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particularly directed to martensitic stainless steels whi ch may, through
appropriate processing, develop a microstructure suitable for the
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PCT/ USCQ 31317 DESCRI PTI ON OF THE | NVENTI ON BACKGROUND Because tl.e
process of shaving places the blade steel in contact with noisture,
stainless steel is a natural selection for razor blade applications. Razor
bl ades typically are fabricated froma coil of stainless steel that has
been rolled to a 5 strip of very thin gage (less than ten mls) and that
has been slit to an appropriate wdth. The coiled steel strip is uncoiled,

shar pened, hardened, bl ade support
so that it may be mani g@fﬁféﬁggggﬁ@?@ﬁ?%ﬁ?ﬁg %ﬁ)ﬂfﬁduse as razor bl ade
material preferably includes secondary
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15 The present invention is directed to martensitic stainless steels. The
present invention is more particularly directed to martensitic stainless steels which
may, through appropriate processing, develop a microstructure suitable for the
production of razor blades. The present invention also is directed to a process for
processing a martensitic stainless steel to a gage and with a microstructure suitable for

20  the production of razor blades.



carbide particles that are of a uniformgenerally spherical shape, that
have uni Vo0 01/40506 si ze | ess than 15 m croneters and uni f or RCATEVIBBIT | on,
and that are present i PESCRRIGMN QFi THE BYVENFIONACRGROAUNDIe particl es
per 100 micronmeters square as observed at high magnification. |If secondary
carbide particles within the steel are not of uniformsize and

di stribution, for exanpBecauséteqrewss oftshaving pbaces tha bladg stekkinhweatact with
treatments used in razor blade fabrication. Distortion of the steel during

heat 15 tr eat filistureSstdiflesy dtedl it Onasral sHisdion ferdz@Mladedpplisiiond"Ryg¥r of di sh
is cause for rejecting the steel. The steel preferably also is

substanti al | ypf B&&Q@lfcal%%%c%%ﬁ@o%ﬁ o bf .&L gfe{sﬁgtﬁelﬁlﬁ%ggp %Ier%}]'c[-:cp t exceed

15 m croneters 'S al'so erre
essenti al I5y free qf nog netallic mcroinclusions and does not include
1

regions of seyPBRAVFRININEREH (JessAban 5 mits) agbihat bashesn slitdn an PPPIRBFgteCar bi de

particles 20 and non-netallic mcroinclusions typically are large in size,
brittle i n nawidtie, Thaicoiled\seeel strip aswrmolied isharpemedt hadatcdehppragridtely cdateduch,
they may cause "tear outs"” during the sharpening of the steel. A tear out

occurs duri ngarﬁih@élﬂ@d‘to@bl‘éﬁ@%pbbﬂ ssa{abhdﬁayp@e%aﬁb@ateeragmﬂaltyégleﬁl is pulled
fromthe steel, |leaving a jagged surface that can be felt during shaving.
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al so nust satisfy additional qualitative and quantitative criteria
establ i shed bSareide partigloy thatate afarmifonn gaecralihsphateal shans, tatihameiuphform
denonstrate a suitability for shaving. Certain of those additional criteria

are eval udt edsize latd thin $aAtemetds ifteurfifoetldigtibutipnhavethbess praeitfihad by the
manuf acturer to include a sharpened edge, additional nmartensite (i.e.,

enhanced har dQ@gsiraridldf 2ot B0 Hbhibide paf@Rdls J¥9100 micrometers square as

observed at high magnification. If secondary carbide particles within the steel are not
of uniform size and distribution, for example, the steel may distort during the heat
treatments used in razor blade fabrication. Distortion of the stecl during heat

15 treatment is referred to as “dish”, and only a minor amount of dish is cause for
rejecting the steel. The steel preferably also is substantially free of primary carbides
or clusters of carbides that exceed 15 micrometers in length. [t is also preferred that
the steel is essentially free of non-metallic microinclusions and does not include
regions of segregation, carburization, or decarburization. Primary carbide particles

20  and non-metallic microinclusions typically are large in size, brittle in nature, and have
a low cohesion to the steel matrix. As such, they may cause “tear outs” during the
sharpening of the steel. A tear out occurs during sharpening when the carbide particle
or inclusion is pulled from the steel, leaving a jagged surface that can be felt during

shaving.



Razor bl ad e commonly fabricated fromstrip of certaigphstasifigr bon
type 420 ss st  Spidob¥B el HSElohRYSickdulanl @ﬂtenapijfgiﬂ%;' on

0.15 10 mn. carbon, 1. manganese, max. con, a 0-14.0
chromum all in i.ght ent.) The type 420 steels that.nmay be used as
nror bl ade HeASrER T fre Bl Hrtkaron Ry ERety ayont GRERELSEH o meet
the above mcrostructural requirenents. The steels al so nust be capabl e of

processi ng tqraatitahivé oriterialestablishgd by sha individupprazart blpd@manefatterdarnancwbichess,
a uniformw dth, and have no appreciable surface 15 defects or edge

checking. BedetifirhteQ saitailitysfok sPavinddi CaHality of tho® £IAuERE! Eriteih hRlF8luatedgot s
wei ghi ng thousands of pounds, the overall thickness reduction necessary to

achieve 34 1y ' L: cess| ' tr
2chi ove o ¢ ritir Sybplef BPRER-LhLPRPE BRI Ied By B h T oulrefy ot €
requi renents di scussed abgve necessarily conplijcates the processing of the
mat eri al andshRmened edgee additional grartensited{pp e eipneehhardngsy) aad ¢ gen-gipllic
processi ng regi mens. Accordingly, there is a need for a nethod of
processi ng teqaengd20 and other stainless steels to a uniformthin gage
whil e satisfying the above mcrostructural 3 WO 01/40526 PCT/ USOQ 31317

