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'\/'51@“

PRCDUC‘I‘S SUCH AS SHEET BY COLD WORKI NG AND FLASH ANNEALI NG The Uni ted

St at es gover nnent m uﬂ“\mmll n this invention pursuant to contrast No.

DE- ACO5- 840R21400\ W\W United States Departnent of Energy and
Lockheed Martin Energ %oidgsearch Corporation, Inc. ~' | thg~ Invention - The

i nvention rel ates general |y to manufact-ise of netallic products such as
sheet, strip, rod, wire or band, especially of difficult-to-work

intermetallic al |NMHODBOF|MWNUEA€WRINGME’FAHKEIC FRODUCTS BUCH

Background of the |0y SR HE@HLI WOREING!AND FORSH ARNEARINGAY

body centered cubic ordered crystal structure are discl

in U'S. Patent

ng a

Nos. S, 320, 802; 5, 158, 744; 5,024,109; and 4, 961,903. An iron al um ni de
closed in

al l oy having a disordered body centered crystal str ’m ”MM’HMH ﬂms
U S. Patent No. 5,238,645 wherein the alloy include % ,
A, s 7 Cr, ssmmmgmm_(ﬂmmmmgms:r and < 0.1, preﬂ‘sﬁaeably45550r

-9.5

1.8-2.2 M, 0.02- 0_&[?3@ &\gglo 15- éa {1 ?}H sconta|n|n93l8
wt %A, 0.05-0.5 ied Sy oot iy Bt ﬁé’}"eéflo PRSHAY Wb ar e
di scl osed i n@néggtg%:e?géhgpsm&@i4ob%}et@% (R UAIAISERE HUpatifenOds:

U. S- Patent scl oses an 1 ron-base alloy con

ai ni ng

140.
10 w

A, 4-8 W %Rergpand LobktizedMAttiGEnetgysResearoh Cofibrationd@s. 0.5-2 Wt % Ti
and optional M and B. Iron-base al um num containing alloys for use as
el ectrical resistance heating elenents are disclosed in U S. Patent Nos.

1, 550, 508; 1%&#@%58, 915 and in Canadi an Patent No. 648, 141. The

al | oys di scl patent include 20 wt %A, 10 wt % Mh; 12-15

W % A, 6-8 W %M imentiolr ffatdd gefibrally-td Gnatuffénize of'ﬁielalﬁf; p&dg}ﬁ.l&@%gfdsf

0 ana a

| east 10 wt %hedt, strie rad. wire odibard. esparially thbfﬁmaow@mtennwlwml}oszoos 2
0, 0, 0,

i ncl ude 16- 2({ % Al 5-10 wt Qj‘ﬁgf&iﬁmo 05w %C) s 0.25 w % Si,

exanpl es disclosed in the '508 patent 1nclude at |east

0.1-0.5 wt plike aluminides gf ‘5}”%“

exanple includes 17.5 w %A, 85w %C, 0.44 w %M, 0.36 w

-0.02Ww %Cand 0.13 w %Sl The aIons di sclosed in the
i ncl ude 10- 1Baukgvou - of

the only specific exanp es inc

BIUEL.\t o5 Mh and the only specific
% Ti ,

" 915 patent

'east '5 wt

5,024,109; and 4,961,903, An iron aluminide alloy having a disordered body

| 1 b, Ti, Ta, V, Cb, C, Ni) B and Wand the
only ' specific e elncl es 16 wt, %9 Al and 3 (Vl\/b The
ai sol oseg ‘0 the @%.lem gﬁewpﬁ&tmeéﬂeejf@vmgv&b gentaged gilie Sgld ¢

‘8‘005/0 01 Wt &‘i‘%s %rlﬁ:ug‘c%re?’\@hsc’ﬁ);éd PiU% @at@h Kob 5@%@3@255‘%58%4@ and % Cr

centered crystal structure is disclosed in U.S. Patent No. 5,238,645 wherein the

alloy includes, in weight %, 8-9.5 Al, < 7 Cr, s 4 Mo, < 0.05 C, < 0.5 Zr and <

0.1 Y, preferably 4.5-5.5 Cr, 1.8-2.2 Mo, 0.02-0.032 C and 0.15-0.25 Zr.
Iron-base alloys containing 3-18 wt % Al, 0.05-0.5 wt % Zr, 0.01-0.1 wt %

B and optional Cr, Ti and Mo are disclosed in U.S. Patent No. 3,

026,197 and

Canadian Patent No. 648,140. U.S. Patent No. 3,676,109 discloses an iron-base

- alloy containing 3-10 wt % Al, 4-8 wt % Cr, about 0.5 wt % Cu,

0.05 wt % C, 0.5-2 wt % Ti and optional Mn and B.

less than

Iron-base aluminum containing alloys for use as electrical resistance heating

elements are disclosed in U.S. Patent Nos. 1,550,508; 1,990,650; and 2,768,915

and in Canadian Patent No. 648,141. The alloys disclosed in the

‘508 patent

include 20 wt % Al, 10 wt % Mn; 12-15 wt % Al, 6-8 wt % Mn; or 12-16 wt %
Al, 2-10 wt % Cr. All of the specific examples disclosed in the ‘508 patent include

at least 6 wt % Cr and at least 10 wt % Al. The alloys disclosed in the ‘650 patent

%



Resi stance heaters of various materials are disclosed in U S45Q3gke003No.
5,249,586 and in U S. Patent Application Nos. 071943,504, 08l118, 665,

081 105, 346 and 08/224, 848. U.S. Patent No. 4,334,923 discloses a
cold-roll abl e oxidation resistant iron base alloy useful for catalytic
converters containing s 0.05 %C, 0.1-2 %Si, 2-8 %A, 0.02-1 %Y, < 0.009
%P, < 0.006 %S and < 0.009 %O U. S._Z_Patent No. 4, 684,505 di scl oses a
heat resistant iron-base alloy containing 10-22 %A, 2-12 % Ti, 2-12 % M,

0.5 % v, o el (20 GE AR GHOWIEES 08 B Col iM% Hpanece

Lai d- open Pgtpots #Pi% Teak ilonwig, Meadd 9/21.5WE % Maeandtheesly lspedift ant . hi gh
magnetic pernmeability al | oy having good workability and con¥al ning 1.5-17 %

Al, 0.2-15 %{ﬂnpbndclod@ll"BS%tt%tM 80§ wi g iCm Al4daudi% Mms0.36 we %%3) <8 %
M) < 8 %W o % <8 wNb <8
% )Ta) < 8 %OI‘@% W& ‘%aﬁf@o‘? qé C@%n)'ﬁle %‘%)’OS%C?O@C% lﬂ/ﬁﬁe’%lg Pslt%trlmcludg 3 % zr,
< 0.5 %Pb, r r t Ard9 i.cat i nces in
Powdor Mot atPurgy AL PSSEAR, TR vy COURY, R i e o

"M cr ost'r uckpécifidechnifiie Iimndbalme%eAﬂ and 3aft B/ MoFePy alfdylsadisclosedin the
219-231) discloses a powder netallurgical process for preparing Fe3AT
cont ai ni ng ﬁaah@aﬁp%ﬁmf inglpde & Hgwh % ile Ptl0gul %abont Aot ZTHmekd whiéet , the

powders wereg.ca i I d t OOC to
an area I‘edSé’tT@ t(#i?gm’of %QSSY?%JCE ﬁ/% ﬁa'@d’? %“@Sﬁ pﬁ@ £ g ? lg&ﬂ&

al | oy extrughgnspé@ﬁc exa Plkgluyclg&g)g{ least 50§t bpocged at 1000 C to O. 340 inch
thick, rolled’at 800 C t6 sheet approximately 0.10 inch thick and finish

rol led at 6500 t ReBisBBOe heatérs of vatiods patdriatsatre disciosed/tin U.RePateSodo. Synp.
Proc., Vol by V. K ka entitled "Po r. Pr Ssi f Fe3Al- Based
I ron- Al umi nﬁo@ Aﬁ%‘%}"él n ‘63 Clazkd 3@3‘1 ﬁf%ﬁ&@’?’%&)&g‘g@é?& 8ﬁf’!eparl ng 2 and
% Cr cont asegyd ron-al um ni de powders fabricated into sheet.
To make sheg?popﬁaé%mrs \Iverge canned in mld steel and hot extruded at
1000 C to an ar &hSr Pateat Non4j334|923afisosks a Toki-sdlhble axidati@sresesmmy @@énand

the bars were forged 50 % at 1000 C, rolled 50 %at|2850 C and finish
rol | ed 50 odage %BU usefud for cARRlKGG SonveTtersicqniiping sy, 0:05% Csi0ck2 % Siat-8%
entitled "P o2k C rgc i P, eg of Fe3Al ", pp.
1-11, pr ese%\ﬁdg 02 ?ﬁ% %9@@032\,\5(3??@%7[’ %qﬂld %O%P((g?‘gn?e Exhi bition in

Pittsburgh, PA) cU ScPaeasNa. $/684 503 cﬁﬁclweep&reamsﬁaammnmadeallby mel ti ng
constituent netals under a protective atnosphere 7pa55| ng _the netal through

a neteri nghﬁ@qtmnengalfma%stht?ebl’&tTln& 137% Mgy g 1pl:2] qrﬁfngelrré%t Sbi< P13 fb: t
stream wi Uh 1 beogen abonkgi ng asy Anogy suded doaqcias prgduged oyl i1 ng

a 76 mmm | can t he powder, dvacua |ng ng"1 1/2
hour at 100Q%,aRd ex.pwailang the can through a 25 mmdie for a 9:1
reduction. A sheet 0. 76 nmmthick was produced by renoving the can, forging
50 % at 1000 C, depanesegl@doupen PagotApptication No ¥5L197] dedlpsss Bwed. Oxi de

di spersi on str t ed |r n- base.al |l o wlers are d sed.in U S
pat ont Nos. TGS, 844 apepel pedtuiy Hioh NRE ReBl SorkRELRL L Hsini
al | oys cont gifing APM@ 1%7%: aid bQ)f%s%lto@mf ué&l%@i’ﬁoﬁ@oﬁ“épﬁ%%‘?' ¢ The '
190 patent di'scloses a method of formng sheet fromalloy MA 956 having 75
% Fe, 20 % 8% Mo,4<B%HH W, < 8% Tip ¥ 8%\6&6068‘% 03k 8% V, < 8% Mn, < 8 %
r

Nb, < 8% Ta, < 8% Ni, < 8% Co, < 3% Sn, < 3% Sb, < 3% Be, < 3% Hf,
< 3% Zr, < 0.5% Pb, and < 3% rare earth metal.

