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BACKGROUND OF THE INVENTION

10 Diaphragm valves provide excellent sealing and isolation characteristics to contain
fluid being controlled and prevent migration of the controlled fluid into the valve
mechanisms or out of the valve. Diaphragm valves utilize a resilient diaphragm and a
valve shoulder to engage a valve seat and prevent the flow of fluid past the valve seat. A
weir-type diaphragm valve is a valve utilizing a resilient diaphragm that engages a weir to

15  control flow of fluid over the weir. The diaphragm may be controllably lifted and sealed

against the weir to selectively permit flow though the valve.

Weir-type diaphragm valves are often employed in the biotechnological,
pharmaceutical, chemical, food processing, beverage, cosmetic, and semiconductor
industries. These industries require valves that protect against product contamination and

20  leakage within the valve, workplace and atmosphere. Weir-type diaphragm valves are
well suited to meet these requirements because the mechanical valve parts are isolated

from fluid flowing through the valve.

Weir-type diaphragm valves are commonly used to control the flow through a

branch in a fluid distribution system or to deliver a sample of a fluid from a process. Each

25 of U.S. Patent No's 5,065,980, 5,227,401, 5,222,523, 5,327,937 and 6,289,933 disclose
diaphragm valves suitable for branch control and sampling. Often, it is desirable to mount

such valves in a horizontal position, wherein the weir extends in a horizontal direction.
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15 metal from the valve body and contaminate the ultra pure process fluids. Also, some
metal alloys may act as catalysts causing the process fluids to undergo chemical reactions,

thereby compromising end products, and potentially, worker safety.

Specialized high strength alloys and stainless steels have been developed to

minimize reactivity and erosion in the valve bodies. However, such specialized alloys are

20 very difficult to cast or machine into valve components. The resulting valves are very
costly to purchase relative to traditional metal valves. Moreover, stainless steel is not

suitable in particular applications such as the semiconductor processing industry.

Plastic lined metal valves were developed to allow traditional metal valve bodies to

handle caustic fluids in specialized process applications. The metal valve body is first

25  formed by casting or machining. Then, a plastic or fluoropolymer is molded in the interior
of the valve body where process fluids contact the body. U.S. Patent No. 4,538,638

discloses a plastic lined metal bodied diaphragm valve.

Although, the plastic lined metal valves and plastic lined plastic valves may
provide the desired resistance to degradation by process fluids, manufacturing costs are
30 high. High costs are attributable to the complicated multi-step manufacturing process of

molding a plastic lining in a support body. The plastic lining may be subject to creep with
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are susceptdhblas tvarmhgeremsd ocradp. de@lwidatused in industrial processes, such as the

pharmaceutical, sanitary, and semiconductor industries, generally require the process
15 fluids to be kept ultra pure. Components used in fluid delivery systems, such as valves,
are routinely cleansed to ensure that contaminants do not become trapped in such

components and thereby introduced into the process system.

The cleansing processes may involve exposure to high temperature steam for a

sufficient amount of time to sterilize the component. Particularly when repeated numerous

20  times, this sterilization process can cause the plastic in the valve to change dimension
slightly, resulting in warpage. Creeping results when plastic is subject to stress over a
period of time. The plastic component’s dimensions can change from the stress. Due to

such warpage and creep, tolerances, especially at the weir, are affected and leakage may

result.

25 Therefore, a need exists to provide a plastic lined weir-type diaphragm valve that
has improved dimensional stability when exposed to repeated cleansing operations or
exposure to conditions normally conducive to warpage or creep. Further, there is a
continuing need to provide for a fully drainable valve suitable to branch control and

sampling applications.
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define a valve interior. The lower valve body preferab
drain into the third duct of the valve. The invention also includes the method of

manufacturing a valve, preferably including the step of angling the horizontal surfaces
15 within the fluid passages of the valve to promote full drainage of fluids that may otherwise

accumulate.

A weir support member is disposable within the lower housing to support the weir.

In preferred embodiments, an exoskeletal framework configured as the support collar
extends circumferentially around the valve and supports the weir support member. In

20  particular embodiments, the valve body components may also comprise a plastic
fluoropolymer lining for contacting fluids. The invention also includes the method of
manufacturing a reinforced plastic valve preferably including the step of providing a rigid

support member to the weir of a lower valve housing.

