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. Field of the Invention This invention relates to a rotor
for use in a positive displacenent notor or punp and wherein said rotor is
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CARBIDE OR BORIDE COATED ROTOR FOR A
POSITIVE DISPLACEMENT MOTOR OR PUMP

Field of the Invention

This invention relates to a rotor for use in a
positive displacement motor or pump and wherein said
rotor is coated with a metal carbide and/or metal
boride coating to impart excellent wear-resistance and
corfosion-resistance properties to the rotor when used
in abrasive and/or corrosive environments.

Background of the Invention
A Moineau type positive displacement device can be

used as a motor or pump by designing the rotor and
stator for the device with a particular shape such as a
spiral-helix screw shape to provide a progressive
cavity between the rotor and the stator. When operated
as a pump, the rotor turns within the stator casing
fluid to be moved along the progressive cavity from one
end of the pump to the other. When operated as a
motor, fluid is pumped into the progressive cavity of
the device so that the force of the fluid movement
causes the shaft to rotate within the stator. The
rotational force can then be transmitted through a
connecting rod and drive shaft. Thus the positive
displacement device using a specifically designed rotor
and stator can be used as a motor or pump depending
whether the force of the fluid is pumped through the
motor whereupon it functions as a motor or external
force acts on the rotor and causes the fluid to move so
that it functions as a pump.

In the most basic form of drilling oil and gas
wells, a rig motor supplies power to the many lengths
of pipe comprising the drill string, causing it to
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bori de coBt2ff400 i npart excellent wear-resistance and corrosion-resistance
properties to the rotor when used in abrasive and/or corrosive

envi ronnent s. Background of the Invention A Mbi neau type positive

di spl acenent device can be used as a notor or punp by designing the rotor
and stator for the device with a partlcu#ar shape such as a spiral-helix
screw shape to provide a progressive cavlity between the rotor and the
stator. Wen operated as a punp, the rotor turns within the stator casing
fluid to be noved al ong the progressive cavity fromone end of the punp to
the other. \Wen operated as a notor, fluid is punped into the progressive

cavity of the dﬁ’:’t&ﬁesﬁnahﬁﬁrﬁhﬁhéoﬁfleiné‘hSﬂ:|thtHEVBHEﬁémcéﬁsﬁﬁet he
shaft to rotate within the,stator. _-The.ro ce can_t hen be

(0]
transmitted thr®ey®:a @Bﬁﬂéﬁ?lﬁﬂereﬂléﬁds FFUQ gﬁ%?t henBUrfageposi ti ve
di spl acement devéeseltsi i & gpeatfdeall ygfdepigbtenr ahQrtorsional

stress in the upper portion of the drill string.
Friction between the drill pipe and the side of the
well bore, together with the elastic stretch and twist
in the drill pipe, cause an inconsistent weight to bear
on the bit. This is harmful to the bit and can also
result in metal fatique failure in the drill string.
Therefore, it is often advantageous to utilize a motor
at the bottom of the hole as the motive force for the
drilling bit, eliminating the need to rotate the drill
pipe. This results in reduction of wear on the
equipment, lowering of drilling weight requirements,
simplification of bottom hole drilling assemblies, and
improved cost effectiveness. Directional guidance
control is also possible with such systems. Such a
motor is less costly to run in many cases. A
particular design of motor that is especially well
suited to downhole applications is the positive
displacement motor discussed above in which a screw-
shaped rotor is turned within a stator by a fluid which
is pumped through the motor under pressure. The
rotational force is then transmitted through a
connecting rod and drive shaft to the bit. In motors
of this kind, the rotor is generally made of alloy
steel bar having a central hole for fluid passage and
shaped as a spiral helix and the stator is a length of
tubular steel lined with a molded-in-place elastomer.
The elastomer is formulated to resist abrasion and
deterioration due to hydrocarbons and is shaped as a
spiral cavity, similar to but not identical with, the
spiral shape of the rotor. In addition to having a
basic spiral shape, the rotor may be fluted, with as
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and .stat @2 be used as a nmotor or punp dependi ng whet her the force of
the fluid is punped through the notor whereupon it functions as a notor or
external force acts on the rotor and causes the fluid to nove so that it

functions as a punp. In the nost basic formof drilling oil and gas
wells, arig notor supplies power to tjua many | engths of pipe conprising
the drill string, causing it to -2-

many as 10 or more flutes. The mating stator will then
have as many flutes, plus one. With proper mutual
shaping, the rotor and stator form a continuous seal
along their matching contact lines and also form a
cavity or cavities that progress through the motor from
one end to the other end as the rotor turns. The
efficiency of these motors is highly dependent on
precise dimensional matdhing of the rotor and stator
profiles.

In operation, drilling fluid or "mud" (usually a
mixture of water and/or oil, clay, weighting materials,
and some chemicals formulated to fluidize the cuttings
made by the drilling bit and to contain formation
pressures) is pumped down the length of the motor
between the rotor and the stator, causing the rotor to
turn and drive the bit. The solids content of the
drilling fluid acts to abrade the components of the
positive displacement motor, particularly the rotor,
while the agqueous environment and chemical substances
present often tend to promote corrosion of the rotor.
Wear and corrosion of the rotor tend to destroy the
designed-in seal between rotor and stator and degrade
the performance of the motor to the point that it
becomes necessary to remove it from the hole and rework
or replace it. Rough, angular, or irregular surface
areas that develop on the rotor due to its erosion or
corrosion can abrade or cut the mating elastomer, thus
degrading the motor operation even when the damage to
the rotor is within limits that would be tolerable were
it not for the damage to the stator elastomer. While a
certain amount of replacement is unavoidable and might
have to be done anyhow to change bits to conform to the
properties of the various strata through which the hole
is drilled, premature wear or corrosion entails, in
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rotate ams-dgpgothe drilling bit at the bottomof the hole. Turning the
drill string fromthe surface results in a great deal of friction and
torsional stress in the upper portion of the drill string. Friction between
the drill pipe and the side of the well bore, together with the elastic
stretch and twist in the drill pipe, cause an inconsistent weight to bear
on the bit. This is harnful to the bit= @&d can also result in netal fatigue
failure in the drill string. Therefore, it is often advantageous to utilize
a notor at the bottomof the hole as the notive force for the drilling bit,
elimnating the need to rotate the drill pipe. This results in reduction of
wear on the equ of drd Ili I_r enent,

sinplificati ona@%qﬁgi%:ﬁ%vﬁ“&n 54 9 gra? g%l%ﬁlgggr &%g) ar?ﬂﬁ%/ % ost
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systems. Such g T9h0%strS rlf b nfdtire1yP fridh thd WM L5 Throhe plate
is often applied to the rotor surface to protect it
from abrasion and corrosion, but this is not usually
satisfactory because it does not have adequate abrasion
resistance and because liquid penetration of the chrome
plate permits corrosion of the rotor base material.
Furthermore, it is difficult to obtain a uniform
thickness of chrome plate on the rotor surface because
the complex geometry of the rotor causes non-uniform
electric fields to develop around the rotor during
plating resulting in development of an uneven coating
thickness that distorts the designed precise
geometrical matching of the rotor with the stator and
degrades the efficiency of the motor even when new. In
other attempts to protect the rotor from wear and
corrosion, nickel-based alloys have been applied to the
rotor surfaces by deposition technigques such as plasma
spray or other thermal spray device. Coatings of this
type may be potentially superior in some ways to chrome
plate in erosion and corrosion resistance, but require
densification by fusing, hot isostatic pressing, or
some other thermal method to seal their inherent
porosity so that the rotor substrate is isolated from
the corrosive surroundings. Any heat treatment applied
to the rotors during the processing of the coating can
distort the shape of the rotors with the same resultant
mismatch and efficiency losses mentioned above.

It is an object of the present invention to
provide a coating for a rotor of a positive
displacement motor or pump that has excellent wear and
corrosion resistance characteristics.