A 1990 publication in Advances in Powder Metallurgy, Vol. 2, by J.R,
Knibloe et al., entitled "Microstructure And Mechanical Properties of P/M Fe,Al
Alloys", pp. 219-231, discloses a powder metallurgical process for preparing Fe,Al
containing 2 and 5% Cr by using an inert gas atomizer. To make sheet, the

powders were canned in mild steel, evacuated and hot extruded at 1000°C to an area

reduction ratio of 9:1. After removing from the steel can, the alloy extrusion was



A publication by A LeFort et al. , entitled "Mechanical Behagijgty @o3FeAl 40
Intermetallic Alloys" presented at the Proceedings of Internati onal
Synposiumon Internetallic Conpounds - Structure and Mechani cal Properties
(JIMS-6), pp. 579583, held in Sendai, Japan on June 17-20, 1991, discl oses
various properties of FeAl alloys (25 w %Al) with additions of baron,
zirconium chrom um and cerium The altoys were prepared by vacuum casting
and extruding at 1100 C or fornmed by Conpression at 1000C and | 100C. 15

July 2003 A publi t  al NLLE L Pr oducti on and
Properties &Ppt‘% cﬁ%A dqbn ng’a’ﬂc ﬁd('l rpled ab%@ée‘ﬁ?‘éﬂheﬂ appfeximatelyal s,
Metal s and Mei(@ircRtHiclOand QMsh%[lE&h?GSIPd AP 37 MepCont erence) on
"Processing, Properties and Applications of Iron um ni des", pp. 19-30,
held in San Frand $89i plﬂaiqatlomm MavnRew [SouaSyma 7Py cWoB, 2139a§wm gikleses
various properties_ of F jntermetall | co ounds. processed di fferent
techni ques §ue%eda§1’ @Cﬁﬁ'&g # Pzé]i‘%?‘fe ¥Wﬂﬁt-’ﬁws@'f PpogﬂéeWGind

t f d that . .
mechani cal - SERFECE 0%@%@@%“%09 aa&’??’? fﬁﬁ%g@@é e e frop-2fimiig 11 ne
oxi de di spengivaers fTbhiecatéd infd Sheet. a%&nﬂi@dhe&eﬁfle FOWARAS WeRE Barfe@ RANRM havi ng
a B2-ordered crystal structure, an A cont ent ranging from23 to 25 wt %

(about 40 asteeh a)ndalml eatrudsd alngQ@aCttDcamarca‘ reductialy ratiGenf 9C]. ThersteeY23. A
publication b H. Schnei enti d s of_lron

Al uni ni des" ¥ 5em%‘?él 1% F@s@?ﬁe 8r %aﬁgéfﬁ) FE/S &ff‘l%é eH & 0dCAoses
properties e@hidm@lle®b0% 4ighosc tg@%ﬂﬁﬁkﬁéeg reports properties such as

nmel ting tenperatures, electrical resistivity, thermal conductivity, thernal

expansi on and rreaﬂhpapccbb/ YKofikkd etsal gfentided UPowdearAroductjves iPro@ssing fand
pp. 101 115 )

bl t b tit Fl d F t f _FeAl ",
Bres;ﬁ?ehozg?rgﬂ?ét‘%ﬁﬁ%ﬂén I #elﬂeﬁé‘ésgé\{ieggF 3@;]29099%%6 i \Méﬁﬂ'&ﬁg)’t he fl ow and
f t f
21U o (i BR-SARONON Rl T TR 85 A

hi gher cool pagdéxam)eﬁxeafﬁgaronedmmtxﬁdatsanﬁexr aprotecten@Mbipl@rd) 'pavdiae i gher
roomtenperature yield strength and hardness but |ower ductility due to

excess vacafeta shroaghyapmetering Bozzls and disinfgeeatingdde naslt by Ilféﬁmgﬂﬁwcﬁf tBehavi or
of FeAl Al %lt t[F 'Ainsﬁth mtrcfkg:n a}&ﬁxzﬁ%z%asprffgﬁw&édaﬁar%% 38 cle-d”}@r_tﬁ? gégr e_rll_(r:]g

di scl oses | rrpa “Ahd T ens Fron &l uminrde a

FA- 350 al | 0y6 infifi it steeli canavietinite ﬁ@wdea&vasumngd the Qa, 1éatibg 10/2%u%zr and
0.13 % C. A publication by C.H Kong entitled "The Effect of Ternary

Addi ti ons oh0QKE wl:@ﬁagﬂlmtlwaﬂnrt@wgh agStany digiferia duk eedyrtipn A sheetpp.
231 - 239, pr nt ed he 1 4 TIVB nf.erenc cl Ct ., 0f
ternary alol Q?%n'ama%‘ as ro ce“l‘ile% %‘?Vl%&l C’%ﬂ 5?@5% E?%&Lssé'gn?lﬁe

effects of waw ngsovgramarfﬁugi 1N S0 i d5000S such 15 July 2003 -5 as Cu,
Ni, Co, Mh) &, Vand Ti as well as high tenperature annealing and

subsequent | ow t é}m@r@smnfelou atrangﬁxenedl iransbasg abenpowderst are disclodep irbUiSat i on

P40 At pc?%séﬁﬁ b o2t 53 mhacS.ba2 A OThe, 3 il AseloRes i Fee o8 telrr‘g:r o

1989 Met. @Iﬁ§mﬁl‘§rm0%2@tb‘l -P0% A17£)Hd 1484) oliag Qi'néfxé%’él&‘oﬁ‘héxigd‘%itﬁ?

gas-atom zed powd wherei n e powder either includes C, Zr an
preal | oyed diddioséscnmethod®fifermingesticttdram pHey MADSH avigared Hes Gﬁ%aCu,m num

powder. A publicatio | C. Kaney et al.) entitled "A review of recent
devel opnentéﬁ%nﬁﬂegé%aéﬁe%ﬂéyb 3 in the August 1991 J. of Mater. Res.,

Vol . 6, No. 8,
|?on al ur ni ni deppoeéﬁlzgm%’?g?ne%as a tr?‘lﬁtzig on an (%rlggger?‘lhﬁllg ern ry

al 1 oy powdepgehaadiic AnldyeSptesbitedaxiieProtdedingd mﬁemah@nﬂrm\mmhh@n desired
al l oy conposition and consolidating by hot extrusion, i. hﬁr epar ati on of

Fe3Al - basedIgemgrszllic Gpmnounds e ftruetreargbieghanical é‘momtle&)ﬂll‘d 6Laps 8l7Pdat i on
to full den t rudi at 000 area, reducti on of s U S.
bt ont Noo S8 1o BEREnE AT s Tuie 1720, 8015 GR2sET ViR utenchies of

FeAl alloys (25 wt % Al) with additions of boron, zirconium, chromium and

cerium. The alloys were prepared by vacuum casting and extruding at 1100°C or

formed by compression at 1000°C and 1100°C.



metal | urgi cal techniques for preparation of internetallic co%o\@iytims by
(1), rol'ling bl ended powder into green foil, sintering and pressing the foil
to full density, (2) reactive sintering of Fe and Al powders to formiron
al um nide or by preparing NiB-Al and Ni-B-N conposite powders by

el ectrol ess plating, canning the powder in a tube) heat treating the canned
powder, cold rolling the tube-canned poder and heat treating the cold

roll ed powder to obtain an internmetallic conmpound. U.S. Patent No.

5,484, 568 di scl Os‘i’\spﬁ)lkﬁﬂﬁ‘i‘b%' TR! Pbdci ECH1 C 2ntitleE PSP And PRARHiCC3M NI
el ements by mcropyretic synthesis wherein a conbustion wave ‘converts
reactants toFeAtbsemestalbic ddloys” ptesSntedat thetMivierals, ¥ifsidrkd Materiads 8sciety

wd tall ical t i f i titani lum nide foil b
P asn apr ayCRptkaensei (L5 IMY Eopforeiat bi rRevrispa, Troperripand Applisasians of
resi dual str [S) acieng .t 0 .S . Stri t ogether and
squlee;i ng th@@t‘f‘.‘“ﬁ‘?‘@ gggégﬁé?g-ggf \’A{eg@r%ﬁ'gfd“g?sr@{rcé&@gr‘%ﬁ@g“ﬁao‘?‘i E?Sbrfxg) | oWwed by
sol ution anngelréng, 1994, disclisks RerignpropértiesBriFa) &1 MiRRtatlic bbrpolpisent No.

3,144, 330 discloses a powder netallurgical technique for making electrical
resi stance i pugessed by rdifferght wphnigyessich ap casting andextrosidny gad atomizatibh oful y

2003 -6- , s elemental powder real ]l qy 0 rs or mxtures thereof into
strip . U SPQW‘%étaé‘Htexl‘cﬁ'?’of,angég?%?ﬂmgliag'd@Vg@ Rowder apd Gxirusigp apd dhatr i ng
sheet fromc Plﬁiﬂ (16% Bes{ j i ng
and anneal i ng{et e %})%ggrﬁ.ﬁé%gfani u%ﬁgﬁofglgqgﬁgotgﬁgﬁesu j%gi(?lti ‘@h %ﬁ%ro (5)(8156
patents and gispdrsioat i Biresartinle! statesthalFEAL dthtys iwerblpsepadedBHRiig @ B24ordéred3 S8;
5,232,661; S, 348,702; 5,3S0,466; S;370,839; S, 429,6796; 5, S03,794;

5, 634, 992; afsial surtaes an S CORIE TAEINGTOIP 5 focky WhF fabout 68at %)gen.
1-259139; an%\l/(gyél?zgq? 8%@‘?‘?‘2‘5%@ g E[llﬁ)lYl(gatl on No. 365174 and articles

by V.R Ryab roper't1 es of Yhe -- Internetallic Conpounds
of the System I r op-pMblightioiBy PID) Schielel entivled 2Selveica Proystles 8f irohlo. 4,
668-673) 1969; S.M Barinov et al entitled "Deformation and Failure in

Ti t ani um Al uAdumiaisies hup-i32Ae4 1, prosented af thy 1804 JaVISiCanfierengsdircivessal |y, No.

3, 164-168, 1984;. W \Winder | i t@l gl "Enhanced Plasticity b
Dot or mat 1 on AR SrAAdhee Tl e {epfifts Rl Sueh ol 7 2
Met al | kunde, teB{pRra@s, ¢184t2i8AGesitivilys Uhdrimal @oxﬁﬂfcltiflig,dthéﬁ@.ﬂ%zpﬁx{k)on and

np

Devel opnent) and Prospects of TiAl Internmetallic ound | oys" published
i n Titani um mechafjcat propgrtics\af|vari®gs Fpbl canposgigneges) 7/1985; N. Maeda
entitled "Hi gh Tenpperature Plasticity .of Jnternetallic nd Ti Al"
presented at Mate i%b?’ﬁi’t‘ b’ﬂ?‘l\h%‘f"irﬁé“ i S@Bgrad}daértaf’@?‘f %ﬁggﬁp&geé&-

1/301 1990; Njj9vbedangly Rthe1994 TRES ChiMereate aRBlosédarP b biet! ¥ @E flow and
Internmetal lic npound through Grain Superrefinenent” presented at Autumm
Synposi um of fradtereJethe B2nompound KefAl V3thid aticledstpagthat pti@BBeat &reatioetas et  al

entiitled " Mechanical Properties of T{Al Internetallic Conpound” presented
2t Auturm SySHEREM MG the@edkasical PRaRerSa f ol e 4has highep Sgaling Tasebattan, A

Lipsitt enti @‘gig I i THal : i . I | t.
Res. Soc. Sy%r%. r%ﬁlﬁ%@ %H%%E%Zfe t@%@c@fﬁgﬁﬁg I‘![ﬂl?!l?] 'yz‘%i&gt[ré%tﬁia?{ﬁ ed
"The Eff ect shartingdk bay lowpraiectility ddectoextessvheaneieand Properties of Ti 3 Al and

Ti Al" published by ASMin Titanium80, Vol. 2 124S-1254, 1980; S.H Wang
et al entitled "EpfRbBcaHon, DY) .blexander entiticsh Impagt Behpyvigr afdiedd Wbyl | oys”

ASM S [ R [ | RS I t

ot 0 S of PRS0, oRe: TR FENAara ot RRACHVASCheRiEk ety b} Bnd" °
entit| ed * Ef ele okt df Fohialiuhirhidd iy A6 e PA.380UIIoy AfcifBed 3k I e
Distortion and Atom c 15 July 2003 -7 " Ordering in LIo Ti Al Al'l oys and
Thei r Ter naratomid &y 35.9%0Al, $h2% Mo, OH5% Zrragd dal3 %r@nsacti ons A, Vol . 19A,

2445- 2455, 101 1988. it hods, b iLch Ti Al m pides n be processed to
achi eve desirabl egpﬂ‘%g’é?tﬂ‘?‘b'%y érg?goé‘gICBQ'éijaJi'ﬁ‘%Eﬁfg?tcﬂfg[aeﬁ‘é‘ir&#@%ﬂ%ﬁ on
publications m@%i dit ] oS No.
5,489, 411 di @%%&@ahggi\/%ﬁgle mt%%&r%ﬁ%ﬁ'ﬁefigzﬁ%ﬁdt@' ?(g;l jérgéséér:s)?{r’ltgataft ani um
al uni ni de f ofhe 1994 IIMSConfErense digelosssahd effdce of ternwry AMRRingt ddRIMId3b REABtri p
to relieve residual stresses, placing the rough sides of two such strips

t oget her andalblmeéﬂiimgrticlfﬂadiswsﬁgﬁstMGg@@thef viriowsetemapy edeying additions guatol | s,
foll owed by solution annealing, cold rolling and internedi ate anneals. U S.
Patent No. 4,917,858 discloses a powder netallurgical technique for making
titanium alum nide foil using elenental titanium alum num and ot her
alloying elenents. U S. Patent No. 5,634,992 discloses a nethod of
processing a gamma titanium al um nide by consolidating a casting and heat
treating the consolidated casting above the eutectoid to form ganma grains
plus | aneliar colonies of al pha and gamma phase) heat treating bel ow the

