WO 02/ 103720 PCT/ US02/ 18826 CORROSI ON RESI STANT MAGNETI C ALLOY AN ARTI CLE
MADE THEREFROM AND A METHOD OF USI NG SAME 5 Robert S. Brown Leslie L.
Hamer Fiwbd206372he | nvention This invention relates to cecCTasoymseesi st ant
magnetic alloys, and in particular to such an alloy having a uni que

conbi nati on of corrosion resistance and magnetic properties and to the use
of such an alloy in aGOBRAOSION BHISEFANT MAGNEITIGALEi0Yal | y act uat ed
devi ce. Background of the ANVARTICRLEMADBE THEREFROMAt ed devi ces, such as

sol enoi d val ves and rel aysANIMMEMEIHRODUOFPUSING SAMafer i al and scientific
systens for controlling the operations of 10 t hose systens. In particular,

sol enoi d val ves are used to cont rolkogﬁj? w.of fluids in chemcal
processes. Such devices include a gﬂsqneihé_f COI| and a noving magnetic core
or plunger. In a typical arrangement’ tHé o'l surrounds the plunger such
that when the coil is energized with electric current, a magnetic field is
induced in the interior of the d ofithg I is forned of a soft 15

e ol OFL of TRBTARADR [1Red BRIl Toldnlit a3 IR Such |

the device is either nornmm open or close cbl I's energi zed,

t he i nduced paragristtocuéh £ ﬁillcgaiwmg 4 ivéqid eorgisination dfov@rdstorareSie@nded posi tion
to either close the device, if it is nornmally_open, or open it, if it is
normal |y cl o¥idnagnetic prepesics 45 & thepse of %hﬁﬁtaélpy H) 2 (Ragheticrommeacithe

pl unger gavefggg%ggggﬁ tBlQReLiELes, 20 principally, a Iow coercive force
and a high sgturatlon |% uct%%n : e plunger is often in direct contact

with the | ocal environnment and, i n the case of the solenoid valve, with

the fluid that is being contrglled. For th reason, it is desirable that

the plunger be fornmed of a nagéﬂﬁgﬁﬂﬂiéilﬁgéLéﬁﬂﬁﬂ resi stance to corrosion

because many suc u I r |1 corrode
gﬁﬁgm tfcgpﬂge t @Hgvut,és élﬁﬁ ads 8’]? Elvgﬁ)eygn&?etlﬁg aWe

t he plunger, whi e devite to nma nct1on or val ve to
| eak or becdreen iusmbmrladlusml and scientific systems for controlling the operations of

10 those systems. In particular, solenoid valves are used to control the flow of
fluids in chemical processes. Such devices include a magnetic coil and a moving
magnetic core or plunger. In a typical arrangement, the coil surrounds the
plunger such that when the coil is energized with electric current, a magnetic
field is induced in the interior of the coil. The plunger is formed of a soft

15 magnetic steel. A spring holds the plunger in a first position such that the device
is either normally open or closed. When the coil is energized, the induced
magnetic field causes the plunger to move to a second position to either close the
device, if it is normally open, or open it, if it is normally closed. It is desirable
that the material used to make the plunger have good magnetic properties,

20 principally, a low coercive force and a high saturation induction.

The plunger is often in direct contact with the local environment and, in
the case of the solenoid valve, with the fluid that is being controlled. For that
reason, it is desirable that the plunger be formed of a material that has good
resistance to corrosion because many such environments and fluids are corrosive

25 and will corrode the plunger, which may cause the device to malfunction or the
valve to leak or become inoperative.

Corrosion resistant, magnetic alloys are known that are suitable for use in
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Corrosion resistant, magnetic alloys are known that are suitable for use in
-1 WO 02/103720 PCT/ US02/ 18826 conponents for sol enoid val ves. The wei ght
per cent cwopeddi7’eons of two of the known alloys are set fomtusobessesv. Al | oy
A Alloy B CO0.065 nmax. 0.065 max. 5 M 0.80 max. 0.80 nmax. Si 1.00-1.50
0.30-0.70 P 0.03 nax. 0.03 max. S 0.25-0.40 0.25-0.40 Cr 17.25-18.25
17.25-18.25 10 N O, .. 0. : : : :

of each of t RUBBOTARISIyESRioid §AiVamal G LB RSP FOTRRON e G SR B
provi de acceptabl QSRR Gortf QASKI T €S, particularly a 15 high magnetic
perneability, low coercive force, and | ow residual induction. These alloys
al so provide good corrosion_Adsy#t ance for Allmy\Btypes of solenoid valves.
Consequently, these alloys Bz)vs been w delé gﬁed in the sol enoid val ve

mar ket . However, a neet has OP L& £ or gre {08P "% r osi on resi stance than
Alloys A and B are abhg, togRoQyixde, coupl gkowhih magnetic properties that
are at |east as 20 good as the magnetic properties of Aloys A and B. The
demand for better corbBosi oh.0Pelsi&Gt ance i s0B0s®7¢oupl ed with a need for a
soft magnetic material _that bs nmetal lurgically clean. This need has arisen
particularly in the sefii cond@3BF i ndust r@‘ e hi gh purity requirenents
are preval ent. Anothergknowpgld.qy, Alloy @ash@gothe fol l owi ng nom nal

wei ght percent 25 conmposition. Alloy C C0.05 M 0.60 Si 0.40

Cr 17.25-18.25 17.25-18.25
10 Ni 0.60 max. 0.60 max.
Mo 0.50 max. 0.50 max.

