiny of Lhe drum Sr, a baffle plate
15 is ‘pr 8¢PGEd 160 "PRERGh P SHEESMIRHiH GThtdidretsel §F By dgest e

cyli nde&qahd%%fagc%e%'ip@lfertyheardrdfmt%e T BNSHTR, adinid . fiid 'éxﬂg of
depressions 10 with the powder and its reliable adm ssion to the m xing
chanbefestiped desm §licy wonst ed ttdeencenitt thehiziow aldat ing swwbd aamanner

(nat | 950 O s oo s RS o SR ARE D 1o o
Depr es ain@ng olrbhuind clali@ nejy | ividdr it¢al islrfraga (¥ Ofwithe the compressed gas
supply means and with the compressed gas supply 5.

To prevent powder particles from getting into a space 14
between the drum 9 and casing 1’ of the metering feeder 1 and
thus to avoid the jamming ol the drum %, a baffle plate 15 is
provided on the hopper bottom which intimately engages the
cylindrical surface $¢ of the drum 9.

To ensure a uniform filling of depressions 10 with the
pcwder and its reliable admission to the mixing chamber, the
drum 9 is mounted to extend horizontally in such a manner that
one portion of its cylindrical surface 9’ is used as a bottom 16
of hopper 2 and the other portion forms a wall 17 of the mixing
chamber. Depressions 10 in the cylindrical surface 9’ of the
drum 9 extend alcng a helical line, which lowers fluctuaticons of
the flow rate cf powder particles during metering. To impart to
a gas flow supersonic velocity with the predetermined profile,
with high density and low temperature, and also to ensure
acceleration of powder particles to a velocity ranging f£rom 300
to 1200 m/s, nozzle 4 for acceleration of the powder particles
is made supersonic and has a passageway 18 of profiled cross
section. The passageway 18 of the nozzle 4 has a converging
section 100 and a diverging section 102. Further, the passageway

18 preferably has one dimension of its flow-section larger than
3



drum 9 extend along a helical line, which Iowers fluctuations of the flow
rate of powder particles during netering. To inpart to a gas flow

supersonic velocity with the predeterm ned profile, wth high density and
| ow tenperature, and also to ensure acceleration of powler particles to a

vel oci tyer angieng dinems300 ara 12Q0 3o RAZZe: 4nfon «accaleraticon af drhe
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m xi ng chanber. This turbul ence nozzle 21 ensures an effective Tenova
of powderzdrd 1Borimough oheapdas &ndnpoweer imoxtinee mekmsprawi de a recoi l

fl ow and ensure an effective.m xing.of powder and gas wien Llie yas flow
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wal | 17nebrtReidice Rgzchaner, at the outlet thereof in the mixing

chamber. This turbulence noczzle 21 ensures an effective removal
of powder and formation of a gas and powder mixture. To provide
a recoil flow and ensure an effective mixing of powder and gas
when the gas [low runs in the portion of the cylindrical surface
9" of the drum 9 forming wall 17 of the mixing chamber,
intermediate nozzle 13 is mounted in such a manner that its
longitudinal axis extends at an angle of from 80 degrees to 85
degrees with respect to a normal drawn to the c¢ylindrical
surface 9 of the drum 9.

The apparatus for applying a coating tc the surface of a
product also comprises means for supplying compressed gas to
depressions 10 in the cylindrical surface 9' of drum 9 and a top
part 22 of the hopper 2 to balance the pressure in the hopper 2
and the mixing chamber. The provision of such means removes the
pressure exerted on the metering of the powder.

The means for gas supply in the form of a passage 23 in the
casing 1’ of the metering feeder 1 which communicates an
interior space 24 of intermediate nozzle 13 with the top part 22
of the hopper 2 and which has a tube 25 connected to the
intermediate nozzle 13, extends through the hopper 2 and is

bent, at its top part, at an angle of 180 degrees.