This Sheet Has Been Replaced

T



particul @-2Re4Qn of notor that is especially well suited to downhole
applications is the positive displacenent notor discussed above in which a
screw shaped rotor is turned within a stator by a fluid which is punped

t hrough the notor under pressure. The rotational force is then transmtted
through a connecting rod and drive shaftgto the bit. In notors of this
kind, the rotor is generally nmade of aIon steel bar having a central hole
for fluid passage and shaped as a spiral helix and the stator is a length
of tubular steel lined with a nolded-in-place elastoner. The el astoner is
formul ated to resist abrasion and deterioration due to hydrocarbons and is

shaped as a spiral cayiigy, aﬁbﬁﬁéﬁ”oﬁjbétﬂofK%hé(Fiﬁséﬁ& invdntide &iral

shape of the rotor.,ln addlél h VI r?df ba5|t(_: fpéra]dshagt thefrotor

may be fl uted, quy} a meta car 1 or metal 'boride coating for
helical shaped rotors for use in positive displacement
punps or motors.

It is another object of the present invention to
provide a rotor for a positive displacement motor or
pump having an excellent wear-resistance and corrosion-
resistance coating.

It is another object of the present invention to
provide a cost effective coating for rotors that will
extend the useful life of positive displacement devices

using such rotors.

Summary of the Invention
The invention relates to a coated rotor for use in

a positive displacement apparatus selected from the
group consisting of a motor and a pump; said coated
rotor having a coating selected from the group
consisting of metal carbide with a metal or metal alloy
binder, metal boride with a metal or metal alloy binder
and mixed metal carbide and borides with metal or metal
alloy binders thereof; and wherein the coating contains
at least 65 weight percent carbide and boride and has a
hardness of a least 900 HV.3, preferably at least 950
HV.3 and most preferably at least 1000 HV.3. Preferably
the carbide and/or boride should be present in the
coating in an amount greater than 75 weight percent and
more preferably greater than 90 weight percent with the
balance comprising a metal or metal alloy. The
thickness for the coating can vary depending on the
specific coating selected and on the intended use of
the positive displacement apparatus. Generally a
thickness of at least 0.0005 inch would be required

This Sheet Has Been Replaced

i i




many as Do-2ao4wmre flutes. The mating stator will then have as many fl utes,
pl us one. Wth proper nutual shaping, the rotor and stator forma
continuous seal along their matching contact lines and also forma cavity
or cavities that progress through the notor fromone end to the other end
as the rotor turns. The efficiency of these nmotors is highly dependent on
preci se di nensi onal matchi ng of the rét & "and stator profiles. I n
operation, drilling fluid or "mud" (usually a

while a thickness of at least 0.002 inch would be
preferred.

The grain or particle size of the metal or metal
alloy in the coating should preferably be smaller than
the size of particles that are contained in a fluid
that is to be fed through the motor. This will
effectively insure that the metallic phase will not be
eroded and that the carbide and/or boride particles or
grains of the coating will remain in the coating and
not be dislodged by the fluid. Preferably, the average
grain size of the carbide and boride in the coating
should be less than 75 microns, more preferably less
than 50 microns, and most preferably less than 25
microns. Small carbide and/or boride size will prevent
excessive abrasion of the mating polymeric material.

It has been found that the application of specific
corrosion-resistant metal carbide or boride coatings to
the surfaces of the rotors can provide effective
enhancement of the service lifetimes of these motors or
pumps making their utilization much more practical and
cost effective. Suitable coatings for this invention
are tungsten chromium carbide-nickel coatings that have
improved corrosion resistance because of the presence
of both chromium and nickel. A particular tungsten
chromium carbide-nickel coating which contains
chromium-rich particles having at least 3 times more
chromium than tungsten and wherein said chromium-rich
particles comprise at least 4.5 volume percent of the
coating is disclosed in U.S. Patent No. 4,999,255 and
U.S. Patent No. 5,075,129. The disclosures of U.S.
Patent No. 4,999,255 and U.S. Patent No. 5,075,129 are
incorporated herein by reference as if the disclosures
were recited in full text in this specification.
Another particular tungsten chromium carbide~nickel
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m xture ob-2@040 and/or oil, clay, weighting materials, and sone chemicals
formulated to fluidize the cuttings made by the drilling bit and to contain

formati on pressures) is punped down the length of the notor between the

rotor and the stator, causing the rotor to turn and drive the bit. The
solids content of the drilling fluid acts to abrade the conponents of the
positive displacenent notor, particularlg The rotor, while the aqueous

envi ronnment and cheni cal

of the rotor.

designed-in sea

Wear and corrosion of the rotor tend to destroy the

between rotor and stator and degrade the perfornmance of

substances present often tend to pronote corrosion

the motor to thgopeihl kbalukL PRCPAES FRGEAERGY 18 aemBygpbd fhogshe hole
e’it. h, angul ar, or

and rework or

repl ac RO irregul ar sur

ace areas that

u ' s [}
devel op on the ?%F%?tdﬂe-t%rP?%:é?%sWBhCBrdé§F16§¢§nac§Hn§§Faﬂe or cut the
mat i ng el ast omeghrbR¥Emde8rBa89ni BReIVEOLL ORGT 8bhRAIRYAY VBEWebhe damage

to the rotor

damage to O SR Bol Lfh! 2oblRl s BOULEGRE prELAR' S¢VBlSgbteR™t TO7 thE

carbide, between about 14 and about 34 weight percent
chromium carbide, some or all of which carbides may be
in the form of mixed tungsten-chromium carbides, and
between about 4 and about 8 weight percent nickel based
alloy. The disclosure of U.S. Patent No. 3,071,489 is
incorporated herein by reference as if the disclosures
were recited in full text in this specification. '
There are many means known to those skilled in the
art by which a substrate may be coated with a wear-
resistant coating of the kind discussed above. The
most appropriate means for coating rotors of the
complex shape described above is one of the family of
processes known collectively as thermal spray
processes, which includes detonation gun deposition,
oxy-fuel flame spraying, high velocity oxy-fuel
deposition, and plasma spray. It is characteristic of
the coatings deposited by this family of processes that
they contain interconnected porosity that may be fine
or coarse depending on the process and process
parameters used. Any potential internal or interface
corrosion problems caused by the presence of this
porosity can be ameliorated to further enhance the
corrosion protection that the coating provides the
rotor body by impregnating the said porosity with a
corrosion resistant sealant material, commonly an
organic material as, for example, a polymeric material
such as an epoxy that polymerizes in place after being
introduced into the porosity in an unpolymerized state.
Such a corrosion resistant sealant would be desirable
on the surface of a rotor because of the protection it
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certain ab®p0040f replacenent is unavoi dable and m ght have to be done
anyhow to change bits to conformto the properties of the various strata

t hrough which the hole is drilled, premature wear or corrosion entails, in
-4- addition to the cost of reworking or replacing the notor conponents,
t he additional expense of pulling the

provides against liquid corrosion, but cannot be used
on an uncoated rotor because it would almost
immediately be scraped or eroded away. When contained
within the fine interconnected porosity of a high
gquality thermal spray coating, however, the polymeric
sealant is protected from this action by the
surrounding hard coating material. Thus, in addition
to providing wear resistance beyond that of which the
rotor base material is capable of providing and being
in themselves resistant to corrosion, the corrosion and
wear-resistant metal carbide and/or boride coatings of
this invention provide an invaluable support network
for the additional corrosion protection of a polymeric
coating or sealant.

A preferred sealant for use with the coating of
this invention is UCAR 100 sealant which is obtained
from Praxair Surface Technologies, Inc. UCAR is a
trademark of Union Carbide Corporation.