An object and advantage of particular embodiments of the present invention is to

25  provide for a fully drainable weir-type diaphragm valve.

An object and advantage of particular embodiments of the present invention is to
provide a diaphragm valve wherein the weir is angled slightly above the horizontal to

create a sloping surface.

An object and advantage of particular embodiments of the present invention is to

30  provide a valve design that reduces the occurrence of retained fluids.
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Another object and advantage of particular embodiments of the present invention is
to provide for a method of reinforcing a plastic valve, thereby having improved resistance

to warpage and creapage.

15 Another object and advantage of particular embodiments of the present invention is

to provide a support for the weir of a plastic valve.

[

Further features, objects and advantages of the present invention will become

apparent to those skilled in the art in the detailed description below.
BRIEF DESCRIPTION OF THE DRAWINGS

20 FIG. 1 is an exploded parts view of a diaphragm valve according to an embodiment

of the present invention.
FIG. 2 is a perspective view of the assembled diaphragm valve of FIG. 1.
FIG. 3 is another perspective view of the assembled diaphragm valve of FIG. 1.

FIG. 4 is a side view of the lower portion of a diaphragm valve according to an

25  embodiment of the present invention.
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10 A weir-type diaphragm valve 20 in accordance with the invention is illustrated in
FIGS. 1, 2 and 3. Such valve generally includes an upper valve portion 22, a lower valve
portion 24, a bracket support framework 26 and a mounting bracket 28. A plurality of
fasteners 30 are used to fasten the upper portion 12, lower portion 14 bracket 28 and
bracket mount 26 as shown in the assembly drawing of FIG. 1. Additionally, an

15  endoskeletal support member 32 may be used to add rigidity to the valve, which is often
comprised of plastic. It should be understood that the terms upper valve portion 22 and
lower valve portion 24 are used for convenience of description and that the valve of the
present invention is not limited to the valve 20 being positioned such that the upper valve
portion 22 must be vertically above lower valve portion 24 relative to the earth. In fact, a

20  preferred operating position for the valve may include the upper valve portion 22 being

positioned substantially to the side of the lower valve portion 24.

The upper portion 22 includes a resilient diaphragm 38 and an actuator for
controllably sealing against the valve seat 42 provided in the lower housing 24. The lower
housing 24, shown in FIGS. 1 and 4, comprises a central flow passage 44, a first flow duct

25 46, a second flow duct 48, a third flow duct 50 and a valve seat 42 therein. The valve seat
42 includes a weir 52 for isolating the third duct 50 from the first 46 and second 48 ducts
when mated with the diaphragm 38.

Referring to FIG. 5, the valve 20 is shown assembled and in position for mounting

to an overhead surface with the attached bracket 28. An axis 56 is shown to indicate the
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di aphragm val ve according to an enbodi nent of the present invention. 5

FIG 7 i sn@nphhbiigdntsll dsdSeslidadNabriviteerobf 8 Rgeenh! od caitamine Tnarahve
according. to_an enbodi nent of the present invention taken along |ine A-A

of FIG ethrongh thethynd dugt 89 i Regrlle! prothe yericel &1y Vel hsfhogizantabawisins vetmyal
accor di ngt . odi . £ ' ' ED PTI ON
OF THE | %@é%%?%c%g@ 'A(’i‘weg]&?é-r% %gz ??8%%?%%3‘?8%%2{%&?’%11 2%@%#@ r"i“éa@%\?mot ®t he
i nvent i onharizontal Hs rathé¢reit is paraFel @S thellinindivdted.as FCV' i/sade\fmegeilﬂdirﬁidtlj Yo H;(

i ncl udes . upper val ve _portion 22, a_|ower valve portion 24, a_bracket
suppo%t fﬁgﬁé@%ﬂkat?@g% tg th%gﬁ??%albgac‘k‘éﬁle 281s prefrahlypi depress- HoaijéZgrs |
30 are u &if tRew b | MG, I ; _ an
br acket Srr%ﬂ%% Zlé&gfsne@ﬁovm ?ﬁ&?hgggigﬂgﬁgﬁ ‘g/&lé(ri zllivm' nge t@? f@l}l%?m%%%?t | g(nal ly,
an 15 end¥¥kweiltleusdepuipppiromtheripdrit 821 staye bfthe pedentaneaitioni gi dity to the
val ve, which is often conprised of plastic. It should be understood that
the terns upper._valve portion 22 and |ower_valve portion 24 are used for