The balance of each of those alloys is iron and usual impurities. ‘
Alloys A and B provide acceptable magnetic properties, particularly a
15 high magnetic permeability, low coercive force, and low residual induction.
These alloys also provide good corrosion resistance for many types of solenoid
valves. Consequently, these alloys have been widely used in the solenoid valve
market. However, a need has arisen for greater corrosion resistance than Alloys
A and B are able to provide, coupled with magnetic properties that are at least as
20  good as the magnetic properties of Alloys A and B. The demand for better
corrosion resistance is also coupled with a need for a soft magnetic material that
is metallurgically clean. This need has arisen particularly in the semiconductor
industry where high purity requirements are prevalent.
Another known alloy, Alloy C, has the following nominal weight percent

25 composition.

Alloy C
C 0.05
Mn 0.60
Si 0.40
30 Cr 28.00
Ni 0.50 max.

The balance of that alloy is iron and usual impurities. Alloy C is known for its



30 & 28.00 N 0.50 max. The bal ance of that alloy is iron and usual
inpurities. Alloy Cis known for its -2 WO 02/103720 PCT/ US02/ 18826

cont r ol | eaotok@oaTel expansi on characteristic. Consequentl|ypPCirtushasssbeen used
substantially exclusively for glass-to-netal seals in electronic vacuum
tubes and in incandescent and fluorescent |anps. 5 Summary of the

| nvention In accordance with one aspect of the present invention, there is
provi ded a edrrodled diermabexpangion chastaterigiign &lonsequently.jit has bsereesedal | oy havi ng

the foll owi ng..b referred co i.1i,0ns_.i o gh rcent., 10 Broad
Preferred S%gg&' %%gusg‘.’%ﬁg’-r(ﬁ?aéﬁ%o"%gﬁ fg%gﬁl&%?&@.’r\%o%&gﬁ%%ﬁ af.do max.
0.30-0.50 P { idbshdement AhdX2doré®@ent lathps.S 0. 020 max. 0.004 max. C 27.0-30.0

28.0-29.0 N 0.35 nmax. 0.25 max. Mo 0.35 max. 0.25 nax. Cu 0. 35 max.
0.25 max. 20 Co 0.25 max. 0.15 max. N 0.010-0.05 0.015-0.035 The bal ance

of each gonposition is essentig|ly ir O{ttﬁggm; Eqioﬂsual inmpurities found in
simlar grades of ferritic starm . and t hroughout this 25
speci fication theldt&cordapes w@Rbhe Apetief tby pleednt iMenti®@NBerp & ONidedy Wei ght

unl ess otherw se indicated. The foregoing tabulation is Frovi.ded as a
conveni ent s#RPEAPSORIFdistaRt, soft magaeiEh duEtie stepkbaltqy hayingibe filpsinghwadpper

val ues of thgndu@gg%%d%%?%ggﬁwsgh\%&qgﬁIperc%hgrrents of the alloy of this

i nvention for I'ha each ot her, or

10 Broad Preferred
C 0.005-0.040 0.008-0.030
Mn 1.0 max. 0.30-0.50
Si 1.0 max. 0.30-0.50
P 0.050 max. 0.025 max.

15 S 0.020 max. 0.004 max.
Cr 27.0-30.0 28.0-29.0
Ni 0.35 max. 0.25 max.
Mo  0.35 max. 0.25 max.
Cu 0.35 max. 0.25 max.

20 Co 0.25 max. 0.15 max.
N 0.010-0.05 0.015-0.035

The balance of each composition is essentially iron and the usual impurities
found in similar grades of ferritic stainless steels. Here and throughout this

25 specification the term "percent" or the symbol "%" means percent by weight
unless otherwise indicated.

The foregoing tabulation is provided as a convenient summary and is not
intended to restrict the lower and upper values of the ranges of the individual
elements of the alloy of this invention for use in combination with each other, or

30 to restrict the ranges of the elements for use solely in combination with each
other. Thus, one or more of the element ranges of the broad composition can be
used with one or more of the other ranges for the remaining elements in the
preferred composition. In addition, a minimum or maximum for an element of
the broad composition can be used with the maximum or minimum for that

35 element from the preferred composition.