criteria. There al so i RubeRMs bRlcohHOMY BMbritBkh #o5l §ilif ofLatdh i St eel

alloys that denonstrate a suitability for razor blade applications.
SUMVARY OF THE | NVE 5.The present jnvention address t he .. .
2bove. descr | HERPHEBRA2BRIaTE0 sioBle g et DeBels e B TsRRER g Poskiondh ¢ ¢
stainless steel to a gage and with a mcrostructure and other properties
sui t abl el ormapsmibéaﬂ-@ams- manganess), A0 maxt silican, and TRS- pt-0 cbrosiimebllittes t he
step of subjecting at |least a portion of a nelt of a martensitic stainless
steel to an wtight peasdndy THIOp 427WstediSRat inagdE WBEH as rhibrdlfleaRatsidlReent to

t he

have a chemistry that may be processed to meet the above microstructural
requirements. The steels also must be capable of processing to a uniform thin gage
strip, typically 3-4 mils in thickness, a uniform width, and have no appreciable surface

15  defects or edge checking. Because the steel strip typically is produced from large
ingots weighing thousands of pounds, the overall thickness reduction necessary to
achieve 3-4 mils thickness during processing is extreme. The need to achieve a thin
gage final material while also meeting the other requirements discussed above

necessarily complicates the processing of the material and limits the array of suitable

20  heat chemistries and processing regimens.

Accordingly, there is a need for a method of processing type 420 and

other stainless steels to a uniform thin gage while satisfying the above microstructural



10 ESR treatnent, the steel is heated to a tenperature at |east as great as
t he | oweWwo 01t4@8@6er at ure at which all of the carbides thatPﬁ@[gS(P%'ﬂMﬂ n the
steel will di $@i6ride Therg afe is gneast for impraved mertensiticitiainiess steel mHayscthat ur e of
the steel. The steel is held at that tenperature for a period of tine
sufficient todehesstiateea sulifabipity fortryzoe Blabe dgpljpatiénscl es in the steel that are
greater than 15 mcroneters in length. Subsequent to the heat 15 treatnent,
the steel nmay be reduced to a strip of a desired gage (typically, less than
10 mls for razor blade applications) through a series of hot and cold

reducti on steps. The steel may, n cold rolling steps
to appropriately recrystalIizeS8$W€Ag§ﬁéﬁagaﬁbﬁegg$taﬁhre within the stee
and inhibit breakage or unacceptable checking during the cold reductions.
20 The prcotess of the pffbsementmntlmaddresﬁesageabwér crled rfegds bkanpl e, a
steel having the chem cal conposition of a type 420 martensitic stainless

steel, and i spropitihg & ptozedsifor@bluditig & athrieaditié R4 teblltdia¥ags SndwaRaS
including at least the followng, all in weight percentages: 0.65 to 0.70

I s e
ivent i on al s B¢ BOGFQRAFs s B oLLR OTLF I € eAional argeiiol 3 marensitc
stainless steel to an electroslag remelting (ESR) treatment. In a step subscquent to the

10 ESR treatment, the steel is heated to a temperature at least as great as the lowest
temperature at which all of the carbides that may form in the steel will dissolve and no
greater than the nil ductility temperature of the steel. The steel is held at that
temperature for a period of time sufficient to dissolve all primary carbide particles in
the steel that are greater than 15 micrometers in length. Subsequent to the heat

15 treatment, the steel may be reduced to a strip of a desired gage (typically, less than 10
mils for razor blade applications) through a series of hot and cold reduction steps.

The steel may be anncaled between the cold rolling steps to appropriately recrystallize
the cold worked structure within the steel and inhibit breakage or unacceptable
checking during the cold reductions.

20 The process of the present invention may be applied to, for example, a
steel having the chemical composition of a type 420 martensitic stainless steel, and is
particularly well-suited for type 420 stainiess steels including at least the following,
all in weight percentages:

0.65 to 0.70 carbon;



420 stainless which forma part of the present invention Pg:g%gﬁp'%ﬁ?.,i ncl ude
at | eastVRPSH £ o) | owi ng, all Kn %' hﬁ BELgent ages: 0. to 0.70 carbon;
0 to 0.025 phosphorus; 0 to 0.0960 s'u??ﬁro; pgoryg’ to 0.50 silicon; 15 at

| east one of greater than 0.0004 boron and greater than 0.03 nitrogen;
0.45 to 0.75 nanganese; 12.7 to0189P28ml8Hum 0 to 0.50 nickel; and 20
incidental inpurities. Such steels may be advantageously processed by the
met hod of the invention to incl 0260 ta00cileehy ucture that is substantially
free of individual and clustered primary carbides exceeding 15 mcroneters
in length and an average of 50-20Q5380939Rdnsares¥O 01/ 40526 PCTI USOO 31317
carbide particles per 100 m croneter square regi on when viewed at high
magni fi cation. The reader will a ciate,the foregoing details and

advant aggsfs of the present inven??‘gﬁ?@z C\Réqqllugl]s ot hers, upon consideration
of the following detailed 5 description of enbodiments of the invention.
The reader also may conprehend s@dn0.58diskel;6RdI detai |l s and advant ages of
the present invention upon using the invention. BRI EF DESCRI PTION OF THE
DRAW NGS The features and advant agedentd ithp®itfgsesent invention may be better
under st ood