conveni ence of Fi§edcindisetes g parial speitonahwew-of el 2Q teken ploagdine A-AveffiGon i s
not |imted . hei j 1
porti on 25 g bt PRLAEe 7 s DASLIhARGY B sl SUPRBPEL AWK |
ear t HO | n5%. athe cant@lingCe béthearkin 2 (whichgnposictdntbodfroents, hﬁawaiéd/lﬁahma)éaﬂgecl ]chde
t he upper val ve..porti 22 being . positiopned substantially to the side o
the | oner? h‘%ohi iogghezﬂl?pefﬁ’é’%ﬂﬁg@% %P&?%r’fmz@ the, ‘P’Eﬁ?é‘éa%eﬂ by ¥ dpgrises.
di aphr agnTi8 pastthcéda 816he'8h e fifdf surface 58. The first sloped surface 58 ensures that all

fluids drain into the central passage 44 between the first 46 and second 48 ducts.

A second inwardly facing surface 60 is provided to the inside of the passage 44

15  defined by the lower housing 24. This slope X may be the same as for the first surface 58,

although it may be more of less depending on the application. Second sloped surface 60

causes fluids in the central passage 44 to drain into the third duct 50. The presence of

these two sloped surfaces 58 and 60 allows all fluids to be fully drained from the valve 20,
thereby addressing the retained fluid problems of the prior art.

20 The valve may be reinforced, or supported, by the provision of the endoskeletal
support member 32 as depicted in FIG. 8. Endoskeletal support member 32 is configured
as a weir support member 62 and exoskeletal framework 64 configured as support collar
66. The weir support member 62, as shown in FIG. 8, is preferably rod shaped having a
first end 68, a second end 70, a longitudinal surface 72 and notches 74 in the longitudinal

25  surface 72 at both first end 68 and second end 70. As shown in FIG. 9, the weir support
member 62 may also be any suitably shaped elongated member. Those skilled in the art
will recognize that many alternative embodiments of weir support member shape, such as
polygonal, will provide the envisioned support without departing from the scope of the

present invention.

30 The support collar 66, shown in FIG 8 includes an upper bracket 76 and a lower
bracket 78. The upper bracket 76 and lower bracket 78 are preferably approximately U-
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departi ng fromthe sgl rit and scope of the present invention.

i ndi cat eslowepReition 24 apd isiited wewy léﬁle&/& wé tho uppitebraekieb7g for @eamlng e FIG

6. The ce faC| sur 58

defi ned Hﬁ%oﬁ@?f\iﬂ%&%ﬁ%ﬂ IQ{FL&gg%n er &e%’ @W er\rl{%m} Rﬁﬁ?ﬁ’ﬁ“’e n
sone Enbotiamded portivayd2aimsba kmobihep@eor 9do q:@@h&é hlrﬂ@an@o@fasfehﬁhgttﬁ@ Shlve
housing 22) is offs&t fromthe horizontal i‘ﬂw degrees. This produces a

sl ope on YHRST PPIHIGH (ddewerportion g4 fpgathers ITélS & hracket 7% glse hasivea colipt  all |
f1uids drﬁbanﬁrggtmem R A ggeﬁv@@m Dbt h3iks 48 il BRSANd 48

ducts. A second I nward faci ng sur ace rov e 1 nsi of t he
passage 4bracke® 7éethmeppdnynoﬂlrmnlgdwées Ré udithe vﬁldze Ufipees peitiope22Xamb yhed Bovidpe

sane as for the .f al t hqugh it nmay be nore of | ess
dependi ngm8w1tfr’r$ehl 4 {“?Wﬁ %é"f%ﬁaﬂ ed surface 60

15 When assembled upper bracket 76 supports weir support member 62 at notches 74
thereby transferring force from weir 52 to weir support member 62 and thence to upper
bracket 76 and lower bracket 78. This support prevents or reduces creép induced by
pressure on weir 52 and other valve components. Thus, warpage and creep of the weir, the

flanges and generally the valve body is inhibited.