In accordance with another aspect of this invention, there is provided a
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30 to restrict the ranges of the elenents for use solely in conbination
with each other. Thus, one or nore of the elenent ranges of the broad
conposi tiwpocam7me used with one or nore of the other ramgegashvissehe

remai ning elements in the preferred conposition. In addition, a m nimum or
maxi mum for an el enent of the broad conposition can be used with the

maxi mum or m ni num for that_ 35 el errenb fromtae preferred conposition. In
accor dance wiagngiotRRRONSRISE R MeEnetiGally priyalse deyice-t has wagretisy ovi ded a -3

WO 02/103720 0%/ LR8P fzﬂ?&ﬂﬁ dnG PRt o wﬁglbg@gdl y actuated
devi ce. The ﬁa’gﬁéﬁcﬁj cgﬁrrpocr)\ent I o?érqrg ?gggl clorrfl on tesistant magnetic
al I oy havi ng atxdhprelﬁa:rceaﬁ)vaght p@rc&hEmmmbsﬁmngIittenpﬁeateMVecorrpos| tions identified

above. | n accordance V\ll(ipgl éh{l f this in entlon (i{éterels
provided a 5 sol endfQd" F%“ pripey e égf 1§8Y0g- (ﬁlﬁ@rﬁf‘” and
second chanNglsndi@RaRe i HR1GIER 2 368nd Rling 2 diselornlanREoRimehannel s
nmeet at an intersection. first anne has an inlet and an outlet and
i s adapt ed fmelmomdmlmﬁlamxdaﬁrfst ancttgec@utﬂhaaselamegfafs aofnteisgetio, merfagnetl c
coi |l disposed he housin Suc t hat tant aII nds at | east
a portion of © Pweg@é@ﬁ‘d ?@dﬁéé’i‘ Féo‘? CHBV%E]ISWJ S$hosed in
the second C? dé\eﬁ u@@thEP@chﬁésb@uPﬁb'hoéﬁg% fhe thitieq@sahiigy of  the

first and se annel s such that when it Is splaced wthin the second
channel , a pewtéowds af lesalaq)onagnﬁtthe;secomcécfmnuels A niagnéthvecolé rsgpoablinnel to

close th first chann The magnetic coil is .operativel connected to a
source oﬁ) el dspPsee mgl?r ey C?‘GP“%%@WEFWQ’“?WUESP‘II a“‘i@eB feBFCUEser i pt i on
of the Draw pg fOd&edoddchanRIOEIR AL WHeRYY 19B1s§1a§&i fRfindnY 8dc¥gai n

accordance with the present 1nvention. 20 Detalled Description The all oy

accordi ng t ochdmmephresgnn dfsridmagpatic oot anavss aito tmefsrst Gilaour! t@Flof9theand
0,
preferably a%. I% st ﬁb@}?: 28. 0% chrom um for enhanced corro§§@n resi stance

relative to TPRSTICHR CPIL LS PELAkve SOPRRIgHE U5 §€Ctnr oni um

al so current for energizing the coil.
15

Brief Description of the Drawing

Figure 1 is a schematic view of a solenoid valve in accordance with the

present invention.

20 Detailed Description

The alloy according to the present invention contains at least about 27.0%
and preferably at least about 28.0% chromium for enhanced corrosion resistance
relative to the known corrosion resistant soft magnetic alloys. Chromium also
stabilizes ferrite and thus, helps to prevent the formation of martensite which

25 adversely affects the magnetic properties. Too much chromium adversely affects
the magnetic saturation induction property. Therefore, the alloy contains not
more than about 30.0% and better yet, not more than about 29.0% chromium.

A small but effective amount of carbon is present in this alloy to benefit
the workability of the alloy, especially during forging. To that end, the alloy

30 preferably contains at least about 0.005%, and better yet, at least about 0.008%

carbon. Too much carbon adversely affects the magnetic properties of the alloy



stabilizes ferrite and thus, helps to prevent the formation of martensite
whi ch 25 adversely affects the magnetic properties. Too nmuch chrom um

adver sel ywafokaei730 t he nagnetic saturation induction prop@cmyusoyisseef ore,
the alloy contains not nore than about 30.0% and better yet, not nore than
about 29.0% chromum A small but effective ambunt of carbon is present in
this alloy to benefit the workability of the allo especi ally during
forging. To ﬁ%ﬁuswa:esst%b% ¢appbinesovith éhe&eamsydt@ﬁ%/ranngma@ foremst about