The present invention also is directed to certain novel martensitic type
420 stainless which form a part of thc present invention and which include at least the
10  following, all in weight percentages:
0.65 to 0.70 carbon;
0 to 0.025 phosphorus;
0 to 0.020 sulfur;
0.20 to 0.50 silicon;
15 at least one of greater than 0.0004 boron and greater
than 0.03 nitrogen;
0.45 to 0.75 manganese;
12.7 to 13.7 chromium;
0 to 0.50 nickel; and
20 incidental impurities.
Such stecls may be advantageously processed by the method of the invention to
include a microstructure that is substantially free of individual and clustered primary

carbides exceeding 15 micrometers in length and an average of 50-200 secondary



10 by reference to the acconpanying in which: Figure 1 is a photom crograph
(1500x) wb ta/48s26pl € of heat RV 1662 material after a fi ﬁ&?’&?ﬂ’ééﬂ"at j ust
under 0.003 iqachide nartiRles per 100 migrasmetersquare segiewher vighvapat fieh500x) of a
sanpl e of conventional nmaterial used commercially in razor bl ade

appl i cati ons;mignifieagione 3 i s an SEM m crograph (8000X) of a sanple of
material from heat RV 1663 processed to 0.003 inch gage; Figure 4 is an

SEM ni crograph (8000X) e fead@iiapRleclid Gk iffegbing Metallad RAVa@sé drrReessed
to 0.003 inch gage; Figure 5 1s an SEM m crograph (8000X) of a sanple of

material from_ 20 heat.RV 166 rocessed to.Q.003 ipnch e; Flgure 6 is an
SEM ni cr ogr agBe{eBbEE Ry aﬁwgliﬁ%?‘gcréf u%cgpflg?ra??rbﬂﬂ%ﬁ é‘gf"%ﬂ(’ﬂ E%tg#)e(f)r ocessed
to 0.003 inch gage, 6 WO 01/40526 PCT/ US00/ 31317 Fiigure 7 is an SEM

i crogr aph ( 8soxtionfof gmbadisientsodf thoinyertidne ndie readsr pise sy comprehgnd gughy

razor bl ade applications; Figure 8 is an SEM m crograph (8000X) of a sanple
of material fdddifon@l ddtailtemtl aQbantpés bhke pré@sntialbdmidniuponubing thedhiediohand
gage to 0.003 inch; and 5 Figure 9 is a schematic representation of a
process of the present invention for producing a nmartensitic stainless
steel having a mcrostructure suitable for application as razor bl ade

mat eri al . DESCRI PTI ON OF T present invention
is directed to a process %%%%M@EM&EW strip suitable
for razor blade applications. The characteristics of such strip
The features and advantages of the present invention may be better understood
10 by reference to the accompanying in which:
Figure 1 is a photomicrograph (1500x) of a sample of heat RV1662
material after a final anneal at just under 0.003 inch thickness,
Figure 2 is a photomicrograph (1500x) of a sample of conventional
material used commercially in razor blade applications;
15 Figure 3 is an SEM micrograph (8000X) of a sample of material from
heat RV1663 processed to 0.003 inch gage;
Figure 4 is an SEM micrograph (8000X) of a sample of material from
heat RV 1664 processed to 0.003 inch gage;
Figure 5 is an SEM micrograph (8000X) of a sample of material from
20  heat RV1665 processed to 0.003 inch gage;

Figure 6 is an SEM micrograph (8000X) of a sample of material from

heat RV1666 processed to 0.003 inch gage;



i ncl ude uniforg%thln gage (less than 10 mls) and the m(yéﬁﬁgugf tal and

other - BOBUERRs oescr b Abay sl AT o) es s o Fohnliiter =0
m cr oi ncl ons .and | an 15 m croneters rimary carbi des
and c: ustgflecf %@Fﬁ%‘? “gG%HE('%PéEfaEEFPH [5atians: 5| so pr ef er?atbloy i nc?/udes a

general ly uniformdistribution of small secondary carbides and | ack surface
decarburi zati on, and tHogweBiipamSEM migrograpin (800gK) ofia samiple of alateriadfrormances
(for exanple, tolerances for gage, width, dish, and canber are very tight).

Typi cal l'y, tw@mM%msvwwalseolﬁdmdms@mﬂ&&%ﬁig)ar wema litht agpr bl ade
applications. Type 420 steels connnnly i ncl ude 0. melght per cent

car bon, b#t may i ncl ud e ¥ {;ﬁemaar? r(\,(g&e%ega?on ofX?hsce.Qsof(\tﬁ gl%gcn en

produced razor bl adé appll ions e |nven

i nvestigations was high carbon type 420 . stainless steels having the base
and ai m chemiiSYGIER IPrProgising 2 martengsi AR lSIHCRHERY DSAOM SIS IRCtuARiEble for N
S PSNBOC N Fe Element Base 0.65- 0.45- 0.20- 0.025 0.020 - - 12.7-
0. 50 bal ance applieationtas yaz0r Blad®maferial. 50 nax. nmax. 13.7 max. Aim 0. 675 0. 70
0.40 LAP* LAP* 0.025 13.0 0.10 balance Chem stry * Low as possible
Experinents were perfornmed to determ ne the process paraneters
(tenperatures, tines,DESCR)PTIONEOFEBNMBODIMENTS OF THEJEVIBNTION car bi des

and produce a 5 uniform secondary carbide distribution in steels within
the base chem stry of wlﬁe&m invention is dirccted to a process for producing stainless
10 steel strip suitable for razor blade applications. The charactenstics of such strip
include uniform thin gage (less than 10 mils) and the microstructural and other
properties described above. As processed, the steel strip preferably has a
microstructure that is substantially free of non-metallic microinclusions and large
(greater than 15 micrometers) primary carbides and clustered carbides. The steel strip
15  also preferably includes a generally uniform distribution of small secondary carbides
and lack surface decarburization, and the strip must maintain tight dimensional
tolerances (for example, tolerances for gage, width, dish, and camber arc very tight).
Typically, type 420 martensitic stainless steels are used in razor blade applications.
Type 420 steels commonly include 0.2-0.4 weight percent carbon, but may include
20  significantly higher levels of carbon when produced for razor blade applications.