Corrosion or erosion of the rotor is undesirable
in itself because of the geometrical abnormality that
it causes, but it is even more damaging in that
irregular or sharp edges of corroded or eroded areas
can extensively damage the mating elastomeric stator
material by cutting it. The erosion and corrosion
resistant coatings of this invention are intended to
prevent development of such irregular or sharp-edged
areas of damage. However, even the most wear-resistant
coatings finished to the highest degree of smoothness
will wear to some degree and lose their smoothness. It
is characteristic of the metal carbide and metal boride
coatings of the invention that they are composed of
particles of varying degrees of hardness and wear
resistance; such particle-to-particle variation is
effective in being able to resist the mechanical
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drill stmo-xpgrematurely fromthe hole. Chrone plate is often applied to
the rotor surface to protect it fromabrasion and corrosion, but this is

not usually satisfactory because it does not have adequate abrasion
resi stance and because |iquid penetration of the chrome plate permts
corrosion of the rotor base material. Furthernore, it is difficult to

obtain a uniformthickness of chrone pt& € on the rotor surface because the
conpl ex geonetry of the rotor causes non-uniformelectric fields to devel op

around the rotor during plating resulting in devel opnent of an uneven

coating thickness that distorts the designed precise geonetrical matching
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this type may be potentially superjor jn _sone ways to chronme plate in
erosion and cofl@HiRe M stidhds MAVvitaRhg $hat the softer and less

wear-resistant particles of the coating will be eroded
first and that the harder particles will be exposed to
a degree. If the harder particles are large or
angular, they can act as cutting teeth on the mating
stator material and cut it, thus exacerbating the
damage and increasing the overall deleterious effect on
the motor performance. It is highly desirable,
therefore, that the grain size of the particles in the
coating be finely divided to an average size of less
than 75 microns, and preferably less than 50 microns as
stated above.

The preferred coatings of this invention are
tungsten chromium carbide-cobalt coatings containing
2-14 wt % cobalt or cobalt alloy with the balance mixed
or alloyed tungsten chromium carbides, and tungsten
chromium carbide-nickel coating containing between 60
to 80 weight percent of tungsten carbide, between 14
and 34 weight percent chromium carbide and between 4
and 8 weight percent nickel or nickel base alloy.

Brief Description of the Drawing
The sole drawing in the application is a side

cross-sectional view of a single-screw positive
displacement device. This drawing shows a spiral rotor
2 coated with a coating 3 of this invention disposed
within an internal-~helix stator 4 assembled within a
housing 6. Between rotor 2 and stator 4 are
progressive cavities 8. If fluid is forced through the
device in the direction A, the rotor is forced to turn
and the device acts as a motor. Preferably, the rotor
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densi fi cBTP8R48y fusing, hot isostatic pressing, or sone other thermal
method to seal their inherent porosity so that the rotor substrate is

i solated fromthe corrosive surroundings. Any heat treatnent applied to the
rotors during the processing of the coating can distort the shape of the
rotors with the same resultant m smatch and efficiency |osses mentioned
above. It is an object of the present invention to provide a coating
for a rotor of a positive displacenent notor or punp that has excell ent
wear and corrosion resistance characteristics.

will have a central opening when functioning as a
motor. Connected to rotor 2 is a shaft 10 that could
be used to drive a tool bit or the like. If the rotor
is turned by an external drive system rotating the
shaft, fluid is forced through the device in direction
B and it acts as a pump; i.e., as the shaft 10 rotates,
rotor 2 rotates and thereby pumps a fluid to the
progressive cavity 8, whereupon the fluid is extracted
at the end of the rotor 2.

Example 1

In a flow test that simulated the operation of a
positive displacement motor, a helical spiral rotor was
coated with chromium electroplate of the quality
normally used on rotors and pressurized at 50 psi with
a flowing solution of 300,000 parts per million (ppm)
of calcium chloride for 30 hours. The rotor was
examined and revealed severe corrosion. The corrosion
pattern, which started as small pits, appeared to be
similar to the corrosion pattern exhibited by chrome
plated rotors that had been employed in actual drilling
operations. A tungsten chromium carbide-nickel coating
containing about 24 weight percent chromium carbide,
and about 8 weight percent nickel-based alloy with the
balance tungsten carbide, in which the coating
particles were finely divided to an average size of 50
microns or less, was deposited on an identical rotor.
The rotor was pressurized at 50 psi with a flowing
solution of 100,000 ppm of calcium chloride for 200
hours and then for an additional 200 hours with a
flowing solution of 300,000 ppm calcium chloride on a
schedule that incorporated a still additional 400 hours
of contact with the calcium chloride solution without
flow. The rotor was examined and showed no visible
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It (s an@g-4poosdj ect of the present invention to provide a netal carbide
‘and/ or netal boride coating for helical shaped rotors for use in positive
di spl acenent punps or notors. It is another object of the present

i nvention to provide a rotor for a positive displacenent notor or punp
havi ng an excel |l ent wear-resi stance and corrosion- resistance coating.

It is another object of the present imvéation to provide a cost effective
coating for rotors that will extend the useful |ife of positive

di spl acenent devi ces using such rotors. Summary of the Invention

degradation. The rotor did pick up a small amount of
elastomer from the mating stator, but this was easily
removed and did not degrade the performance of the
motor.

Example 2
Rotating beam fatigue tests as described on pages

369 of volume 8 of the ninth edition of Metals
Handbook, published by ASM International, Metals Park,
OH, 1985, were conducted with sample pieces immersed in
a solution containing 300,000 ppm calcium chloride.

The test pieces had a tungsten carbide-cobalt-chromium
coating containing about 83 weight percent tungsten
carbide, about 4 weight percent chromium and the
balance cobalt-based alloy deposited on a substrate of
AISI type 4140 steel of hardness 34 HRC. The coated
specimens survived more than 6,000,000 cycles in an
alternating stress test with a 50,000 psi maximum
stress. Uncoated AISI type 4140 steel of similar
hardness failed in less than 2,000,000 cycles even when
the calcium chloride concentration was reduced to 300

prpn.

Example 3
A rotating beam fatigue test was conducted with

samples immersed in a solution containing 300,000 ppm
calcium chloride as described in Example 2, for a
target of 6,000,000 cycles. The test samples consisted
of a substrate of AISI type 4140 steel having a
hardness of 34 HRC coated with a tungsten chromium
carbide-nickel coating containing about 24 weight
percent chromium carbide, and about 7 weight percent
nickel~-based alloy with the balance tungsten carbide.
The coated samples survived more than 6,000,000 cycles
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The .i nver®T2004@| ates to a coated rotor for use in a positive displacenent
apparatus selected fromthe group consisting of a notor and a punp; said
coated rotor having a coating selected fromthe group consisting of netal
carbide with a netal or netal alloy binder, netal boride with a netal or
metal alloy binder and m xed net al caLbége_and borides with netal or netal
all oy binders thereof; and wherein the ating contains at |east 65 weight
percent carbide and boride and has a hardness of a | east 900 HV. 3,
preferably at |east 950 HV.3 and nost preferably at |east 1000 HV. 3.
Preferably the carbide and/or boride should be present in the coating in an

amount greater e ety sﬁﬁ‘wﬁﬁi&d %Eké%rprﬁ chﬂb'd’ocgrcﬁﬂif&s than 90
wei ght percent with the balance coqa S|ng a tal alloy. The

t hi ckness for t %*ﬂ?%ﬁﬁa FNANeSRi i ng

sel ected and orgdileed rﬁt:enrm uaeamfz ,tdmo,m'mo teyel 6B spleacamen ppar at us.

Generally a thi cklne.ss thlaorl aséor?ceonoé)éaéf&rp \x\rl\é)smxde ucech'y' r3e(90 ppm.

Exanple 4
A 6 inch diameter rotor was coated over 128 inches

of its length with a 0.006 to .00 inch coating of a
tungsten chromium carbide-nickel coating containing
about 24 weight percent chromium carbide, and about 7
weight percent nickel based alloy with the balance
tungsten carbide. The coating was sealed with an epoxy
sealant of UCAR~100, and finished by belt sanding. The
rotor was installed in a motor and used in an actual
oil drilling operation. After running for 105 hours in
a K-Mg-Cl drilling fluid, the surface of the rotor was
in pristine condition with no sign of corrosion of the
coating or the underlying steel rotor body. The
thickness of the coating had been reduced by .0015
t0.0020 inch and the internal diameter of the mating
stator had increased by about only .015 inch. By
contrast, a conventional chrome plated rotor lasted
only 18 hours in the same service before it had to be
replaced because it was deeply corroded.

