(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
02 November 2017 (02.11.2017)

(10) International Publication Number

WO 2017/187137 Al

WIPO I PCT

(51) International Patent Classification: PHY, Brian Clive; Edwards Limited, Innovation Drive,
F04C 2/12 (2006.01) Burgess Hill Sussex RH15 9TW (GB).
(21) International Application Number: (74) Agent: RAWLINS, Kate; Edwards Limited, Innovation
PCT/GB2017/051081 Drive, Burgess Hill, Sussex RH15 9TW (GB).
(22) International Filing Date: (81) Designated States (unless otherwise indicated, for every
19 April 2017 (19.04.2017) kind of national protection available): AE, AG, AL, AM,
(25) Filing Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
(26) Publication Language: English DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
.. HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
(30) Priority Data: . KW,KZ,LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
1607303.3 27 April 2016 (27.04.2016) GB MK, MN, MW, MX, MY, MZ, NA, NG, NI NO, NZ, OM.
(71) Applicant: EDWARDS LIMITED [GB/GB]; Innovation PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
Drive, Burgess Hill Sussex, RH15 9TW (GB). SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: HOLBROOK, Alan Ernest Kinnaird; Ed-
wards Limited, Innovation Drive, Burgess Hill Sussex (84) Designated States (unless otherwise indicated, for every
RH15 9TW (GB). GRAHAM, Ingo Stephen; Edwards kind of regional protection available): ARIPO (BW, GH,
Limited, Innovation Drive, Burgess Hill Sussex RH15 9TW GM, KE, LR, LS, MW,MZ,NA, RW, SD, SL, ST, SZ, TZ,
(GB). LOCKER, James William; Edwards Limited, Inno- UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
vation Drive, Burgess Hill Sussex RH15 9TW (GB). MUR- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
(54) Title: VACUUM PUMP COMPONENT

wo 2017/187137 A1 | 0000 OO0

FIG. 2

(57) Abstract: The present invention relates to an improved vacuum pump, in particular an improved coating for internal shaft, rotor
and/or stator components of dry vacuum pumps with a first layer comprising a high phosphorous nickel plating (NiP) and wherein the
first layer is coated with a second layer comprising a high phosphorous nickel with nickel phosphorous and fluoropolymer (NiP-PTFE).

[Continued on next page]



WO 20177187137 A1 { NI /0001 0 R

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2017/187137 PCT/GB2017/051081

10

15

20

-1-

VACUUM PUMP COMPONENT

TECHNICAL FIELD OF THE INVENTION

The present invention relates to an improved vacuum pump, in
particular an improved coating for a dry pump component such as the internal

shaft, rotor and/or stator components of dry vacuum pumps.

BACKGROUND OF THE INVENTION

Dry vacuum pumps are widely used in industrial processes to provide a
clean and/or low-pressure environment for the manufacture of products.
Applications include the pharmaceutical, semiconductor and flat panel
manufacturing industries. Such pumps include an essentially dry (or oil free)
pumping mechanism, but generally also include some components, such as
bearings and transmission gears, for driving the pumping mechanism that
require lubrication in order to be effective. Examples of dry pumps include
Roots, Northey (or “claw”), screw and scroll pumps. Dry pumps incorporating
Roots and/or Northey rotor components are commonly multi-stage positive
displacement pumps comprising a stator component defining a plurality of
pumping chambers each housing a respective pair of intermeshing rotor
components. The rotor components are located on contra-rotating shafts, and
may have the same type of profile in each chamber or the profile may change
from chamber to chamber.

Spheroidal graphite iron (SG) castings have for a long time been used
in the manufacture of shaft, stator and rotor components for dry vacuum

pumps due to its strength and machinability. However, in the semiconductor
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industries the increasing use of high temperature, typically greater than 150
Celsius and high flow rates of relatively corrosive gases such as chlorine,
boron trichloride, hydrogen bromide, fluorine and chlorine trifluoride has led to
severe corrosion, and therefore relatively short lifetime, of, spheroidal graphite
iron shaft, stator and rotor components. As a matter of fact an increase of 10
Celsius degrees in temperature nearly doubles the corrosion rate. Such
corrosion can lead to equipment failure, leakage of process gases and
possible process contamination, in addition to the costs associated with the
replacement of the pump or the corroded parts and consequential process
downtime.