A focus of the inventors’ investigations was high carbon type 420

stainless steels having the base and aim chemistries in Table 1.



Furt her investigation was undertaken to determ ne a processing reginen to
reduce WQOIW49526 materials within the base chen stries oPCTEBIMIBIL o
approxi mately 0.003 inch gage, while avoi diTdBEEdessi ve edge checki ng and
retaining the favorable mcrostructure achieved by the high tenperature
processing. Two 50 1h VIMHh s 10 (heats RV 1661 and RV 1662) of type 420
stai nl ess steel w thincthepNpase spec) fipcafians | of Taby ef | el e \pr gpared
havi ng the aftmsaéntchiem stiries fin Tabje 2.| TABLE 2 Héat d M § P SN B O
Ni Fe RV 16p1 0.65 |0, 66 [0, 423 ]. 005 . 0038 | 0Z8_.[0004 (137 1. 0. 1P bat4gnce
1662 0.69 0.[71 %539 ?6@ .%gﬁ (%2% . 0BBY 18.98% |0.13 |bat anék’- |ArP-i%ndorelepgss
cast from hepChdin661,° 4l PFéndd T8 coB8F*tpb ®om 15 tjenpef dtdre,™3nd t hen
reheated to R30DF far rle durs, t1jne:atf araturne (1 A T. peffor e ho
rol ling. The|i ngg)’(r)"t a%'ygf rg'gr‘?l‘ea 4OR\/H€‘%%2 &ggpkootam?r ansflert8d, & ¥ndatelspce
WO 01/ 40526 PCHeni Y 31317 and rolled to ja 0.140 i ngh th band befqgre it
was al | oned t o *cdolvatrossibleom t enperature. Al though the cast mcrostructure
of the ingot fromheat RV 1661 contai ned nunerous |arge carbides, sanples
of the hot band fron1heﬁt RV 1662 did not., Aiter it was re- heated to
2300F, held for 3 hour scAPCRMENIS Were pRHRmcs tp dgterrging tHproress RARBIEIBANd, t he
5 mcrostructure of the RV 1661 material was identical to that of the

mat eri al of Héwmpergyresg@ncs, Pigugiecessarhite disbalve langroprimarg sarpides and pRRIDOFa

di ssolved the primary carbides present in the air-cooled ingot and

adequat el ¥ admifesmededrdenniaehiiediseibutieh anéteddwithin theébae cREmBY brqapkides in
the hot band. The mcrostructures of the 0.140 inch hot bands produced from

the 10 mat egﬁﬂhepfnvgﬁ?gtaﬁoWa} ﬁl@&erﬁﬁ& B\ée%%‘nccaoﬂ%késglﬁg ré)élm%n qOe Fe%(lpeur i zed

outer |ayer

ingots of materials within the base chemistries of Table 1 to approximately 0.003 inch

gage, while avoiding excessive edge checking and retaining the favorable

microstructure achieved by the high temperature processing. Two 50 Ib. VIM heats
10 (heats RV1661 and RV 1662) of type 420 stainless steel within the base specifications

of Table 1 were prepared having the actual chemistries in Table 2.

TABLE 2

Heat C Mn Si P S N B Cr Ni Fe
RV1661 0.65 0.66 0.43 .005 .0038 .028 | .0004 | 13.16 0.12 balance

RV1662 0.69 0.71 0.39 .006 .004 .021 | .0002 | 13.07 0.13 balance

An ingot was cast from heat RV1661, allowed to cool to room
15  temperature, and then reheated to 2300°F for three hours time-at-temperature (T.A.T.)

before hot rolling. The ingot cast from heat RV1662 was hot transferred, reheated,



martensite and an interior consisting nostly of retained aq§h§@ and
cont ai niWg 044 Qﬁaﬂ 15- 20‘V ren ite and_a grain_boundary d to be
carbi des. ThéDfgpisd t8|a0 ﬁ‘(ﬁanaz?ﬁﬁ’ée &d@astﬁl Ipwed & ol ‘I:Eﬂ?F‘HtCHB’Fraé'érecol d
rolled mnthout cracki ng. Therefore portions of the hot band from heat RV
1662 were subhéumell thecast iisxosimabid obthe sdgohiipmilicah BH6AY cotteingd numgreist o
1400F, holding at tenperature for ten hours, and slowly <cooling. This

procedure al |I@1\g€daﬂ9|i&s?da§iéﬂé&| Jfehelst bABA FORShdaERI 651 @i € pifeek ittvias re-
deconpose into ferrite an arbi des. The box anneal ed hot band was bl ast

and pi ckl ed He?tgﬁ%’?%&r’?%efl@?&c gﬁ %dfthgﬁfbtlleﬁgc?&éﬁﬁfrféﬁirﬂbgR%ﬁ'ﬂgé ed on

cold rolling an erefore hg was repe band
had been edge trinmmed and 20 annealed or m nutes T.A T. at 1400F. In
that condPti JRicrasHuctyEg fthe RVi{§61 matgrial was tﬁenyc%r that of the anatsriakof heathot

band to 0.060 inch. The short annealing step significantly reduced the
degree of edd®VtoiecKiing, a thireedionr hedtltieagneno at 2800CF 0i8sblvatcthe prataey cabideThe
cold rolled 0.060 inch naterial was then edge trinmred, annealed again for