T ] o o o




_g_ product is flash annealed for |ess than one minute; and oppilgraddy (c)
repeating steps (a) and (b) until a cold worked product of desired size is
obtained. The netallic alloy can conprise an iron base alloy such as steel,
copper or copper base alloy, alum num or alum num base alloy, titanium or
titani um base all oy, zirconiumor zirconium base alloy, nickel or nicke
base alloy or internmetallic alloy conpgsition. The netallic alloy is
preferably an iron alum nide alloy) a nickel alumnide alloy or a titanium

al um ni de al I h@nq&%@ IwelPiEk ! infrared
heati ng and 43%“'(:%{]33%@% ng pre eTrqigﬁl y coﬁﬁplgﬁg%éyeég@? %‘gﬁﬁﬁﬁ%aﬁ%e al | oy
into sheet, subsdguent loth tempeeatare vaeaty-rélidvding htdt \wehsmerithe col d wor ki ng can
conprise cold stanpi ngﬁot col depressi ng the netallic alloy into a shaped

product. The net hddublisationehBel . Gaydpsipetiale eatitled, " Microstauctyisrandnkensie

casting pri to.s ernativel h a T ed by a
powder net af’ﬁgfﬁP@ﬁ“SgﬁPFé@ﬁ’n‘i*Qté"é@?’ﬂi"ﬁ “%‘}9‘ {Jagé'aiét&{‘? ﬁd&(gﬁ&?& Il%ilh action.
For instanc 1108y Mei ThensPA EVaL. 20ADYpt APE1-SAR4. | ] e of
the all oy aﬁsc?pgéﬁ&%c}eg;gyso as to fo‘rym a no?—pde’ggli %?ed dgg&%ﬁgﬁggﬁﬁﬁb‘f;
porosity of gs-atemaized powdler whein thg poivder eipier dadudesd,t Zr ahd HE appfeallojed i | e
conponents and, wor ki ng, the non-densif|ed net 8| ~sh<iet into the work hardened

product . | n additions 9F Bris 3ddeq Q. g prayiquslyprepansd ixparalyminum powder: he al | oy and
a binder is rolleg.at: I $A I tw AW ity of at
| east 30 %, the ‘g(ﬂu Pielgatgﬁlgg{] Ciqg'nlﬁfggthﬁ‘t% éggélg’del?gﬁgr .‘“3%"%“?"5% Cg E| |l e
conponent s afdelopmensrindensi-based Allys!! insthe etugust 19911 d. wb Meaek. iIR¥sq Véie 6nor k
hardened product. Still yet, the nethod can include plasma_ spraying a
powder of t o280y 1GHP 8RS sdiselpsesttechniquss froobiaiping dronosluminide ppwdenseyal

Tetal sheot &% potiBkion iR reifind terk Rl A gAY B 1% RP B BiRR | o
embodi ment , alnla? poddersver produdy b uséirejdsmbg [GBRPokifibA add c%@ﬁﬂﬁﬂi@gy hesi st ance

heating el ement capabl e of heating to 900C in |ess than 1 second when a
vol t age up textruiSionpi.ts paephrafion of e, Ahbased popdersdry mitrogenylortangomgat i ng

el ement. The resistance heat.i el t can be used for i,ous heating
appl i cat i onSAPEZANR a‘b‘gF?nS(?hd’g%ﬁ'etgﬁIﬁae?ﬁ‘BYt F exigding ]&Qﬁg(?ttg a8 458 ng
devi ce. The gigthigtad 9riesi stance heating el ement preferably has an

el ectrical resistivity of 80 to 400, preferably 140 to 200 [err] 15 July
2003 _9_ The i nt edifstRaltdnt Nasl HAL7ER8; & 26Br830e amk 5,446,008t aliglese owde8, FeAl ,
FeAl C, Fe3Al C or mxtures. thereof. The internetallic alloy can conprise an
iron al um niwlﬁf%f%g ?ccﬁﬂl% Bﬂﬁtpr%ar;sl‘% Olﬂ{efmgt%clgmpogﬁﬁn%/?&'(f) l[sgfling’/o Si,
S 30% N, s pl0efpovwiief into Yrden £9il OsiRteting and® pPestingothd il to t%ll'\clibnsﬁy,xzﬁ/o W and
s | %Ta. For 1nstance) the alloy can include, 1n weight %, 20-32% Al)

0. 3-0. 5 % Mreaddivesiter3ng of Fo add Ad popwiler§, to fofin irotwaBiminide dnbyxpmbpapag Nicl es,

bal ance Fe. A pr e&/g&,re dron alumnide allo 'lncl udes, in, vve'bght % ,.20-32
%A, 0. 3-@BopdNi-BrNjompysig pewder by elagtglesy plating, cangingthe PEWAES i) es, s
1 % Yz03 pargy F r I Jof <L RenddadWviies afjjoure 1
shows the har ﬁée’gzeabpgkﬁ%@eoc?n%éﬁr% dg&?@éé@ilﬁ@@é%bé{&“ p; alIﬂ—jl gurélE a shows
the effect dieah@edtingghe cokiavoltod pewdér t8-obitdin AaAnteshsallic cbinpuord.2BJ.Shows t he
effect of heating time on hardness for FeAl 8-m | sheet heated at 400C,

Fi gure 2c sHent ef$beds disclosesta pejvdsrfaetaiugicabiceRnique for pEgpariigyi | sheet

heated at 5 . Fl f] ks t at ures
i 1 or end ot ey BRAPr ol Pl herER bUOR wRebERREE, O
heating fur nagQantsisla deSitdEprddeaOVE. 52 PaRAPNOL SAIR90f1 1rdisdiosed aowersses for
tape cast FeAl sheets. Detailed Description of the Preferred Enbodi nents
The i nvent i anetplwurgicaé sechnigeeyfampteparingotitasivpr domésidé &oil by plasmatsprayieg &ol d

wor ked products of netallic paterials whji.ch undergo wor k hardepin urin

ol d-r wor KISYRbRGH G heat e e SOE SILI0 TeHEve FFOOHEL oI, BAoR hF Fobelsct ul

in the minUfﬁéf&etstgf%WstuEfPHrﬁwg)et?g%tmﬂg sQhee?l] egﬁ{ggg%eg%%e{w&rﬁaﬂ&&ﬁe of

iron base alloys such as s copper ‘or capper oys, al'um num or

al um num basgyndidgonnsls, followedwy selutiontanbealifighasld rallingymd interrediakrandtals.
zirconi um base all oys, nickel or nickel base alloys, or internetallic alloy
conmposi tions suchUds BateniiNg.del4mdE0 distlosesmhpowder agtalurgigaleterbmique i be

ator ol s | ARBFRERADEmeh SR AR By I enlip RPN ¢ ¢ e

materials can be prepared by casting, powder netallurgical or plasm




15 July 2003 -10 spraying techniques. In the case of castings5aulgroodbl e
alloy ‘can be nelted, cast into a shape, and worked into a final or

i nternedi ate shape. In the case of powder netallurgy, elenmental powders can
be subjected to reaction synthesis to farma desired all oy conposition or a
suitable all oy conposition can be atom zed to forma preal |l oyed powder,
after which the powder in either case.gan be sintered and worked into a
final or internediate shape. In the case of plasnma spraying, a suitable

al | oy conposj.tii r t e f an
i nt er nedi at giesﬁ,’kﬁakghgbag{g g@mgﬁ%a?ﬂgﬁﬁ rﬁgﬁgflgﬁg Blteﬁ%&{iiﬁt?e%tﬁédi[g{sé %&éﬁﬁe can
be formed i Moo 22889,224 distlosst sstectnquenfoa prepasia shbétcfioml dagtydnyl eckeymber  of
wor ki ng steps such as rolling passes to be reduced. |In general,

di fficul t - t powdekomnearbonyd dfppavden by coldcrolling and,aanealing thecppwdéral |y in the
formof thin stri . hav. t enden o.work harden during.the formng
process. It was ﬁ%ﬂ’&lﬂbﬁlﬁﬁgﬂﬁg&eﬁuﬁ%ﬁéﬂ{ mgperto%pﬁ(i%ggeaé@ Q}?)hf’ﬁ'éoqsnventi on
that work hg{fienhn@ §SpPhbacNod. H08u2e819;1% 917,858 5083 B¢, 5amerzepnd gradual |y
buil ds up throughout the thickness of the material undergoing cold working
such as , r ef}B50|466; iS;8 10083k 56429, 79%6; So5QH, TH ;159634092 narehs i7d 6, 84i6e Tapantieal

t hin work hardened [a\éier | S sub'kfc ed to.a heat_ treatnent which | owers the
har dness of Patgat Bublicatian Nose3-1 %tlrmlé??l andy IdZ a2 Sgewopere Ratent eat nent

according t he . tq j [ t [ ein
surface of ?H%hcsatupﬁ\pﬁcps%%gg gﬁ?@ﬁl@ﬁ’f???’%@%ﬁg@ %&gﬁ?u‘%?%?rgﬁf E’{ggle
relieve buifdierfetslic Sohgfounds bhe SysfeACRoh-AM@minubepiblREEd ANNRRAI Ng
treatment can be carried out by any suitable technique such as by using

infrared, | Natallovedd2ttNod, 668673, 1969215 Mg Baginop et at entifledeNefermation and
ferred heat i hni in.th f maki.ng .sheet.. qat erdal, |

P ur nace. equt B oy AT Alvbibide” bubiRg S LTRSURR ARAEHU TR ISR To " hea

the surfacenplaify, N6.1P 1B3SFI8N 984 WU SPuddaelidhéna efrirldd eRsaneed PYﬁﬁ@iE;S of

flash annealing’i'n reducing surface hardness is explained bel ow w t
ref er ence t by frefemtiohdfwinpingowf Si- Al BaselAlhaysi withh Cxlamdi Si1 peblishedpn Z.Fi gure 1

h the hard i f | ler..| | ed FeAl strip.b d aft
tress rol i dealiagk: S4Bt B, ShiemShcaatitey “Rewtdh e imetont ng
before str eé.ﬁdaggjﬁge&s BPTER IntdrRtaflid CBmPASnPABBY S ARBIRRILRMEafilRCddn t hat

t he Vickers ss is significantly higher at”its surfaces than 1n the
cent er t her ZatonibmyeWdr 33, N&53,J18 pagee03/1983; MsMasdewntithed YMizho narks ) the

hardness is_made substantjal |y unifqrmfhrough fhe strjp thickness after
stress rel i?PmQﬁWEéFPii)A@“'BW Pfi%‘?f“éﬁﬁab%\ "’H&’(’Pﬁd &g&rﬂﬁfﬂ'@%&ﬁa{%@? of
i nvention. kg . ef f [ [ atures on
m crohardnegg %{{e%g_ﬁ %o?Iﬁgﬁﬁpiﬂggﬂﬁg&?%aﬁg%tl?%%%owMl;a?d?ﬁgalt(ﬁ‘xg{rl S
repr esent i nYnipratementfio DuztiigcaiideymetallicGodpewsd thsoughiGeraid Supet-he | owest
| evel at around 400C. Likew se, as shown by the o rksl representllnlg

t

heating f or refinemeahdyesenicd HAuiwes Symposiua e Japaminstigigot Metalsy

around 400 0 . ~ I . ") i j f @Fn: \

i cat o NREEEnEoo s Tt R ARl 1BpLRRs E TARIRE AR, oo
As shown byCohhfpoundreprésentePateS@ninn 8y niisiunn of fherJapsh ketiaie of Mdislshar dness
is reduced to the | owest |evel at around 500C. The marks representing

heating f or pagess 2% dE. s Hapsittieatitied Elitanium SAdumiridessd Aaddvaryiemiepubbighest

| evel at arou OC... Acgordipgl y I al, round 400 00C
for 2 to 30"%&%{7&% 'isé’css#[f’?t?’g’ﬁl VPIJ @Zgéié%?nib%@ﬁei‘@%w qtﬁgegﬁ&f ce

| ayer of a he -Mickokdtu & ting
time on mcro %ggg@ég@p@@ﬁggﬁdtg n%?ksheg?%ﬁgg@gga)at 40(gfg§§g ag{lugiv?ﬁﬁby t he
graph, aft epublivhed by A SMdarkignafin BeaVoh@, 18451254n8380; iSSHr Mdharedettad a | evel
whi ch remai ns substantially constant for_|onger heating tinmes. Figure 2c

shows the eentitlad Fiffacbaf RagidrSohdifisation iy bhaF dHdsempeyndrallpys- dSMsheet

heated at 5Q0 C.. sh b f. heating
the hardnes8Y"® O?Eﬁr@ae%y Shc}él %‘&%&?‘%@?@ﬁ%&%? h gﬁ@%ﬁ%ﬁé@;&ﬁ%ﬁﬁaﬁ’gi mes do

not further spRgidestidd) MARBFiEROWEkOT papss,Sto86Pand DI Wgicet S enatiéd eEgéd @gt  of

heating time on tenperatures at different |ocations on FeAl 8-m | sheet

passed t hr oBghidaSolidificationcinti edtdying Additienen LatticchDistontiaplandtAteniier r ] mar ks
represent the top center of the strip, the o marks represent the top edge
of the strip and the [err] marks represent the bottom center of the strip.
The infrared furnace included a infrared | anps operated at 37 % power and
the strip was passed through the furnace at 2 ft/mn. The teaperature of
the strip reached around 400 C after about 35 seconds . As the strip
passed t hrough the furnace, the three locations on the strip were initially
heated to essentially the same tenperature for the