Example 5
A rotor similar to that in Example 4, but with a

tungsten chromium carbide-cobalt coating containing
about 13 weight percent cobalt, 4 weight percent
chromium, 5 weight percent carbon, and the balance
tungsten, was also tested in an actual o0il drilling
operating under the same conditions as in Example 4.
After running for a total of 350 hours, pitting of the
surface of the coating was observed. Nonetheless, the
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while a thb+gboges of at |east 0.002 inch would be preferred. The grain
or particle size of the netal or netal alloy in the coating should
preferably be smaller than the size of particles that are contained in a
fluid that is to be fed through the notor. This wll

- 13 -

life of the rotor was much longer than the conventional
chrome plated rotor (typically 18 hours in the same
service).

It will be understood that various changes in the
details, materials and arrangements of parts which have
been described herein may be made by those skilled in
the art within the principle and scope of the invention
as expressed in the claims.
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ef fectiveby200d0re that the netallic phase will not be eroded and that the
carbi de and/or boride particles or grains of the coating wll remain in the
coating and not be dislodged by the fluid. Preferably, the average grain

size of the carbide and boride in the coating should be |es
m crons, nore preferably less than 50 m crons, and nost preﬁwmmummsw”“m
than 25 nicrons. Small carbide and/or ¥4 de size will prevent excesdivé *
abrasion of the mating polyneric material. It has been found that the

application of specific corrosion-resistant nmetal carbide or boride
coatings to the surfaces of the rotors can provide effective enhancenent of

t he service Iifﬁ%igfs oLathegg notors or punps making their utilization
much nore pract ffective. Suitable coatings for this
i nvention are tungsten chrom um car bi de-ni ckel coatings that have inproved

corrosion resistancelbecaxsgoggeghgogggsngeugg Qgtgmﬁgggggyg1and ni ckel . A
| e I C

particul ar tungsten chrom um carbi de-nic coating cont ai ns
chrom umrich paispPipesnenti Agraratugseedectadsfrpmethe group

consisting of a motor and a pump; said coated rotor
having a coating selected from the group consisting of
a metal carbide with a metal or metal alloy, a metal
boride with a metal or metal alloy and mixtures
thereof; and wherein the coating contains at least 65
weight per cent metal carbide for the metal carbide
coating and 65 weight percent metal boride for the
metal boride coating and said coating has a hardness of
at least 900 HV.3.

2. The coated rotor of claim 1 wherein the
coating is selected from the group consisting of a
tungsten, chromium carbide-cobalt or cobalt alloy
coating and a tungsten, chromium carbide-nickel or
nickel alloy coating.

3. The coated rotor of claim 2 wherein the grain
size of the metal carbide is less than 75 microns and
the grain size of the metal or metal alloy is less than
75.

4. A positive displacement motor containing the
coated rotor of claim 1.

5. A positive displacement pump containing the
coated rotor of claim 1.
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tchnoniun?fﬁgﬂ49ungsten and wherein said chromumrich particles conprise at
least 4.5 volune percent of the coating is disclosed in U S. Patent No.
4,999, 255 and U.S. Patent No. 5,075,129. The disclosures of U S. Patent
No. 4,999,255 and U. S. Patent No. 5,075,129 are incorporated herein by
reference as if the disclosures were+ested in full text in this

speci fication. Another particular tungsten chrom um car bi de-ni ckel

-7-

CARBIDE OR BORIDE COATED ROTOR FOR A
POSITIVE DISPLACEMENT MOTOR OR PUMP

Abstract
A rotor for a positive displacement motor or pump
in which the rotor is coated with a metal carbide and
metal alloy coating or a metal boride and metal alloy
coating to impart excellent wear-resistance and
corrosion-resistance properties to the rotor when used
in abrasive and/or corrosion resistance environments.

Sheet Has Been Replaced

o



&

coating for use in this invention is described in U S Patent No. 3,071,489
whi ch di scl oses a tungsten, chrom um car bi de-ni ckel coating containing

bet ween about 60 and about 80 wei ght percent of tungsten carbide, between
about 14 and about 34 wei ght percent chrom um carbide, some or all of which
carbides may be in the formof m xed tungsten-chrom um car bi des, and

bet ween about 4 and about 8 wei ght percent nickel based alloy. The

di sclosure of U S. Patent No. 3,071,489 is incorporated herein by reference
as if the disclosures were recited in full text in this specification.
There are many neans known to those skilled in the art by which a substrate
may be coated with a wear- resistant coat ifng of the kind di scussed above.
The nost appropriate neans for coating rotjors of the conpl ex shape

descri bed above is one of the famly prjocesses known col |l ectively as
thermal spray processes, whi chppehide nation gun deposition,

This Sheet Has Been Replaced

| |

Il



Renti-§ e

oxy-fuel flane spraying, high velocity oxy-fuel deposition, and plasma
spray. It is characteristic of the coatings deposited by this famly of,
processes that they contain interconnected pordsity that may be fine or.
coarse depending on the process and process paraneters used. Ahy potent] al
intern?J or interface @orrosion_probLgnf caused by the presenck of this
porosity can be aneliorated to further 'enhancevthe corrosion ptfotection
that the coating proviges the rotor body by inpregnating the said porosity
with a’corrosion resistant sealant material, commonly an or gani@:iftat eri al
as, for exanple, a polyneric material such as an epoxy that polynerizes in

place after being introdprBEDENDR BORIPE' COATED ROIORIFOR WEri zed state.
Such a corrosion resist POSEENERIMISFLACENENT a40TOR| @R OPUMPe surface of a
rotor because of the protection it

Field of the Invention

This invention relates to a rotor for use in a
positive displacement motor or pump and wherein said
rotor is coated with a metal carbide and/or metal
boride coating to impart excellent wear-resistance and
corrosion-resistance properties to the rotor when used
in abrasive and/or corrosive environments.

Background of the Invention
A Moineau type positive displacement device can be
used as a motor or pump by designing the rotor and
stator for the device with a particular shape such as a
spiral-helix screw shape to provide a progressive
cavity between the rotor and the stator. When operated
as a pump, the rotor turns within the stator casing
fluid to be moved along the progressive cavity from one
end of the pump to the other. When operated as a
motor, fluid is pumped into the progressive cavity of
the device so that the force of the fluid movement
causes the shaft to rotate within the stator. The
rotational force can then be transmitted through a
connecting rod and drive shaft. Thus the positive
displacement device using a specifically designed rotor
and stator can be used as a motor or pump depending
whether the force of the fluid is pumped through the
motor whereupon it functions as a motor or external
force acts on the rotor and causes the fluid to move so
that it functions as a pump.