2 mnutes at IgjrésQQF inthéail-coolRH thgo®! hﬁd g 'uﬁglgta‘ad%s%hé Bﬁ:ﬁ‘ﬂerﬂ_ berdleridf drnch 9
WO 01/ 40526 PCTIUSOO 31317 nmaterial was edge trimed and anneal ed, cold

rolled to 0.Q09 inch e tri anneal ed, and finally cold rolled
to 0.003 inc al}ﬁﬁé’ngmgfrgﬁles tmﬁga&gtructure of the 0.003 inch material
following the final anneal is shown in Figure 1 at 1500X nrmmagnification.
Primary carbides in the material had e ed during the three 5 hour
2300F soak, and the sec [VOSEYFYTEL &Fr??é& L:ﬁh"ﬂi’ﬂ'ﬁsf’@“ﬁﬁ‘fg@‘éﬁe

remai ned uniformand evenly distributed at each stage in the reduction to
final gad€, pnypazitafdsats Riypool and RV 642 epukisied 6 adecarburizediowteniayendfs when
used in razor blade applications. The cleanliness of the material at final
gage al so wasnatseid akt & inldtidr Bbesi G IYIOE ret@ined BestéhiRQAd icBRRingRgfout

material (Figure 1) conpared favorably to that observed in a

15-20% marensite and a grain boundary phase assumed to be carbides. The material
in the hot bands was brittle and could not be cold rolled without cracking. Therefore,
portions of the hot band from heat RV1662 were subjected to a box anneal by slowly

15 heating the portions to 1400°F, holding at temperature for ten hours, and slowly
cooling. This procedure allowed the austenite and martensite in the material to
decompose into ferrite and carbides. The box annealed hot band was blast and pickled
to remove surface scale. Significant cdge checking occurred on cold rolling and,
therefore, cold rolling was repeatcd after the hot band had been edge trimmed and

20  annealed for two minutes T.A.T. at 1400°F. In that condition, the material was
successfully cold rolled from the hot band to 0.060 inch. The short annealing step
significantly reduced the degree of edge checking in cold rolling to the 0.060 inch

material. The cold rolied 0.060 inch material was then edge trimmed, annealed again

for 2 minutes at 1400°F T.A.T., and cold rolled to 0.024 inch. Thec 0.024 inch



10 sanpl e of conventional stainless steel used comercially in razor bl ade
appl i cathmmo%%ure 2). The materials_ produced from heaRGSI/RS00BEHT and
1662 i ncl uded Ape sdgorimged grdannedad, caldgoliebto RON ek )edge frirnmed and
particles per 100 micron square area Vviewed at 8000X magnification. The
aver age car biacecapsl; bnd firallyotodd rdlled td 0.€03 ehwved bnteabdd. Mk @ficlstrudtegsafr ed in
the sanme way, was 168. Thus, the inventors 15 concluded that a high

tenperature [eheeds feh tndiGiap &iRwA LR findt arin;é_aﬁs st B303h Andooxe! ow the

solidus tenperature of the steel nmay be utilized to achreve a

m crostructure if.able.for razor .bl.ade appl.i gations. .Subsequent .| ower
Lemper at ur e Biaepdtapy; Epméty ook if o RoBhet nafi Beph ot PR HreR ¢ hout
breakage of the bands did not materi aII%_ affect the microstructure

achi eved by bhowr 23900 Fsqakheral the sondagpy carbjsleaiicdes within thy matgriphremamsdner ci al
scale mll also were evaluated. A 14,000 Ib. nelt (nmelt 0507876) was

prepared by wWhibripaid@eniydistibutcaat eih sRBEM e redstiseto fiml ighgd, probafles 3.
Al t hough VIM was used to produce the nelt, it wll be understood that any

ot her suitab . j rgon
oxygen decar Lrﬁ?@gl? ?’g%‘§°9‘{r%3€5§£e)‘a’ffs%’§.‘ga{§ﬁ %%@ﬁ%g%%mé /‘%%B@ﬁ%?g 'gI]'ABLE 3
CMWM PSS i Al M I Ti N Pb Sn.B Ch, Actual ..69_0.59 0.011 0.005
0.46 13.05 o%g%awee% 1t 6Wieftﬁfé‘d%ﬂégﬁﬁflal%‘gﬁf%%éqééﬂe: Egﬁﬁll‘?reﬁ?gmt%?m 0. 68
0.65 0.012 LAP 0.3 13.1 0.1 LAP LAP LAP LAP 0.025 LAP LAP LAP LAP Two

7,000 | b. i ngbths VBancagagefmatenial llEigneel Ity coDpare f&@Pally to thayaisewad isabj ect ed
to a stress relief anneal at 1250F for 6 hours T.A T. The ingot was then 5

subj ect efh t Osamipl€bEEsvRAtiGHhl s@IMRdsE steEIRRd ERmetRdly ih@adoR BRME applfdatishons and
i ncrease honogeneity within the ingot. ESR involves contacting an
el ectrode of (Ptigl?re %‘.t %fxe': %‘Jatexials produced from heats RV 1661 and 1662 included averages

of 187 (RV 1661) and 159 (RV 1662) carbide particles per 100 micron square area

viewed at 8000X magnification. The average carbide particle count for the

conventional material, measured in the same way, was 168. Thus, the inventors

15 concluded that a high temperature reheat to a temperature of at least about 2300°F and
below the solidus temperature of the steel may be utilized to achieve a microstructure
suitable for razor blade applications. Subsequent lower temperature stress relief

anneals used to facilitate cold rolling without breakage of the bands did not materially

affect the microstructure achieved by the 2300°F reheat.