15 July 2003 ,~.:;h5t!"P ".:.ill, -12 first 3S seconds. Thenqs agybe3
tenperature of the strip dropped, the top and bottomcenters of the strip
renmai ned close in tenperature and the top edge was about SO C cool er than
the centers of the strip. Figure 4 shows a conparison of rolling processes
for 26-m | tape cast FeAl sheets wherein the [err] marks represent a
conparative process involving 40 cold,{olling passes and the [err] marks
represent the process according to thé& invention. The conparative process
required two interpedj ate vacuum anneals (one hour at 11 SO C and one hour

at 1260 C) Oxdering i laky Tidd Adlays @add’ mﬁuTef(aﬂf)’l&bOYS"(D}lbliﬂ@deiasM@ﬂaHumim ess
di to. the. .i I j i nt di at I

Cone. hour st ramggias Vo TRy B35S I dualE, ' n oL 2106°0) | Hovever

whereas the compa@hddsbyPiRRASHAI SRithinRis ¢8h 66 bfodeSlelitBYchiRss agﬁifggﬁ:obt ain

8-m| strip, the, process according to the invention, wherein
anneal i ng i prapertiésede disclosedBempumearous patests land publicagions ewch asethose ed onl y

17-18 rolling passes to gbtain 8- tri Th because the process
accor di ng t BlenHangdAhONE gﬁ‘u*‘&‘!‘ﬂ"?eﬁ&:eg %t%q\lﬁj nﬁaggg’(ﬁl diclpseot PPWYest eps
required to j f .red. 1 hl vl n.

i g 1 cant I MG 3bdHsRu fof pRARHRE ekt SR Riad 4 WLRERRT spfABine o
al uni ni de t goildblesteib] héut itdeating Bd\saip ag edlieve resid@ dtredsed, Nlading Al RARRL €

annealing steps in a vacuumto mninze oxidation of the strip. Use of such
protective sidapehver sushstrinsstogetheranshsgueezing, the wripeiqgethet between paessure

i d sl d f i .~ .da ith
Che [vent | Bonding Fols” Fofbeliy Rttt RoPf Eifing and yfiitedissh Afealinc o
material byyrgdpgbRiNG. "L M BES biselos8PR PhREsUbANuFLION Sechnfue PR akRZL S bY

avoi ding the need for protective atnospheres during the flash anneali ng
step. r Thetitaniundluatuside doih gsing elemaenital tsaniinn abaminbm andexthé¢roalfwyagar e

various iron alumnide.allo ont.ai ni at | eas % by weight (wt %) of
al umi num angeﬁlﬂ)ﬁng‘]&aP ia%ﬂ%i(é)t St@f‘ﬂé@s&g‘éﬁﬁﬁ& ‘Hﬁé‘Ba qglﬁ’égcﬁimﬁgﬁtgé e g., a
Pe3Al phaseg : b ehure. The
al l oys pref g{!&g&%ﬁggﬂéﬁg g??:!ﬁlbémvﬁiﬁaﬁﬁg gn%agtﬁ?t%%hl?%?%%%&m&g r%(%ﬂ’g%lg’égegr e and
may cont ai ncastiag @boventhe eatebtwyd & fomanganme igeaitepluk lamelianlcphmhéesusf alphat ani um

carbon, rare earth rT%taI such as ﬁtfri m or cerium boron, chromum oxide
@ &

such as A128ad gamips phase, fieaf treatipg helow, eauicclQid K0 gEov SARIBN SIATS WiHWR um

and/ or tant j i le8anis RHRE Lol 1 uly 2003
-13 carbon ?Jgt%}oo%%gu%iﬁﬁggﬁé ggg%%\% t hi %taf[lgﬁ'{el t&*?ﬁgﬁfﬁﬁgﬁsﬂ matrix for

t he pur poserephaitiagcolink isttgcyraa strectare Badigo, lattscwithingaimmn gtaiesngt heni ng.
The al umi num concentration in the FeAl ghase, al | %s can range from14 to 32
% by wei ght ( nonBased)onthe feregoing, ere s Hpeed indhe artdagar eepnogutler

met al | urgi cglly: . i,LQr, i

Ferer at ur oLstARY RS dRg AEp o8k o Andlr B MR BENBREEuER R brom, |
sui tabl e at ARkehedaitaiiug Aehiddad It srguld b destrablecidtaliminliiRrcoaljditiond0C
(e.g., 700-1100C} and then furnace cooling, air cooling or oil quenching
the al | oys oeil{lbepeenaras bigay peangmiead teghniqigtin orderdpiferm apafijainide r esi st ance
to oxidation_and agueous corrosion properties. The concentration of the

al 1 oyi ng coﬂggw?hents used in formng the Fe-Al alloys is expressed herein
in nom nal weight percent. However, the nom nal weight of the alum numin
these all oys essentially corresponds to at | east about 97 % of the actual
wei ght of the alumnumin the alloys. For exanple, a nom nal 18.46 wt may
provi de an actual 18 .27 wt % of alum num which is about 99 % of the

nom nal concentration. The Fe-Al all oys can be processed or alloyed with
one or nore §n'$£%p~tﬁ£h9%;[“IFIenents for inproving properties such as
strength, roOmrtenperature auctitity, oxidation resistance, aqueous
corrosion resi st gne ¢iveptibh pravidessi methodef nidnefdvairifgd cgdeverked ptaince,
electrical resistivity, high tenperature sag or creep resjistance and

resi stance fromweimptalligaliey composiiamricamprisingtsiensiafda) peepapagadwerk oys can be
manuf actureg into el ectrical.resi.stance i ng. el enent s, wever ... t.h

1oy conpotrdBhiSiaras byl PR A0aRelE ol P iBhdy - BERIShIGE, o
in thermal gppRYiRPPIUrfRE haRRndE6R) thefeohD @) abtepifing @ hest (B HDIAS by
coatings havihg oxidation and corrosion resistance. Al so) the alloys could
be used as padsitgt thework Hardened prodoct thsdughanfuredcectuciv des thef worlkahardened
conponents, chem cal reactors, sulfidization resistant materials, corrosion
resistant materials for use in the chem cal industry, pipe for conveying
coal slurry or coal tar, substrate materials for catalytic converters,
exhaust pipes for autonotive engines, porous filters, etc. According to one
aspect of the invention) the geonetry of the alloy can be varied to

. . o, b ~ -

—
-




-14 wherein R = resistance of the heater, p = resistivity of 1§alyl2088er
materical, L = length of heater, W= width of heater and T = thickness of
heater. The resistivity of the heater material can be varied by adjusting

t he al um num content of the alloy, processing of the alloy or incorporating
alloying additions in the alloy. The heater material can be made in various
ways. For instance, the heater materialg can be made by a casting or powder
metal lurgical route. In the powder netal lurgical route, the alloy can be

made from a preall oye hani.cal | v al | ayi.ng .t allo

consti t uent s&f}&u%f ﬁ@%&?&%g&ﬁ%ﬁﬁpﬁw %ﬁ“ﬁ%dg%é ﬁﬁﬁ'?{%ﬁy 2@ Eqpcgg%mgsr

m xture ther RBER cBlveRSkel PrOdRR of Bédifed iR S jcol d
rol | ed pomde(gfinl'dqh@rlrlechar?i cal | yea?’l&oyed opowéekl éalrfg%g&g?e(?ce'shgggw@h@
convent i onalallpgwde compriaé hnirgpndake albahsichas steelich:pper drycappenbag wdloy,
extruding, slip, casting, _cen&)ri f igal casting,. hqt pressjng and hot

i sostatic prel¥BIYE OgIGIHRM éﬁf’r?ﬂ%{ué‘t‘}‘g“‘f‘(?rdwmr‘@s%P\!%rﬁl%ﬂonb%ﬂérs of

Fe, Al and [e? et YA Yo i i i ating
and/ or el ec%?ﬁtcégﬁﬂﬁi/bgg naglégt ?lsgélpar [ %’lgeil gééecéaiﬁﬁb&erqﬂtr%@% %gl%%lg@ Jl’%nl%%gm&v\der
m xture to tphel MétaRidydioyab prsterablyt drefoaatiniibiie alleps hakel Slubfifide allefiost ance
of the heater material. The heater material can be produced froma m xture

of powder havitagiudi dlzgviside alewcilhe dkash annealipg éf preferably ®arried oubhiyuingrared
conprises particles, havi a.size er than | QO sh. . Th owder can be
produced by a%nga{“e%ﬁ?a“toﬁ]‘gwof‘ﬂ“%fe?ﬁ"%bs "Pﬂfésef)ﬁﬂ@ergﬁ%mﬁa@@? émgﬁh@?t'r cal
mor phol ogy. sﬁ'i ,%H?Wil‘éeéryﬂana.h@\l&ﬁ‘i’iﬂﬁelﬁ?ﬂﬁ BSIdWSIRiY catfdopiprve @l Y mer

atom zation whi ch case the powder nmay have an 1 rregul ar norphol ogy.
Pol yner at ontangiing ondeld prassity thh enctaliicmiioy éntotasshapeahprodoeer sur f ace oxi de

t han wat er atom zed powder. Th owder prodguced water r_atonizatjon can
i ncl ude an al uni r{[}}ﬁ‘gﬂhﬂ CaR "r?% ‘Eﬁ‘ﬁ“’t‘%&%&%éﬂdgé Wogktag the,asting Prior uni num
oxide can b LIOC AP &H Hebrbbiged i i ng
t her mmchaﬁ?g{fp%gj;o}égtgggﬁéégf tehe o‘%gerﬁrbtr %rﬁ?tsd gygg}%ééﬂluégkékeet,

bar, etc. Thehaiqueisnseh paby itapecastieoerall ognpgaetion z Eor dassdncepthe abloyasad banount
thereof, can be effective in increasing resistivity of the iron alum num

al | oy. Moredvenared by tanepasting HRPVen mixturepighe alesyand,a bindes se @s &2 fayt h and
creep resistanc ' ' L ' ARBAY lLy.: 2003 . a
-15 In or dePOPoﬁpﬁg%%ﬁé%%%%M%é%gr &Sthhceg?aat 3%% hh%a)s{mghﬂé%gaé%%a%“?g 8
conducti vi t rapRdfovoladiR cﬁ)'fng)éhénts afi@wadrking the aoR-bmsificimeral paset intb @se Of
electrically conductive and/or electrically insulating nmetal conpounds can
be i ncor por axa¥ hardengd pspdusy In thease pErath¢ampactipera pevder wrwsuHdbe i ncl ude
oxi des, nitrides)  sil.igei | d ' .. € I ed from
o e e S B B bl E R RGP oy BB BDF R S0
carbi des of dist 30%, tilé rolfed,shébt i€h€at trdabed B AriveET ¢alBtiletompdacheandese of Zr,
Ta, Ti, M, etc. , the silicides can include silicides of My, Ca, Ti, V,