In view of this, it is known to passively protect these components by the
formation of a resin or polymeric coating of a fluoropolymer or polyimide
material on the component surfaces which are exposed to the corrosive gases
and high temperatures. Such coatings have a tendency to degrade with time,
with the resultant peeling or flaking of the coating exposing the underlying
cast iron to the corrosive gases.

Another alternative is to form these components from a nickel-rich cast
iron, for example ductile Ni-resist, or a stainless steel having superior
corrosion resistance. However, Ni-resist cast iron and stainless steel are
relatively expensive and difficult to machine, and so do not provide cost-
effective options for use in the manufacture of the rotor and stator
components. Furthermore, Ni-resist cast iron and stainless steel have a high
level of thermal expansion in use at high temperatures and therefore lose

performance.
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Another alternative is to form these components from a high
phosphorous nickel plating (NiP) which typically contains 10-12%
phosphorous. The benefits of high phosphorous NiP plating are that it
provides high corrosion resistance because the surface is more uniform and is
without pin holes, which lead to corrosion. Additionally, the machinability of
the substrate is unchanged and the addition of NiP plating does not
significantly change the thermal properties of a part. However, the use of NiP
plating on cast iron and stainless steel in dry vacuum pumps has the great
disadvantage of causing seizures of the pumping mechanism when there is
rotor to stator contact. Otherwise known as galling, the surface materials of
both components can adhere when in sliding contact, for example when a
rotating rotor contacts a stator in a dry vacuum pump. NiP plating will gall
when rubbed on cast iron, stainless steel, or on NiP plating itself.

A known approach to the prevention of galling is to incorporate a layer
comprising a nickel phosphorous and a fluoropolymer (PTFE) in the NiP

plating, thereby creating NiP-PTFE.

With a NiP-PTFE plating it solves the problem of galling in NiP plating
alone, however, the NiP-PTFE has less chemical resistance than a pure NiP

plating of the same thickness.

It is the aim of the present invention to overcome these issues by

creating a plating that is both high in chemical resistance and prevents galling.
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SUMMARY OF THE INVENTION

The present invention provides a dry pump component coated with a
first layer comprising a high phosphorous nickel plating (NiP) of at least 5 um
thickness and wherein the first layer is coated with a second layer comprising
a high phosphorous nickel with nickel phosphorous and a fluoropolymer (NiP-
PTFE) of at least 5 um thickness, wherein the ratio of the thickness of the first
layer of NiP to the thickness of the second layer of NiP-PTFE provides high
corrosion resistance and galling resistance.

It has been surprisingly found that a combination of a first layer
comprising a high phosphorous nickel plating of at least 5 um thickness
coated with a second layer comprising a high phosphorous nickel (NiP) with a
nickel phosphorous and a fluoropolymer (PTFE), NiP-PTFE coating of at least
5 um thickness, provides both long lived excellent corrosion resistance as with
NiP alone, but with low galling effects as with fluorinated polymers alone.

Other preferred and/or optional aspects of the invention are defined in

the accompanying claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the present invention may be well understood, an
embodiment thereof, which is given by way of example only, will now be

described with reference to the accompanying drawings, in which:

Figure 1 is a cross-section through a multi-stage dry vacuum pump;
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Figure 2 is a view along line A-A in Figure 1 showing the layers according to

the present invention;

Figure 3 illustrates a dual layer nickel plating of the present invention;

Figure 4 illustrates a single layer nickel plating of the prior art.