0. 005% and ?gttbgcﬁg h 111‘?1& gﬁﬁi}oﬁh%ﬁm%é) Qlfty}%ﬁ%g&q ate-ﬁqg g%@&gﬁﬁb on

adversely af e magn properties o e al 03720

PCT/ US02/ 18821ﬁagn§tﬁqab§ﬁﬁ€$< CEisgefoad, fienallgrooh s ok h{brettﬁﬁah@ﬂ 0s4DI%,2
chromumto formcarbides which limt &al n rovvth when the all oy i's heat
treated to ophf Bick@aklyenot ey dtanabgrigh Q%ééf OFherefore, the alloy contains

not. more & han aboyt . 0, 00%c. 80 PEGHES ARlkey Nk TR S, 1AAGABINL, §, 020%

car bon. A smal | I've anount o I's present is alloy

to benefit tiewskakisibi bf this albyt Prcﬁ‘erablyaye alﬂ?li;e(fcﬁzltaiﬂi 3 ledzeatsdul 0y 1090t ai NS at
| east about 0.010% and better at | east about 0.015% nitrogen. Too

much ni t r ogeANGBRIET 81 9t Ieaﬁtfab@qtsoy Yl5ge ﬁﬁ@ﬁélﬂ.@%frblsémtw@nﬁ#&ﬁ%d by the
alloy in a mppet th%'rfﬁég% gﬁ)pgg tprcgﬁ%%gp)b@g 18y1 pérae fhkr sm?z{r%{) A5 the

al | oy contai ns not nor erabl'y not nore than
about 0. 035%daictibed)ést.caibioa. mhbm‘ijora,ahaaﬂwgorttmni ha)ts:nme\ﬂeafﬁabmnt@ori%al ns up to
about 1.0% nanganese and, prefer abl)é the alloy contains at |east about

0. 30% neifgana&geprefarably apbmore thar abst OGP Kalifoesy of the alloy. Too nuch

manganese | eads ¢ ok ifioy ARERRAL QRS in Al RLBRLERR M0 18l gDer of

i nclusi ons that detrac rom ace qua the al | oy after

pol i shing. Thengimseand, Ip@efaﬂablgrytmraelbyrcaﬁﬂams at:lmﬁtailbﬁﬁt 0180% mengahdsan about
0. 50% manganese. Silicon is used {o deoxidize the alloy of this invention

during nelti FRpenes thedohwarkediliss abteradloy h@m@gﬂsmavﬁqesq)ka@%e thg | oy.
Th f b 1.0%
heretore, t li’&n?abbf%g?@ﬁl?&eq{r i‘t%hari)ou er Sgﬁ%ﬂ%bo&? tl%? ALRLRE Hpthteo about

silicon, and prefera siticon. Too rwuch silicon
adver sel I af betdcs qublétywdtheadildyidftgr polibhing). eBirtdfors theaflloy Ip&fedabkyy by
SO g e ot more Than sbout 0.50% Mangancse. >
Silicon is used to deoxidize the alloy of this invention during melting.
Silicon also benefits the resistivity of the alloy. Therefore, the alloy according to
this invention contains up to about 1.0% silicon, and preferably, at least z;bout
20 0.30% silicon. Too much silicon adversely affects the workability and
cleanliness of the alloy by combining with other elements to form silicates.
Therefore, the alloy preferably contains not more than about 0.50% silicon.
The alloy of this invention may also contain one or more of the elements
nickel, molybdenum, copper, and cobalt in amounts that do not adversely affect
25  the magnetic properties, corrosion resistance, or the workability provided by the
alloy. In this regard, the alloy may contain up to about 0.35%, preferably not
more than about 0.25% of the elements nickel, molybdenum, and/or copper. The
alloy may also contain up to about 0.25%, and preferably not more than about
0.15% cobalt.

30 The balance of the alloy is iron except for the usual impurities. Among

such impurities are phosphorus and sulfur. Phosphorus is restricted to not more



Therefore, the alloy preferably contains not nore than about 0.50% silicon.
The alloy of this invention may al so contain one or nore of the el enents

ni ckel , rmobDybdedteom copper, and cobalt in anmounts that doPootUusaziwsesel y
affect 25 the magnetic properties, corrosion resistance, or the

wor kability provided by the alloy. In this regard, the alloy may contain up

to about 0.35% preferably ngt re than about .0.25% qof the el enments
ni ckel , nol ybdenuW]EeéH%W Woﬁg%@rﬁe?FF‘éenthYWOPrésypr&?e&ﬁXHﬁ‘f%ﬂi“h up to about

0.25% and pfrﬁh@ﬁﬁpﬂn)élt%?t%%%[llt%ﬁgbEfs}agﬁﬁly%ot QolRrrRR @ dmpdQuidsr bal ance of

the alloy is 1ron except npurities. Anmong such inpurities
are phosphor disor@n 3% founakePhoispEnoediate form esdir asdlat dr tanddtar.nbhee -5 WO