Cr) Mnh, Zr, ndp:densifiedapetal\sheesti cold worked iintp it wotlaharderdduprodnet: rStibyetof
Al,. Si, Ti, Zr, etc.) .and,.the oxides.can inclu oxi des of Y L Si, Ti)
263 etc. 1 n'tiEegipdcayiBaes RETRE ApaYinich Py el e BGE B i ostPE Fener,
the oxides Q@@%&?a%ﬂf&ém&iﬁea %tﬂ%ﬁ@&rwﬁﬁ%?klfc%itgroffl&ﬁmIO"%SAnHLboW addi ng
pure netal such as Y to a nolten netal bath whéreby the Y can be oxidized

i n the nol t evorkiighthe dionidegsificdmedtshest into thérevonio hardenedepmiducnt o powder
and/ or by subsequent treatnment_ of .th owder. For, instance, a. heater
material can i nclASOrHRLHQ élpé%fCH’FdéF‘@’@ﬁFF%i §hg C@(ﬁ‘nﬂﬂé@a\l’é"m& omedych as
nitrides of , Stk . (Whatind | ] LEAeSt b al s,
bori des of tléﬂgraf{shl étll&gﬁﬂ%l]% Lr%e?t%gﬁesl%ﬁgg I%egl%k F %}%%E)egdr) posg{s?é (t)(# bg@%%%ﬁsgﬁggod

hi gh tenper at gécend wBeR M Witagd ap & 10Foltd ad@ P to 6rad1pali§pa§é@mrbagﬁ thexi dat i on
resi stance. A heater material may also incorporate particles o .

el ectri cal | yheatingielamenty Fhe eesistancs hehting elamenicanygsedifanearious dRating

pur poses of maki ng the heater erial _.creep.resistant at high t erature
P a0 entRRLFNGS ABFHE DAELALE BETCUIE RO CRue PG RIngcdiier ne
coefficient i Neeld T i.al. R € i R0l (HON

ai um ni de alﬁ?%c;sg‘gdgq(g:%gttglﬂcﬁg?ea?%ecgts%%llflhrge %rgﬁlslg{élls?hte,léclﬂf&r &qﬁg&ge ) 0i tFr%t 0 an
appropri at e 4007 prefexdblsh &40 10e200ce@-comn t hi ckness by forging or hot working at
a tenperature in the range of about 900 to 1100 C ) hot rolling at a
tenperature in the range of about 750 to 1100 C, warmrolling at a
tenperature in the range of about 600 to 700C, and/or cold rolling at room
tenperature. Each pass through the cold rolls can provide a 20 to 30 %
reduction in thickness and is followed by flash annealing at 400 to 500 C.
The cold rolled product can also be heat treated in air, inert gas or
vacuum at a tenperature in the range of about 700 to about 1050 C e.g.,

I T NN S~N o e NN N PN



15 July 2003 -17 other intermetallic conposition. Water or pgkyggr20azon zed
powder 'is preferred over gas atom zed powder for subsequent roll conpaction
since the irregularly shaped surfaces of the water atom zed powder provide
better nechani cal interlocking than the spherical powder obtained from gas
atom zation. Polynmer atom zed powder is preferred over water atom zed
powder since the polynmer atom zed powdgr provides |ess surface oxide on the
powder. The preal |l oyed powder is sieved to a desired particle size range,

bl ended with an organic binder . m xed wth an i gna | ye nd bl ended
together to form iﬁﬁ“étﬁ‘a’éﬁaqﬁ&ﬁyg}’ cap ﬁorf‘lﬁrésec}?@é?'géezgﬂohegﬂu#gﬁdée@&mer,
the sieving ghiael YhePedtVi i r j N b ze Wt hin
t he range of F{:J%%R{ro +325 nesh V\h?ﬁm%grﬂ ?egg%oaég@\qagggﬁggr@% %{éﬁlleo%saﬁgéﬁg& 43
to 150 um | nhavigksrintweighpf%owe32JaeAl, s Mopertt% &, ef2 %h8i, ROSO%INi, | £36% han
5 %, preferably 3-5 % of the powder has a particle size of |ess than 43

~c\r/1\1/d G gaenf sgfviﬁg-%%é:pﬁ fprifoel: ByD- 1618, €4y isch mMenrd 5 1%l Bated
Pompecti on rFRed e BABPE SILOHIlh BeBhOl 20D ARG B% MED 08B A ces a

green strip 2f, 0.000.59%U0] BIOIE%BY k NTs 8xidbipakitess bAhndI!t AOpREGrddhn and
the green strip can be cut into strips having dinmensions such as 36 inches

by 4 inches.allminide alloy includgs, urweighbfoed0-8d % 4120.8dhd %t Meatn@50.3% &r,t 0
renove vol atjle ¢ nent h_as the bjpnder and .an rganj ¢ sol vents. The
bi nder burn @Qﬁ'ocg%p@esga?;r@g@ B‘l}%‘c‘eﬁ Sa?%%éh@rﬁ?le%wﬁ?ﬁ c or reduced
pressure in a continuous or batch manner. For instance, a batch of iron

al um nide strips can be furnace set at a suitable tenperature such as

700- 900F ( 37BridBPescriftion of thei Pediagamount of tinme such as 6-8 hours at a
hi gher tenperature r such as 950 F (510 _C). During this step, the furnace
can be at 1 at nosHigtFel shews thecdhardngss profilesyefip ﬁ%@r?qVW@Atlﬁé‘rlléthrough o)
as to renpve npst "M , \ 2 % R r . This

bi nder renoval stg Féegﬁfl?ds |n%\Fgfréyc/g?frhgg‘??éeggﬁérgﬁ&s{togi%%%v%%@h%égé t hen
subj ected to pri nRigurs2hkkowsithel affeat ofdeating fitheroaderdieds FHeFdX] §Biil sheet
sintering step, the porous brittle de-bindened strips are preferably heated
under condi thested %Lﬁ'iOBaGFe for effecting partial sintering with or w thout

densification of [ j i: N0, ; eccakri QuL, in a
furnace at r educe%ggfé;ggs\gr%gwsl t-rilagae%f(‘:%!n ih%é%{'gt@%%ﬁ’aq%gﬂnegﬁaﬁoﬁgﬁéAl%W#W&%nce,
a batch 15hedtddyat 3008C; . - 18 of the de-bindened iron alum nide strips can

be heated in a vacuum furnace at a suitable tenperature such as 2300F
(1260C) for a suiFigbre3shees ectffess obhrating time arhiemparagungs audifigoentcan be

mai nt ai ned at__any sul e V. S.Sur ch..as -4 19 10-5 Torr. In
order to pr 2\9832{0%‘{9 8?;11’6 f{%‘éﬁ%ﬁgﬂ%’#?@rﬁﬁﬁ%‘gh?ﬁrﬁgmﬁ &}g?t%g %rﬂ?cg t P , it is
preferabl e to maiRigard4 shews h RbRiparisont FFTBRINAproCeshR oL tipe Ghst! [ A7 KRk ELs.
vapori zi ng al um num yet provide enough netallurgical bonding to allow

subsequent rolling. Further vacuumsintering is preferred to avoid

oxi dati on of _pon } . . _protective atnospheres such
as hydr ogen,=afgonatdr ot -t ogem W tir-— proper ~dew poi nts such as -50F or
less thereof coul ghdgvdatsh providdedeened ardd @ okamitpocdss fﬁsﬁﬁam&mﬁhgreolé he
presintered strips are preferably subjected to cold rolling in alf to a
final or inteorkedipaoducthofciemiiz: mhwrinkivchich epderghwopohardening auringeolt een
strip can be substanti a%l L# reduced, e.,g., fragm aro,uad 50, %to |l ess than 10
% por osi ty. YRKIRGHMEROThFherrrecessof thednyention s espepially asefgln the s

advant ageous - i gh P l I A1 old: I act
W in the | nBaafrFor b uhfobd Bp toltBl il Mo IRiTas8 8808
surfaces. HoseHaE ,steanx:ogpéﬁ@m(@pepbise_raummwmminm& ab@fiinagh baedlisysh as
stainless steel rolls. Further, by using the-flash annealing in accordance
wi th the i nvidaniugnor titaniim basenallows szircpnium o gireaniush baser dlldysr pickedrort he col d
rolling. If steel rollers are used, the anount.of reduction.i.s preferably
i ted sucHiERRoR ety PR mRaris al SRR sbfiras MU sl o
result of i i b . i tep
is prefer amﬁ%gr@aﬁl@ﬂh%%rggsoédﬁgaéuggﬁirgbgta? get qug ggggs;p%,gggég ({rgggitr&glgs%,
preferably aproviies thematetialsin% formaeadynfor aroekingttba dasifeibstiapeh Roi ck
presintered iron alumnide strips can be cold rolled to 0.013 inch r

t hi ckness i nexamplgyghe masgrinly ean be grepareg byjiqating, pgwdeometalinggipdl or plasss .
After each cold rolling step) the cold rolled strips are subjected to heat
treating to anneal the strips. The annealing can conprise primary annealing
in a vacuum furnace in a batch manner or in a furnace with gases |ike H2,
N2 and/orAr in a continuous manner and at a suitable tenperature to relieve
stress and/or effect further densification of the powder. In the case of

L T




(1260C) for one hour. After the secondary sintering and annegs Julg260®p, the
strips can optionally be subjected to secondary trimmng to shear off ends
and edges as needed such as in r the case of edge cracking. Then, the
strips can be subjected to a third and final cold rolling step with
intermedi ate flash annealing. The cold rolling can reduce the thickness of
the strips by 15 % or nore. Preferablyl%the strips are cold rolled to a

final desired thickness such as from0.010 inch to 0.008 inch. After the
third or final col ol ling,.step) the strips can, be subjected to a final
anneal i ng st ¥52YiRe gccmﬁugﬁiheog‘as%gfwhﬁﬁnﬁé?&ﬁ’!e 311?%%%§%W@da%(/@? he
recrystallizaty { J e 1l j step, a
bat chof ther FS, AFCRRHELRE » Rl dr1RlepiERate habe'” 1h iEtasd OFRONCEE = 07

sui tabl e t enpefaiitityys etndntd poRAdtAFcan bEQAGjeciedrto reddiohdynthi2eid 3o féln about one
hour. During the final annealing the cold rolled sheet is preferably

recrystal | i zéasired aloyl éempesitian eF ageitahle piloy corapesition gan b atomized toofodm 3 um
preferably around 20 Vi Then,..the strins.c opt i onal be subjected to a
final tri o PSR ROl ?ﬁ?ﬁ@"&‘hﬁ? netes in gtheticase CRRhE snierad ahE strip i s
slit into naghgwdShiol Pfindl Dt iRGrh&Batd 3hAgeS difingRAs eﬁgla&ﬁa _S{Bfa%%era suitable
processing into tubular heating el enents. The trimmed strips can be
subj ect ed t calbystongwsitionl das\iermelted aindtspesyedwnto 4 substrate e foneyaral vacanci es
created during the Pr%\/i ous, progessi steps. The stress relief treatnent
ot “E@r.lvgth

ng, :
i ncreases dudisrmediatesthapee @FPde“ﬁ’r‘é?tt@gi“&‘fe igngthe 1pfepmediate shape eambeir e

ductility c j K 9 . - 0 v A stress
relief heat a@rnglg(i‘ ?rrglr)lt%qﬂéafl gg@:%ﬁ@?qﬁﬁéms( r?ﬁ{‘@gﬂ?%‘gs ég,ax#?é%bqrr?fgwérg ace at
at nospheri c SRS Qs edlling passeaeibendducetace. For instance, the iron

al um nide strips can be heated to around 1292F (700C) for two hours and
cool ed by sl ow colsl gengral ndifficulf-igrwerkemetal cempositiansssuzhzis luminjdesp a

itable t t h .ound. 662 F (350 O foll b hi ng.
Duri g, st r ccPrapibG G o iR s hs. B fetRPuc g MarObeEer i R "
al uni ni de st flRidFAIBESsB! It Wad founidRRkME WePeloph@ht M@kqirbcdsh 8f ieOmvatdyn ni de

is in the B2 ordered phase. The stress relieved strips can be processed
i nt o t ubul arthitewotkngardéring i Brsbinduesd i thab serfacednyenans graduallyntildscy, t he

tri be | t.. hapj,cal |y .st d. i cal photoetched t
ot ovF de. 5 dQBrHEROAPE LY RER DRETT YR FEBIEE BT AaReree ik e CREEOn: o
cut pattern jnaficRhay! qf?cc@rcﬁiﬁ% ift}c?ﬁv\}ﬁ(iifwé?lﬁblﬂ gl;ljé‘ixﬁl}i'ﬁﬂﬁﬁl whadRAdexdeeRHg from a

rectangul ar base portion wh en rol into a tubul ar shape” and j oi ned
provi des a tsubjeced thadicantreatimenewhichilowers thy hardiesscofl thoasHacathyer.sdri es of

axi ally extendin nd.circunferentially spaced apart. heating bl ades.