20 The valve upper portion 22 and lower portion 24are preferably formed of
fluoroploymers, including but not limited to perfluoroalkoxy resin (PFA), polyvinylidene
fluoride (PVDF) or other fluoropolymers. In certain applications, other plastics may be
suitable, such as polyvinyl chloride (PVC), or polypropylene (PP). The body components
are preferably injection molded, although they may be machined. The wetted portion of

25  the diaphragm 38 may be formed of polytetrafluoroethylene (PTFE). The diaphragm may
be composite with a layer adjacent the PTFE layer formed of EPDM. The weir support
member 62 and the support collar 66 are preferably constructed of stainless steel.
Stainless steel provides the desirable amount of rigidity and durability to provide the
plastic valve with the desired amount of dimensional integrity. In certain instances, other

30  rigid materials such as carbon fiber filled PEEK or other polymers may be utilized. Those
skilled in the art will recognize that the above structures may be constructed from other
materials without departing from the scope of the invention.
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causes fluids in the central passage 44 to drain into the third duct 50.
The presence of these two sloped surfaces 58 and 60 allows all fluids to
be ful |y wpaBnewodromthe val ve 20, thereby addressing treTrisoaoszed fluid
probl ens of the prior art. 20 The val ve nay be reinforced, or supported, by
the provision afthélg ngégﬁiteihaéntloﬁuﬂi%%éenn@ém%e@%ﬂﬁsre?&%&tt%d;ryrl'g?e ehG 8.
Endoskel etal support nmenber 32 is configured as a welr support

and exoskenbedimenisawetksrysléiedciorthe gurvell resominspbroges ahdyale mﬁ@e mTfmemvmdr

support FIG. 8 pr.ef erably rod shaped having a
first engﬁ %?&ggégégﬁﬁﬁgﬁgﬂ$%ﬂm8prgﬁﬁgfﬁﬁmﬁﬁﬁkgﬂY?ﬁ%B 72 and notches 74 in
the longitudinal 25 surface 72 at both first end 68 and second end 70. As
shown in FIG 9, the weir support nenber 62 nay al so be any suitably
shaped el ongated nenber. Those skilled in the art wll recognize that many
alternative enbodi nents of weir support nenber shape, such as polygonal,

w Il provide the envisioned support w thout departing fromthe scope of the
present invention. 30 The support collar 66, shown in FIG 8 includes an
upper bracket 76 and a |lower bracket 78. The upper bracket 76 and | ower
bracket 78 are preferably approximately U- 7 WD 03/ 081099 PCT/ US03/ 08224
shaped and overl ap when placed on the valve housing. There are a plurality
of collar nmounting holes 80 and slotted nount holes 82 in the upper
bracket 76 that correspond to respective upper nounting holes 84, |ower
mounting holes 86 and nmounting slots 88. The slotted nount holes 82 aide
in joining the upper bracket 76 to the | ower bracket 78 and the 5 val ve
upper portion 22 and |ower portion 24 during assenbly. The | ower bracket 78
may be provided with two nounting posts 90 that cooperate wth the
nmounting slots 88 and upper nmounting holes 84 of the val ve upper portion 22
and |ower portion 24 and slotted nount holes 82 of the upper bracket 76
for enabling the




joining of the valve upper portion 22 and | ower portion 24. The nounting
posts 90 have a 10 threaded portion 92 and a snooth portion 94 to provide a
nmeans forwbasvgrbng t he val ve upper portion 22 and | ower POBIUSOB 08224
together. The | ower bracket 78 also has two collar nounting holes 80 that
communi cate with respective collar mpuxmM®l es 80 of the upper bracket 76,
t he upper nounting holes 84 of the val ve upper portion 22 and the | ower
mounting holes 64 of the valve |ower portion 24. 15 Wen assenbl ed upper
bracket 75 suppdlassicéiphragappalve coraprirgng:62 at not ches 74 thereby
transferring force fromweir 52 to weir support nenber 62 and thence to
upper bracket 76 and | ower Br cket 78. This support prevents or reduces
creep i nduced %Qhﬁﬁ?@§§ﬁ§§vﬁ OReir 52 and ot her val ve conponents. Thus,

war page and creep of the weir, the flanges and generally the valve body is
i nhibited. 20 : : r I portion 24are preferably
formed of qu%?%%*gyﬁe]g?Q?ﬁ€Fgg%ﬁg&%ﬁgrﬁggm+$ﬁgbgd to perfl uoroal koxy
resin (PFA), polyvinylidene fluoride (PVDF) or other fluoropolyners. In
certain appli casilstsialy peistiplleséd wdvamBydydeonfipuiddal! Mate Swieh tiRSuppet Yiivay |
chloride (PVC), or polypropylene (PP). The body conponents are preferably
i nj ect i onPfd d?W@Y%WY&HW&?&W‘B@OHMWWUW@S%M ed portion of 25

