-1- CLOSED IMPELLER WITH A COATED VANE BACKGROUND [0001]The invention pertains to a
closed impeller that includes a coated vane. More specifically, the invention pertains to a closed
impeller with a coated vane wherein the coating scheme on the coated vane increases the effective life
of the closed impeller. The coating scheme does this by improving the erosion resistance and the
corrosion resistance of the coated vane without negatively impacting the mechanical performance
characteristics of the closed impeller. [0002]In certain environments, pumps, flow control devices, and
other articles that are used to move or transport fluids and slurries are subject to the effects of erosive
and corrosive fluids and sluGle®@SBReIdMBRIpIANRSWAT Hr tAC € AT EDs¥A Nipeller, which typically is a
component of a pump or other article useful to move or transport fluids. In many instances, the impact
of the fluBAGHGROINS via erosion and/or corrosion diminishes the performance of the closed
impeller, and hence, the article (e.g., pump) of which the closed impeller is a component.
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nitriding of stainless steel in the context of high-speed pump gears and impellers. While a process
such as sbtutivteditiainy il regiieglsomaederpeoiisrashan ot e foppiest shareeerastermalins a need
to providg,a yyg%aqﬁgﬁaié_component such as a closed impeller so as to improve the effective life
thereof. [0004]A cladding process has been used in an effort to improve the life of the

[0002] In certain environments, pumps, flow control devices, and other articles that
are used to move or transport fluids and slurries are subject to the effects of erosive and
corrosive fluids and slurries. One exemplary such article is a closed impeller, which typically
is a component of a pump or other article useful to move or transport fluids. In many
instances, the impact of the fluid and/or slurries via erosion and/or corrosion diminishes the
performance of the closed impeller, and hence, the article (e.g., pump) of which the closed

impeller is a component.

[0003] Problems caused by erosion and/or corrosion are common to many kinds of
articles useful for transport and/or movement of fluids and slurries. In an effort to address
this problem of erosion and/or corrosion in the context of a variety of applications, diffusion
processes such as, for example, nitriding (e.g., solution nitriding) have been used to provide
some protection to the components experiencing erosion and/or corrosion. For example, U.S.
Patent No. 5,503,687 to Berns discloses a solution nitriding of stainless steel in the context of
high-speed pump gears and impellers. While a process such as solution nitriding has
provided some improvement, in some applications there remains a need to provide a way to

treat a component such as a closed impeller so as to improve the effective life thereof.

[0004] A cladding process has been used in an effort to improve the life of the
components. In such a process, a flexible tungsten carbide-cobalt layer is positioned on the
critical surfaces and affixed thereto. U.S. Patent No. 3,743,556 to Breton et al. shows an
exemplary cladding process. A flexible tungsten carbide-cobalt cladding is available from
ConformaClad, 501 Park East Blvd., New Albany, Indiana 47150. This flexible cladding can

be used to protect against fly ash erosion in a draft turbine blade (see ConformaClad brochure



components. In such a process, a flexible tungsten carbide-cobalt layer is positioned on the critical
surfaces and affixed thereto. U.S. Patent No. 3,743,556 to Breton et al. shows an exemplary cladding
process. A flexible tungsten carbide-cobalt cladding, is available from ConformaClad, 501 Park East
Blvd., New Albany, Indiana 47150. This flexible cladding can be used to protect against fly ash erosion
in a draft turbine blade (see ConformaClad brochure -2- entitled "Tennessee Valley Authority"), as
well as to protect against wear in an extruder barrel (see Robert Colvin, "Wear-resistant cladding helps

compounder overcome problems”, Modern Plastics Worldwide February 20Q7). [0005]While the
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the effective life of the closed impeller. These unintended coating thickness variations are due to the
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be excellent. Poor adhesion of the coating on the vane results in a decrease of the effective
life of the closed impeller. It therefore would be advantageous to provide a coating on a
closed impeller (and especially the vane of a closed impeller) that has excellent adhesion. It
would be especially desirable if the coating scheme was metallurgically bonded to the surface

of the substrate of the vane.

[0007] The nature of a closed impeller also mandates that the control over the
thickness of the coating be very precise. Unintended variations in the coating thickness can
result in a loss of dimensional tolerances that can lead to a decrease of operational
performance, as well as a decrease in the effective life of the closed impeller. Further,
unintended variations in the coating thickness can cause weight imbalances that are
detrimental to the operational performance of the closed impeller and which can result in a
decrease in the effective life of the closed impeller. These unintended coating thickness
variations are due to the current focus on controlling the thickness to a consistent value

throughout the component due to the flux irregularities amplified by the complex geometries



-3- of the part. It would be of great benefit to provide a coating on a closed impeller (and especially the
vane of the closed impeller) that does not possess unintended variations in the thickness of the
coating. [0008]Up until now, the requirements for c:%atlng adhesion and control over coating thickness
have restricted the coating scheme on a vane of a€losed impeller to a single coating layer. Yet, some
coating processes used to apply a single coating layer have significant drawbacks. A process such as
a thermal spray process (e.g., see U.S. Patent No. 5,385,789 to Rangaswamy et al.) does not apply
an optimum coating scheme because the heat actually distorts the geometry of the components
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des1rable to provide a way to treat (e.g., coat) a component such as a closed impeller (and

especially the vanes of a closed impeller) so that the coating process does not distort the

geometry of the component.

[0009] Typical chemical vapor deposition (CVD) techniques are not suitable because
the higher deposition temperatures distorts the geometry of the components including the
vanes of the closed impeller. It would be desirable to provide a way to treat a component
such as a closed impeller without the need to use higher deposition temperatures such as are

extant with CVD techniques.

[0010] In addition, CVD techniques and PVD techniques do not provide an optimum
coating scheme because they are limited in the magnitude of the thickness of the coating
scheme. Conventional PVD techniques typically have a coating thickness limitation of about
10 micrometers. Conventional CVD techniques typically have a coating thickness limitation
of about 25 micrometers to about 30 micrometers along with a deposition temperature of at
least about 800 °C. The thickness of the coating on a vane of a closed impeller should be at
least about 35 micrometers. Therefore, it would be highly desirable to provide a coating on a
closed impeller (and especially the vane of the closed impeller) that exhibits sufficient

thickness such as, at least about 35 micrometers.

[0011] An unanticipated failure mode of impellers is the premature loss of balance

due to accelerated wear at the inlet and outlet regions of the vanes. Simple velocity profiles



due to accelerated wear at the inlet and outlet regions of the vanes. Simple velocity profiles -4- would
suggest that the outlet will experience higher wear due to the higher velocity, but detailed
examinations show that the inlet region due to the cz:range in direction of the fluid causes localized
accelerated wear. Therefore the profile of the wear Tesistant coating layer needs to have additional
material at this inlet and outlet regions as compared to other locations along the vane. [0012]It
becomes apparent that drawbacks exist with the current techniques used to apply a coating scheme to

an article like a closed impeller, and especially to apply a coatjng to a vane of a.closed impeller. It
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at the inlet distal end. The minimum high pressure coating thickness ranges between about .085 and
about 0.ghsfensds gha genpially arcuate shape and has an inlet distal end and an outlet distal end.

The vane has a low pressure side surface, which has a low pressure length between the inlet
distal end and the outlet distal end, and a low pressure midpoint on the low pressure length
approximately midway between the inlet distal end and the outlet distal end. A hard low
pressure coating is on the low pressure side surface wherein the hard low pressure coating has
a minimum low pressure coating thickness at the low pressure midpoint, a maximum low
pressure outlet coating thickness at the outlet distal end, and a maximum low pressure inlet
coating thickness at the inlet distal end. The minimum low pressure coating thickness ranges
between about .085 and about 0.8 of either one of the maximum low pressure outlet coating
thickness at the outlet distal end or the maximum low pressure inlet coating thickness at the
inlet distal end. The vane has a high pressure side surface, which has a high pressure length
between the inlet distal end and the outlet distal end, and a high pressure midpoint on the high
pressure length approximately midway between the inlet distal end and the outlet distal end.
A hard high pressure coating is on the high pressure side surface wherein the hard high
pressure coating has a minimum high pressure coating thickness at the high pressure
midpoint, a maximum high pressure outlet coating thickness at the outlet distal end, and a
maximum high pressure inlet coating thickness at the inlet distal end. The minimum high

pressure coating thickness ranges between about .085 and about 0.8 of either one of the



-5- maximum high pressure outlet coating thickness at the outlet distal end or the maximum high
pressure inlet coating thickness at the inlet distal end. [0014]In yet another form thereof, the invention
is a coated impeller vane that comprises a vane smégstrate and a hard coating. The vane is of a
generally arcuate shape and has an inlet distal end“and an outlet distal end. The vane has a low
pressure side surface, which has a low pressure length between the inlet distal end and the outlet
distal end, and a low pressure midpoint on the low pressure length approximately midway between the
inlet distal end and the outlet distalend. Ah d?l%\éy ressure goating js on the low pressure side
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inlet coating thickness at the inlet distal end. The minimum high pressure coating thickness ranges
between GQiskueso85 tha @i ¢ 0o afdedihbe onex bR e eEaestHRibhcp ressnetbiglivesotihg thickness
at the outlat.digtal end or the maximum high pressure inlet coating thickness at the inlet distal end.