ALt or nat | vel BRrigilay aaRsEs0ns Bt bertmet Arine 1 Ao inleRip i A Mehape and
the desired pRklifigr&dt chmﬂeﬁeﬁﬁhegﬁtﬁ&roﬁh@e&iﬁe,m&waﬁidgy hegting el enent
havi ng the desired configuration. To avoid varration in properties of the
col d rol |l ed wempetature tsufficiahe 36 relizive built-gp stresses jmothe sutfage biyet.r Theflastn of

oxi de particles, grain size and flatness. The oxide particles result from

oxi de coat i MFRCHIHIE FARERITANRESHERHOY IR WikRBls SERHAUPICHAg by using
LSt bt ot be i Bs b LhIpReRL AUSoieal mfON R,

distribution o € ’con rty varia

speci men or teglfiide infthé pasei danaktify SHRECnatRia¥ & 4 AirnatSequipRIANGRE ifBdtede
adj usted by tensionr 15 July 2003 -21 control during (}dg[lblﬁc?ng. I n general,
col d rol | ed heating fampscwuhichané piranged denheatrthe sunfagecofia sirip passiag dhuough tes- 70

ksi, ultimtg_tensile rength of .65-75 ksi). total. el ongation of .1-6 %,
Faduct i on of faEs: e AHiestghest SR ahtesiiie naPdfin sER B 150y 160

p. SZcm wher : : f@ﬁ?ﬂ@é (¢ WY iqeNCl ude
yield streng‘?ﬁﬂ%ﬁaﬁ%u 6%ilglgr ul ti rr%tdé“?‘Sﬁyﬁq’;‘%ﬁ%ﬁﬁ%‘?@z‘ﬁaﬁ%@@ﬁ&t ot al
el ongati on odtrig2- 48 % and reduction of area of 26-41 % . According to the
tape casting technique, a prealloyed powder is fornmed into a sheet by tape
casting. However , Figher bahowiatherhagdnesypsafiles oft pralles devsdediBeAl ripbefose aad f or
the roll cg ction ptr.ocess, ..ga ized p ] referred for.tape
casting due riskrgsss%hgﬁlrglgpluggétb@é%ﬁ‘&p I g‘\?v sg\é\?'ﬁebyct@ﬁﬁeﬁ}aas :Fﬁﬁesg%téngat onm zed
powder is sigyef sisd Felfel 8nkicdl,| the SRPARS 0 RCE AR néd dodd i thaemedipeusler is
bl ended wi th organic binder and solvent so as to produce a slip, the slip

i s tape casthdrdnass ds sipnificsttéebighercattitsesutfapes thas in tHeczentarsheredfi Howeweet, and
heat treated as set forth in the roll conpaction enbodi nent. According to
the plasma spraying technique, a preall oyed powder is forrr~ed into a
non-densified nmetallic sheet by plasma sprayi ng powders of an internetallic
all oy onto a substrate. The sprayed droplets are collected and solidified
on the substrate in the formof a flat sheet which is cooled by a cool ant

e " Y —— o




15 July 2003 ~~~:i;t; -22 surface. In order to minimze oxides y@p2003t he
nol ten' particles, a shroud can be used to contain a protective atnosphere
such as argon or nitrogen surrounding the plasma jet. However, if the

pl asma spray process is carried out in air, oxide filns can formon the
nolten droplets and thus lead to incorporation of oxides in the deposited
film The substrate is preferably a si inless steel grit blasted surface
whi ch provi des enough nechani cal bondifg to hold the strip while it is

be renmoved for further processing.

P §fh{(ﬁ8 & @%@ﬁgﬂﬁ%ﬁ %ﬁ.’ﬂ%ﬁ#ﬂpﬁsgds madh substanviaty adifermithrqughep tiged to
t ; , t_hi- . .
of passes. + 878 SRR e bR R b dtnnoih acl hen VARG o°°

0. 008 inch gvenge) ected to final annealing and stress relief heat
treating. In general, the thernmal spraying technique provides a denser
sheet than is obFigmedashova e effgct ofapating tipes and hpspparatures @ t he t her nal

Dol yer - at omiSBhAaRRAR G e EEHR EFk CAF sty Wt EBrireiyeatiod ™

atom zat i onpdeRs BPY BOSMRBCthedardiBls isF8dddag tyRleQbwakABd & afry‘yﬂeiod°@.t he

rol | compaction-process. Conpared to tape castlng, the ther sprayi ng
process proLikdedsd, as shown bgiubd oanarke representing hedtingrfot 5ecmrls athe liapdnss a
bi nder or solvent in the thermal spraying process. On the other hand, the

thermal sprisyreppesddadhe lowest lexpl at ground 400481590 Gatlhsr™ marks repsesentingewi se,

the roll co ti r | i e)'q L.natio en
usi ng- vt or D 3540 SERRIY idioat AR e isiisRa SR IAWERE oG8 10T
powder nay H@dvad $00f@CeADstiokasbyihe neRsrks keprgsshtial ABAtERIfoP Q00N ke
produced with little or no surface oxides. The foregplng has descri bed the

pri nci pl es, hardagssris ceflused brithadawest davel aaresnd 0B Eer Ahe ¢ marks reprepansingnt

i nvention. wev he inventian shoul d not. be construed as ,being linmted
Lo the part PeFEToLADEhdny Ea0 B JOE Mo s Pl B B a6l Pt

enbodi ment s, Isd0RE. 1A@erdRgly aflash! dnasilinpt 4t \ieound 400 totS0BPCIBE RItbJoi ve) and
it should be appreciated that variations may be nmade in those enbodi nents
by workers sicohdseid sufficiens taredugs thechardiaisp of thermyriaee layenhef & colderobid tHedl
present invention as defined by the follow ng clains. 15 July 2003 23 1.
A met hod of StHBnuf act ur | ng a col d, worked product froma netallic alloy

conposi tion sel egi®ie HHYRbHE heWREPoCIRARDS bitlorhiciBhdrifs FHUFEA] §nid! | OV,
a nickel alumnide_ alloy and a titanium alum nide alloy, conprising steps

of : (a) pregrmet heptad a0t00°Bar 4e slexivipby thecgraply, aftor dbawsrlii segondseofrieating i c
all oy conposition to,a degree suffici.ent tq provide a surfac ardened zone
t hereon: (bSNCHREMESS ngregu%éléf’ alpyels &bfed%E{)s“g’f/taBté%[& ‘fﬁj‘sfaﬂé? PREHar dened
pr oduct thrﬁéjﬁgilﬁ dirhayr nace such that the work hardened product is flash
anneal ed for egs than one mnute; and optionally (c) repeating steps (a)

and (b) until a Figue 2osheds theadifiect ofdfeatieg timecbnsmiveohazdudss fomEeiAl &-milhe
met hod of Caim1l1, wherej Enthe netallic alloy | iron alum nide alloy.

is an
3. A et hodshset heater A ngAs SR Véadapir a5 2boty griesonsal heatng | oy
conposi ti On%e%%%ﬂés? lisr]&dﬁct,e%p@y ﬁtz :greatest amount and longer heating times do not

further reduce the hardness of the strip.

Figurre 3 shows the effect of heating time on temperatures at different
focations on FeAl 8-mil sheet passed through an infrared heating furnace. In this
graph, the ® marks represent the top center of the strip, the © marks represent the
top edge of the strip and the ® marks represent the bottom center of the strip. The
infrared furnace included a infrared lamps operated at 37% power and the strip was
passed through the furnace at 2 ft/min. The temperature of the strip reached around
400°C after about 35 seconds. As the strip passed through the furnace, the three

locations on the strip were initially heated to essentially the same temperature for the



(a) preparing a work hardened product by cold working a netai jgyabddy
conposition to a degree sufficient to provide a surface hardened zone

t hereon; (b) preparing a heat treated product by passing the work hardened
product through a furnace such that the work hardened product is flash
annealed for less than one mnute ;_ optionally (c) repeating steps {$:a) and
(b) until a cold worked product of desired size is obtained; and further
conprising tape casting a powder mixtd2e of the alloy and a binder so as to
forma non-densified netal sheet with a porosity of at |east 30% the

non- densi f i @estrBstsetormdse éfheneantheateingesatureed therstwipt drepped, khé espdareBotsmpduct .
4. A nethod of manufacturing, a cold worked product froma netallic alloy

conposi ti oncertensfiths stgipJemained close in tempgrpturpand the top)edse sysaabayt 303K k
har dened prodyct ..b 0 rki netallic alloy conposition to a degree
sufficient F%&B’Fg\??{é@e%%%%Pgt%gﬁapdened zone thereon; (b) preparing a heat
treated product Ipy, @a%hagsta%mmﬁhmhafP&nﬁggﬁsc@&léetfo{@6-%9% g chl page such

that the work hardened product i's flash anneal ed for |ess than one m nute;
optional |y §leety wharaini thg esmarks replesentch ¢dmparativel pravcess| idvelwingetD poldduct of
desired size is obtained; and further conprising roll conpacting. a powder

m xture of FOIingPAsss anithy Mgy repgesgat th pr acqosding de dhe inventi.al  sheet

Wi th a porogy : 0h . x‘i’l%.'?ﬁ ' ' cold
wor ked i nt oﬂl %éo%?@lﬁgﬁﬁénseﬁg rl(gé ug‘tl&ﬁge rfaiat{: hggldﬁtd?rﬁaer?u*@?h}{r& :ﬁhgga cold
wor ked pr oduts0°C aid enenfedulat i1266GAC)andcofinglsnnegl(on€ Bowr atSi 100°6) &itRréas( )
preparing a work hardened product by cold working a netallic alloy

conposi t i onthecpracese gecosdiag fie the ianentan avirpdenty engr intarmefiatevartiiny anngal

t her eon;

(one hour at 1260°C) and a final vacuum anneal (one hour 1100°C). However,
whereas the comparative process required 40 cold rolling passes to obtain 8-mil
strip, the process according to the invention, wherein flash annealing is carried out

| subsequent to each rolling step, required only 17-18 rolling passes to obtain 8-mil
strip. Thus, because the process according to the invention can reduce the number
of cold rolling steps required to produce strip of a desired thickness, the process can
significantly increase production efficiency.

In cold rolling iron aluminide to thin strip it is advantageous to conduct the
intermediate annealing steps in a vacuum to minimize oxidation of the strip. Use of
such protective atmospheres necessarily entails use of expensive furnace equipment
and slows down the manufacturing process.: In accordance with the invention, it is
possible to increase the rate of production of sheet material by reducing the number
of manufacturing steps and lower costs by avoiding the need for protective
atmospheres during the flash annealing step.

Thermethod according to the invention can be used to prepare various iron
aluminide alloys containing at least 4% by weight (wt %) of aluminum and having
various structures depending on the Al content, e.g., a Fe,Al phase with a DO,
structure or an FeAl phase with a B2 structure. The alloys preferably are ferritic
with an austenite-free microstructure and may contain one or more alloy elements
selected from molybdenum, titanium, carbon, rare earth metal such as yttrium or
cerium, boron, chromium, oxide such as ALO, or Y,0,, and a carbide former (such

as zirconium, niobium and/or tantalum) which is useable in conjunction with the



(b) preparing a heat treated product by passing the work hardgsgag 2008duct

t hrough a furnace such that the work hardened product is flash anneal ed for
| ess than one mnute; optionally (c) repeating steps (a) and (b) until a
col d worked product of desired size is obtained; and -- further conprising
pl asma spraying a powder of the alloy onto a substrate so as to forma
non=densi fied netal sheet with a porog%ty of less than 10 %, the
non-densi fi ed nmetal sheet belng cold rked into the work hardened product .