02/ 103720 PCT/ US02/ 18826 . The al |l gy, accor.ding. t he present_inyention is
preferably vHterRpdiaRiem s Hepsppeaicd al‘WeCOé“f!ﬁB\gh‘?cg %’P%ﬁa Pabi Rfe@‘?&%\{x\or ked from

a tenperature,ofy oatbﬁ%o&t%%%%tfer TRN6E 1 @Bud, mlﬁfv&eadagﬁsggadfc%m@ UrdR R%yf  at or

round bar. The 1nternediate formis then anneale d col d”fi ni shed.
Anneal i ng i s wateefjeemihing. 3 ddfinishthgdontiudts sablouper82QG dsstrambeninglandour
foll owed by rapid coaling_such as by water quenching. Cold finishing
i ncl udes sucﬁflﬁ‘ﬁéga?ﬁ“@@r%@trai ghtening and grinding of the bar forns.

Referring now (o Roaigs Tow kORI B, BhENIRyR0L NGicth VALY & dcBoaer dance

wi th anot her aspect o S 1 nvention. sol enoid valve 10 includes a

body or 10 hahsinotedZpebtatf this idventied Tle solenmid reElgn 0 ircludes ebiody or The
housi ng 12 has an axi al K channel_ 14 and a transy rs ?ﬁhanne 6 forned
ul

t her ei n.10ChaRaeing athahig fiﬁréneda?fe61 PRFEhe VAT Ul Af "PHIRE 05835t i on, but
can have ot hekiafSiR5AG ANAlns SRPUERALIGS thimdPRELAS. ClifcRUAhagRanne] 14

and the transverse channe meet an intersection 18. The transverse
channel 16 ha peferablyetirenba id éraanskcsion,dutt ket havs e ct@s-seetodmabf whi ch s

adupted for_connect] 1.2 et LRLS, o funiag (ot shem e
Sharnel 14 165000y A Mol b SE Aol MR il e 25cL n
magnet i d5coi bn®,leash ef which icalaptedddscatdacticddb ewteireth papieg combimgt(eok t 0 a
shown) for conducting a process fluid such as a liquid chemical or a gas.
The axial channel 14 has a head end 20 which is located distal from the
intersection 18. A magnetic coil 22 surrounds the head end 20 of axial channel
14. The magnetic coil 22 has electrical leads 24a, 24b which are connected to a
20  source of electric power (not shown) for conducting electrical current to the
magnetic coil 22, whereby the magnetic coil can be energized. A stationary
magnetic core 26 is disposed in the axial channel 14 at the head end 20 thereof.
A moving magnetic core 28 is slidably disposed in the axial channel 14 between
the stationary core 26 and the intersection 18. The moving magnetic core 28 is
25 preferably cylindrical in shape, although it may have another cross-sectional
geometry if desired. Moving magnetic core 28 has an end distal the stationary
core 26 that is adapted for insertion into intersection 18 for closing the transverse
channel 16 to control the flow of fluid therethrough. In the embodiment shown,
moving magnetic core 18 has a tapered end 29. However, it is contemplated that
30 the end 29 can have other shapes if desired. A biasing spring (not shown) is used
to bias the moving core 28 into either a normally-open position (as shown) or a

normally closed position (shown in phantom).



20 source of electric power (not shown) for conducting electrical current

to the nmagnetic coil 22, whereby the nagnetic coil can be energized. A

stati onarwOopagaTedi c core 26 is disposed in the axial chameeglusazissee t he

head end 20 thereof. A nobving nagnetic core 28 is slidably disposed in the

axi al channel 14 between the stationary core 26 and the intersection 18.

The noving nagnetic core 28 is 25 preferabl Ii>1/I}ndri cal in shape, although
f

. y C /
it may have SHERREIO ©csagolibe flogpf|tluid teribiopeh 1 Indhe prbadimopishay magnet i ¢
core 28 has |.S: i r £ A or
insertion i n?{cl)) V{%%Srér %&?F%%h?gﬁ % g:téﬁc% os%ﬁrcligfg?h}go‘tg%ae%\’gelércggteﬁ@ﬁagér\cﬁgﬁg 16 to
control the fHeewd@b chh havk dtharshbhpasafiddsiret n At biesiegrigathignaot shetvayvs, usedrovi ng

magnetic core 18 has a.tapered.end 29. Howeyer, it i.s contenplated that 30
the end 29 cHhPIRBE TRWHRF CQIR &P &0 eithefcsh Greglly-RDBR BRTIBRN @SR ®St shown)

is used sto pg)%nkr&@os pggg?lggggwgqn %)H&ROI%F her a normal | y-open p\c/)\zi tion