20 Ingots produced and rolled in a commercial scale mill also were
cvaluated. A 14,000 1b. melt (melt 0507876) was prepared by VIM to the aim and
actual chemistries set forth in Table 3. Although VIM was used to produce the melt,
it will be understood that any other suitable method for preparing a melt (such as, for

example argon oxygen decarburization) may be used.

10



to he refined wwth a slag in an open bottoned refining v L.ectric
cur r ent W01/443%85 o g through a ci rq&ﬁLtgcl udi ng the el gct ?éﬁ@sg‘;{ 3ﬁ1e sl ag,
heating both. The material nelts at its point of contact with the heated
slag, and droplets of the nelted 10 nmaterial pass through the slag and are
col | efted] dhEMAET er{ad [| & feki ned asali [ Mpasses & (nvoggw ang qoRAT t he
heat efzGRRaueT by € s Rt e TRRTHELS PO S0t o ek TP PR el US
include_atlpower supply, lan el ectirode fepd gechani an _open-Hottom Mwmater
cool ed'\'?"ea;s‘"éTY\f"‘%ndmé $tdg® ThB' slpdlilfic| ¥F 4d*t yp8 [P$Bd W | 1™ dddehd “Bnl t he
particular allToy béing refined. ESR treatnent 1s well Known and W dery
used, and the 15 operating paraneters that will be necessary for any
particular nmetal or alloy may readily be ascertai ned by one having
ordinary skill inTwe7,0060 b, NE&E R\ Gisyfrorh Welih@f. Ot BOOEIS! PRoOfast he manner
of construction or node of operation of an ESR apparatus or the particular

oper at i bd eular Al i y. The ESR
CFoat ment oL o B e e A B R S MY (him the

i ngot. and, al d the ingot to |__qui ckl thereby |limting the size of
or ey LaREeR A bR e ESRS et lma P Rons B be o ss0l ve
nore readily at tenperatures _bel ow the solidus tenperature qof the ingot

mat er i alhomagEngiygHthin he quassTEFR Y odyqeeqntaqng gn skssires b thematonal

PCTI USOQ' 31317 resulting fromthe ESR treatnent was 13 inches in dianeter.
Al t houghiobgRefingd withsiesdhg intah epershittoaisd eefmartasichgEleeloh sigerdss such as vacuum
arc renelting, may be used. The electroslag renelted ingot was stress
relief gunedltiedugt a didnBindlading thelrtadtredelanA.the slaphBeasing dsth. Iei ef anneal
reduced residual stresses within the ingot to 5 prevent cracking of the

sl ab. Prghefialhdls at ot enth@lviff the Rl sldgS arfdiiepiedk @€ tRtmdtedt €Nper at ure
that is not so high as to coarsen carbides wthin the ingot. The ends of
the ;g

r\dr}t t\lni ol
o1

material pass through the slag and are collected. The material is refined as it passes
through and contacts the heated conductive slag. The basic components of a typical
ESR apparatus include a power supply, an electrode feed mechanism, an open-bottom
water cooled vessel, and a slag. The specific slag type used will depend on the
particular alloy being refined. ESR treatment is well known and widely used, and the
15  operating parameters that will be necessary for any particular metal or alloy may
readily be ascertained by one having ordinary skill in the art. Accordingly, further
discussion of the manner of construction or mode of opera.tion of an ESR apparatus or
the particular operating procedure used for a particular alloy is unnecessary.
The ESR treatment used in the present process reduced segregation
20  within the ingot and allowed the ingot to cool quickly, thereby limiting the size of
primary carbides formed in the ingot. The smaller carbides may be dissolved more

readily at temperatures below the solidus temperature of the ingot material. The ingot

11
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anneal ed i ngot were cut, reducing ingot weight by approximately 25% The
cut ends Wadil/dosa6ed to develop a nmill-scale thermal treat MGHUIMHAIG | |

ef fectively dfeelingdrom the B3R, treatmentiwas bhimchesiin dismeteti shlitiongh ESRevamdary
carbides within the ingot. The 10 anneal ed i ngot was then reheated to 2250F
+/ - 25 for onesdothensuitablemeching technidued) stich a3l vaeaurh arcresletings ina¢ befus&@l. X 33
inches in cross-section. The reheat tenperature was bel ow the solidus '

tenperature of the mat emipglelcRodMENaTRL J’H%mﬂ'§§§ d RieBhaRaiaS: ress
relief annealed at 1250F for 8 hogctjrs T.eA. . The gﬁngﬁﬁee slaab té% secl;%tently

was subjected ri ontour .qgri o renmpye.surface scal e, and any
15 edge def ect g]%\‘}\%r%%rgngéee reB?ﬂ%’Ff %meﬁl&e&%?ﬂéﬁ‘%hf%esﬁ?i‘w&@ﬁ&185%‘ Qanpl es
previously removed fromthe 6 inch slab indicated that a tenperature in
the range df PBUSH aekignrfithosel Prefmebly ghe stegsargliel 2806l BIsoduUctddat aat | east
3 hours T.A-T. is sufficient to dissolve primary carbides in large ingots