6. Th t hod,of .C th f heat th

Gensi 11 od ngtton SorRrminy carbiak Bsef e Rheribud shlvlon Thasmtor fon atppee

conponent s QBfeaﬂd;diﬁnggfhh@eiaéaﬁd/eﬁ dﬂatnﬁﬂ%&&(x)gfth% July 2003 25 7. The
fu a ste

met hod of conprl i ng the non densified

nmetal sheet at amemnnnmUmr@mscﬁtn‘anon&mthetEeAlqrhachaN@lsadaml ang®fipanents from
the non-densified netal sheet. 8. The nmethod of Caiml, wherein the

netal lic al B3% %Wﬁlﬁhéépr%malb aadh the Karh Ry sHabienyrought g pgiden, 4 0to
32.0% Al d %. N t t I [
comr i ses amerRkiEHy. Rrond e LR G ledTo Bl stBTET riomh Bty o col 3
wor ked pr oda@éulﬁre@m @daﬁmié leGelady AineAREHE iallb@in a:muéamsghf‘rg? af (a)

preparing a work hardened product by cold working a netal
conposi t i onsdlected tepeeaturc gréater than ab@.ltdOO\?Cde ga, -1 HH¥ Qyaandethen firnme

et oo (O e BB b S B Sl BB el e Sl o
anneal ed f OfenkigSsirdd3Af, PESstAHCcBYS 8x1dat10n and aqueous corrosion properties. -

The concentration of the alloying constituents used in forming the Fe-Al
alloys is expressed herein in nominal weight percent. However, the nominal weight
of the aluminum in these alloys essentially corresponds to at least about 97% of the
actual weight of the aluminum in the alloys. For example, a nominal 18.46 wt %
may provide an actual 18.27 wt % of alumiﬁum, which is about 99% of the nominal
concentration.

The Fe-Al alloys can be processed or alloyed with one or more selected
alloying elements for improving properties such as strength, room-temperature
ductility, oxidation resistance, aqueous corrosion resistance, pitting resistance,
thermal fatigue resistance, electrical resistivity, high temperature sag or creep
resistance and resistance to weight gain.

The aluminum containing iron based alloys can be manufactured into
electrical resistance heating elements. However, the alloy compositions discfosed
herein can be used for other purposes such as in thermal spray applications wherein
the alloys could be used as coatings having oxidation and corrosion resistance.

Also, the alloys could be used as oxidation and corrosion resistant electrodes,
furnace components, chemical reactors, sulfidization resistant materials, corrosion
resistant materials for use in the chemical indusfry, pipe for conveying coal slurry or
coal tar, substrate materials for catalytic converters, exhaust pipes for automotive
engines, porous filters, etc.

According to one aspect of the invention, the geometry of the alloy can be

varied to optimize heater resistance according to the formula: R = p (L/'W x T)



optionally (c) repeating steps (a) and (b) until a cold workeslJgyadost of
desired size is obtained; and the flash anneal i ng bei ng perforned by

i nfrared heating of the work hardened product. , 11. A nethod of

manuf acturing a cold worked product froma netallic alloy conposition,
conprising steps of: (a) preparing a work hardened product by col d.wyyki ng
a metallic alloy conposition to a degree sufficient to provide a surface
hardened zone thereon; (b) preparing ajfeat treated product by passing the
wor k hardened product through a furnace such that the work hardened product

is flash anneal or. Lnute: ... Jul 003 26 _aptionally
(c) repeati n‘é’ggli%grbs Tzf)e%gﬁaé{gmgm%ﬁg}’ cofeﬁls&égﬁgg t%e’r%%ﬁ?%rtmﬁtfmgleé‘i red size
I's obtained; eap® dfiiehfee! Weemnidthiofheate hRPTCE thiekitss @f hBtef.OMHe Woidt

product into an electrical resistance heating el enent capable of heating to

900C i n | essoft thahedtes suaritl ahivhe aaxied by gdjusting the bumistscenent wd theoalboygnps
I s passed through, the heating el eruent. .. The net hod of aim1l, wherein
the col d worlREO/ SE’(grﬂfrtP‘gé °¥:8’f PCoFqrpine éﬁﬁ'"{%@d‘ﬁg‘?% lﬂégﬁéﬁj%ﬁ pr oduct
conpri ses a sheet | | o : N I se
nprises a s Thé hédtlr mﬁﬁﬁal &x{(@ag{ag%ﬁg%r%s 3‘81?{9 Gl iHQh ehgTe it p! S€S

press formng or stanping the wor pro into a Tl

I nt er medi at emafegiEcanle maddby asabixeg of pésvder metalluivabiouté.hén tetpdwdes al | oy
conprises Fej Al, Fe2Al5, ~eAl3, FeAl, FeAlC, FejAIC or m xtures thereof. 14.

A net hod of mefalipegicalirpwly, the@dloy oaBbrepds feam atpreallnyed powtdar.ibyc al | oy
A LR A R A e
provide a suifggfind afteled pewaa RIS BeRof K)beBh ARAPeNHtPar ik Ict SuBR WS
product by passing the work hardened product
sheet of cold rolled powder. The mechanically alloyed powder can be processed by
conventional powder metallurgical techniques such aé by canning and extruding, slip
casting, centrifugal casting, hot pressing and hot isostatic pressing. Another
technique is to use pure elemental powders of Fe, Al and optional alloying elements.
If desired, electrically insulating and/or electrically conductive particles can be
incorporated in the powder mixture to tailor physical properties and high
temperature creep resistance of the heater material.

The heater material can be produced from a mixture of powder having
different fractions but a preferred powder mixture comprises particles having a size
smaller than 100 mesh. The powder can be produced by gas atomization in which
case the powder may have a spherical morphology. Alternatively, the powder can
be made by water or polymer atomization in which case the powder may have an
irregular morphology. Polymer atomized powder has higher carbon content and
lower surface oxide than water atomized powder. The powder produced by water )

atomization can include an aluminum oxide coating 6n the powder particles and such
aluminum oxide can be broken up and incorporated in the heater material during
thermomechanical processing of the powder to form shapes such as sheet, bar, etc.
The alumina particles, depending on size, distribution and amount thereof, can be
effective in increasing resistivity of the iron aluminum alloy. Moreover, the

alumina particles can be used to increase strength and creep resistance with or

without reduction in ductility.



through a furnace such that the work hardened product is flasfy gssplsed for
| ess than one mnute; - r _ optionally (c) repeating steps (a) and (b)
until a cold worked product of desired size is obtained; and the cold

wor ki ng conprising cold rolling and the work hardened product conprises a
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powder. For instance, a heater material can include particles of ele;:trically
conductive material such as nitrides of transition metals (Zr, Ti, Hf), carbides of
transition metals, borides of transition of metals and MoSj, for purposes of
providing good high temperature creep resistance up to 1200°C and also excellent
oxidation resistance. A heater material may also incorporate particles of electrically
insulating material such as AL,O,, Y,0;, Si;N,, ZrO, for purposes of making the
heater material creep resistant at high temperature and also enhancing thermal
conductivity and/or reducing the thermal coefficient of expansion of the heater
material.
In preparing an iron aluminide alloy by casting, the casting can be cut, if
~ needed, int:) an appropriate size and then reduced in thickness by forging or hot
working at a temperature in the range of about 900 to 1100°C, hot rolling at a
temperature in the range of about 750 to 1100°C, warm rolling at a temperature in
the range of about 600 to 700°C, and/or cold rdlling at room temperature. Each
pass through the cold rolls can provide a 20 to 30% reduction in thickness and is
followed by flash annealing at 400 to 500 °C. The cold rolled product can also be
heat treated in air, inert gas or vacuum at a temperature in the range of about 700 to

about 1050 °C, e.g., about 800°C for one hour. For instance, the alloy can be cut
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cold rolled sheet. For cxamble, a prealloyed powder can be consolidated into a
sheet which can be cold worked (i.e., worked without applying external heat during
working) to a desired final thickness.

According to this embodiment, a sheet having an intermetallic alloy
composition is prepared by a powder metallurgical technique wherein a non-
densified metal sheet is formed by consolidating a prealloyed powder having an
intermetallic alloy composition, a cold rolled sheet is formed by cold roiling the
non-densified metal sheet so as to densify and reduce the thickness thereof, and the
cold rolled sheet is heat treated to sinter, anneal, stress relieve and/or degas the cold
rolled sheet. The consolidating step can be carried out in various ways such as by
roll compaction, tape casting or plasma spraying. In the consolidating step, a sheet
or narrow sheet in the form of a strip can be formed having any suitable thickness
such as less than 0.1 inch. This strip is then-cold rolled in one or more passes to a
final desired thickness with at least one heat treating step such as a sintering,
annealing or stress relief heat treatment. According to the invention, at least one of
the annezilgng steps comprises a flash annealing heat treatment. This process
provides a simple and economic manufacturing technique for preparing intermetallic
alloy materials such as iron aluminides which are known to have poor ductility and
high work hardening potential at room temperature.

In the roll compaction process, a prealloyed powder is processed as follows.
Pure elements and trace alloys are preferably water atomized or polymer atomized

to form a prealloyed irregular shaped powder of an intermetallic composition such

as an aluminide (e.g. iron aluminide, nickel aluminide, or titanium aluminide) or
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having dimensions such as 36 inches by 4 inches. The green strips are subjected to
a heat treatment step to remove volatile components such as the binder and any
organic solvents. The binder burn out can be carried out in a furnace at atmospheric
or reduced pressure in a continugus or batch manner. For instance, a batch of iron
aluminide strips can be furnace set at a suitable temperature such as 700-900°F
(371-482°) for a suitable amount of time such as 6-8 hours at a higher temperature
such as 95(; °F (510° C). During this step, the furnace can be at 1 atmosphere
pressure with nitrogen gas flowing therethrough so as to remove most of the binder,
e.g., at least 99% binder removal. This binder removal step results in very fragile
green strips which are then subjected to primary sintering in a vacuum furnace.

In the primary sintering step, the porous brittle de-bindened strips are
preferably heated under conditions suitable for effecting partial sintering with or
without densification of the powder. This sintering step can be carried out in a

furnace at reduced pressure in a continuous or batch manner. For instance, a batch
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to 10® Torr. In o;der to prevent loss of aluminum from the strips during sintering,
it is preferable to maintain the sintering temperature low enough to avoid vaporizing
aluminum yet provide enough metallurgical bonding to allow subsequent rolling.
Further, vacuum sintering is preferred to avoid oxidation of the non-densified strips.
However, protective atmospheres such as hydrogen, argon and/or nitrogen with
proper dew points such as -50°F or less thereof could be used in place of the
vacuum,

In the next step, the presintered strips are preferably subjected to cold rolling
in air to a final or intermediate thickness. In this step, the porosity of the green
strip can be substantially reduced, e.g., from around 50% to less than 10% porosity.
Due to the hardness of the intermetallic alloy, it is advantageous to use a 4-high
rolling mill wherein the rollers in contact with the intermetallic alloy striia preferably
have carbide rolling surfaces. However, any suitable roller construction can be used
such as stainless steel rolls. Further, by using the flash annealing in accordance
with the invention it is not necessary to use carbide rollers for the cold rolling. If
steel rollers are used, the amount of reduction is preferably limited such that the
rolled material does not deform the rollers as a result of work hardening of the
intermetallic alloy. The cold rolling step is preferably carried out to reduce the strip
thickness by at least 30%, preferably at least about 50%. For instance, the 0.026
inch thick presmtered iron aluminide strips can be cold rolled to 0.013 mch
thickness i m a single cold rolling step with single or multiple passes.

After each cold rolling step, the cold rolled strips are subjected to heat
treating to anneal the strips. The annealing can comprise primary annealing in a
vacuum furnace in a batch manner or in a furna-cc with gases like H,, N, and/or Ar
in a continuous manner and at a suitable temperature to relieve stress and/or effect
further densification of the powder. In the case of iron aluminide, the primary

annealing can be carried at any suitable temperature such as 1652-2372°F (900 to
1300°C), preferably 1742-2102°F (950 to 1150°C) for one or more hours in a
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sizes. For instance, the strip can be cut in half and subjected to further cold rolling
and heat treating steps.

- In the next step, the primary rolled strips are cold rolled to reduce the
thickness thereof. For instance, the iron aluminide strips can be rolled in a 4-high
rolling mill so as to reduce the thickness thereof from 0.013 inch to 0.010 inch.
This step achieves a reduction of at least 15%, preferably about 25%. Each rolling

“step is preferably followed by a flash annealing step as previously described.
However, if desired, one or more annealing steps can be eliminated, e.g., a 0.024
inch strip can be primary cold rolled directly to 0.010 inch. Subsequently, the
secondary cold rolled strips are optionally subjected to secondary sintering and
annealing. In the secondary sintering and annealing step, the strips can be heated in
a vacuum furnace in a batch manner or in a furnace with gases like H,, N, and/or Ar
in a continuous manner to achieve full density. For example, a batch of the iron
aluminide strips can be heated in a vacuum furnace to a temperature of 2300°F
(1260°C) for one hour. B

After the secondary sintering and annealing step, the strips can optionally be
subjected to secondary trimming to shear off ends and edges as needed such as in
the case_ofr edge cracking. Then, the strips can be subjected to a third and final cold
rolling step with intermediate flash annealing. The cold rolling can reduce the

thickness of the strips by 15% or more. Preferably, the strips are cold rolled to a

final desired thickness such as from 0.010 inch to 0.008 inch. After the third or

final cold rolling step, the strips can be subjected to a final annealing step in a

continuous or batch manner at a temperature above the recrystallization temperature.