(as shown) or a or ma position (shown in phanton). -6

02/ 103720 PCT/ USOZhd 888énary hmgnetic chée 20 andthemodvithmaghaiv cofe 29 ared

t heret hrough, In the enmbodi nent shqown, ving magnetic core 18 has a

tapered end E?;smeﬁag@ _fnaigPCtiCsSt?fiﬁﬁ%prP@F‘gﬁpli’HQ?motVH@ BAE8 et thave ot her

shapes 1 deqiifbd AoliASLAeRRl bltah?Olte HAGEH., | 'Héﬁ)gel A8y Be&sibthe movi ng

core 28 into either a normally-open position (as shown) or a 5 normally

cl osed posit dmve( Thewnrrosiopteaistanng is rithdedsheabusering snonmgmedgneticosre 226 and t he

novi ng gnetic core 28 are for of a soft magnetic steel arlloy.
r

t Ol
Pref er ably, Y’ch%‘?/}%%_c‘?fﬁ%é‘flﬂbhgg AIPEases hefrare FRsHYR tereetdlorihgsi on
resistant, sofl RGRekA s&fgh{&ghétfc, Blrf6L ﬁt@éll ﬂ%y%@&?fbb@ﬁ&eir@i?ﬂ}’g‘?ﬂyz-rhe

corrosion resistance 1 s neede ecause the noving nmagnetic core 28 10 will
cone into costiablke for tde ihiagoledsidanatvegasasetif@bvideea anquosomkinbtdomett al . The
corrosion resistant, soft gnetic, ferritic steel_ alloy ,(g.es ri bed herein
is highly sHREMCOTPRGIGHADdIGRhacEE campsion iFssiAcH MR BeFY lcblfwi\edes a

uni que conbi i ngﬁ% . Co i g&ﬁﬁ- hON

resi st ance. 5!\]}?)6 eﬁgp?g‘%ll ?I ca yrﬁlﬁégeﬁrflggﬁlgg@g‘ggg S o&h%?gérgtréaoé\ii de a
coer ci va5f or (&) ( HhatwhtiaboapneticAfduorion (Bg3 ofl sreat@e)han abswt1dr2aktilogaussagnet i ¢
i nduction (Brat), of great

r.than about .2 kilogauss, a maxinmum
per neabi | i ty? (I}axwurawsmeaﬁm?@aﬁf& aufrléﬁd%ﬁ(a TréigH trP%gfﬁeHEIUEﬁF%?ﬂ

(B,) of about 5.20 kilogauss. Those values compare very favorably with the

corresponding magnetic properties of Alloys A and B described above.
Moreover, the alloy used in the solenoid valve according to this invention has

20  excellent corrosion resistance in a variety of typically corrosive media. In
particular, it has been demonstrated that the alloy according to the present
invention has significantly better resistance to pitting corrosion than either Alloy
A or Alloy B described above.

An embodiment of the present invention has been described in connection

25 with a magnetic core and a solenoid valve incorporating such a core. However, it
is contemplated that the alloy according to this invention can also be used as a
magnetic component in any type of magnetically actuated device, such as, for
example, a magnetic relay, that is intended for service in a corrosive
environment.

30 The terms and expressions which have been employed herein are used as

terms of description, not of limitation. There is no intention in the use of such



(B,) of about 5.20 kil ogauss. Those val ues conpare very favorably with the
correspondi ng magnetic properties of Alloys A and B descri bed above.

Mor eover ,wohe/1ed7e@y used in the sol enoid val ve accordi ng PaTiUS0OF 188/ ent i on
has 20 excellent corrosion resistance in a variety of typically corrosive
media. In particular, it has been denonstrated that the all oy according to
the present i i P?ﬁ e 0L, i i itting
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the present ideygibkd onpdréisndberzotleHowe et isrecspnivedttharvaridds Wi t h a magnetic
core and a solenoid valve incorporating such a core. However, it 1is

cont enpl at ed RadHicaRBS HFIPSSSiIE vHthdn Hig SEopa ofithe inygRiiAn damedn al so be used as
a nmagnetic conponent in any type of magnetically actuated device, such as,
for exanple, a magnetic relay, that is intended for service in a corrosive
environment. 30 The ternms and expressions which have been enpl oyed herein
are used as terns of description, not of limtation. There is no intention
in the use of such -7 WD 02/103720 PCT/ US02/18826 terns and expressions
of excluding any equivalents of the features shown and described or
portions thereof. However, it is recognized that various nodifications are
possible within the scope of the invention clainmed. 5 -8 WO 02/ 103720

PCT/ US02/ 18826 What is claimed is: 1. A corrosion resistant soft nagnetic
ferritic steel alloy consisting essentially of, in weight percent, about:
5 C 0.005-0.040 M 1.0 max. Si 1.0 max. P 0.050 maex.