A

In the most basic form of drilling oil*and gas
wells, a rig motor supplies power to the many lengths
of pipe comprising the drill string, causing it to

REPLACEN
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r ot or

provi des against liquid corrosion, but canndt: +be  used on an uncoat ed

s

because it woul d al npost |nned|ately be scraped Qm;erodedgamay ‘When

contained within the fine interconnected porosity af la hlgﬂ}quallt thernal

spray coating,
by the surroundi ng har d coating matertal.~Thus, inladdition to proylﬁlng
resi stance beyond that of which the rotor base naterlal 'S Capa

wear

however, the polyneric sealant is protecié W 098G hifs laction

| e of

provi ding and being in thensel ves resistant to corrlosion, the corrosijon and

rotate and turn the drilling bit at the bottom of the
hole. Turning the drill string from the surface
results in a great deal of friction and torsional
stress in the upper portion of the drill string.
Friction between the drill pipe and the side of the
well bore, together with the elastic stretch and twist
in the drill pipe, cause an inconsistent weight to bear
on the bit. This is harmful to the bit and can also
result in metal fatigue failure in the drill string.
Therefore, it is often advantageous to utilize a motor
at the bottom of the hole as the motive force for the
drilling bit, eliminating the need to rotate the drill
pipe. This results in reduction of wear on the
equipment, lowering of drilling weight requirements,
simplification of bottom hole drilling assemblies, and
improved cost effectiveness. Directional guidance
control is alsoc possible with such systems. Such a
motor is less costly to run in many cases. A
particular design of motor that is especially well
suited to downhole applications is the positive
displacement motor discussed above in which a screw-
shaped rotor is turned within a stator by a fluid which
is pumped through the motor under pressure. The
rotational force is then transmitted through a
connecting rod and drive shaft to the bit. In motors
of this kind, the rotor is generally made of alloy
steel bar having a central hole for fluid passage and
shaped as a spiral helix and the stator is a length of
tubular steel lined with a molded-in-place elastomer.
The elastomer is formulated to resist abrasion and
deterioration due to hydrocarbons and is shaped as a
spiral cavity, similar to but not identical with, the
spiral shapefof the rotor. In addition to having a
basic spiral shape, the rotor may be fluted, with as



wear -resi stant netal carbide and/or boride coatings of this Jnventlan
provi de an inval uabl e support network for the addlnlﬁnpk'cor 1 j
protection of a polyneric coating or seal ant. lA prefefred sealant for
use with the coating of this invention is UCAR 100 sealgen Mahich s
obtained from Praxair Surface TechnolegBes, Inc. a‘tTadenark  of

Uni on Car bi de Cor porati on. Corrosion or erosiq ;of the._rotor .is:
undesirable in itself because of the geonetrical abmornallty that it |

causes, but it is even nore dammging in that irregul-ar—er-- sharp-edges of
corroded or eroded areas can extensively danmage the mating el astoneric

st at or natenzﬂaQX/ﬁﬁﬂ%qrﬂF|¥°quE;%ﬁ%§1odm&%dm%5+?%s§55tg€s iathEBatings
of this inventizife als narienfbotés, ppEvendndevew bpwept opér smobualregul ar or

shar p- edged ar as Qf d weve t st coati ngs
finished to t ﬁgggdﬁoéﬁ5fa %n%?%ﬁgg Pﬁf?law%§$€§3u§§%e£§€%ree and
Iosa their snmitdnge@eilt natchimgotentact clfies handeadsocfiobinda and net al
bori de cavity or cavities that progress through the motor from

one end to the other end as the rotor turns. The
efficiency of these motors is highly dependent on
precise dimensional matching of the rotor and stator
profiles.

In operation, drilling fluid or "mud" (usually a
mixture of water and/or oil, clay, weighting materials,
and some chemicals formulated to fluidize the cuttings
made by the drilling bit and to contain formation
pressures) is pumped down the length of the motor
between the rotor and the stator, causing the rotor to
turn and drive the bit. The solids content of the
drilling fluid acts to abrade the components of the
positive displacement motor, particularly the rotor,
while the aqueous environment and chemical substances
present often tend to promote corrosion of the rotor.
Wear and corrosion of the rotor tend to destroy the
designed-in seal between rotor and stator and degrade
the performance of the motor to the point that it
becomes necessary to remove it from the hole and rework
or replace it. Rough, angular, or irregular surface
areas that develop on the rotor due to its erosion or
corrosion can abrade or cut the mating elastomer, thus
degrading the motor operation even when the damage to
the rotor is within limits that would be tolerable were
it not for the damage to the stator elastomer. While a
certain amount of replacement is unavoidable and might
have to be done anyhow to change bits to conform to the
properties of the various strata through which the hole
is drilled, premature wear or corrosion entails, in



coatings of the invention that they are conposed [__partlcles of.. varylng
degrees of hardness and wear resistance; such part Le- raﬁpartlcle
variation is effective in being able to resi st t he neéhanlcal .
-9- stresses they are exposed to by virtue of thelr belng gxtached to
the surface of the rapidly turning ratof.. 27 MO g

addition to the cost of reworking or replacing the
motor components, the additional expense of pulling the
drill string prematurely from the hole. Chrome plate
is often applied to the rotor surface to protect it
from abrasion and corrosion, but this is not usually
satisfactory because it does not have adegquate abrasion
resistance and because liquid penetration of the chrome
plate permits corrosion of the rotor base material.
Furthermore, it is difficult to obtain a uniform
thickness of chrome plate on the rotor surface because
the complex geometry of the rotor causes non-uniform
electric fields to develop around the rotor during
plating resulting in development of an uneven coating
thickness that distorts the designed precise
geometrical matching of the rotor with the stator and
degrades the efficiency of the motor even when new. 1In
other attempts to protect the rotor from wear and
corrosion, nickel-based alloys have been applied to the
rotor surfaces by deposition techniques such as plasma
spray or other thermal spray device. Coatings of this
type may be potentially superior in some ways to chrome
plate in erosion and corrosion resistance, but require
densification by fusing, hot isostatic pressing, or
some other thermal method to seal their inherent
porosity so that the rotor substrate is isolated from
the corrosive surroundings. Any heat treatment applied
to the rotors during the processing of the coating can
distort the shape of the rotors with the same resultant
mismatch and efficiency losses mentioned above.

It is an object of the present invention to
provide a coating for a rotor of a positive
displacement motor or pump that has excellent wear and
corrosion resistance characteristics.



As the surface of the coating is slowy eroded by the flowi.ng mud, it is
i nevitable that the softer and | ess mear-resistqp

7pdrticlesof the coating
will be eroded first and that the harder particles-wll be exposed to a
degree. If the harder particles are |arge or anguia&wyﬁh?ym§§n§adt as
cutting teeth on the mating stator matebial and| clut <t hﬂs“eﬁaderbating
the damage and increasing the overall deleteriobsieffect. on-the notor
performance. It is highly desirable, therefore,{that the grain size of the
particles in the coating be finely divided to ah~ave%agewskzemcf“less t han
75 mcrons, and preferably less thapn 50 nmicrons as stated above. The
preferred coatings b¥ %ﬁi%n?FQEEt?gﬁeﬁFe°FuﬁB§tBﬁeﬁﬁPgn?UHFEEFBPdEPCobalt

coatings cont gprovide-dimetalo cabhidiecandpbrl methlloporite tbathabafioe m xed

or alloyed tu h ] Lde t ung A, L ofl Lde- ni cke
coating contaﬁﬁ?%gg%gt%§€%g§5§$%g%g ﬁgfgﬁgepQECQ%FQSFO%uﬁégg%%gég?g?de,
bet ween 14 andP@HPSEPYHROBRYBent chroni um car bi de and bet ween 4

It is another object of the present invention to

provide a rotor for a positive displacement motor or
pump having an excellent wear-resistance and corrosion-
resistance coating.

It is another object of the present invention to
provide a cost effective coating for rotors that will
extend the useful life of positive displacement devices
using such rotors.

Summary of the Invention

The invention relates to a coated rotor for use in
a positive displacement apparatus selected from the
group consisting of a motor and a pump; said coated
rotor having a coating selected from the group
consisting of metal carbide with a metal or metal alloy
binder, metal boride with a metal or metal alloy binder
and mixed metal carbide and borides with metal or metal
alloy binders thereof; and wherein the coating contains
at least 65 weight percent carbide and boride and has a
hardness of a least 900 HV.3, preferably at least 950
HV.3 and most preferably at least 1000 HV.3. Preferably
the carbide and/or boride should be present in the
coating in an amount greater than 75 weight percent and
more preferably greater than 90 weight percent with the
balance comprising a metal or metal alloy. The
thickness for the coating can vary depending on the
specific coating selected and on the intended use of
the positive displacement apparatus. Generally a
thickness of at least 0.0005 inch would be required



and 8 wei ght percent nickel or nickel base all oy. Brref Eescrlptlon of
the Draw ng The sole drawing in the appllcatqoq i's a-side”
cross-sectional view of a single-screw positive dijspl acg |qe| Thi s
drawi ng shows a spiral rotor 2 coated with a coatvn 3?6?E$% 2%1nge tlon
di sposed within an internal-helix statog 4 assenbled wthin.
Between rotor 2 and stator 4 are progressive cavit s 5 8. If fluid i forced
t hrough the device in the direction A the rotor i LDLGed—{ﬁ'fﬂTﬁ"and t he
device acts as a notor. Preferably, the rotor

while a thickness of at least 0.002 inch would be

preferred.