For instance, in the final annealing step, a batch of the iron aluminide strips can be

heated in a vacuum furnace to a suitable temperature such as 2012°F (1100°C) for
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wherein the ends and edges are trimmed and the strip is slit into narrow strips
having the desired dimensions for further processing into tubular heating elements.

The trimmed strips can be subjected to a stress relieving heat treatment to
remove thermal vacancies created during the previous processing steps. The stress
relief treatment increases ductility of the strip material (e.g., the room temperature
ductility can be ralsed from around 1% to around 3-4%). In the stress relief heat
treatment, a batch of the strips can be heated in a furnace at atmospheric pressure or
in a vacuum furnace. For instance, the iron aluminide strips can be heated to
around 1292°F (700°C) for two hours and cooled by slow cooling in the furnace
(e.g., at < 2-5°F/min) to a suitable temperature such as around 662°F (350°C)
followed by quenching. During stress relief annealing it is preferable to maintain
the iron aluminide strip material in a temperature range wherein the iron aluminide
is in the B2 ordered phase.

The stress relieved strips can be processed into tubular heating elements by
any suitable technique. For instance, the strips can be laser cut, mechanically
stamped or chemical photoetched to provide a desired pattern of individual heating
blades. For instance, the cut pattern can provide a series of hairpin shaped blades
extending from a rectangular base portion which when rolled into a tubular shape
and joined provides a tubular heating element with a cylindrical base and a series of
axially extending and circumferentially spaced apart heating blades. Alternatively,
an uncut s;rip could be formed into a tubular shape and the desired pattern cut into
the tubular shape to provide a heating element having the desired configuration.

To avoid variation in properties of the cold rolled sheet, it is desirable to
control porosity, distribution of oxide particles, grain size and flatness. The oxide
particles result from oxide coatings on the water atomized powder which break up
and are distributed in the sheet during cold rolling of the sheet. Nonuniform
distribution of oxide content could cause property variations within a specimen or

result in specimen-to-specimen variations. Flatness can be adjusted by tension
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temperature yield strength of 55-70 ksi, ultimate tensile strength of 65-75 ksi, total
elongation of 1-6%, reduction of area of 7-12% and electrical resistivity of about
150-160 pQ-cm whereas the elevated temperature strength properties at 750°C
include yield strength of 36-43 ksi, ultimate tensile strength of 42-49 ksi, total
elongation of 22-48% and reduction of area 0f-26-41%.

According to the tape casting technique, a prealloyed powder is formed into
a sheet by tape casting. However, whereas water or polymer atomized powder is
preferred for the roll compaction process, gas atomized powder is preferred for tape
casting due to its spherical shape and low oxide contents. The gas atomized powder
is sieved as in the roll compaction process and the sieved powder is blended with
organic binder and solvent so as to produce a slip, the slip is tape cast into a thin
sheet and the tape cast sheet is cold rolled and heat treated as set forth in the roll
compaction embodiment.

According to the plasma spraying technique, a prealloyed powder is formed
into a non-densified metallic sheet by plasma spraying powders of an intermetallic
alloy onto a substrate. The sprayed droplets are collected and solidified on the
substrate in the form of a flat sheet which is cooled by a coolant on the opposite
thereof. The spraying can be carried out in vacuum, an inert atmosphere or in air.
The sprayed sheets can be provided in various thicknesses and because the
thicknesses can be closer to the final desired thickness of the sheet, the thermal
spraying technique offers advantages over the roll compaction and tape casting
techniques in that the final sheet can be produced with fewer cold rolling and
annealing steps. ) - _

In a preferred plasma spraying technique according to the invention, a strip
having a width such as 4 or 8 inches is prepared by depositing gas, water or
polymer atomized prealloyed powder on a substrate by moving a plasma torch back
and forth across a substrate as the substrate moves in a given direction. The strip
can be provided in any desired thickness such as up to 0.1 inch. In plasma
spraying, the powder is atomized such that the particles are molten when they hit the

substrate, The result is a highly dense (e.g., over 95% dense) film having a smooth
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surface. In order to minimize oxidation of the molten particles, a shroud can be

used to contain a protective atmosphere such as argon or nitrogen surrounding the
plasma jet. However, if the plasma spray process is carried out in air, oxide films
can form on the molten droplets and thus lead to incorporation of oxides in the
deposited film. The substrate is preferably a stainless steel grit blasted surface

which provides enough mechanical bonding to hold the strip while it is deposited but
allows the strip to be removed for further processing. According to a preferred
embodiment, an iron aluminide strip is sprayed to a thickness of 0.020 inch, a _
thickness which can be cold rolled in a series of passes to 0.010 inch with
intermediate flash annealing, cold rolled to 0.008 inch and subjected to final
annealing and stress relief heat treating.

In general, the thermal spraying technique provides a denser sheet than is
obtained by tape casting or roll compaction. Of the thermal spray techniques, the
plasma spraying technique allows use of water, gas or polymer atomized powder
whereas the spherical powder obtained by gas atomization does not compact as well
as the water atomized powder in the roll compaction process. Compared to tape
casting, the thermal spraying process provides less residual carbon since it is not
necessary to use a binder or solvent in the thermal spraying process. On the other
hand, the thermal spray process is susceptible to contamination by oxides.
Likewise, the roll compaction process is susceptible to oxide contamination when
using water atomized powder, i.e., the surface of the water quenched powder may
have surface oxides whereas the gas atomized powder can be produced with little or
no surface oxides.

The foregoing has described the principles, preferred embodirhents and
modes of operation of the present invention. However, the invention should not be
construed as being limited to the particular embodiments discussed. Thus, the
above-described embodiments should be regar&ed as illustrative rather than
restrictive, and it should be appreciated that variations may be made in those

embodiments by workers skilled in the art without departing from the scope of the

present invention as defined by the following claims.
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1. A method of manufacturing a cold, worked product from a metallic alloy
composition selected from the group consisting of an iron aluminide alloy, a nickel
aluminide alloy and a titanium aluminide alloy, comprising steps of:

(a) preparing a work hardened product by cold working the metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon; -

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than
one minute; and

optionally (c) repeating steps (a) and (b) until a cold worked product of desired

size is obtained.

2. The method of Claim 1, wherein the metallic alloy is an iron aluminide

alloy.

3. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

(a) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than
one minute; -

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

furthef comprising tape casting a powder mixture of the alloy and a binder so as to
form a non-densified metal sheet with a porosity of at least 30%, the non-densified metal

sheet being cold worked into the work hardened product.

4. A method of manufacturing a cold worked product from a metallic alloy

composition, comprising steps of:
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(a) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than one
minute; -

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

further comprising roll compacting a powder mixture of the alloy and a binder so
as to form a non-densified metal sheet with a porosity of at least 30%, the non-densified

metal sheet being cold worked into the work hardened product.

5. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

(a) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than one
minute;

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

- further comprising plasma spraying a powder of the alloy onto a substrate so as
to form a non-densified metal sheet with a porosity of less than 10%, the non-densified
metal sheet being cold worked into the work hardened product.

6. The method of Claim 3, further comprising a step of heating the non-

densified metal sheet at a temperature sufficient to remove volatile components from the

non-densified metal sheet.
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7. The method of Claim 4, further comprising a step of heating the non-
densified metal sheet at a temperature sufficient to remove volatile components from the

non-densified metal sheet.

8. The method of Claim 1, wherein the metallic alloy comprises an iron
aluminide having, in weight %, 4.0 to 32.0% Al and < 1% Cr.

9. The method of Claim 1, wherein the metallic alloy comprises a titanium
aluminide alloy.

10. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

(2) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than one
minute;

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

the flash annealing being performed by infrared heating of the work hardened
product.

11. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

() preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than one

minute;
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optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

further comprising a step of forming the cold worked product into an electrical
resistance heating element capable of heating to 900°C in less than 1 second when a

voltage up to 10 volts and up to 6 amps is passed through the heating element.

12.  The method of Claim 1, wherein the cold working comprises cold rolling
and the work hardened product comprises a sheet, strip, rod, wire or band or the cold
working comprises press forming or stamping the work hardened product into a final or

intermediate shape.

13,  The method of Claim 1, wherein the metallic alloy comprises Fe;Al,
Fe,Al;, FeAl,, FeAl, FeAlC, Fe,AlC or mixtures thereof.

14. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

(a) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than
one minute; -

optiorrxally (c) repeating ste};s (a) and (b) until a cold worked product of desired
size is obtained; and i

the cold working comprising cold rolling and the work hardened product
comprises a cold rolled sheet, the cold rolling reducing porosity in the cold rolled sheet

from over 50% to less than 10%.
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15.  The method of Claim 1, wherein the flash annealing step comprises
heating the work hardened product to a temperature of at least 400°C for less than 45

seconds.

16.  The method of Claim 1, wherein the flash annealing is carried out in an

air atmosphere.

17. The method of Claim 1, further comprising preparing a casting of the
metallic alloy and preparing a hot worked product by hot working the casting, the hot

worked product being cold worked into the work hardened product.

18.  The method of Claim 1, further comprising annealing the cold worked

product at a temperature of 1100 to 1300°C in a vacuum or inert atmosphere.

19. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:
o (a) preparing a work hardened product by cold working a metallic alloy
h composition to a degree sufficient to provide a surface hardened zone thereon;
(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than

one minute;

g

= optior;ally (c) repeating steps (a) and¥(b) until-a éold worked product of desired
size is obtained; and N
) further comprising a final cold working step followed by a recrysallization

annealing heat treatment.

20.  The method of Claim 1, wherein the metallic alloy comprises an iron

aluminide baving, in weight %, < 32% Al, < 2% Mo, < 1% Zr, <2 % Si, <
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30% Ni, <10% Cr,<03% C,<05%Y,<0.1% B, < 1% Nb, <3 % W and < 1% Ta.

21.  The method of Claim 1, wherein the metallic alloy comprises an iron
aluminide consisting essentially of, in weight %, 20-32% Al, 0.3-0.5% Mo, 0.05-0.3%
Zr,0.01-0.5% C, 5 0.1% B, < 1% oxide particles, balance Fe.

22.  The method of Claim 1, wherein the metallic alloy comprises an iron
aluminide and the flash annealing step reduces hardness of the surface hardened zone by
at least 10%.

23. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:

(a) preparing a work hardened product by cold working a metallic alloy
composition to a degree sufficient to provide a surface hardened zone thereon;

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than
one minute;

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and -

the cold working being carried out with rollers having carbide or non-carbide

rolling surfaces in direct contact with the cold worked product.

r N

24.  The method of Claim 1, wherein the cold worked product is a sheet
which is produced without hot working the metallic alloy.

25. A method of manufacturing a cold worked product from a metallic alloy
composition, comprising steps of:
(a) preparing a work hardened product by cold working a metallic alloy

composition to a degree sufficient to provide a surface hardened zone thereon;



10m 10m z10%v&' ()-]i"gdbC 10 1 10%3& ()- SZ10%3& () - 910%3&16) ‘() -
910%:&" ()- mMLO0%&' ()- Nornmal" "Heading 13]c" "Heading 23]c" ] Hea ing 33]c"
"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph FontD! Y+4<FONW 8 Lsn| Z. @
"$&(*MRCYd*gA L "$s& /  58?UCKLZN>QVYp[ _chFngKvw| ) "W | ?Zur 7AT[ | m&[ ] g6Ti nes
New RonmanAri al Courier New'h Root EntryWrdDocunent

" #$UR' ()*+,-./0123456789: ;

<=>?@ABCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghi j kl mopqgr st uvwxyz{| } ~

29

(b) preparing a heat treated product by passing the work hardened product
through a furnace such that the work hardened product is flash annealed for less than
one minute;

optionally (c) repeating steps (a) and (b) until a cold worked product of desired
size is obtained; and

further comprising forming the cold worked product into an electrical resistance
heating element having an electrical resistivity of 80 to 400 .Q-cm.