t he di aphragm 38 nay be formed of polytetrafl uoroethylene (PTFE). The

di aphragm may co site.wth a.layer adj,acent the PTFE | ayer forned of
EPDM The wei rthg E%‘ﬁ%rr alve Dodyegomgpsts e ﬁrﬁfﬂg?’ (gﬁj[’ Qrsgc?ﬂdeé%‘?’abl y
const r uct @t ahd atthirdlfR%E dSdtete. weibanfives® toSi@Rhglp iRtRE SvithBe dephfaH, €
amount of rigidity and durability to provide the “plastic valve wth the

desired aWBOYRr ¢ BishlAY Gishithe secegdifloy, duat and theathirdi fiayy dnefessch baviag ag0
rigid matgri.al s such as carbon fiber filled PEEK or other polyners may be
utilized. ose skilled in the art wll recognize that the above
structures may be constructed fromother materials w thout departing from

the scope of tiae wevi&i e sl8ped from a horizontal plane X degrees where 0<X<90;

the first duct axis being sloped downwardly away from the weir and sloped from

the horizontal plane Y degrees where 0<Y<90;

the second duct axis being sloped downwardly away from the weir and sloped

from the horizontal plane Z degrees where 0<Z<90);

the third duct axis being oriented downwardly away from the weir and
substantially parallel to a vertical axis such that substantially all liquid from within the

fluid passage drains from the valve by gravity.

2. The valve as claimed in claim 1, in which the slopes X, Y and Z are each less than
about thirty degrees.
3. The valve as claimed in claim 1, in which the slopes X, Y and Z are each less than

about ten degrees.

10



WO 03/081099 PCT/ US03/08224 Al though the present invention has been
described with reference to preferred enbodi nents, workers skilled in the
art will wewegsioze changes nay be nade in formand det ai PCRUShd0s224
departing fromthe spirit and scope of the invention. 9 WD 03/081099

PCT/ US03/ 08224 CLAIMS 1. A plastic diaphragmval ve conprising: a plastic
upper valve body, a resilient diaphragm and an actuator in the upper valve;
a substantially plastic | ower val ve body configured to mate with the upper
val ve botly, t%be valxe as vidimed o glaithdy iim gvhach thetsdories X, d€fandiZhereaath abaht

passage, r valve body conprising an integral weir, a first flow
duct, a s%geg%%?%!q\%bw duct and a third flow duct, the weir configured to

sealingly interact with the diaphragm the weir, the first flow duct, the
second flow duct and the third flow duct each having an axis; the weir
axi s being sloped froma horizontal plane X degrees where 0<X<90; the first
duct axis being sloped downwardly away fromthe weir and sl oped from the
hori zont af. pl afike Yabegaeehimbkrie dei<d fute egeiztheduckeirxsuppdieinignisdroped
downwardl y a rom t.h ir and sloped . fromthe horizontal plane Z
degr ees V\%@?@]&( Ewél?ﬁg’m&mﬁgﬁt%‘?f?"%(irﬁln@?% th Veikt ed downwardly away
fromthe weir and substantially parallel to a vertical axis such that
substantially all liquid fromwithin the fluid passage drains fromthe
valve by gravity. 2. The valve as clained in claim1, in which the sl opes
X, Y and Z are each |ess than

6. The valve as claimed in claim 5, in which the weir support member comprises two

ends and the weir further comprising a support collar, the support collar engaged with the

ends of the weir support member.

7. The valve as claimed in claim 6, the support collar comprising
a first U-shaped portion; and

a second U-shaped portion, the two portions overlapping and forming a closed loop

and extending around the valve.

8. The valve as claimed in claim 5, in which the weir support is constructed of

stainless steel.