DETAILED DESCRIPTION OF THE INVENTION

With reference to Figures 1 and 2, a multi-stage dry vacuum pump 10
comprises a stator component 12, preferably coated with a first layer 102
comprising a high phosphorous nickel plating (NiP) and the first layer is
coated with a second layer 100 comprising a high phosphorous nickel with a
nickel phosphorous and a fluoropolymer (NiP-PTFE), having a series of walls
that define a plurality of pumping chambers 14, 16, 18, 20, 22. An inlet
conduit 24 for conveying gas to be pumped to the inlet pumping chamber 14,
and an exhaust conduit 26 for exhausting pumped gas from the exhaust
pumping chamber 22, are also formed in the stator 12. Circumferential
passages 28, 30, 32 and 34 formed in the stator 12 connect the pumping
chambers 14, 16, 18, 20, 22 in series.

The stator 12 houses a first shaft 36 and, spaced therefrom and
parallel thereto, a second shaft 38. Bearings 40 for supporting the shafts 36,
38 are provided in the end plates 42, 44 of the stator 12. One of the shafts 36
is connected to a drive motor 46, the shafts being coupled together by means

of timing gears 47 so that in use the shafts 36, 38 rotate at the same speed
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but in opposite directions, as indicated by arrows 48 and 50 in Figure 2. A
gear box 52 attached to the side of the pump 10 contains oil 54 for lubricating
the timing gears 47.

Within each pumping chamber, the shafts 36, 38 support respective
rotor components 56, 58, which may also be coated with a first layer 102
comprising a high phosphorous nickel plating (NiP) and the first layer is
coated with a second layer 100 comprising a high phosphorous nickel with
nickel phosphorous and a fluoropolymer (NiP-PTFE). In this embodiment, the
rotors 56, 58 have a Roots-type profile within each pumping chamber,
although a mixture of Roots and/or Northey-type profiles may be provided
within the pump 10. Alternatively the rotors may be of a screw type rotor
profile. The rotors 56, 58 are located in each pumping chamber relative to an
internal surface of the stator 12 such that the rotors 56, 58 can act in an
intermeshing manner known per se.

In use, gas is urged into the pump 10 through the inlet conduit 24 and
passes into the inlet pumping chamber 14. The gas is compressed by the
rotors 56, 58 located within the inlet pumping chamber 14, and is fed by
passage 28 into the next pumping chamber 16. The gas fed in the pumping
chamber 16 is similarly compressed by the rotors 56, 58 therein, and fed by
the passage 30 to the next pumping chamber 18. Similar gas compressions
take place in the pumping chambers 18, 20 and 22, with the pumped gas

finally being exhaust from the pump 10 through exhaust conduit 26.
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By coating the shaft, rotor and/or stator and/or end plate components
12, 42, 44, 56, 58 with a first layer 102 comprising a high phosphorous nickel
plating (NiP) of at least 5 um thickness and a second layer 100 comprising a
high phosphorous nickel with nickel phosphorous and fluoropolymer (NiP-
PTFE) of at least 5 um thickness, a particularly corrosion resistant dry vacuum
pump with low chance of seizure due to rotor to stator contact is formed. The
application of both layers of at least 5 um thickness provides a synergistic
effect of greater coating strength and adhesion properties than if only one of
the two layers are applied to a dry vacuum pump component.

As illustrated in Figures 3 and 4, the first layer 102 may comprise
several coatings of high phosphorous nickel; that is the first layer may be
produced by coating the dry pump component a plurality of times. By forming
a plurality of coatings of high phosphorous nickel by, for example, electroless
plating, a much stronger first layer is formed that reduces both defect
continuities in the first layer and reduces the overall porosity of the coating.
The total phosphorous content in the first layer is, on average, between 10
and 12%. The first layer of NiP may be formed by a single or multiple coatings
to from a layer of at least 5 um thickness, preferably form a total first layer
thickness of between 6.2 ym and 15.5 ym.