internedi ate nozzle 13 is nmounted in such a manner that its |ongitudinal

axis extends at an angle of from 80 degrees to 85 degrees with respect to
a nornmal drawn to the cylindrical surface 91 of the drum 9. The apparatus
for applying a coating to the surface of a product al so conprises means

for supplyi Mhecommesseid gasirited depr esst HNsod 0ihNat Yeeeyki Agringak serface
9" of drum9 and a top part 22 of the hopper 2 to bal ance the pressure in
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1, the gas being accelerated by means of intermediate nozzle 13
and directed at an angle of between 80 and 85 degrees to impinge
against the cylindrical surface 9’ of the drum 9 which is
stationary and then gets into the mixing chamber from which it
escapes through the profiled supersonic nozzle 4. Supersonic
nozzle 4 is brought to operating conditions (5 to 20 atm.) by
means of the shut-off and control member 7, thus forming a
supersonic gas jet at a velocity ranging from 300 to 1200 m/s.
The powder from the hopper 2 gets to the cylindrical
surface 9’ of the drum 8 to fill depressions 10 and, during
rotation of the drum, the powder is transferred into the mixing
chamber. The gas flow formed by the intermediate nozzle 13 and
turbulized by the turbulence nozzle 21 blows the powder off the
cylindrical surface 9’ of the drum 9 into the mixing chamber
wherein a gas and powder mixture is formed. The flow rate of
the powder is preset by the number of revolutions of the drum 9
and space 12 between the drum 9 and powder flow controcller 11.
The baffle plate 15 prevents the powder from getting into the
space 14 between the casing 1’ and drum 9. The gas from
intermediate nozzle 13 is additionally separated along passages
23 to be admitted into the space 12 between the drum 9 and the
casing 1' to purge and clean it from the remaining powder, and

through the tube 25, the gas gets into the top part 22 of the
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1, the gas being accel erated by neans of internedi ate nozzle 13 and

. directed at an angle of between 80 and 85 degrees to inpinge against the
cylindrical surface 91 of the drum9 which is stationary and then gets
into the m xing chanber fromwhich it escapes ti-ii:ougli U e pyofilt:~U
~1; upehspmies rozElerdesSuper ForisGum0ziz] etk idweaughtadid wapernad t gy
conditions (5 to 20 atm) b nmeans of the shut-off and control nenber 7,
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the drum9 to fi depressions 10 and, during rotatio rum the
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i nt er nedi ath% nozzle 13 and _turbulized by the turbul ence nozzle 21 bl ows
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powder is preset by the nunber of revolutions of the drum9 and spdce 12
bet weed ctrhé hadr Umradndpedder ddagvingont fald ehel hiverherafifle gf atles 15

prevents the paowder fr.om eottign into the space, 14 ,betvveﬁen t he casing 1'
and dr §PET QGESTTER GnCdr MEFSAEE bz $S7S 0I5 i s ar at ed

al ong RagLALES pAR0 e radTidd ad iR itfhe S pace h2 rhataasty thedium 9 and

the casing 11 to purge and clean it fromthe remaini nc];'té)owder, and
t hr ougfnEhé heupe 125 1 thhe fgas rgatd dantie e soop heat 22 hef usid 15 opper 2

and poddsr S Ero A 5 iy B G TBar S O g edh | i e 9
super seditt: @At iben w@rofzere peassage abdl A0 hicgfrespeedgas et ondef | et
is thus formed which is determ ned

powdexr particles can be varied between 300 and 1200 m/s.

In accordance with the present invention, referring now to

FIG. 2, clogging of the passageway 18 in the supersonic noczzle 4
rming at least the diverging section 102 from
polybenzimidazole. Polybenzimidazole has the formulation
poly (2,2’ - {m-phenylene)-5,5' -bibenzimidazole) . Advantagecusly,
both the converging section 10¢ and the diverging section 102
may be formed from this material in a single nozzle structure.
Such a monolithic configuration of the nozzle 4 is particularly
useful when spraying aluminum and aluminum alloys onto a
workpiece. Polybenzimidazole is stable up to 800 degrees
Fahrenheit. It is a very hard polymer having a Rockwell E of
105 and excellent erosion resistance properties. Further, this
material can be compression molded to whatever dimensions are
needed. It can also be easily machined from barstock to very
fine tolerances.

To demonstrate the advantages of using polybenzimidazole in
a cold spray nozzle, a nozzle erosion test was performed using a
nozzle formed from a monolithic polybenzimidazole structure.
The jet conditions were 250 psig helium at 300 degrees

centigrade using H-20 aluminum, which is a product name for

99.7% pure aluminum provided by Valimet Corporation, at a feed
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by the cross-sectional configuration of the passage 18 with the velocity
of particles and density of their flow rate necessary for the formation
of a coating. For the given profile of the supersonic portion 20 of
passage 18, the density of nass flow rate of powder particles is

speci f ired sby ft oot erd ngrdreedesr Ininane. t heiyelockt yhokspanti 6k65it8
prescribed by the usable gas. . For_exanple, by varying the percentage of
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accordance with the present invention, referring nowto [ G 27" clogging
of the epassagewanycul8rdd atmuslipgisomticoqiozazieas batdeen thd converging -
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configuration of the nozzle 4 is particularl seful when spraying
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Rockwel | E of 105 and excell ent erosion resistance properties. Further,
this materiBle ¢&F he'iohpressinat il alearshteved 1 nknsl ors wren