[0015] In still another form thereof, the invention is a pump that comprises a pump
housing that has an inlet and an outlet. There is a closed impeller within the pump housing
wherein the closed impeller comprises a base cover that has a base interior surface and a
second cover. A vane is on the base interior surface wherein the vane is of a generally
arcuate shape and has an inlet distal end and an outlet distal end. The vane has a low pressure
side surface, which has a low pressure length between the inlet distal end and the outlet distal

end, and a low pressure midpoint on the low pressure length approximately midway between



BRIEF DESCRIPTION OF THE DRAWINGS [0016]The following is a brief description of the drawings
that comprise a part of this patent application: [0017]FIG. 1 is an isometric view of a pump that uses a
specific embodiment of a closed impeller of the invention; [0018]FIG. 2 is an exploded view of the
components of the closed impeller in FIG. 1; [0019]FIG. 3 is a top view of the specific embodiment of
one of the vanes of the closed impeller of FIG. 1 showing the coating scheme and the substrate of the
vane wherein there is a coating layer on the low pressure side surface and a coating layer on the high

pressure S R 00201 IC RIS AN UROST IS e Ration gl e yang. g e closec
pressure side surface wherein the hard low pressure coating has a minimum low pressure
coating thickness at the low pressure midpoint, a maximum low pressure outlet coating
thickness at the outlet distal end, and a maximum low pressure inlet coating thickness at the
inlet distal end. The minimum low pressure coating thickness ranges between about .085 and
about 0.8 of either one of the maximum low pressure outlet coating thickness at the outlet
distal end or the maximum low pressure inlet coating thickness at the inlet distal end. The
vane has a high pressure side surface, which has a high pressure length between the inlet
distal end and the outlet distal end, and a high pressure midpoint on the high pressure length
approximately midway between the inlet distal end and the outlet distal end. A hard high
pressure coating is on the high pressure side surface wherein the hard high pressure coating
has a minimum high pressure coating thickness at the high pressure midpoint, a maximum
high pressure outlet coating thickness at the outlet distal end, and a maximum high pressure
inlet coating thickness at the inlet distal end. The minimum high pressure coating thickness
ranges between about .085 and about 0.8 of either one of the maximum high pressure outlet
coating thickness at the outlet distal end or the maximum high pressure inlet coating

thickness at the inlet distal end.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The following is a brief description of the drawings that comprise a part of this

patent application:

[0017] FIG. 1 is an isometric view of a pump that uses a specific embodiment of a

closed impeller of the invention;
[0018] FIG. 2 is an exploded view of the components of the closed impeller in FIG. 1;

[0019] FIG. 3 is a top view of the specific embodiment of one of the vanes of the
closed impeller of FIG. 1 showing the coating scheme and the substrate of the vane wherein
there is a coating layer on the low pressure side surface and a coating layer on the high

pressure side surface;

[0020] FIG. 3A is an enlarged view of the portion of the vane of the closed impeller
shown in the circle 3A of FIG. 3;



-7- [0021]FIG. 4 is a top view of another specific embodiment of one of the vanes suitable for use in
the closed impeller of FIG. 1 showing the coating scheme and the substrate of the vane wherein there
is a coating layer on the low pressure side surface gnd a coating layer on the high pressure side
surface; and [0022]FIG. 4A is an enlarged view of the portion of the vane of the closed impeller shown
in circle 4A of FIG. 4. DETAILED DESCRIPTION [0023]Referring to the drawings, and in particular to
FIG. 1, there is shown a pump 20 that includes a pump housing 22 having an inlet 24 and an outlet 26.
The pum 3? T]]urther ir(ﬁﬁ}d s a closed imé}eller 40 Withi? the Bu g hou%inéq 22 wherein a shaft 28
operativeﬁi} & nects to the I18§et81?rﬁfféﬂ 250{8%%% EHE 8169 He'e stél& ieller 40. A
power sauiicebB2fis shoinnta dpsrativgdtsingdian tostevalafh@ 8daithesaiynotaie ithessbafas.
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g layer on the low pressure side surtace and a coating

layer on the high pressure side surface; and

[0022] FIG. 4A is an enlarged view of the portion of the vane of the closed impeller
shown in circle 4A of FIG. 4.

DETAILED DESCRIPTION

[0023] Referring to the drawings, and in particular to FIG. 1, there is shown a pump
20 that includes a pump housing 22 having an inlet 24 and an outlet 26. The pump 20 further
includes a closed impeller 40 within the pump housing 22 wherein a shaft 28 operatively
connects to the closed impeller 40 to facilitate the driving of the closed impeller 40. A power

source 32 is shown in operative connection to the shaft 28 to thereby rotate the shaft 28.

[0024] Referring to FIG. 2, the closed impeller 40 comprises a base cover 42 which
has a base interior surface 44 and a base exterior surface 46. The closed impeller 40 further
has a second cover 52 having a second interior surface 54 and a second exterior surface 56.
The second cover 52 contains a central aperture 58. The closed impeller 40 further contains a
plurality of coated impeller vanes 60 on the base interior surface 44. As illustrated in FIG. 2,
the second cover 52 is positioned over the base cover 42 whereby a hub 59 projecting from
the base interior surface 44 passes through the central aperture 58. In this figure, a snap ring

78 secures the second cover 52 to the base cover 42.

[0025] Referring to FIGS. 3 and 3A, there is illustrated the coating scheme of the
coated impeller vane 60. The coated impeller vane 60 comprises a vane substrate 61 and a
hard coating 100, 101 on the vane substrate 61. The vane substrate 61 can be any one or the
following materials: steel, stainless steel or superalloys made by casting, machining from rod
or sheet, or powder metallurgical techniques. The specific kinds of materials can be a
stainless steel such as, for example, CA6NM or a 300 series or a 400 series stainless steel.
The substrate may be a steel material such as 4140 or 4340 or the like. Still further, the vane
substrate 61 may be an Inconel® [registered trademark of Huntington Alloys Corporation,
Huntington, West Virginia 25705 as shown by Federal Trademark Registration No. 308,200]

or a Hastelloy® [registered trademark of Haynes International Inc., Kokomo, Indiana 46904



has a base interior surface 44 and a base exterior surface 46. The closed impeller 40 further has a
second cover 52 having a second interior surface 54 and a second exterior surface 56. The second
cover 52 contains a central aperture 58. The closed impeller 40 further contains a plurality of coated
impeller vanes 60 on the base interior surface 44. AS illustrated in FIG. 2, the second cover 52 is
positioned over the base cover 42 whereby a hub 59 projecting from the base interior surface 44
passes through the central aperture 58. In this figure, a snap ring 78 secures the second cover 52 to
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coating 14hy101 on the vane substrate 61. The vane substrate 61 can be any one or the following
materials: steel, stainless steel or superalloys made by casting, machining from rod or sheet, or
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100, 101 may include a bonding layer of
[0028] As another option, the hard coating 100, 101 may include a bonding layer of

titanium, nickel, chromium, or silicon.

[0029] The vane 60 is of a generally arcuate shape and has an inlet distal end 62 and
an outlet distal end 64. The vane 60 has a low pressure side surface 66 and a high pressure
side surface 68, which is opposite the low pressure side surface 66. The low pressure side
surface 66 has a low pressure length (see arcuate line 72) defined between the inlet distal end
62 and the outlet distal end 64. Midway (i.e., approximately half-way along the low pressure
length 72) between the inlet distal end 62 and the outlet distal end 64 there is a low pressure
midpoint 74 on the low pressure side surface 66. The high pressure side surface 68 has a
high pressure length (see arcuate line 120) defined between the inlet distal end 62 and the
outlet distal end 64. Midway (i.e., approximately half-way along the high pressure length
120) between the inlet distal end 62 and the outlet distal end 64 there is a high pressure

midpoint 122 on the high pressure side surface 68.

[0030] The hard coating 100 is on the low pressure side surface 66 and hard coating
101 is on the high pressure side surface 68. The hard coating 100, 101 has a thickness that
varies depending upon the location of the hard coating 100, 101. More specifically, the hard

coating 100 on the low pressure side surface 66 has a low pressure coating profile, and the



titanium, nickel, chromium, or silicon. [0029]The vane 60 is of a generally arcuate shape and has an
inlet distal end 62 and an outlet distal end 64. The vane 60 has a low pressure side surface 66 and a
high pressure side surface 68, which is opposite thg low pressure side surface 66. The low pressure
side surface 66 has a low pressure length (see arcdate line 72) defined between the inlet distal end 62
and the outlet distal end 64. Midway (i.e., approximately half-way along the low pressure length 72)
between the inlet distal end 62 and the outlet distal end 64 there is a low pressure midpoint 74 on the
low pressure side surface 66. The high pressure side surface 68 has a high pressure length (see
arcuate S50 HEtH LB QBRI SLE B SO i R HLE G BB (.
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an incredase In the thickness of the coating adjacent the distal ends whi proviaes a pertormance

benefit tHat iherkasesdhécbifectredite aity prolbksditipaitabo8imnisofhel Gasé fmdtBa low and high
pressure coating profiles of the embodiment of FIGS. 3 and 3A. [0031]Referring to the low pressure
coating pi@fitd) the harBeatimg to0lednvwhrdowngressing pidélsutfaberéd teima hihinuhe thickness 102

(see FIG e | idpoint 74 rd-Goati [ let thickness
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the maximum outlet thickness 104 are equal or approximately equal.
outlet distal end 64 and the low pressure midpoint 74. The minimum thickness 102 ranges

between about .085 and about 0.8 of the maximum outlet thickness 104 at the outlet distal
end 64 and of the maximum inlet thickness 106 at the inlet distal end 62 wherein the
maximum inlet thickness 106 and the maximum outlet thickness 104 are equal or

approximately equal.

[0032] As one option to the above range of .085-0.8, the minimum thickness 102
ranges between about 0.15 and about 0.60 of the maximum outlet thickness 104 at the outlet
distal end 64 and of the maximum inlet thickness 106 at the inlet distal end 62 wherein the
maximum inlet thickness 106 and the maximum outlet thickness 104 are equal or
approximately equal. As another option, the minimum thickness 102 ranges between about
0.40 and about 0.55 of the maximum outlet thickness 104 at the outlet distal end 64 and of the
maximum inlet thickness 106 at the inlet distal end 62 wherein the maximum inlet thickness

106 and the maximum outlet thickness 104 are equal or approximately equal. As still another



[0032]As one option to the above range of .085-0.8, the minimum thickness 102 ranges between about
0.15 and about 0.60 of the maximum outlet thickness 104 at the outlet distal end 64 and of the
maximum inlet thickness 106 at the inlet distal end 62 wherein the maximum inlet thickness 106 and
the maximum outlet thickness 104 are equal or approximately equal. As another option, the minimum
thickness 102 ranges between about 0.40 and about 0.55 of the maximum outlet thickness 104 at the
outlet distal end 64 and of the maximum inlet thickness 106 at the inlet distal end 62 wherein the

maximum inlet thickness 106.and the maximum outlet thickne 04 are equal or approximately equal.
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pressure side surface 68 has a minimum thickness 124 at the high pressure midpoint 122.