9. A method for draining liquid from a plastic diaphragm valve, the valve comprising
a plastic upper valve body, a resilient diaphragm and an actuator in the upper valve;

a substantially plastic lower valve body configured to mate with the upper valve
body, the lower valve body having an interior defining a fluid passage, the lower valve
body comprising an integral weir, a first flow duct, a second flow duct and a third flow

duct, the weir configured to sealingly interact with the diaphragm, the weir, the first flow

11



about thirty degrees. 3. The valve as clainmed in claim1, in which the
slopes X, Y and Z are each |l ess than about ten degrees. 10 WO 03/ 081099
PCT/ US03/WB2248W99 The val ve as clained in claiml1, in whi eaoTiuses/ed2epes X, Y
and Z are each about five degrees. 5. The valve as clained in claiml,

further cdogs s Bgoad Widw dudPRAed tthéBRIRE Flowe dh@Nehch thalvBip0hh Udisnahd ?rhthHdOUgh
the weir for reinforcing the weir. 6. The valve as clainmed in claimb5b, in

whi ch t he“NBPHSIBEpport menber conprises two ends and the weir further
conprising a support coll ar t he support collar engaged with the ends of

th d h t
col 1 ar conpr | sPRBeAny priads Al fulRain? RRiestibdrl-Sehaped porti on.

the two portions overl appl ng and form ng a closed | oop and extending

around the val ¥@pind thd ﬁ?st‘dﬁ&tvﬁlsaéo\ﬁﬁ\@ér@dav%d} BRI weir laAd WohLhe hBRz AR

support is constructed of stainless stéel. 9. A nethod for draining %ll qui d
froma pl a@nﬁ&@g@\qﬂawﬁgm P Y; the val ve conprising a plastic upper valve
body, a resilient diaphragm and an actuator in the upper valve; a
substantially plasti (ia | ower ve bog% conf gur ed o thEte W th the quper
val ve body, th&PEget evsaqc%d 'yaﬁ’asv s dbn pway dfore PrVVeg ads fromg

passage, hL&§zdu %?)qan\é@&' eeggg%r%zrggﬁl ng an int egral weir, a first flow

duct, a second flow duct” and a t flow duct, the weir confi gured to
sealingly interact with the diaphragm the weir, the first flow 11
orienting the third duct axis downwardly away from the weir and substantially

parallel to a vertical axis such that substantially all liquid from within the fluid passage

drains from the valve by gravity.

10.  The method of claim 9, further comprising the step of limiting the values of X, Y
and Z each to less than thirty degrees.

11.  The method of claim 9, further comprising the step of limiting the values of X, Y

and Z each to less than ten degrees.

12. The method of claim 9, further comprising the step of limiting the values of X, Y

and Z each to about five degrees.

-

13.  The method of claim 9, further comprising the step of reinforcing the weir with a

weir support member.

12



WO 03/ 081099 PCT/ US03/ 08224 duct, the second flow duct and the third flow
duct each having an axis; the nethod conprising: sloping the weir axis
from a howDacnswbo pl ane X degrees where 0<X<90; sl oping tIreTfUSOF0820uCt axi s
downwardly away fromthe weir and fromthe horizontal plane Y degrees
where 0<Y%80; Shepiedgd dfeldects)durthiee icomptisingd o wes oF uppoaingfthorsndfer wi r
and fromthe horizontal p{qane Z degrees where 0<Z<90; orienting the third
duct axi sVEBWHIRFEIGMAFRY/ R A SHRRORECONET-r and substantially parallel to a
vertical axis such that substantially all liquid fromwithin the fluid
passage drains fromthe valve by gravity. 10. The nethod of claim?9,
further conprising the step of limting the values of X, Y and Z each to
|l ess than thirty degrees. 11. The nmethod of claim9, further conprising the

step of |isiti MHe it¥hotBbE €RirAf 14X further AoehpfisBACHRe tshey) 66 SssEMBAng Gk a&gbﬁe&
12. The nethod of claim9, further conpri si n% the step of linmiting the

val ues of cotlar yromygcfirst Washpedopertiow and iavssconslyPeshgpedi gortivh endwivbdappaig theai m
9, furth i Sj t f i nf i th i i.t h i t
merbor BT eRed Botifed b ERaS Skl s Hpsed ob Al itk o 15 fur kbt

conprising the step of supporting two ends of the weir support menber with
a support collar. 15. The nethod of claim 14, further conprising the step
of assenbling the support <collar froma first U shaped portion and a
second U shaped portion and overl apping the

16.  The method of claim 13, further comprising the step of forming weir support

member from stainless steel.