10 S 0.020 max. Cr 27.0-30.0 N 0.35 max M 0.35 max. Cu 0.35 max. 15
Co 0.25 max. N 0.010-0.05 and the bal ance essentially iron and the usual

i mpuriti e80 02003220 A corrosi on resistant, soft magnetic fePCirtisoz/siseel all oy
as set forth in Caim1 which contains at | east about 0.30% nmanganese. 3.
A corrosion resistant, soft magnetic ferritic steel alloy as set forth in
Caiml whi chc?nt i.ns dat. | east about 0.30%silicon. 25 4. A corrosion
resistant, softehegAidI®d>ferritic steel alloy as set forth in Oaim1

whi ch contains at |east about 0.008% carbon. 5. A corrosion resistant, soft
magneti c ferditi cAsqEsion pg§tapissobiapagngtic ferrific stgel aloxicensistiig 4 whi ch

cont ai ns not han. 0. %.carbon. 6. A corrosion resistant, soft
magnetic fer F%E?{i;tga@t0361&2%#%@65%%@3?08 orth in Claim1 which contains at

| east abaut 0.015% nitrogen. 35 7. A corrosion resistant, soft nmagnetic
ferritic steel alloy as set forth in Caim1 or 6 which contains not nore
than about 0.035% nitrogen. G 9 WB®2r4&8720 PCT/ US02/ 18826 8. A corrosion
resistant soft magnetic ferMnic ldt®wex. alloy consisting essentially of, in
wei ght percent, about: C 0.©®08-0.10Bfax5 Mh 0.30-0.50 Si 0.30-0.50 P 0.025
max. S 0.004 max. Cr 28.2% 29. 0050 max.

10 N 0.020 max.
Cr 27.0-30.0
Ni 0.35 max
Mo  0.35 max.
Cu 0.35 max.

15 Co 0.25 max.

N 0.010-0.05

and the balance essentially iron and the usual impurities.

20 2. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in

Claim 1 which contains at least about 0.30% manganese.

3. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in
Claim 1 which contains at least about 0.30% silicon.

25
4. A corrosion resistant, soft maghetic ferritic steel alloy as set forth in

Claim 1 which contains at least about 0.008% carbon.

5. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in

30 Claim 1 or 4 which contains not more than about 0.030% carbon.

6. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in

Claim 1 which contains at least about 0.015% nitrogen.

35 7. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in

Claim 1 or 6 which contains not more than about 0.035% nitrogen.



10 Ni 0.35 max M 0.35 max. Cu 0.35 nmax. Co 0.25 max. N 0.015-0.035 15
and the bal ance essentially iron and the usual inpurities. 9. A corrosion
resi st antwogfio37emgnetic ferritic steel alloy as set fortRCroSofZisseén 8

whi ch contains not nore than about 0.25% each of nickel, nolybdenum 20
and copper. 10. A corrosion resistant, soft magnetic ferritic steel alloy
as set forth_in aim8 or .9 which contai.ns not?l(r}gllre t han, about 0.15%

cobalt. 25 18 A AagiEsio EYNEmoHmassiets foratn sfeslalioy ronsiting ed devi ce,
sai d magneti go GRMRUTER whiehi@rdenl ABGu0f a corrosion resistant, soft
magnetic alloy having the “followng conposition in weight percent, about C
0.005-0.040 30 Mn 1.0 nmax. Si 1.0 max. P 0.050 max. S 0.020 max. OCr
27.0-30.0 35 Ni 0.35 max 0.3§§r§)g>iH Cu 0.35 max. Co 0.25 nax. N
0.010-0.05 -10 WD 02/ 103720 PCT/ 1%%¥%>6 and the bal ance bei ng
essentiaPly iron and the usd® i fp0r@#Pes. 12. A magnetic conponent as set
forth in Claim11l wherein tRe al O80-0.8dnt ai ns at | east about 0.30%
manganese. P 0.025 max.

S 0.004 max.

Cr 28.25-29.00

10 Ni 0.35 max
Mo  0.35 max.
Cu 0.35 max.
Co 0.25 max.

N 0.015-0.035
15
and the balance essentially iron and the usual impurities.

9, A corrosion resistant, soft magnetic ferritic steel alloy as set forth in
Claim 8 which contains not more than about 0.25% each of nickel, molybdenum,

20  and copper.

10. A corrosion resistant, soft magnetic ferritic steel alloy as set forth in

Claim 8 or 9 which contains not more than about 0.15% cobalt.

25 11. A magnetic component for a magnetically actuated device, said magnetic
component being formed of a corrosion resistant, soft magnetic alloy having the

following composition in weight percent, about

C 0.005-0.040
30 Mn 1.0 max.

Si 1.0 max.

P 0.050 max.

S 0.020 max.

Cr 27.0-30.0
35 Ni 0.35 max
Mo  0.35 max.
Cu 0.35 max.
Co 0.25 max.