The hard coating 101 has a maximum outlet thickness 126 at the outlet distal end 64. The

hard coating 101 has a maximum inlet thickness 128 at the inlet distal end 62. Typically, the

thickness of the hard coating 101 on the low pressure side surface 68 varies smoothly

between the inlet distal end 62 and the high pressure midpoint 122 and between the outlet

distal end 64 and the high pressure midpoint 122. The minimum thickness 124 ranges

between about .085 and about 0.8 of the maximum outlet thickness 126 at the outlet distal

end 64 and of the maximum inlet thickness 128 at the inlet distal end 62 wherein the

maximum inlet thickness 128 and the maximum outlet thickness 126 are equal or

approximately equal.

[0035] As one option to the above range of .085-0.8, the minimum thickness 124
ranges between about 0.15 and about 0.60 of the maximum outlet thickness 126 at the outlet
distal end 64 and of the maximum inlet thickness 128 at the inlet distal end 62 wherein the
maximum inlet thickness 128 and the maximum outlet thickness 126 are equal or
approximately equal. As another option, the minimum thickness 124 ranges between about
0.40 and about 0.55 of the maximum outlet thickness 126 at the outlet distal end 64 and of the
maximum inlet thickness 128 at the inlet distal end 62 wherein the maximum inlet thickness

128 and the maximum outlet thickness 126 are equal or approximately equal. As still another



[0035]As one option to the above range of .085-0.8, the minimum thickness 124 ranges between about
0.15 and about 0.60 of the maximum outlet thickness 126 at the outlet distal end 64 and of the
maximum inlet thickness 128 at the inlet distal end 62 wherein the maximum inlet thickness 128 and
the maximum outlet thickness 126 are equal or apj fléximately equal. As another option, the minimum
thickness 124 ranges between about 0.40 and about 0.55 of the maximum outlet thickness 126 at the
outlet distal end 64 and of the maximum inlet thickness 128 at the inlet distal end 62 wherein the
maximum inlet thickness 128 and the maximum outlet thickne 26 are equal or approximately equal.
e il A5 WD B RS Qe HBEE TS B AT ABBEL 6 5 S Rbout 0,40 of he
maximunmaxiigdithiokhashitdest 10e authetodistaliena 6ddomtatitbetheaxiximuinkeldhibloiesss128 at
the inlet distal end.62 wherein maximum) inlet thickness 128 and t aximum outlet thickness 126
are oqual 3 B oA LA e TR T (GF b are Balr BT some
applicatiensletitaitlaiuse fahes \@jiationapptheisnatipgdiidkness, i.e., high pressure coating profile, can
impact the effective life of the closed impeller. As one option, either alone or with the following option,

the thickn@836df the habdiltoalfitngnkOd dre thehhpyés pressureng geosiicface GBevands amostily between
the inlet distal. e 02 and e i Pressis,midont 122 it ine soating (ickgises gl e nlpt distal
end being equaﬁ t0 about six y microns and at the c’oéﬁihg iCkness at the igr#épom’t e>I<]h]|161|]fing a
thicknesslof dbmutvinidiatyfitticrdnse diingpeliere, Ahe@woatingnthickaesbat thremitihdiheifiilbguates to about
0.33 of the coati ickness at the injet distal .end and the outlet distal .end. [0037]Generally speaking
with referoé)r%lcoen tgﬂgi{g &f)nﬁeesso?ﬁtﬁhee E)%dpcr%aslén eﬁ(j%gﬂr%gepgﬁﬁ@ rgﬁ%}%glﬁ?g%ufat{rdgg%uéré’a&egting profile, the
thicknessmbogdsimgtscirertie ora aciaredd 2hadohednd pighs pre ssd it £28unrib ¢kserapmar between
about 35 migrome t ut 135 micrometers, The thickness of the i heme adjacent the
et crotd e o A T A T A R S 1%
micrometbrskifdse thibkmesly ofthe lnbatiing sthdmes adfadent themydpainton Theredore, rdwges between
about 35 micromet t icr rs. Inr g . i rafile and the
ioh pre B s L L e R e ot
distal end)tlthedenbderpdeichsalgedter erosive wear than adjacent to the low or high pressure
midpoint. Therefore, an increase in the thickness of the coating adjacent the distal ends provide a
performal8Benefit thaenseaasesakiaefedrivrddirnest eaclb sae pnibellery Prisuthepatigghe

contemplation thag HE ek PR DI HHckReTROtBEFAaNNY Gt Apsilek ISt Snd.aad g maximum

outlet thickness of the coating at the outlet distal end will be greater than the thickness of the coating
at the loviherlpvgAnerbEdupsciipside J0U3SIFIRNges ety eehahetit vhairtAmeisEtiivpBeRed has a

surface Wi g visioleriiaws Qrilakina s @%ﬂ@%ﬁ&ﬁé%ﬁcéﬂ fRceniligiIzOREAGHGIR! Yihkp the
visual appearance of the coating scheme has a consistent color.
distal end ranges between about 35 micrometers to about 135 micrometers. The thickness of

the coating scheme adjacent the midpoint on the vane ranges between about 35 micrometers
to about 100 micrometers. In regard to the low pressure coating profile and the high pressure
coating profile, in many environments, the distal ends (i.e., inlet distal end and the outlet
distal end) of the vanes experience greater erosive wear than adjacent to the low or high
pressure midpoint. Therefore, an increase in the thickness of the coating adjacent the distal
ends provide a performance benefit that increases the effective life of the closed impeller.
Thus, there is the contemplation that the maximum inlet thickness of the coating at the inlet
distal end and the maximum outlet thickness of the coating at the outlet distal end will be

greater than the thickness of the coating at the low or high pressure midpoint.

[0038] Further, it is a benefit when the coating scheme has a surface with no visible
flaws or flaking or exposed substrate surface. It is also beneficial when the visual appearance

of the coating scheme has a consistent color.



-12- [0039]Referring to FIGS. 4 and 4A, there is illustrated another specific embodiment of the coated
vane of a closed impeller designated as 60'. The vane 60' is of a generally arcuate shape and has an
inlet distal end 62' and an outlet distal end 64'. The, yane 60" has a low pressure side surface 66' and a
high pressure side surface 68', which is opposite tﬂéTow pressure side surface 66'. The low pressure
side surface 66' has a low pressure length (see arcuate line 72") defined between the inlet distal end
62' and the outlet distal end 64'. Midway (i.e., approximately half-way along the low pressure length 72'

between let dlst d 62 a utlet stal end 64' there.is a low ure midpoint 74' on the
low presiﬁ‘%’ de surf eE ﬁﬁ%i% é’gl‘ %eémt%lééméﬁdﬁ&gtgeﬁug‘ft ? gﬁlll‘B fgﬂ’ﬁfﬁ (see
arcuate Imfaﬂé&)adﬁflmﬁcb hétanﬂesetfmmsﬁﬁt:ﬂt&tﬁgﬁmdcﬁé’s and fhl@eauﬂetaﬂl’stabéa@éﬁélraﬂlylldway (i.e.,
half-way along the high pressure le O) tween the inlet distal nd the oytlet distal end
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about 08%1 ut 0.8 of the maximum outlet thickness 104" at the outlet distal end 64 and of the

maXImun‘[\d&ll%t] th'Ckneﬁéggﬁggg%ﬂgl?bgj%%f ag ?M@gﬂpetgﬁe ‘Wi*face 66’ and the hard

coating 101’ on the high pressure side surface 68’. The hard coating 100’, 101" has a
thickness that varies depending upon the location of the hard coating 100°. More specifically,
the hard coating 100’ on the low pressure side surface 66’ has a low pressure coating profile,
and the hard coating 101’ on the high pressure side surface 68’ has a high pressure coating
profile. As will become apparent from the description below, the low pressure coating profile
displays a general correspondence to the high pressure coating profile, except that the extent
of the decrease of the coating thickness for the low pressure coating profile is less than the

extent of the decrease for the high pressure coating profile.

[0041] Referring to the low pressure coating profile, the hard coating 100’ on the low
pressure side surface 66’ has a minimum thickness 102’ (see FIG. 4A) at the low pressure
midpoint 74°. The hard coating 100’ has a maximum outlet thickness 104’ at the outlet distal
end 64°. The hard coating 100" has a maximum inlet thickness 106’ at the inlet distal end
62’. Typically, the thickness of the hard coating on the low pressure side surface 66’ varies
smoothly between the inlet distal end 62’ and the low pressure midpoint 74’ and between the
outlet distal end 64’ and the low pressure midpoint 74’. The minimum thickness 102’ ranges
between about .085 and about 0.8 of the maximum outlet thickness 104’ at the outlet distal

end 64 and of the maximum inlet thickness 106 at the inlet distal end 62 wherein the



maximum inlet thickness 106" and the maximum outlet thickness 104" are equal or approximately
equal. [0042]As one option to the above range of .085-0.8, the minimum thickness 102' ranges
between about 0.15 and about 0.60 of the maximum outlet thickness 104" at the outlet distal end 64'
and of the maximum inlet thickness 106’ at the inléﬁiistal end 62" wherein the maximum inlet thickness
106" and the maximum outlet thickness 104" are equal or approximately equal. As another option, the
minimum thickness 102' ranges between about 0.40 and about 0.55 of the maximum outlet thickness

104" at the outlet distal end 64' and of the maximum inlet thickness 106’ at the inlet distal end 62'
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thickness 148 and the maximum ou r approximately equal.

[0043] Still referring to the low pressure coating profile, in some applications, the
nature of the variation of the coating thickness, i.e., low pressure coating profile, can impact
the effective life of the closed impeller. As one option, the thickness of the hard coating on
the low pressure side surface 66’ varies smoothly between the inlet distal end 62’ and the low
pressure midpoint 74’ with the coating thickness at the inlet distal end being equal to about
sixty microns and at the coating thickness at the midpoint exhibiting a thickness of about
twenty microns. Therefore, the coating thickness at the midpoint equates to about 0.33 of the

coating thickness at the inlet distal end and the outlet distal end.