17. A plastic diaphragm valve comprising:
a plastic upper valve body,
aresilient diaphragm and an actuator in the upper valve;

a substantially plastic lower valve body configured to mate with the upper valve

body, the lower valve body having an interior defining a fluid passage,

the lower valve body comprising an integral weir, a first flow duct, a second flow
duct and a third flow duct, the weir configured to sealingly interact with the diaphragm,
the weir, the first flow duct, the second flow duct and the third flow duct each having an

axis;
the weir axis being sloped from a horizontal plane;
the first duct axis being sloped downwardly away from the weir;

the second duct axis being sloped downwardly away from the weir;

13



first and second U shaped portions to forma closed | oop around the val ve.
16. The nmethod of claim 13, further conprising the step of formng weir
support WwWorebes810pr om st ai nl ess steel. 17. A plastic di aphragmseaiszes
conprising: a plastic upper valve body, a resilient diaphragmand an

actuator in theeuppied &adtVexis ab&itPsbiaditdd! downHa8l1 awhPWBbmY Fhe/ SvdPdhd
configured to mate with the upper valve body, the |ower val ve body having
1%

an interi 8ybst@ially paralek foup yerisak agje suehthat @{marxtiallyéﬂltiéml}d dionp mithim thean
integral vWaldpaséh Eifdiaﬁﬁs frlél‘ﬂ%éi%l{r bgéﬁ‘% nd flow duct and a third flow
9 ' y

duct, the weir configured to sea nteract with the diaphragm the
weir, the first flow duct, the second flow duct and the third fl ow duct
each having an axis; the weir axis being sloped froma horizontal plane;
the first duct axis being sloped downwardly away fromthe weir; the second
duct axis bein% sl oped downwardly away fromthe weir; 13 WO 03/081099

PCT/ US03/ 88224 Tharevatvisi asi chdiroed dix ickaiinel hgfusther nomgrisiograveveit! supposymémben t he
wei r and bstantially parallel.to a verti.cal i s such that substantially
all |iqui 8’?"??%1% %@ﬁr“hﬁi‘lﬁ‘éﬁmﬁgﬁitﬁe WEL 4 H’é?réi’r%gﬁ? V6 t he val ve by gravity.
18. The valve as clainmed in claim17, further conprising a weir support
menber extending longitudinally through the weir for reinforcing the weir.
19. The valve as clainmed in claim18, in which the weir support nenber

conprises tw ends and the weir further conprising a support collar, the
support cd9. ar Teegalyechsvaldimed tih elmdis,dh wikich W8 el Wapsdrt MBAHRE omprises

two ends and the weir further comprising a support collar, the support collar engaged with

the ends of the weir support member.

20.  The valve as claimed in claim 19, the support collar comprising
a first U-shaped portion; and

a second U-shaped portion, the two portions overlapping and forming a closed loop

and extending around the valve.

21.  The valve as claimed in claim 18, in which the weir support is constructed of

stainless steel.

22. The valve as claimed in claim 18, in which, the first flow duct, the second flow
duct and the third flow duct each slope downwardly away from the weir at an angle less

than about thirty degrees from a horizontal plane.
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20. The valve as clainmed in claim19, the support collar conprising a
first U shaped portion; and a second U-shaped portion, the two portions
over | appiwg@ oansiiopor m ng a cl osed | oop and extendi ng ar ouldTtuse3/wgbyve. 21.
The valve as clained in claim18, in which the weir support is constructed
of stainkkss FTheehlve2R cliimed\ialckemars, ¢h avtigl] the fiedtFiow dBet, the wbohilofhe

first flo %uc , taﬁ’is cond flagg duct and the third fl ow duct each sl ope
dovvnvvardlé/u Wiy the Biisd o et eagh sigpedogimavardly awayzam Akeoweirah ar epglddessees

froma hog I PCT/ US03/ 08224 23. The val ve as
clainmed i Eia%?g{“?ntirghé%?ﬁesm%%o?%&e&%@%% flow duct, the second flow duct
and the third flow duct each slope downwardly away fromthe weir at an
angle less than about ten degrees froma horizontal plane. 24. The val ve
as claimed in claim118, in which, the first flow duct, the second flow

duct and the third flow duct each sl ope downwardly away fromthe weir at an
angl e of 24bouthe Kplve ps ¢laymed 4n claim 18, o whidntted fipit £leey dud, the second flow

duct and the third flow duct each slope downwardly away from the weir at an angle of

about thirty degrees from a horizontal plane.
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