N 0.010-0.05

-10-



5 13. A magnetic conponent as set forth in Claim1ll wherein the alloy
contains at |east about 0.30%silicon. 14. A magnetic conponent as set
forth in wbaemirzo wherein the alloy 10 contains at | east papaisn2/83008%
carbon. 15. A nagnetic conponent as set forth in Claim1l or 14 wherein the
alloy contains not nore than about 0.030% carbon. 15 16. A nmagnetic

conponent as s n Claim the alloy contains at |east
about 0. 015%%?{“?596%?1 e ASSHRL t‘f@a@gﬁg%%ﬁ PImRUIligs. forth in Claim 11 or
16 wherein the alloy contains not nore than about 0.035% nitrogen. 20 18.
A magnetic conponent for a magnetically actuated device, said magnetic
conponent beilihg f drmeghett campomanogs’;mﬁf@résinﬁlam,llmteimﬂgmﬁbyc ferritic

steel all oy . nsi sting ess i of , in weight percent, about: 25 C
0. 008-0. 030 © a‘ﬁs e 9%%0‘“@”3 3a %)a“%isf- P 0.025 max. S 0.004 nax. 30 Cr

28.25-29500 N 0.35 max M 0.35 max. Cu 0.35 max. Co 0.25 max. 35 N
0.015-0.035 -11 WO 02/103720 PCT/ US02/ 18826 and the bal ance essentially
iron and thelhisuah magnetic componengas skt fratinietGleine dbpdrent thasllept forth in

Claim 18 wherein t ns not nore than about 0.25% each of
ni ckel , nol yBEEHEH 8%&%%158@?5% silicon.

14. A magnetic component as set forth in Claim 11 wherein the alloy

10 contains at least about 0.008% carbon.

15. A magnetic component as set forth in Claim 11 or 14 wherein the alloy

contains not more than about 0.030% carbon.

15 16. A magnetic component as set forth in Claim 11 wherein the alloy

contains at least about 0.015% nitrogen.

17. A magnetic component as set forth in Claim 11 or 16 wherein the alloy

contains not more than about 0.035% nitrogen.

20
18. A magnetic component for a magnetically actuated device, said magnetic
component being formed of a corrosion resistant, soft magnetic ferritic steel alloy
consisting essentially of, in weight percent, about:
25 C 0.008-0.030
Mn  0.30-0.50
Si 0.30-0.50
P 0.025 max.
S 0.004 max.
30 Cr 28.25-29.00
Ni 0.35 max
Mo  0.35 max.
Cu 0.35 max.
Co 0.25 max.
35 N 0.015-0.035

- 11 -



5 20. A magnetic conponent as set forth in Claim 18 wherein the alloy
contains not nore than about 0.15% cobalt. 21. A solenoid valve conprising:
10 a houswog2hesreing first and second channel s fornmed ther eca/isovissehat said
first and second channels neet at an intersection; said first channel
having an inlet and an outlet and being adapted for conducting a fluid; a

magnetic coil disposed in said.housi such that. it substantially 15
surrounds a ﬂ%f@?%ﬁaﬁ?e§ﬁ?&“@@d%ﬁdméﬁ%ﬂﬁ@?ﬁngmﬁﬂﬁﬁetic core disposed in
sai d second channel adjacent to said magnetic coil and having an end
adapted to fit in the intersection of said first and second channels, said

core bei ng ft9.medAchagnetiocomppmmt resst sertnin, Claiof {8 waigreant the alby oy  havi ng t he
foll owi ng conposition in weight ent, about 20 0.005-0.040 M 1.0
mmx. S 1. 0 HeBnpng 56 i dbousB 85y a REkEL DeSaign 096 0. 35 max
M 0.35 gax. Cu 0.35 max. 30 Co 0.25 max. N 0.010-0.05 and the bal ance
essentially iron and the usual inpurities.; and neans for conducting

el ectrical c20.renf magrstic dompgmet agset forth in GBim 1@ wherein the alloy

contains not more than about 0.15% cobalt.

21. A solenoid valve comprising:
10 a housing having first and second channels formed therein such that said
first and second channels meet at an intersection;
said first channel having an inlet and an outlet and being adapted for
conducting a fluid;
a magnetic coil disposed in said housing such that it substantially
15 surrounds a portion of said second channel;
a magnetic core disposed in said second channel adjacent to said magnetic
coil and having an end adapted to fit in the intersection of said first and second
channels, said core being formed of a corrosion resistant, soft magnetic alloy

having the following composition in weight percent, about

20
C 0.005-0.040
Mn 1.0 max.
Si 1.0 max.
P 0.050 max.
25 S 0.020 max.
Cr 27.0-30.0
Ni 0.35 max
Mo  0.35 max.
Cu 0.35 max.
30 Co 0.25 max.
N 0.010-0.05
and the balance essentially iron and the usual impurities.; and
means for conducting electrical current to said magnetic coil.
35

-12-