[0044] Referring to the high pressure coating profile, the hard coating 101’ on the
high pressure side surface 68 has a minimum thickness 144 (see FIG. 4A) at the high
pressure midpoint 142. The hard coating 101’ has a maximum outlet thickness 146 at the
outlet distal end 64°. The hard coating 101" has a maximum inlet thickness 148 at the inlet
distal end 62°. Typically, the thickness of the hard coating 101’ on the low pressure side
surface 68’ varies smoothly between the inlet distal end 62’ and the high pressure midpoint
142 and between the outlet distal end 64’ and the high pressure midpoint 142. The minimum
thickness 144 ranges between about .085 and about 0.8 of the maximum outlet thickness 146

at the outlet distal end 64’ and of the maximum inlet thickness 148 at the inlet distal end 62’



[0045]As one option to the above range of .085-0.8, the minimum thickness 144 ranges between about
0.15 and about 0.60 of the maximum outlet thickness 146 at the outlet distal end 64' and of the
maximum inlet thickness 148 at the inlet distal end 62" wherein the maximum inlet thickness 148 and
the maximum outlet thickness 146 are equal or apj f‘dximately equal. As another option, the minimum
thickness 144 ranges between about 0.40 and about 0.55 of the maximum outlet thickness 146 at the
outlet distal end 64' and of the maximum inlet thickness 148 at the inlet distal end 62" wherein the
maximum nlet thickness 148 and EE‘e aximym outlet thickness 146 are equal or roximately equal.
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to about et either gpg Qe MAXITUTIPMAGTSURAIBIIhIEkRESAL IbpiRuIBh el end or the

maximum low pressure inlet thickness at the inlet distal end; and the minimum high pressure thickness
can be eda@re Bt @iauonfofithe corensftihekneasittiniigly Ripressuteabng e thildasassapthe outlet

distal endhr i AU Rioh RessHFRIiplet Abickpessal benaalslistal end-dRARIGeRerally

speaking with reference to each one of the low pressure coating profile and the high pressure coating

profile, theptifiekAesbiskeeutiighscheidhecstnsathlone drihigionveanis higte srebgreSsidasrfaces
ranges bgiwean hAulear MIGEABRISHS E%@@QUE&&%QE?%H%&%{ﬁemwbiﬁk'ﬂ@?%iﬁh{% CBating

scheme adjacent the inlet distal end and the outlet distal' end ranges between about 35 micrometers to

about 138gieesmtte Intpledifiekerdbean grra ey darnl QeHere migesinghat thRiBeAHN8N the vane
ranges bghwern @Ryt I dPIRIRMEIRIRIH aRRKklOQ BrsHRMEIR R MietRd BHbEQyy pressure

coating profile and the high pressure coating profile, in many environments, the distal ends (i.e., inlet
distal endhéldentad tretdiRaine saydeHe WMk Sidribaceajiantbickpsshat theanlgishstdjeient to the

low or high prsssuie MidReiHg Therefore, an increase in the thickness of the coating adjacent the
distal ends provide a performance benefit that increases the effective life of the closed impeller. Thus,

there is thgogontemplatipr HaédpesnafimeRpaolettbickoassal STErRostingRf Mestiatsdigtediend and

the maximum outlet thickness of the coating at the outlet distal end will be greater than the thickness
of the CO&TM@’%%HF—? th&g%ﬁﬂ?égw@%ﬁéﬁ%ﬁﬁl correspondence to the high pressure coating

profile, except that the extent of the decrease of the coating thickness for the low pressure
coating profile is less than the extent of the decrease for the high pressure coating profile. In
regard to the quantitative ranges for the coating thicknesses, there is the contemplation of the
following relationships. The minimum low pressure thickness can range between about 0.30
and about 0.60 of either one of the maximum low pressure outlet thickness at the outlet distal

end or the maximum low pressure inlet thickness at the inlet distal end; and the minimum



[0049]Further, it is a benefit when the coating scheme has a surface with no visible flaws or flaking or
exposed substrate surface. It is also beneficial when the visual appearance of the coating scheme has
a consistent color. [0050]As can be appreciated from the above embodiments, the low pressure
coating profile and the high pressure coating profiré can be essentially the same with the same
thicknesses. Further, there is the appreciation that the low pressure coating profile and the high
pressure coating profile can be essentially the same, but that the extent of variation between the

maximum .anpd minimum coating thicknesses can be dj nt. In the case of the embodiment of FIGS.
'+ ant AT BTG IR RS BPETeDEGRH b 08! DG oot DL Sb e AR e 66" vary
less thanrhagithickmesis psesftieonoatitgckidsom the higbtpliess el sidhsutfade @8 hibdhere should be an
appreciation that.in‘?ot er instancegs, it[ﬂe c ati);ug t{uicé&ness%s of the co ti?}ﬁ 100" on the low pressure
side surfRCE BECABIT VAT AR THE HitRhEe & S AN EH SRHE ™ O1° BRTMAUJR DRSS side
surface G8icf@sdiaiherdoaneficidlophysioalfroparties of diencodiingskive presane: aimi@dhesion using
Rockwelld'ln entationhadh(%lsiton strlen%th of greater thari 70 K% a to.ughn S$.a8 m?tsureldtby the ratio
of hardneds§ &eﬁ%ffn%oed%llluse O(%lg'%s f%:lt?r( g)aé ralrlé%l SMRan Abolt 0. 05 ' f88iflence'sGch that there
is no visildistsipallingndnielasimcalyndeigipedsare alsicirids subbtratgralvearbxasistdhod eisiegdhe ASTM
065 - 04(02t0 0) "Standaﬁqcti‘ﬁ'lt'lest Method IO{tll\{le suringt{-]\[%raﬂgtn dU?pg]t(?e Et)ﬂg Sand/Ruk}pe%Wheel
Apparatus ]t St WHErEIn ive rS%tsrurrSs(?g{é:’ncel‘fsIbersesa%er 3N 5 tMes that Of an Uhcoated Labstrate; a
corrosiorpresistamdetstictkas thatlici mtesikiteritetalacids, sulfides and brine solutions; an erosion

resistance using the ASTM 076 - 07 ["Standard Test Method for Conducting Erosion Tests by Solid
Particle |Hp#8&ement Using daspetkligesitbuctettratrasesidneeacisfahiehst préss@¢invesile erosion

resistance_ of.an oated substrate at low impingement angles.su s 20 incident angle; a-hardness
e et o R B A e R M & e
vane subsigdeevrandhigit praverbesdeediices yngesiteetaenkbiRCthrowgintéierapplibatioh3df the

coating. [0p5210RS SURDIR IR0 S (a6 AIFSMR.SORANSES: MASREr SR PHIPHng RSN

distal end ranges between about 35 micrometers to about 135 micrometers. The thickness of
the coating scheme adjacent the midpoint on the vane ranges between about 35 micrometers
to about 100 micrometers. In regard to the low pressure coating profile and the high pressure
coating profile, in many environments, the distal ends (i.e., inlet distal end and the outlet
distal end) of the vanes experience greater erosive wear than adjacent to the low or high
pressure midpoint. Therefore, an increase in the thickness of the coating adjacent the distal
ends provide a performance benefit that increases the effective life of the closed impeller.
Thus, there is the contemplation that the maximum inlet thickness of the coating at the inlet
distal end and the maximum outlet thickness of the coating at the outlet distal end will be

greater than the thickness of the coating at the low or high pressure midpoint.

[0049] Further, it is a benefit when the coating scheme has a surface with no visible
flaws or flaking or exposed substrate surface. It is also beneficial when the visual appearance

of the coating scheme has a consistent color.

[0050] As can be appreciated from the above embodiments, the low pressure coating
profile and the high pressure coating profile can be essentially the same with the same
thicknesses. Further, there is the appreciation that the low pressure coating profile and the
high pressure coating profile can be essentially the same, but that the extent of variation
between the maximum and minimum coating thicknesses can be different. In the case of the

embodiment of FIGS. 4 and 4A, the coating thicknesses of the coating 100’ on the low



process. The PEMS process is shown and described in United States Patent Application Publication
No. U52009/0214787A1 to Wei et al. and entitled EROSION RESISTANT COATINGS. Further, the
PEMS process is shown and described in the article Wei et al., "Deposition of thick nitrides and
carbonitrides for sand erosion protection” Surface'%p'Coatings Technology 201 (2006), pp. 4453-4459.
[0053]Another suitable process is shown in U.S. Patent No. 4,427,445 to Holzl et al. entitled
TUNGSTEN ALLOYS CONTAINING A15 STRUCTURE AND METHOD FOR MAKING SAME.

[0054]The process used_ to apply the coating scheme operates at a temperature no greater than about
500 C. ADTR A Ve et AL LB B G ROt Y SERBTAE Cpbr S L el Efomperature no
greater thagsabouidSdiface b3’ [ONEDESab it bdaliappace; specidiaambodinmenia et thie:iovanion.

[0056]For, Example 1, the coated article comprised a cast stainless sjeel closed impeller with an
effoctive HBNTERSF o TS LGB (50 G Hnt e R S GErsPHOE SAH Dt each
vane haviniglare teofivie: aratapgtb ofabathiel prebesd thlcentineete’s). This closed impeller was

coated with a hard, but tough, coating comprising tungsten carbide and tungsten using a low
temperat[l8SCVD techbidue bdiditow phyyeigiurpe@baedizniquengonipnsedrth erbaticssdaps of:

ﬁ]pg'zg‘guﬁsr};%w%‘é\;:ﬁg%%ﬁ S{d%ﬁ‘éﬁ'm%?&ﬁ'eé?oﬁhs i ”fﬁ’d%ti%%’east‘épﬁtﬁ%t‘?o %Ln%&%%l%%srt%tsorgga%%e%o 0-520C

) g heated gaseous reaction products over the part,then cooling to room

temperatbyelin Gt inefrhatdnospliéPe)/modulus of elasticity (GPa) of greater than about 0.05; a
resilience such that there is no visible spalling on elastically deformed areas of the substrate;
wear resistance using the ASTM G65 - 04(2010) [“Standard Test Method for Measuring
Abrasion Using the Dry Sand/Rubber Wheel Apparatus™] test wherein the wear resistance is
greater than 5 times that of an uncoated substrate; a corrosion resistance such as that it is
resistant to acids, sulfides and brine solutions; an erosion resistance using the ASTM G76 -
07 [“Standard Test Method for Conducting Erosion Tests by Solid Particle Impingement
Using Gas Jets™] test such that resistance is at least 1.5 - 2 times the erosion resistance of an
uncoated substrate at low impingement angles such as 20° incident angle; a hardness such
that the coating must have a hardness greater than about 1100 HV; and the hardness of the

vane substrate must not have been reduced by more than 4 HRC through the application of

the coating.