(one t housandtepmi¢rasreahatds gettse highods to Bearsin darbiges witkihelid mlgot. | TheZddk 8f the
bel i eved that such tenperature ranges al so may be used to dissol ve carbides

within [largeyi ugfeégfin% wy cxIt,yrgﬁuc %%irngb?%gilgﬁﬁﬁya%?&lima#\é% %?‘ﬂ.e%%%u éaﬁdlst he

i nventors conc at primary rdes”i arge of "any oy

may be suitably dissol yed. by bjecting the ingot tqQ a _tenperature at

| east as great’*HSE éoﬁ\{?}'\%’?ta Tgﬁﬁéfﬁ‘i’wl%amﬁﬂ @‘ﬁt ‘é(ﬁ] effgctively dissphyedes t hat
may formin the ingot will dissolve and no greater than 12 WO 01/ 40526

PCT/ US00/ 313 1frimatyecarhitlescandtshitatly distritpis secomdarptarbides wnthiot theratget.i he Such
tenperatures may be determned for a particular material by one of

ordi nary gKi | nnéhlel ot wadufnetieaicd to Ths0 Fi+noms foSod¥Biont AiMefndt A Meand
tenperature for a period of tine sufficient to suitably dissolve carbides.

Ve Ll Ul 65 TR X AR SRl L SRR B
below the solidus temperature of the material to prevent mushiness. The slab was
then stress relief anncaled at 1250°F for 8 hours T.A.T. The annealed slab
subsequently was subjected to a 12 grit contour grind to remove surface scale, and any

15  edge defects were removed by grinding.

Experiments using the end samples previously removed from the 6
inch slab indicated that a temperature in the range of 2300°F to about 2400°F, and
preferably 2300-2350°F, for at least 3 hours T.A.T. is sufficient to dissolve primary
carbides in large ingots (one thousand pounds or greater) of the mill heat material. It

20 s believed that such temperature ranges also may be used to dissolve carbides within
large ingots of any type 420 stainless steel. More generally, the inventors concluded
that primary carbides in a large ingot of any alloy may be suitably dissolved by

subjecting the ingot to a temperature at least as great as the lowest temperature at

which all of the carbides that may form in the ingot will dissolve and no greater than

12



satisfactorily. The nil ductility tenperature of a material is the

t enper atwip e1/405260hi ch  there is zero elongation (i.e., thPGRYOEET
fractures withRaiitdustibiydemperaturewolthe angos matesial. ofuchHemperatwrésanay be pl aced in
tensi on under the follow ng conditions: a 4.25 inch long, 0.25 inch

di amet er cyl daeltdined fobampanfculdi tnateiiad by ahe bfordfaheskiRivithoGFisieefidrtt THeest
10 tenperature, held for 60 seconds at tenperature, and pulled to fracture

W th a crosghgad n?a‘?ﬂgfn@&:apl?lf: r&Eiegfolkﬁg)Eﬁéd §Ftﬁﬂ€'§'ufﬁ§’leht %ka‘u‘itbi; ty teSt S

were perforned on nateria i ngot produce
057876 at nil ctil test tenperatures of 2250, 2275, 0, and 2350"F
The tests | niiselvechbidk | Malsuel Moty g ar ARar G oAboxp Bl AR 200" F 1 of

15 the 13 inch ingot material. However, after the 13 inch ingot was broken
down int & a ®mperatirestilitgenérallyinslussiteo mockhEquidtto Aliew et m@ﬂehemorbg rall@B50F
reheat. These results indicate that reducing the ingot thickness by

rol I'ing i ncrgasfetdrihe Thd nil dedtility temperfRITAltErial [Nk téfip&rh@ind 4 wIABH
because, as a very general approximti on i ncreasi ng the tenperature of the

tC ﬁ;blt Idreredlaf S& enﬁé%atoueﬁoerpgt%{‘o%gs éfrtRe ﬁ%? erial fl)' ﬁr%g grixtgé% elo %El:ggjscﬁe%%ﬁ’%“ag 50%

Thus, it would require an unsati sfactorl |y Ion tinme to di ssol ve primary
carbi des at obtheomteril isiNpsed iaésnsioandertse fqlmn&cmd&w&f afhpt Behiensel y 50%
of its thickness reduces the nil ductility tenperature and allows the

car bi de di ss@Rftnchrdisthetpr ¢xdindeicaldar of e noasérizhis leeasadlas @ 80FVsebdnd doitgher
tenperature for a significantly shorter tinme. 13 WO 01/40526 PCT/US0OQ 31317

The 6 ingn sicaﬁ)e%u&%xmrtso%g&éé amwefﬁhrem fultad 88 fadtieQyith  eheat

furnace and reheated at 2:50F for 3 hours T.A T. and then |mTed| ately hot

rolled to gs(r)n (gch 0..125 mgﬁ t hi c/knes and COI | ed. A sanple was cut at
t he transfercrﬁ ead SeparationFaf of fdnahgt é’?cf’ was approxi mately 1 inch thick,

and anal yzed by SEM No_ ) ) )
Nil ductility tests were performed on material from the 13 inch ingot

produced from melt 057876 at nil ductility test temperatures of 2250, 2275, 2300, and
2350°F. The tests indicated a nil ductility temperature of approximately 2200°F for
15  the 13 inch ingot material. However, after the 13 inch ingot was broken down into a 6
inch slab, it was able to be hot rolled following a 2350°F reheat. These results
indicate that reducing the ingot thickness by rolling increases the nil ductility
temperature. That is significant becausc, as a very general approximation, increasing
the temperature of the carbide dissolution step in the present process by 50°F reduces
20 by 50% the time-at-temperature necessary to suitably dissolve primary carbides.
Thus, it would require an unsatisfactorily long time to dissolve primary carbides at
2200°F. Breaking down an ingot into a slab of approximately 50% of its thickness
reduccs the nil ductility temperature and allows the carbide dissolution step to be

carried out at a substantially higher temperature for a significantly shorter time.
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5 signs of primary carbides or large clusters of carbides were detected,
nor wer e wae4osiencl usi ons Er,esent. This confirmed that a PRTASHHAY’ hol d at

a tenperature of at | eashe O ishslabofaarmels 057876 materiel was chprgsd inte ageheatyr v
carbides in the mcrostructure for the material that was processed.