needed., it 1 al. ' B¢ hi from barstock to ver fine
tol er aﬁgeé/. %%1?é%n%n%ﬁr§?§ ét ﬁle ad'vaﬁoglgle%vpo = 3Csllslnacg)lcspo Cf/ %1&1%'% fazol e in
col d sgeayrnmzzite suareza @lerqgataon iesif velsumaniorfed asdng ourwzzl e

formed fr om a n(il ithic polybenzimdazol e structure.
without fouling.
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It is apparent that there has been provided in accordance

with the present invention a cold spray nozzle design which

th
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cbjects, means, and advantages sel forth

m

hereinkefore. While the present invention has been described in
the context of specific embodiments thereof, other alternatives,
medifications, and variations will become apparent to those
skilled in the art having read the foregoing description.
Accordingly, it is intended to embrace those alternatives,
modificaticons, and variations as fall within the Broad scope of

the appended claims.



The jet conditions were 250 psig helium at 300 degrees centigrade using
- H 20 al um num which is a product nane for 99.7% pure al um num provi ded
by Valinet Corporation, at a feed 6 rate of about 12 grans per m nute.

Figure 3 shows the erosion rate as a function of time for the nozzle.
Most ofHERe Ier agiramEDodeur red during the initial five mnutes run period.
This erosion occurred around the throat area between the converging and
di verging sections. After the initial erosion, the nozzle |ost about 0.64
m | i ggramnms zp u Eigur O‘ﬂ{? terials in
terns cl)f ng glhtzr%%atrﬁfgér &Jggagt}gl ﬁ ?e&%}h%lraa}?:{dg%@jemsi%ﬁs E%r?r%zzl e
formed from pol ybenzi m dazole is better than a wi de variety of other
potential nozzle materials. The test which was performed al so showed no

foul i ng whef %&I%@@H’ﬂymfﬁzcﬂpgwghsaecpo“ﬁﬂq NAHF 13} alFbntinue to
denonsty I r nggg
foul i ntga%{sf%gl%g%gﬁg%&gr??s?hgiﬂrﬁ%ﬁrﬁjaggbﬁn@%?‘%yfd%g& lsnogf' \cljgance Wi t h
the present invention a cold spray nozzle design which fully sa-4s'es the
01-1-1 L' L ~~ ~_11 bjects, neans, and advarilLages st--L forth
her ei nbefore. While the present invention has been described in the
context of speqgiekise %@a@dldm@t@ltdger@ul&{ hati ) tehhald i8S,
nodi fications, and variations wl | beconme apparent to those ski lled in
the ar Poﬁéf‘heﬁ@lﬁ@é?ézpﬂé* -foregoi ng description. Accordingly, it is
intended to enbrace those alternatives, nodifications, and variations as
fall within the broad scope of the appended cl ai ns.

2. A nozzle according to claim 1, wherein both said converging

section and said diverging section are formed from said

polybenzimidazole.
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2 source of powdered material;

means for mixing said powder material with a gas;

a nozzle having a passageway communicating with said mixing

means for spraying said powder material onto a workpiece;

sald nozzle having a converging section fecllowed by a

diverging secticn; and

at least said diverging section being formed from

pelybenzimidazole.

4. A system according to claim 3, wherein said converging

section is also formed from polybenzimidazole.



7 WHAT IS CLAIMED I'S: 1. A nozzle for use in a cold spray technique
conprising: a passageway for spraying a powder material, said passageway
havi ng a converging section and a diverging section; and at |east said

di verging section being formed from pol ybenzi m dazole. 2. A nozzle
according tz0 H}idh lacoheieid) hotd $ahh COMVEF @i MOsa S@ChdHM angds sai d

di verging section are fornmed fromsaid polybenzim dazole. cold spray

syst emEoIHF N2 DL D:stueyifee of powdered material; nmeans for m xing
said powder material with a gas, a nozzle having a passageway

comuni cating with said mxing neans for spraying said powder materi al
onto a workpi ece; said nozzle having a converging section followed by a

di verging section; and at-- |east said diverging section being formed from
pol ybenzi m dazole. 4. A system according to claim3, wherein said
converging section is also formed from pol ybenzi m dazole. 5. A system
according to claim3, wherein said nozzle is a single nozzle structure. 9