[0052] One suitable technique is the plasma enhanced magnetron sputtering (PEMS)
process. The PEMS process is shown and described in United States Patent Application
Publication No. US2009/0214787A1 to Wei et al. and entitled EROSION RESISTANT
COATINGS. Further, the PEMS process is shown and described in the article Wei et al.,
“Deposition of thick nitrides and carbonitrides for sand erosion protection”, Surface &

Coatings Technology, 201 (2006), pp. 4453-4459.

[0053] Another suitable process is shown in U.S. Patent No. 4,427,445 to Holzl et al.
entitled TUNGSTEN ALLOYS CONTAINING A15 STRUCTURE AND METHOD FOR
MAKING SAME.

[0054] The process used to apply the coating scheme operates at a temperature no
greater than about 600 °C. As an alternative, the process used to apply the coating scheme

operates at a temperature no greater than about 550 °C.



[0057]For Example 1, the resulting coating had a consistent coating thickness at similar distances
along each vane as measured from the inlet distal end of the vane. The coating thickness variation
along the high pressure side of a vane showed a r_ﬁgximum coating thickness of about 60 microns near
the ends with a minimal coating thickness of about'20 microns near the midpoint. [0058]For Example
2, the coated article comprised a cast stainless steel closed impeller with an effective diameter of
about 8 inches (20 centimeters) and which had a series of five vanes with each vane having an

effective length of about 6.2 inches (16 centimeters). This ¢losed impeller was coated with a hard,
but toughf,ﬂorggi?ng usi%“*&%‘%ﬁ’i‘%\ﬁf{@eﬁﬁ%ﬁ%SFB%&Q}%‘%h‘%ﬁ&%Fel%‘éeaﬁ%ribed above butin a
separate . [0059]Eor Example 2, the resulting,coating.had consistent coating thickness at similar
distancegaaqo each v%)ﬁcf a8 g%eéu%edc r%?r%éjt elglr%TectogilééTeen%co fﬁ%‘@l%%%%gﬁ e lélness variation
along thegilgresgune sitte vl chikavaner sabhad & mihan € oatingdiricknedscdiidbbut ioeateen

percent (1f4[l°o near the midppint as. compared.to the inlet and outlet epds, .On the low pressure side of
s vane 1 b T s e e e R AR SR rect o e nle
and outleteands:t¢@06 msthk stlovepdBscrpti onativewininartalrd caingupickoesses.omipetiieg for the low
pressure side aor the high pressure side of the vane, have b xpressed relatjve ta the coating
bl S AR SR W S i A
thicknes<€¥ laredgigl cocapprioxintiatdiysequeps Diicrppdiiogld fvevanicnodestandicignet:8-to the

iron-based substrate, heating the part to about 500-520°C in a vacuum, flowing heated

gaseous reaction products over the part, then cooling to room temperature in an inert

atmosphere.

[0057] For Example 1, the resulting coating had a consistent coating thickness at
similar distances along each vane as measured from the inlet distal end of the vane. The
coating thickness variation along the high pressure side of a vane showed a maximum coating
thickness of about 60 microns near the ends with a minimal coating thickness of about 20

microns near the midpoint.

[0058] For Example 2, the coated article comprised a cast stainless steel closed
impeller with an effective diameter of about 8 inches (20 centimeters) and which had a series
of five vanes with each vane having an effective arc length of about 6.2 inches (16
centimeters). This closed impeller was coated with a hard, but tough, coating using the same

low temperature CVD technique as described above but in a separate batch.

[0059] For Example 2, the resulting coating had consistent coating thickness at
similar distances along each vane as measured from the inlet distal end of the vane. The
thickness variation along the high pressure side of the vane showed a minimal coating
thickness of about fourteen percent (14%) near the midpoint as compared to the inlet and
outlet ends. On the low pressure side of this vane, the coating thickness varied by fifty

percent (50%) at the midpoint as compared to the inlet and outlet ends.

[0060] In the above description, the minimal coating thicknesses, whether for the low
pressure side or the high pressure side of the vane, have been expressed relative to the coating
thicknesses of the maximum inlet thickness and the maximum outlet thickness wherein the

maximum thicknesses are equal or approximately equal. There should be an understanding



that in some instances the minimum coating thicknesses can be defined relative to either one of these
maximum coating thicknesses. Therefore, in one range there is the contemplation that the minimum
low pressure thickness ranges between about .085 and about 0.8 of either one of the maximum low
pressure outlet thickness at the outlet distal end o?llﬁ'e maximum low pressure inlet thickness at the
inlet distal end, and that the minimum high pressure thickness ranges between about .085 and about
0.8 of either one of the maximum high pressure outlet thickness at the outlet distal end or the

maximu hig\Hdpressure inlet Lgf%ckness at the inlet distal end. O%Glél IS %pg rent that heéjresent
inventior??% 8's %Eﬁ’?ﬁ&s& %@Wiﬁ?ﬁ%‘% BSOS (T HRES Sritiivd LM BEiBAresistance
of the coafatiesameafrtivenciosensthixddies with Qlitrefgat) ve yninpags gt ésnechumniaablpegsiormance of
the closed impeller. .EOG It is further i“p‘%arent that tq&e E[})?[ese tinvedggon arci?videﬁ g\g{a to treat a
componéeRt sUEHHE S RIBSRY RHPSHE: S8BTl by ThR Lardtave s8Ryt f S%B%{rent that
the preseriicinyentionyirovidésva puagice ivadtatiteripenenthsuthl asdsclbastldmpe erxsmas to improve
of the effective life therFofheﬁgleciall Whge§ the aieaa negld'ngT @rote.ction are. hard-to-reach and/or
require tig(m/ BinaHSiOnaT to1sPEReEs ﬁﬁ) Tft |lssgi‘p5ré eAPHa eepr)rrlénslénn Thvk %rﬁsﬁlrl(r)?/ides a coating
on a clostickneslien fand espeeniabiyuthe8/mmel eibaw OstdficipelenethiitHeanexaaltetiigdhesion. It is
apparent that the present inventi rovides.a coating gn a closed impeller (and especially the vane of
a closed I ps)selffg i Wie Fg}ﬁk%ees Sc%?aﬂ?g g0 lét(i: tegrnlsaéﬁserﬁﬁie%ﬁ}fﬁé{lcaéﬁ?grgn}%}é% (r)eé%rg&rrl?gtcte%g% &substrate
of the vanethit ialappataririthat the present invention provides a coating on a closed impeller (and
especially the vane of the closed impeller) that does not possess unintended variations in the
thicknes4Mf&hk coatindy. (f0G64 ks thtitl thp pacentt that thep resenieiny entiome padwideshaicoating on a

closed imp '}8§éé‘ﬁlded%§§s‘?8'ar”éé'ts*t‘gn‘c’é‘”ﬁdoﬁlteh&%'%%ﬁ IMpeicr) B1ahdossnpt ieaure,thg g heat to
apply the coating and t erelby C}IS'[OI‘I the geometry of the components mcFudlng the vanes of the
closed impwidier Mislmuparentitielt thpprese fdtdmveditioncprpvitesianvayfithtrehtsadconmebeent such as
a closed impeller without the need to use higher deposition temperatures such as are extant with
typical CU96d PVD tééhhitfhiesapparent that the present invention provides a way to treat a

component such as a closed impeller so as to improve of the effective life thereof. It is
apparent that the present invention provides a way to treat a component such as a closed
impeller so as to improve of the effective life thereof, especially when the areas needing

protection are hard-to-reach and/or require tight dimensional tolerances.

[0063] It is apparent that the present invention provides a coating on a closed impeller
(and especially the vane of a closed impeller) that has excellent adhesion. It is apparent that
the present invention provides a coating on a closed impeller (and especially the vane of a
closed impeller) wherein the coating scheme is metallurgically bonded to the surface of the
substrate of the vane. It is apparent that the present invention provides a coating on a closed
impeller (and especially the vane of the closed impeller) that does not possess unintended

variations in the thickness of the coating.

[0064] It is still apparent that the present invention provides a coating on a closed
impeller (and especially the vane of the closed impeller) that does not require the high heat to
apply the coating and thereby distort the geometry of the components including the vanes of
the closed impeller. It is apparent that the present invention provides a way to treat a
component such as a closed impeller without the need to use higher deposition temperatures

such as are extant with typical CVD and PVD techniques.



-19- [0065]It is apparent that the present invention provides a way to treat a component such as a
closed impeller (and especially the vanes thereof) so that the coating can be applied to hard-to-reach
areas unavailable to be coated by line-of-sight techniques. [0066]It is apparent that the present
invention provides a coating on a closed impeller {and especially the vane of the closed impeller) that
exhibits sufficient thickness such as, at least about 35 micrometers. [0067]The patents and other
documents identified herein are hereby incorporated by reference herein. Other embodiments of the

invention will he apparent to those din the art from a consideration of the s eC|f|cat|on ora
oractice MRS mventon ERECEH RATE REESTALARG ot TR P acTE MRS SYARIE are

illustrativeuoh lysandaed napsilandad é@pbadﬂnymh@mdh&lsm@asoftﬂae tinvemtiory, ddnebuppdizape and

Spitofthe vpnton 5 el B 08 1RWIg SR A0 (AT R GhMED

[0066] It is apparent that the present invention provides a coating on a closed impeller
(and especially the vane of the closed impeller) that exhibits sufficient thickness such as, at

least about 35 micrometers.

[0067] The patents and other documents identified herein are hereby incorporated by
reference herein. Other embodiments of the invention will be apparent to those skilled in the
art from a consideration of the specification or a practice of the invention disclosed herein. It
is intended that the specification and examples are illustrative only and are not intended to be
limiting on the scope of the invention. The true scope and spirit of the invention is indicated

by the following claims.