The grain or particle size of the metal or metal
alloy in the coating should preferably be smaller than
the size of particles that are contained in a fluid
that is to be fed through the motor. This will
effectively insure that the metallic phase will not be
eroded and that the carbide and/or boride particles or
grains of the coating will remain in the coating and
not be dislodged by the fluid. Preferably, the average
grain size of the carbide and boride in the coating
should be less than 75 microns, more preferably less
than 50 microns, and most preferably less than 25
microns. Small carbide and/or boride size will prevent
excessive abrasion of the mating polymeric material.

It has been found that the application of specific
corrosion-resistant metal carbide or boride coatings to
the surfaces of the rotors can provide effective
enhancement of the service lifetimes of these motors or
pumps making their utilization much more practical and
cost effective. Suitable coatings for this invention
are tungsten chromium carbide-nickel coatings that have
improved corrosion resistance because of the presence
of both chromium and nickel. A particular tungsten
chromium carbide-nickel coating which contains
chromium-rich particles having at least 3 times more
chromium than tungsten and wherein said chromium-rich
particles comprise at least 4.5 volume percent of the
coating is disclosed in U.S. Patent No. 4,999,255 and
U.S. Patent No. 5,075,129. The disclosures of U.S.

Patent No. 4,999,255 and U.S. Patent No. 5,075,129 are
incorporated herein by reference as if the disclosures
were recited in full text in this specification.
Another particular tungsten chromium carbide-nickel



- 10 - will have a central opening when functioning as.a.motor.
Connected to rotor 2 is a shaft 10 that could be-used:to-drivg @ tool bit

or the like. If the rotor is turned by an exteﬂhahwdrFVewSystéﬁ1iotating

the shaft, fluid is forced through the device ijnidirectipn.B a?déit acts as
a punp; i.e., as the shaft 10 rotatesy Totor 2irqta’%éé"--éhd"'-’tjhege y punps a
fluid to the progressive cavity 8, whereupon the fluid is_ extracted at the
end of the rotor 2. Exanpl e 1 i

coating for use in this invention is described in U.S.
Patent No. 3,071,489 which discloses a tungsten,
chromium carbide-nickel coating containing between
about 60 and about 80 weight percent of tungsten
carbide, between about 14 and about 34 weight percent
chromium carbide, some or all of which carbides may be
in the form of mixed tungsten~chromium carbides, and
between about 4 and about 8 weight percent nickel based
alloy. The disclosure of U.S. Patent No. 3,071,489 is
incorporated herein by reference as if the disclosures
were recited in full text in this specification. '
There are many means known to those skilled in the
art by which a substrate may be coated with a wear-
resistant coating of the kind discussed above. The
most appropriate means for coating rotors of the
complex shape described above is one of the family of
processes known collectively as thermal spray
processes, which includes detonation gun deposition,
oxy~-fuel flame spraying, high velocity oxy-fuel
deposition, and plasma spray. It is characteristic of
the coatings deposited by this family of processes that
they contain interconnected porosity that may be fine
or coarse depending on the process and process
parameters used. Any potential internal or interface
corrosion problems caused by the presence of this
porosity can be ameliorated to further enhance the
corrosion protection that the coating provides the
rotor body by impregnating the said porosity with a
corrosion resistant sealant material, commonly an
organic material as, for example, a polymeric material
such as an epoxy that polymerizes in place after being
introduced into the porosity in an unpolymerized state.
Such a corrosion resistant sealant would be desirable
on the surface of a rotor because of the protection it



In a flow test that sinulated the operation of a.positi-ve di-splacenent
nmotor, a helical spiral rotor was coated wth chropi Umelectiopl-aie of the
quality normally used on rotors and pressurizediat 50 psi " with a | owi ng
sol ution of 300,000 parts per million (ppm of daliciym.gh} erigdefor 30

hours. The rotor was exam ned and revealgd-sevedeicorroéion. The ¢orrosion
pattern, which started as small pits, appeared tlo be.si-m--ar-to-the

corrosion pattern exhibited by chrome plated rotprs that had been enpl oyed
in actual drilling operations. A tungsten chron wm-carbi-de-ni€kel coating
cont ai ni ng about 24 wei ght percent chrom um carbi de, and about 8 wei ght
percent nickel -peceiides| agamnsh Lhgubdl anrrosiagst butcarbhag, benuakdch t he

coating pariiclés dRMenbonebd fotbricHebaudl FLeU8Egashifiogt SO mcrons of

| ess, was deposi|t on an 1dentical rotor. e rotor was pressurized at 50
psi with a flowiRgedbrteiynbef SepaPe8oCEpRT 8Redap¥RYm cHPER §entainsdo
hours and then ¢9tntn €Ndi fineaint8PcbAHestvat pookliey Bg aohdghon of

300, 000 pp”‘CaJ&&Qfl&?'QﬁégﬁaQ“sﬁray coating, however, the polymeric
sealant is protected from this action by the
surrounding hard coating material. Thus, in addition
to providing wear resistance beyond that of which the
rotor base material is capable of providing and being
in themselves resistant to corrosion, the corrosion and
wear~-resistant metal carbide and/or boride coatings of
this invention provide an invaluable support network
for the additional corrosion protection of a polymeric
coating or sealant.

A preferred sealant for use with the coating of
this invention is UCAR 100 sealant which is obtained
from Praxair Surface Technologies, Inc. UCAR is a
trademark of Union Carbide Corporation.

Corrosion or erosion of the rotor is undesirable
in itself because of the geometrical abnormality that
it causes, but it is even more damaging in that
irregular or sharp edges of corroded or eroded areas
can extensively damage the mating elastomeric stator
material by cutting it. The erosion and corrosion
resistant coatings of this invention are intended to
prevent development of such irregular or sharp-edged
areas of damage. However, even the most wear-resistant
coatings finished to the highest degree of smoothness
will wear to some degree and lose their smoothness. It
is characteristic of the metal carbide and metal boride
coatings of the invention that they are composed of
particles of varying degrees of hardness and wear
resistance; such particle-to-particle variation is
effective in being able to resist the mechanical



schedul e that incorporated a still additional 400Yheurs ofmcontact=W th the
calciumchloride solution without flow The rotor was: exanlned and $homed

no visible degradation. The rotor did pick" up a snall anount
of elastomer fromthe mating stator, but this was ﬁa3|tw M 1064 ;;

|
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stresses they are exposed to by virtue of their being
attached to the surface of the rapidly turning rotor.
As the surface of the coating is slowly eroded by the
flowing mud, it is inevitable that the softer and less
wear-resistant particles of the coating will be eroded
first and that the harder particles will be exposed to
a degree. If the harder particles are large or
angular, they can act as cutting teeth on the mating
stator material and cut it, thus exacerbating the
damage and increasing the overall deleterious effect on
the motor performance. It is highly desirable,
therefore, that the grain size of the particles in the
coating be finely divided to an average size of less
than 75 microns, and preferably less than 50 microns as
stated above.

The preferred coatings of this invention are
tungsten chromium carbide~cobalt coatings containing
2~14 wt % cobalt or cobalt alloy with the balance mixed
or alloyed tungsten chromium carbides, and tungsten
chromium carbide-nickel coating containing between 60
to 80 weight percent of tungsten carbide, between 14
and 34 weight percent chromium carbide and between 4
and 8 weight percent nickel or nickel base alloy.