The second layer 100, which is a high phosphorous nickel matrix
containing sub particles of PTFE (Polytetrafluoroethylene), NiP-PTFE, is
formed over the first layer, again, by electroless plating. The total thickness if
the second layer is at least 5 um thickness, preferably around 8.8 \m to 14.1

um thick, but it can be more or less than this if required. It is also possible to



WO 2017/187137 PCT/GB2017/051081

10

15

20

-8 -

use other fluorinated polymers in the matrix, for example PFA (Perfluoroether)

or PEI (Polyethylenimine).

Examples:

In a series of chemical tests on plated surfaces, the number of blisters
on 12.5 um NiP first layer with a second layer of 12.5 ym NiP-PTFE (as
illustrated in Figure 3) was less than half the number of blisters than in
comparison to a single layer of 25 ym NiP (as illustrated in Figure 4).

An Array test was carried out on Atotech plating chemistry. 24 coupons
were exposed to fluorine in a chamber at 200°C. 12 of the coupons had 25 ym
base layer of NiP and the other 12 coupons had 12.5 um base layer of NiP +

12.5 um top layer of NiP-PTFE.

The coupons were weighed before and after the test. The average
weight change for each layer system is shown in Table 1 below. There is
some weight loss for the single plating layer and a smaller weight gain for the
dual layer (duplex) plating. The coupons were also observed with a Zeiss
microscope after the 800 hours of exposure to fluorine. Taguchi analysis has
been used to calculate the average numbers of blisters found on the faces of
each coupon; these are shown in Table 1. The average for the single layer is

more than twice the number for the dual layer.
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Layer thickness and

type

Weight change (ug)

Number of blisters

25 um base of NiP

alone -2.16 2.92
(no top layer)
12.5 um base of NiP +
12.5 um top layer of 1.45 1.42

NiP-PTFE

Table 1: Average weight change and number of blisters versus plating layer

system

This example illustrates the surprising effect that the use of specific

combinations of NiP and NiP-PTFE plating provides superior chemical

resistance to pure NiP plating alone, whilst maintaining the galling resistance

of NiP-PTFE.

Similarly, any combination of NiP and NiP-PTFE may be used to

deliver the same benefits as outlined above in Table 1, providing there is at

least a 5 pm base layer of NiP and at least a 5 um top layer of NiP-PTFE.

Examples of ratios of a NiP base layer to a NiP-PTFE top layer is shown

below in Table 2.
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5 30
10 15
10 25
12.5 12.5
15 10
15 20
20 5
20 15
25 10
30 5

Table 2: Specific combination ratios of NiP base layer thickness to NiP-PTFE

layer thickness.
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Claims

A dry pump component coated with a first layer comprising a high
phosphorous nickel plating (NiP) of at least 5 um thickness coated with
a second layer comprising a high phosphorous nickel with nickel
phosphorous and fluoropolymer (NiP-PTFE) of at least 5 um thickness,
wherein the ratio of the thickness of the first layer of NiP to the
thickness of the second layer of NiP-PTFE provides high corrosion

resistance and galling resistance.

The dry pump component according to claim 1, wherein the first layer

of NiP has a range of thickness from about 6.2 um to about 15.5 um.

The dry pump component according to claim 1, wherein the second
layer of NiP-PTFE has a range of thickness from about 8.8 um to about

14.1 pm.

The dry pump component according to claim 1, wherein the ratio of the
first layer of NiP to the second layer of NiP-PTFE is at least one of the
following thicknesses in um: 5 +20, 5+30, 10+15, 10+25, 12.5+12.5,

15+10, 15+20, 20+5, 20 +15, 25 + 5, 25+10 or 30+5.

The dry pump component according to any preceding claim, wherein
the fluoropolymer in the second layer includes at least one of

polytetrafluoroethylene, perfluoroether, and Polyethylenimine.
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6. A dry pump component according to any preceding claim wherein the

pump component is at least one of a stator component, an end plate, a

rotor shaft component and a rotor component.

5 7. A dry pump component according to claim 6, wherein the rotor
component has one of a Northey (claw) rotor, a Roots rotor or a Screw

rotor profile.

8. A dry vacuum pump comprising at least one dry component according

10 to any preceding claim.

15
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