1. A closed impeller (40) comprising: a base cover (42) having a base interior surface (44); a second
cover (52); a vane (61, 61") on the base interior surface (44), the vane (61, 61') being of a
generally arcuate shape and having an inlet distala%Qd (62, 62" and an outlet distal end (64, 64");
the vane (61, 61") having a low pressure side surfate (66,66'), the low pressure side surface (66,66")
having a low pressure length (72,72") between the inlet distal end (62,62') and the outlet distal end
(64,64, and a low pressure midpoint (74,74") on the low pressure length (72,72") approximately
midway m&&rﬂ&m?l end (62,62") and the outlet distal end (64,64"); a hard low
pressure ~+665-6h the low pressure side surface (66,66"), the hard low pressure coating
(100,100" having a mirlliml&lraolgélg resa(gfrgé&%%téi)n trhickness (102,102") at the low pressure midpoint

(74,74, the hard low pressure coarﬂlﬁeg 53}36:61 maximum low pressure outlet coating

thickness (104,104 at t let distal.end (64,64, and th [ pressure coating (100,100
having a maximum Iov&l gr%gs%ér% ]E(:l(llgéét%c}b%avtt%l atk?%: e)nier?éesqufo%r %%)k%yty)the inlet distal end (62,62");

the minimum low pressausr&&q@ggge[h(i%pess (102,102" ranging between about .085 and about 0.8 of
either one of the maximum low pressuré’outlet coating thickness (104,104") at the outlet distal end

(64,64') or the maximum low RressiieINRL saatingetiizkness (106,186 aldhe intst dlistal £06.(62,62);
the vane (61, 61') having a high pressure side surface (68,68, the h%pressure side surface (68,68')

having a f8f JlEsseialferigns arehanmerenpddslitial ipne: @ktal oriiden. 68y s distreniifiet distal end

(64,64, gmq;a high pressure midpoint (122,142) on the high pressure length (120,140) approximately
midway between the inlet distal end (62,62") and the outlet distal end (64,64"); -21- thickness

(124,144) at the high piigsshtie @idBoinhel4Za A thekard ghiiassyss 6eating (4Q1,101") having a
maximum high pressure outlet coating thickness (126,146) at the outlet distal end (64,64"), and the

hard higHPPesEn e SHRGS IO oPON NI RY WREsiEaneh preddutdshiecadating thitiRitss
(128,148}t the intotdisiak NALOAA si@4,64°), and a low pressure midpoint (74,74’) on the

low pressure length (72,72) approximately midway between the inlet distal end (62,62’) and
the outlet distal end (64,64°);

a hard low pressure coating (100,100’) on the low pressure side surface
(66,66), the hard low pressure coating (100,100’) having a minimum low pressure coating
thickness (102,102’) at the low pressure midpoint (74,74”), the hard low pressure coating
(100,100’) having a maximum low pressure outlet coating thickness (104,104’) at the outlet
distal end (64,64’), and the hard low pressure coating (100,100’) having a maximum low

pressure inlet coating thickness (106,106”) at the inlet distal end (62,62’);

the minimum low pressure coating thickness (102,102’) ranging between
about .085 and about 0.8 of either one of the maximum low pressure outlet coating thickness
(104,104’) at the outlet distal end (64,64’) or the maximum low pressure inlet coating
thickness (106,106”) at the inlet distal end (62,62’);

the vane (61, 61°) having a high pressure side surface (68,68°), the high
pressure side surface (68,68’) having a high pressure length (120,140) between the inlet distal
end (62,62°) and the outlet distal end (64,64’), and a high pressure midpoint (122,142) on the
high pressure length (120,140) approximately midway between the inlet distal end (62,62”)
and the outlet distal end (64,64");

a hard high pressure coating (101,101”) on the high pressure side surface

(68,68), the hard high pressure coating (101,101”) having a minimum high pressure coating



the minimum high pressure coating thickness (124,144) ranging between about .085 and about 0.8 of
either one of the maximum high pressure outlet coating thickness (126,146) at the outlet distal end
(64,64") or the maximum high pressure inlet coating thickness (128,148) at the inlet distal end (62,62").
2. The closed impeller (40) according to claim 1 w ér'ein the maximum low pressure outlet coating
thickness (104,104') being about equal to the maximum low pressure inlet coating thickness
(106,106", and the maximum high pressure outlet coating thickness (126,146) being about equal to
the maximum high e injet coating thickness (128,148). 3, .The closed impeller (40)
aceordn GRS S 6 TR o DRSTL L2 o NS RS BT i equal o
the maximom ligh haessuierouileuaohiimgpieicknesst(di2@d40) tiaokndye (hakieiake pigksure inlet
coating thicknes 6,106") is equal to the maximum high pres inlet coating thickness (128,148).
o The oS58 A NGE by BEBrUTAE 1 EATE  UnERBIHT e Wong N BrBesdi TS Edoting
thicknes$ (486t Gbl¢tis@datehitiar dhel P3ard@umthighlprdssurenal@ceztingnthickness (128,148 ), and
the maximum low pressure outlet coating thickness (104,104") is greater than the maximum high
pressure outlet coatinglihicknassnilifglilgi6}ysure coatibg Tinekrlesad 2khpéflera@dn abeording to claim 1
wherein e, Mayimum) IWpieseie fplet soang thickness, (406 4083 les Ihickihap i meximum
high pressure inlet coaﬁng IC nessll[EefZ(gl,ig ), and the maximum low pressure outfet coa Ing
thickness (204 404 tisclesg ¢hiiktthandtk@d radixiomuhe mighi presshigh putksticoatietgthickpess (126,146).
-22- . 6. Th i ller cordi laim 1 wherein the minimum low pressure
coating tﬁ?&&%%eggeé%%ﬁ%g%rélﬁaﬁﬁdmé%%)éﬁ%@e%%ga{%g% .15 and about 0.60 of either one of the maximum
low pressure outlet coating thickness (104,104") at the outlet distal end (64,64") or the maximum low
pressure inlet coating thickness (106,106'") at the inlet distal end (62,62"); and the minimum high
pressure coating thicknesgid 24 L44hiangingbeueem AR EQitP13nH-ARhO BRahEIthRKeNe of the

maximum high pressure outlet coating thickness (126,146) at the outlet distal end (64,64") or the

maximurR§igHprasktreontiBe coiskingstHitihe 84’ (lmaneadpat equdhietiisnarenypReryessure 7 The

closed i”}HI%'J%BSﬁQ%%%R[Q%Qf@&@@)}a%‘%@%&?ﬁrm%49&&&%%&69&@%@%?55
|

(202,102") ranging between about 0.40 and about 0.55 of r one of the maximum low pressure
outlet thickA@d4¢1bainpabrst aq8d (@ehaime By (Bl RE s dnsaaning Bigknesddes iHd) thickness
(106,106" at the inlet distal end (62,62"); and the minimum high pressure coating thickness (124,144)
ranging between about 0.40 and about 0.55 of either one of the maximum high pressure outlet
thickness (126,146) at the outlet distal end (64,64") or the maximum high pressure inlet thickness
(128,148) at the inlet distalrdss #Beller (4U) aceprdingdoiaiob NAICTa ) BEBRIY'S 9%im 1
wherein thesduifi et ovidie shidineaating. tuekness (0, I2miriging ehyeer @b w130 and

about 0.40 of either one of the maximum low pressure outlet thickness (104,104") at the outlet distal
end (64,é&%ﬁﬂ&%%ﬁ&%ér%%?é@%%@ﬁﬁ@gﬁ&grﬁ%ﬁ%ﬁ8?%‘8%& FthStal end (62,62"); and

the mininiuoa, high) psessurecorRtingxincknessh(P4dshddnlangiagHabigear koo A4%).and about 0.40 of
either one of the maximum high pressure outlet thickness (126,146) at the outlet distal end (64,64") or
the maximum high pressure inlet thickness (128,148) at the inlet distal end (62,62").
4. The closed impeller (40) according to claim 1 wherein the maximum low
pressure inlet coating thickness (106,106”) is greater than the maximum high pressure inlet

coating thickness (128,148 ), and the maximum low pressure outlet coating thickness

(104,104°) is greater than the maximum high pressure outlet coating thickness (126,146).

5. The closed impeller (40) according to claim 1 wherein the maximum low
pressure inlet coating thickness (106,1067) is less thick than the maximum high pressure inlet
coating thickness (128,148), and the maximum low pressure outlet coating thickness

(104,104°) is less thick than the maximum high pressure outlet coating thickness (126,146).



9. The closed impeller (40) according to claim 1 wherein the minimum low pressure coating thickness
(102,102") ranging between about 0.30 and about 0.60 of either one of the maximum low pressure
outlet thickness (104,104") at the outlet distal end (64,64") -23- or the maximum low pressure inlet
thickness (106,106") at the inlet distal end (62,62");"and the minimum high pressure coating thickness
(124,144) ranging between about 0.085 and about 0.20 of either one of the maximum high pressure
outlet thickness (126,146) at the outlet distal end (64,64") or the maximum high pressure inlet

thickness (128,148) at h I stal en 10. The c eller ccording to
claim 1 wheretn the mifi T SRFDVSRIE CAh s R 428 1B BBINS BUOAP R 80t 0,20 of
either ongre{dine maﬁhgumbwmr@m,lremuttetgﬁhlgmasseﬁlﬂﬂoam )ﬁmtheﬂ@cuttel distdletthdr(64,64") or
the maximum ressure | let thickness (106,106") at.the inl 62,6 inimum
igh el &SRO, LGS PO A Ay UE AT IS 5T hAt HHEF SO et

high pres(ﬁlélté%)JﬂetHéli@l&lﬁﬁﬁﬁr(ﬂlﬁﬁ;ﬁk#ﬁ@s&fdlﬂ@l@&ﬂﬁhd@tﬁio&ﬁdséﬁ@(ﬁﬂ])()ﬁl’)tbem&animldhﬂth]gh pressure
inlet thicknes 148) at the inlet distal end (62,62 ed impeller 40 according
1 claim EUTCHEI e TR U b L TS e sk Db 8 s AR B RS ourt 0 33 of
either oneboﬁtlﬁelﬁtauﬂmbnni%@rﬁs&dm oueletthmmmm(m@mgﬁ)@)e@mﬂmeouﬂﬂemhet@ end (64,64") or
the maximu Iow inlet thi SS the inlet distal end.(62,62"); and the minimum
high presrglure coati gt %Er?tetsﬁs lﬁé&a‘ﬁ elng §§§£§t8raf %tﬂ?%‘%%ugteﬁ 14 rg?'tsél S“flfﬁe maximum
high pres:smtmgmﬂ&kﬂuﬂﬁ%l(éﬂ&&ﬂmehmkttmsmltéeﬂd@amInd (64,64") or the maximum high pressure
inlet thickness (128,148) at the inlet distal end (62,62"). 12. The closed impeller (40) according
to claim 1 wherein the base cover (42) further including a base exterior surface (46), the second cover

(52) having a second interior surface (54) and a second exterior surface (56). ~ 13. The closed
impeller (40) according toldlaiptrsed/apeitet{éisientdin ol presslinehsoeitiremickivesa (002,102")

ranges b Hé‘é@ﬁl% bt giéﬂéllﬁ%% Matrs ¢ ﬁﬂ%ﬂ@@e@xﬂé&i’ IS AN S D3R gy pressure

coating t |ckness (124,126) ranges bétween abolt 35 micrometers and about 100 micrometers. -24-
one of the maximum low pressure outlet thickness (104,104°) at the outlet distal end (64,64")

or the maximum low pressure inlet thickness (106,106’) at the inlet distal end (62,62”); and
the minimum high pressure coating thickness (124,144) ranging between about 0.40 and
about 0.55 of either one of the maximum high pressure outlet thickness (126,146) at the
outlet distal end (64,64’) or the maximum high pressure inlet thickness (128,148) at the inlet
distal end (62,62’).