Brief Description of the Drawing

The sole drawing in the application is a side
cross-sectional view of a single-screw positive
displacement device. This drawing shows a spiral rotor
2 coated with a coating 3 of this invention disposed
within an internal-helix stator 4 assembled within a
housing 6. Between rotor 2 and stator 4 are
progressive cavities 8. If fluid is forced through the
device in the direction A, the rotor is forced to turn
and the device acts as a motor. Preferably, the rotor



renoved and did not degrade the performance of the notor.

Exampl e 2 Rot ati ng beam fati gue tests as daﬁcrlbed -on-, page&
volune 8 of the ninth edition of Metals andboo<}, leshed by A
International, Metals Park, OH 1985, were conducted with sanp
i mmersed in a solution containing 300 Q0® pm cal i @nd ¥8VoPde. |

ating containinb

pi eces had a tungsten carbi de-cobalt-chrom umc

wei ght percent tungsten carbide, about 4 weight{péercéent chrom um
bal ance cobal t-based alloy deposited on a substiate of Al Sl

369 of
M
pi eces

The test

about 83
and t he

140 st eel

of hardness 34 HRC. The coated speci nmens survived nore than 6 000 000
cycles in an a¥iblnbavegaseentsalcqpening whep 6BDCEIPNARTi Afnfst r ess.

Uncoat ed Al SI ﬁd@@r414@oﬁheete@ft6|ﬂb{:af bajgnasshhst! 20 | Rhhesgouhan

2,000,000 cyclgs gveg pheR10g §aLELYTLER! 8L IReCITREN T 2 Ble"E8ebgTuced

to 300

is turned by an external drive system rotating the

shaft, fluid is forced through the device in direction
B and it acts as a pump; i.e., as the shaft 10 rotates,

rotor 2 rotates and thereby pumps a fluid to the

progressive cavity 8, whereupon the fluid is extracted

at the end of the rotor 2.

Example 1

In a flow test that simulated the operation of a

positive displacement motor, a helical spiral rotor was

coated with chromium electroplate of the quality

normally used on rotors and pressurized at 50 psi with

a flowing solution of 300,000 parts per million (ppm)

of calcium chloride for 30 hours. The rotor was

examined and revealed severe corrosion. The corrosion

pattern, which started as small pits, appeared to be

similar to the corrosion pattern exhibited by chrome

plated rotors that had been employed in actual drilling

operations. A tungsten chromium carbide-nickel coating

containing about 24 weight percent chromium carbide,

and about 8 weight percent nickel-based alloy with the

balance tungsten carbide, in which the coating

particles were finely divided to an average size of S50

microns or less, was deposited on an identical rotor.

The rotor was pressurized at 50 psi with a flowing
solution of 100,000 ppm of calcium chloride for 200
hours and then for an additional 200 hours with a

flowing solution of 300,000 ppm calcium chloride on a
schedule that incorporated a still additional 400 hours
of contact with the calcium chloride solution without

flow. The rotor was examined and showed no visible



ppm Exanpl e 3 A|%ﬁf&+ﬂg “beam:f-ati-gue test
was conducted with sanples imersed in a solution nfalnl. G0y OOQ ppm
calciumchloride as described in Exanple 2, for a target of "6, 000,:000
cycles. The test sanples consisted of a substrate of ALy ityper4140 st eel
havi ng a hardness of 34 HRC coated w thi3 Lungsten-chron1un1carb|deﬂn|cke
coati ng containing about 24 wei ght percent chron1un1earbide -and—abqut 7
wei ght percent nickel -based alloy with the balance;tungsten car bi de.! The
coat ed sanpl es survived nore than 6,000, 000 cycl es

degradation. The rotor did pick up a small amount of
elastomer from the mating stator, but this was easily
removed and did not degrade the performance of the
motor.

Example 2

Rotating beam fatigue tests as described on pages
369 of volume 8 of the ninth edition of Metals
Handbook, published by ASM International, Metals Park,
OH, 1985, were conducted with sample pieces immersed in
a solution containing 300,000 ppm calcium chloride.
The test pieces had a tungsten carbide-cobalt-chromium
coating containing about 83 weight percent tungsten
carbide, about 4 weight percent chromium and the
balance cobalt-based alloy deposited on a substrate of
AISI type 4140 steel of hardness 34 HRC. The coated
specimens survived more than 6,000,000 cycles in an
alternating stress test with a 50,000 psi maximum
stress. Uncoated AISI type 4140 steel of similar
hardness failed in less than 2,000,000 cycles even when
the calcium chloride concentration was reduced to 300

ppm.

Example 3
A rotating beam fatigue test was conducted with

samples immersed in a solution containing 300,000 ppm
calcium chloride as described in Example 2, for a
target of 6,000,000 cycles. The test samples consisted
of a substrate of AISI type 4140 steel having a
hardness of 34 HRC coated with a tungsten chromium
carbide-nickel coating containing about 24 weight
percent chromium carbide, and about 7 weight percent
nickel-based alloy with the balance tungsten carbide.
The coated samples survived more than 6,000,000 cycles



- 12 - and one sanpl e survived nore than 12, 06f;600-cyclessjUhcpat ed
Al SI type 4140 steel of similar hardness failed i'n'l€ss than-2-000; 000

cycl es even when the cal cium chl ori de concentratﬂod was re g&gd t0:300 ppm

Exanpl e 4 A 6 inch dianeter rotor was coated QVe?f128 i'nches of its
length with a 0.006 to .009 inch coat+img ef a tungsten chromum_ ; j

car bi de-ni ckel coating containing about 24 wei ght) percent chrom umjcar bi de,
and about 7 wei ght percent nickel based alloy wi tih -the bal-ance-t-ungsten
carbide. The coating was sealed with an epoxy

and one sample survived more than 12,000,000 cycles.
Uncoated AISI type 4140 steel of similar hardness
failed in less than 2,000,000 cycles even when the
calcium chloride concentration was reduced to 300 ppm.

Example 4
A 6 inch diameter rotor was coated over 128 inches

of its length with a 0.006 to .009 inch coating of a
tungsten chromium carbide-nickel coating containing
about 24 weight percent chromium carbide, and about 7
weight percent nickel based alloy with the balance
tungsten carbide. The coating was sealed with an epoxy
sealant of UCAR-100, and finished by belt sanding. The
rotor was installed in a motor and used in an actual
oil drilling operation. After running for 105 hours in
a K-Mg-Cl drilling fluid, the surface of the rotor was
in pristine condition with no sign of corrosion of the
coating or the underlying steel rotor body. The
thickness of the coating had been reduced by .0015
t0.0020 inch and the internal diameter of the mating
stator had increased by about only .015 inch. By
contrast, a conventional chrome plated rotor lasted
only 18 hours in the same service before it had to be
replaced because it was deesply corroded.

Example 5

A rotor similar to that in Example 4, but with a
tungsten chromium carbide-cobalt coating containing
about 13 weight percent cobalt, 4 weight percent
chromium, 5 weight percent carbon, and the balance
tungsten, was also tested in an actual oil drilling
operating under the same conditions as in Example 4.
After running for a total of 350 hours, pitting of the
surface of the coating was observed. Nonetheless, the



seal ant of UCAR-100, and finished by belt sanding. T

in a notor and used in an actual oil drilling operati-

105 hours in a K-Mg-Cd drilling fluid, the surface ¢
pristine condition with no sign of corrosion of the
underlying steel rotor body. The thicgng§s_of the cg
by .0015 to.0020 inch and the internal dianmeter of t
i ncreased by about only .015 inch. By contrast, a cd

f ithe rotor

or vwas instal | ed
Af ter

runni-hg for
was:ih

coatd Pgoor wrhe

patii ng had been reduced

hé-mattng stator had

ynvent i onal

chrone

plated rotor lasted only 18 hours in the sane service before it had to be

repl aced because it was deeply corroded.