8. The closed impeller (40) according to claim 1 wherein the minimum low
pressure coating thickness (102,102”) ranging between about 0.30 and about 0.40 of either
one of the maximum low pressure outlet thickness (104,104”) at the outlet distal end (64,64")
or the maximum low pressure inlet thickness (106,106’) at the inlet distal end (62,62”); and
the minimum high pressure coating thickness (124,144) ranging between about 0.30 and
about 0.40 of either one of the maximum high pressure outlet thickness (126,146) at the
outlet distal end (64,64’) or the maximum high pressure inlet thickness (128,148) at the inlet
distal end (62,62’).

9. The closed impeller (40) according to claim 1 wherein the minimum low
pressure coating thickness (102,102”) ranging between about 0.30 and about 0.60 of either
one of the maximum low pressure outlet thickness (104,104°) at the outlet distal end (64,64")



14. The closed impeller (40) according to claim 1 wherein the maximum low pressure outlet coating
thickness (104,104") ranges between about 35 micrometers and about 135 micrometers, the maximum
low pressure inlet coating thickness (106,106) rar:)%%s between about 35 micrometers and about 135
micrometers, the maximum high pressure outlet coating thickness (126,146) ranges between about 35
micrometers and about 135 micrometers, and the maximum high pressure inlet coating thickness
(128,148) ranges between about 35 micrometers and about 135 micrometers. 15. A coated impeller

vane (60,60!) com rlsm vane suhs hard.coating (100 1 01)

tho vane B ORGP GE RN L e A L T A i R T o B B3 R an
outlet dlsmédﬁﬁdlfﬁﬁtﬁﬁlgh g%essurémmrlgethﬁdkﬁésé hmlli[lgl?;]) k?ngﬁgiﬁlumt aldfbsulrfaloef(ﬁﬁflfiﬁ) (tjhe low
pressur ide ng a re len ewe et distal en
(62,62) %L%{El ff%%s@fa?'g‘?‘na?(é HBHDH% 5% bire Fﬁ%%‘gffgf‘ %h%gw % fv pressure
length (7almt) dipiar@xidn@te byt inichvwiay rheiweem thghrpletsdlséahdeﬁGEnéﬁs)(m& 1he)autlet diktal end
(64,64Y; @%ﬂ W pressure coating (100,100") on the low pressure side surface (66,66"), the
hard low ll%%sur% a (100,100%) having a minimum low pressure coating thickness (102,102") at

the low pressure midpoint (74,74"), the hard low pressure coating (100,100 having a maximum low
pressure outlet coating thickness (104,104 at the outlet distal end (64,64"), and the hard low pressure

coating (100,100°) havipg %H%%&‘%Mr WRISE8Y R PIALEeAINGiIFKRSR (LA, &91% ahifisyniet distal

end (62,62"; the minimum low pressure coating thickness (102,102") ranging etween about
.085 andpbssur@®aingttherkones ¢1 tRel ARaxiraung dqwlmgbgmé(bﬁ(ﬂ@f cthtingnhivkihe gsaionin04') at

the °““eﬁ&?ﬁ%&%@e@%@f‘%&ﬂ%‘?@ﬂﬁ@?ﬂ Y SERL 8P LRA MRS HNRE S ARG AG4,at the inlet

distal end (62,6 25- e vane (61,61') having a high pressure side surface (68,68'), the
high preswigssusidielstifbadeness (@89, Havingf dhhighepresisliraddnd (1201 45) emveen thghinlet distal

end (62,6¢.a0d U&ﬁt%‘%%ﬁ&éﬁ&% %[‘94(%4%9111 G PIgRRIESSHIE SRR AL 62 dhd A Qi high

pressure length (120,120) approximately midway between the inlet distal end (62,62') and the outlet

distal endiig@upsesyure outletghiglraeRigh 1rd46u e dsatitity( dotalond) (6464 g reasimrernsibiekurface

(68,68, e (NARERTEL 21998808 ALQL TL)faying & @rysaim high pressure coating thickness
(124,144) at the high pressure midpoint (122,142), the hard high pressure coating (101,101") having a

maximum high pressure outlet coating thickness (126 146) at the outlet distal end (64,64"), and the
hard high pressure coating (101,101") having a maximum high pressure inlet coating thickness

(128,148) at the inlet digtatgRaA 18R HANpANG (40) according to claim 1 wherein the minimum low
pressure coating thickness (102,102”) being equal to about 0.33 of either one of the maximum
low pressure outlet thickness (104,104”) at the outlet distal end (64,64) or the maximum low
pressure inlet thickness (106,106°) at the inlet distal end (62,62’); and the minimum high
pressure coating thickness (124,144) being equal to about 0.33 of either one of the maximum
high pressure outlet thickness (126,146) at the outlet distal end (64,64’) or the maximum high
pressure inlet thickness (128,148) at the inlet distal end (62,62”).

12. The closed impeller (40) according to claim 1 wherein the base cover (42)
further including a base exterior surface (46), the second cover (52) having a second interior

surface (54) and a second exterior surface (56).

13. The closed impeller (40) according to claim 1 wherein the minimum low
pressure coating thickness (102,102”) ranges between about 35 micrometers and about 100
micrometers, and the minimum high pressure coating thickness (124,126) ranges between

about 35 micrometers and about 100 micrometers.



the minimum high pressure coating thickness (124,144) ranging between about .085 and about 0.8 of
either one of the maximum high pressure outlet coating thickness (126,146) at the outlet distal end
(64,64") or the maximum high pressure inlet coatingC hickness (128,148) at the inlet distal end (62,62").
16. The coated impeller vane (60,60') according to“Claim 15 wherein the maximum low pressure
coating outlet thickness (104,104") being about equal to the maximum low pressure inlet thickness
(106,106", and the maximum high pressure outlet coating thickness (126,146) being about equal to
the maximum high pressure inlet thickness (128,148). 17. The coated impeller vane (60,60
according to claim 15 wherein the maximum low pressure outlet coating thickness (104,104") is equal
to the maximum high pyessure outlet.coating thickness.(126,146); and.the maximum low pressure inlet
coating thickness (10600 S B A e B e B 55 1),
18. The quatedémpedecosing (b216EYsadOdsdliFg) toirinbds vehertsinttBe maximerricwduabssure
coating inlet thickness (106,106 that is greater than the maximum high € inlet coating
cknass (L0 A A (e T G S e R T 0 that i
greater thentm atainidrmbignptessane dutietl@datingdmetene sbe( iR& D460 high preskBreThe coated
impeller vane. (60 621 ccordin laim 15 wherein the maxjmum low pressure,inlet.cating thickness
(166,106 g B B B o e
maximunmiovopressy peddttenasating thigkpessyitOa]d0dohimpdsdhan sl E2 dkihumghigh pressure
outlet co gp&e%@f%'ﬁ%%?%élrggr%ﬁn@te s and abz%'t-[?g r%?gtedé[fy16peller vane (60,60") according to claim 15
wherein the minimum low pressure coating hickness (rf{)l} S2') ranging between about 0.40 and
about 0.55 of either one of the maximum low pressure outlet coating thickness (104,104 at the outlet
distal end (64,64") or the maximum low pressure inlet coating thickness (106,106') at the inlet distal

end (62,62'); and the minimugg hiah RRSRY R RIEH86S Crdplidtheranging between about 0.40 and

about 0.55 of either one of the maximum high pressure outlet coating thickness (126,146) at the outlet

distal end (64,64") or the,maXNHERRIGH PSS HRA INREEealinguthioiness, (b48,348) at the inlet distall

end (62,62"). 21. The coated impeller vane (60,60") according to claim 15 wherein the minimum

low pressure coating thigkngss 6102, Y2 hesoinghatmgencabrusl.antabes b Hlofigither one of
the maximum low pressure outlet coating thickness (104,104") at the outlet distal end (64,64") or the

maximunT18WPAresdiriate? Yty ahradi@8<01d6,106') at the inlet distal end (62,62'): and the
minimum high pressurrﬁlc?:oatin%é

[ ss (124 142[5ran in .?lietw en g .085 and about 0.20 of
Cither ome o the mairllt WM Boaate BRI AR TR L R8) At (he BOUREALESs ane
(64,64") cidbeurfaxnaabbiphapiessLikey pies onatiagethi CkG3s) (2@ db8hatihe didetldistal end (62,62").
(62,62’) and the outlet distal end (64,64’), and a low pressure midpoint (74,74’) on the low
pressure length (72,72°) approximately midway between the inlet distal end (62,62) and the

outlet distal end (64,64’);

a hard low pressure coating (100,100”) on the low pressure side surface
(66,66’), the hard low pressure coating (100,100’) having a minimum low pressure coating
thickness (102,102”) at the low pressure midpoint (74,74’), the hard low pressure coating
(100,100’) having a maximum low pressure outlet coating thickness (104,104’) at the outlet
distal end (64,64’), and the hard low pressure coating (100,100’) having a maximum low

pressure inlet coating thickness (106,106°) at the inlet distal end (62,62’);

the minimum low pressure coating thickness (102,102”) ranging between
about .085 and about 0.8 of either one of the maximum low pressure outlet coating thickness
(104,104°) at the outlet distal end (64,64’) or the maximum low pressure inlet coating
thickness (106,106°) at the inlet distal end (62,62°);



22. The coated impeller vane (60,60) according to claim 15 wherein the minimum low pressure
coating thickness (102,102") ranges between about 35 micrometers -27- and about 100 micrometers,
and the minimum high pressure coating thickness éjﬁ24,144) ranges between about 35 micrometers
and about 100 micrometers. 23. The coated-impeller vane (60,60 according to claim 15
wherein the maximum low pressure outlet coating thickness (104,104") ranges between about 35
micrometers and about 135 micrometers, the maximum low pressure inlet coating thickness (106,106")

ranges between about 35 micrometers and abqut 135 micrometers, the jraum high pressure outlet
coating thickness (126f 91(%3“?525?69[ %ékﬁ@’é}% 4 §§?‘ﬁ%?c§ﬁﬁl&%%faacﬁo(§oa§%$1% m%gometers, and
the maxifressurigdideressuice (686Nt fhidkinass ¢I28c1483tta(1Q0s] bejweeveabdid idfemictameters
and about 135 micrometers. 24. A pu prising:.a pump housing (22).having an inlet (24)
nd an obS1 A% ona the e ARG i B LA G S35 AP b ool
impeller #Qh poevyarisirggehfae, ctyerp@Eidx hamilg midass indericsnsidacketdd)abeagcopdzover (52);

a vane (61,61") on the base interior surface (44), the vane (61,61") being of a generally arcuate shape
and havir‘(‘}{:]1 an elzn(i%é%‘is 3?%&8{2%?6622)%and an outlet distal end (64,64"); the vane (61,61

having a low pressure side surface (66,66'), the low p ure side surface (66,66 having a low
oressure longth (12,12 BUBEM RS e di S T e B R R R I o o
low presgaBeoRtiid poitafdhizh porstine owatpresbuld (8nphlayin2, 20 sipproxinghtely snidwaptietween the

inlet disuﬂllecrllgle(sfssz('%?l%ﬂsj atp §0 Hﬂg%t f)jriggglllr%nrgié%éigtﬂ' &)1;22,142), the hard high pressure coating
(101,101”) having a maximum high pressure outlet coating thickness (126,146) at the outlet
distal end (64,64°), and the hard high pressure coating (101,101”) having a maximum high
pressure inlet coating thickness (128,148) at the inlet distal end (62,62’); and

the minimum high pressure coating thickness (124,144) ranging between
about .085 and about 0.8 of either one of the maximum high pressure outlet coating thickness
(126,146) at the outlet distal end (64,64°) or the maximum high pressure inlet coating
thickness (128,148) at the inlet distal end (62,62’).

16. The coated impeller vane (60,60’) according to claim 15 wherein the
maximum low pressure coating outlet thickness (104,104’) being about equal to the
maximum low pressure inlet thickness (106,106’), and the maximum high pressure outlet
coating thickness (126,146) being about equal to the maximum high pressure inlet thickness

(128,148).

17. The coated impeller vane (60,60’) according to claim 15 wherein the
maximum low pressure outlet coating thickness (104,104”) is equal to the maximum high
pressure outlet coating thickness (126,146); and the maximum low pressure inlet coating

thickness (106,106’) is equal to the maximum high pressure inlet coating thickness (128,148).

18. The coated impeller vane (60,60’) according to claim 15 wherein the
maximum low pressure coating inlet thickness (106,106’) that is greater than the maximum

high pressure inlet coating thickness (128,148), and the maximum low pressure outlet coating



a hard low pressure coating (100,100") on the low pressure side surface (66,66, the hard low
pressure coating (100,100" having a minimum low pressure coating thickness (102,102") at the low
pressure midpoint (74,74"), the hard low pressure tlng (100,100" having a maximum low pressure
outlet coating thickness (104,104') at the outlet -Z8- dlstal end (64,64"), and the hard low pressure
coating (100,100 having a maximum low pressure inlet coating thickness (106,106") at the inlet distal
end (62, 62') the minimum low pressure coating thickness (102,102") ranging between about
.085 and either one.of the maximum low, pressure outlet coatl thickness cﬁ% ,104") at
tne outlet TS 15 ) BP oA 1B BELBHR TRGEEATHG HIRACEL (F OB TO at e nle
distal enq1(&2 16%); the vane (61,61") having a high pressure side surface (68,68'), the high
pressure side surface (68,68") having a high pressure length (120,140) between the inlet distal end
(62,62") and the outlet distal end (64,64"), and a high pressure midpoint (122,142) on the high pressure
length (120,140) approximately midway between the inlet distal end (62,62") and the outlet distal end
(64,64"; a hardlHigﬁlmee@grbimmﬂngx(m(d@@)’bncﬂﬂedhi@t@pé@smﬂé sitkersurthee (68,68"), the
hard hig e : ' i I (124 144) at
the hlghr%)]r?‘(lagggrglr&eﬁ1 r%’u‘c% olﬁw%‘? é??%ﬂieg%}aﬂ?g tﬂgrc Eggegs]ls%rg c%lg'?lﬁg{ %8[?[191%1% E{avmg ShmaX|mum
high preswseuo@tldt:tmmgtﬁhﬁ@knees(aﬂﬁﬂi&)a)aadmhe oayendigthive po§easatletrapatiaghard high

pressure, ﬁ?&ﬁ@%%% 04 PGy %HM&E&&E&?Q&&J@'S&&&%% (I.E GR §s§128 148) at the

inlet dista 62,62'; and e minimum ssure coating thickness (124,144) ranging
between @B6UtA®85 and about 0.8 of either one of the maximum high pressure outlet coating thickness
(126,146) at the outlet distal end (64,64") or the maximum high pressure inlet coating thickness
(128,148) at the inlet distal end (62,62").

20. The coated impeller vane (60,60’) according to claim 15 wherein the
minimum low pressure coating thickness (102,102) ranging between about 0.40 and about
0.55 of either one of the maximum low pressure outlet coating thickness (104,104°) at the
outlet distal end (64,64’) or the maximum low pressure inlet coating thickness (106,106’) at
the inlet distal end (62,62’); and the minimum high pressure thickness (124,144) ranging
between about 0.40 and about 0.55 of either one of the maximum high pressure outlet coating
thickness (126,146) at the outlet distal end (64,64°) or the maximum high pressure inlet
coating thickness (128,148) at the inlet distal end (62,62).

21. The coated impeller vane (60,60’) according to claim 15 wherein the
minimum low pressure coating thickness (102,102) ranging between about 0.30 and about
0.60 of either one of the maximum low pressure outlet coating thickness (104,104) at the
outlet distal end (64,64’) or the maximum low pressure inlet coating thickness (106,106’) at
the inlet distal end (62,62’); and the minimum high pressure coating thickness (124,144)
ranging between about 0.085 and about 0.20 of either one of the maximum high pressure
outlet coating thickness (126,146) at the outlet distal end (64,64”) or the maximum high
pressure inlet coating thickness (128,148) at the inlet distal end (62,62).

22. The coated impeller vane (60,60’) according to claim 15 wherein the

minimum low pressure coating thickness (102,102”) ranges between about 35 micrometers
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and about 100 micrometers, and the minimum high pressure coating thickness (124,144)

ranges between about 35 micrometers and about 100 micrometers.

23. The coated impeller vane (60,60’) according to claim 15 wherein the
maximum low pressure outlet coating thickness (104,104”) ranges between about 35
micrometers and about 135 micrometers, the maximum low pressure inlet coating thickness
(106,106°) ranges between about 35 micrometers and about 135 micrometers, the maximum
high pressure outlet coating thickness (126,146) ranges between about 35 micrometers and
about 135 micrometers, and the maximum high pressure inlet coating thickness (128,148)

ranges between about 35 micrometers and about 135 micrometers.

24. A pump (20) comprising:
a pump housing (22) having an inlet (24) and an outlet (26);

a closed impeller (40) within the pump housing (22) wherein the closed

impeller (40) comprising:
a base cover (42) having a base interior surface (44);
a second cover (52);

a vane (61,61°) on the base interior surface (44), the vane (61,61’) being of a
generally arcuate shape and having an inlet distal end (62,62°) and an outlet distal end

(64,64");

the vane (61,61°) having a low pressure side surface (66,66), the low pressure
side surface (66,66’) having a low pressure length (72,72) between the inlet distal end
(62,62’) and the outlet distal end (64,64’), and a low pressure midpoint (74,74’) on the low
pressure length (72,72°) approximately midway between the inlet distal end (62,62) and the
outlet distal end (64,64);

a hard low pressure coating (100,100’) on the low pressure side surface
(66,66’), the hard low pressure coating (100,100’) having a minimum low pressure coating
thickness (102,102’) at the low pressure midpoint (74,74”), the hard low pressure coating
(100,100’) having a maximum low pressure outlet coating thickness (104,104”) at the outlet
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distal end (64,64’), and the hard low pressure coating (100,100’) having a maximum low

pressure inlet coating thickness (106,106’) at the inlet distal end (62,62’);

the minimum low pressure coating thickness (102,102’) ranging between
about .085 and about 0.8 of either one of the maximum low pressure outlet coating thickness
(104,104’) at the outlet distal end (64,64’) or the maximum low pressure inlet coating
thickness (106,106’) at the inlet distal end (62,62°);

the vane (61,61°) having a high pressure side surface (68,68’), the high
pressure side surface (68,68’) having a high pressure length (120,140) between the inlet distal
end (62,62°) and the outlet distal end (64,64’), and a high pressure midpoint (122,142) on the
high pressure length (120,140) approximately midway between the inlet distal end (62,62’)
and the outlet distal end (64,64");

a hard high pressure coating (101,101”) on the high pressure side surface
(68,68), the hard high pressure coating (101,101”) having a minimum high pressure coating
thickness (124,144) at the high pressure midpoint (122,142), the hard high pressure coating
(101,101°) having a maximum high pressure outlet coating thickness (126,146) at the outlet
distal end (64,64’), and the hard high pressure coating (101,101”) having a maximum high
pressure inlet coating thickness (128,148) at the inlet distal end (62,62); and

the minimum high pressure coating thickness (124,144) ranging between
about .085 and about 0.8 of either one of the maximum high pressure outlet coating thickness
(126,146) at the outlet distal end (64,64) or the maximum high pressure inlet coating
thickness (128,148) at the inlet distal end (62,62°).