Exampl e 5

A rotor simlanite bifatthien riotadpwasd muah lengera thargthen admveritional
car bi de- cobal t i_n talni . I,@h cant 4 wei ght
percent chrom ﬁr??\g%é‘ewg’ll%%t%dplgrwgg%t %%%grj?ﬁ'lgﬁc}%t h‘g%%ﬁ gnq‘céﬁ’f%tj?lggaéﬂeen, was

al so tested i nsgmvdcedal oil drilling

It will be understood that various changes in the

details, materials and arrangements of parts which have

been described herein may be made by those skilled in

the art within the principle and scope of the invention

as expressed in the claims.
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What is claimed

1. A coated rotor for use in a positive
displacement apparatus selected from the group
consisting of a motor and a pump; said coated rotor
having a coating selected from the group consisting of
a metal carbide with a metal or metal alloy, a metal
boride with a metal or metal alloy and mixtures
thereof; and wherein the coating contains at least 65
weight per cent metal carbide for the metal carbide
coating and 65 weight percent metal boride for the
metal boride coating and said coating has a hardness of
at least 900 HV.3.

2. The coated rotor of claim 1 wherein the
coating is selected from the group consisting of a
tungsten, chromium carbide-cobalt or cobalt alloy
coating and a tungsten, chromium carbide-nickel or
nickel alloy coating.

3. The coated rotor of claim 2 wherein the grain
size of the metal carbide is less than 75 microns and

the grain size of the metal or metal alloy is less than
75.

4. A positive displacement motor containing the
coated rotor of claim 1.

5. A positive displacement pump containing the
coated rotor of claim 1.
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service). It wll be understood that various changes in the details,
materials and arrangements of parts which have been defcrrbed"ﬁérerh”nayﬁbe
made by those skilled in the art within the principle qﬂd scope of the::

i nvention as expressed in the clains. i
- CLAIM - 15 - |27 MOV 1996

CARBIDE OR BORIDE COATED ROTOR FOR A
POSITIVE DISPLACEMENT MOTOR OR PUMP

Abstract

A rotor for a positive displacement motor or pump
in which the rotor is coated with a metal carbide and
metal alloy coating or a metal boride and metal alloy
coating to impart excellent wear-resistance and
corrosion-resistance properties to the rotor when used
in abrasive and/or corrosion resistance environments.

FIGURE 1
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1. A positive displacenent device conprising a spiral- helix screw shaped
coated rotor disposed within a tubu- lar stator lined with an el astoner
inner surface; said coated rotor having a coating selected fromthe group
consisting of a netal carbide-with a netal ,or netal alloy, a netal boride
with a netal or nmetal alloy and mixtures Fhereof and wherein the coating
contains at |east 65 weight per cent netal carblde for the netal carbide
coating and 65 wei ght percent netal boride for the netal boxrde coatlng“"”‘ﬁ
and said coating has a hardness of at |east 900 HV. 3. 2!“Tﬁe ‘gosi tive::
di spl acenent device of claim1 wherein said device is a not{ 3. The
positive displacenent device of claim1 wherein said device! |s & pup. 1795 :
4. The positive displacenent device of claim 1l wherein the coatlng is a §
tungsten, chromumcarbide with a netal all sel ected the group-ctonsistrng
of co- balt, cobalt alloy, nickel and nifkel al | oy. 5. The positive

di spl acenent device of claim4




wherein the nmetal or nmetal alloy has a grain size of |ess than 75 nieroase
6. The positive displacenment device of claim4 wherein the coating is a
tungsten, chrom um car kel or nickel alloy coating containing

bet ween 60 an %ﬂg& t tungsten car bi de, bet ween14:and 34 wei ght
percent chrom and bet ween z1dnd 8 percent “ni- ¢kel:or ni ckel - base
al | oy. 7. The positive displacenent device of claj m 4 wherein the' c;oatl ng
is a tungsten chromni um carbi de- cobalt or cobalt al @ohf*pﬁg’)? !The
positive displacenent device of claim4 wherein the g?al n size of the§ nmet al
carbide is less than 75 nmicrons and tHeAldain size the metal or nst al
alloy is less than 75. r

1. A positive displacement device comprising a spiral-
helix screw shaped coated rotor disposed within a tubu-
lar stator lined with an elastomer inner surface; said
coated rotor having a coating selected from the group
comsisting of 2 metal carbide-with 2 metal or metal
alloy, a metal boride with a metal or metal alloy and

mixtures thecreof; and wherein the coating contains at
least 65 weight per cent metal carbide for the metal
carbide coating and 65 weight percent metal boride for
the metal boride coating and said coating has a hardness
of at least 900 HV.3.

. The positive displacement device of claim 1
wherein said device is 2 motor.

3. The positive displacement device of claim 1
wherein said device is a pump.

4. The positive displacement device of claim 1
wherein the coating is a tungsten, chromium carbide
with a metal alloy selected the group consisting of co-
balt, cobalt alloy, nickel and nickel alloy.

S. The positive displacement device of claim 4
wherein the metal or metal alloy has a grain size of less
than 75 microns.

6. The posidve displacement device of claim 4
wherein the coating is 2 tungsten, chromium carbide-
nickel or nmickel alloy coating containing between 60
and 80 weight percent tungsten carbide, between 14 and
34 weight percent chromiuvm carbide and between 4 and
8 percent nickel or nickel-base alloy.

7. The positive displacement device of claim 4
wherein the coating is a tungster chromium carbide-
cobalt or cobalt alloy coating.

8. The positive displacement device of claim 4
wherein the grain size of the metal carbide is less than
75 microns and the grain size of the metal or metal alloy
is less than 75.

wsia7



9. The pﬂosi tive di spl acenent device of claim4 wherein the_netal.  .carhi. d&_Ls‘
greater than 75 wei ght percent of the coating. 10. The b05| tive: o
di spl acenent device of claim9 wherein the netal carbide is: greéater ‘than- 190

wei ght percent of t The positive displ acemant devi.cg. pf :
claim 10 wherein thgmmm‘u‘mnm&m eakt- 950 HV.3.  12.]|The pb&PHi vié f) l
di spl acenent device ¢l aitm 10 Wherein the grain size of[the netal or_. |

netal alloy is | ess than 50 m crons. 13. The positive d:ispl acenment devi ce
of claim4 wherein the coating is a tungsten, chrom um catbi-de~ -

9. The positve displacement device of claim 4
wherein the metal carbide is greater than 75 weight
percent of the coating.

10. The positive displacement device of claim 9
wherein the metal carbide is greater than 90 weight
percant of the coating.

11. The positive displacement device of claim 10
wherein the hardness is at least 950 HV 3.

12. The positive displacement deavice of claim 10
wherein the grain size of the metal or metal alloy is less
than 50 microns.

13. The positive displacement device of clam ¢4
wherein the coating is a tungsten, chromium carbide-
nickel or nicke! alloy coating containing about 24
weight percent chromium carbide, about 8 weight per-
cent mickel or nickel alloy with the balance tungsten
carbide.

14. The positive displacement device of claim 13
wherein the grain size of the nickel or nickel alloy is less
than 50 microns and the hardness is at least 950 HV.3.

15. The positive displacement device of clam 4
wherein the coating is a tungsten chromium carbide-
cobalt or cabalt alloy coating containing about 83
weight percent tungsten carbide, about 4 weight per-
cent chromium with the balance cobalt or a cobalt al-
loy.

16. The positive displacement device of claim 15
wherein the grain size of the cobalt or cobalt alloy is less
than 50 microns and the hardness is at least 930 HV 3.



ni ckel or nickel alloy coating containing about 24 wei ght percent#&h¥ um
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t ungst en car bi de. 14. The positive displacenent device of claim 13
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Abstract

A rotor for a positive displacement motor or pump
in which the rotor is coated with a metal carbide and
metal alloy coating or a metal boride and metal alloy
coating to impart excellent wear-resistance and
corrosion-resistance properties to the rotor when used
in abrasive and/or corrosion resistance environments.

FIGURE 1