Li quef acti on fbotage redireheated et 2fYSAPM fdo Guodesr T.AST.canditinn iineediatelytoteolled to
di ssolution heat treatnent, but that fact did not negatively affect the hot

10 rol ling ofo.\¥@ingRioer2sahctPthidkngsstinalcbiied. A shdiflehids caritdne Wikt dapdi cat es

that some anount of incipient nelting is tolerable. The T.A T. eftective

The'si 2o of ciidlr Bbe bR VA oS el dan P RO anelee B MR °°°

because | arger ingots cool nore slowy during solidification. 15 Next, the
coi | of 0.51201gn5«H poimary carhides anlargs custas of erskidaswersl detectad, Bor Were meoy at
1375"F for 48 hours. Preferably, the furnace tenperature should not exceed
1400F t o avoiidclosiohs piesenvaThBHonfmeintattaret-bduf holdRY a bénpatute dflatleast 10
hours at 1375F. The coil was edge trimed as needed to avoi d edge checks
and breakage ) xGerE Ql i ;a@qﬂ i g 1alnl=t 375F
for a total taibrgrg{%%%gggzsgf cg%#gé h%blzm ht ?ﬁ?g%ilgﬁlgaébx anf#gg{if&&%
tenperature preferaply should not .exceed 1400F. Although a, box .anneal was
useh. a1t ne TafiFEH ety FEgcae LiGlels0en aPiid = Mecaan v RiAen JCpRE i he
process. The anneal ed coil was then blasted and pickled to renove surface
scal e and corcatdydodissoletiorehhat beatmentyhutghatfhcttded notenegetsvalpaffet 0@dotnch 14 WO
01/ 40526 PCTIUSOQO 31317 gage, successive increnental cold rolling steps

fol I owed 1py IrbnRgaTfigshagtiens tHeqlitpsLHc hvi bahdeWBRhtifidieaTtsGat dnieenDVe
checks as needed. The ESR step is believed to work in conjunction with the

above: descr i Badfaf fkfiferd hRAUL 1 ABE AN A AN ch RIBYGLBRPEMAA | v I

primary car bi

primary carbides would be longer for larger carbides. The size of carbides typically
increases as the ingot size increases because larger ingots cool more slowly during
solidification.

15 Next, the coil of 0.120 inch-0.125 inch material was box annealed in a
furnace at 1375°F for 48 hours. Preferably, the furnace temperature should not
exceed 1400°F to avoid carbide coarsening, and the T.A.T. may be as little as 10 hours
at 1375°F. The coil was edge trimmed as needed to avoid edge checks and breakagc
during cold reduction, and then again box annealed at 1375°F for a total time of 36

20  hours. As with the previous box anneal, the temperature preferably should not exceed
1400°F. Although a box anneal was used, a line anneal, for example, also could be
used and would speed the process. The annealed coil was then blasted and pickled to

remove surface scale and corrosion. To reduce the material to the desired 0.003 inch
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5 particles fromthe mcrostructure and create suitabl e sesRREPF£ar bide
si ze, sWRJHA0R6st i bution E’? 9 %%:l 0 3y ong tho ousand pounds
or greater) gla%%jgfl%cessme meteme a}ﬁgpe{ Pt ?ﬂb’we{‘ B’qm?t HBFﬁ ERRAMted i ngot
purity, but al so rovided a nore hormgeneous uniformi ngot havi ng a
reduced | evésed E@zgegﬁmmng@rremameh%ﬁ@s nesde@r conponents. It is
believed that the reduced carbon segregation achieved by the 10 ESR step
reduced the size of pritediSR stap s btisved tb lwork i eonjatictionabith thhubovd-he ESR
treatment provided the benefits of increased purity and hormgenei ty and

i nhi bi tion QfescritRg c%ﬁ@d?ss@futﬁh'r&ﬁrayst?foﬁle%% eé’é@f@naﬁgﬁl 70?190195 I mary

carbides are nore easily dissolved during the 2300 eat step at
shorter Al t h the foregoin roce j zed VIMand ESR to

o oduce & ciPBHiFies O T et SO RGBT At PR, WOBEs 1y be
substituted, at lower cost at high volunes, with a conparable |evel of

M cr oi ncl usidiwsbutia, pnd eqncynteaiobing &g (one Heusimkpounds pr greatag)asgatgalhons
were conducted to determne the effect on mcrostructure that occurs using

al ternate cheststlag Qéirné)fmngtEﬁnét?&ll)‘i tRhsedinosensiRy tubalsd Bidvidkigembie t he
met hod of the invention our 50 I'b. VIMingots (RV 1663 through 20 1666)

of high car t?\%gm ¥19§0ué 2\911@5 lhaanQ'rQ%,\tP %@ﬁgf S%g’%g}“wyf c%;bo de 1 (wth

certain mnor ceptlons avin oro |trogen evel s
were prepared with the chemstries in Table pri mary ohjective was to

assess the tHEEPMPERENLT-j s Yel 'Gé?do‘iha‘éh%‘f‘i]t“é?ﬁ caaw %,egr%aa%naq ?‘fefiﬁ’éfttf‘%n of

additions of boron and/or nitrogen to type 420 material wthin the base
chem st 119 ofESRaftep rellucdtithe alzk @f pataryl Gird@e O itiaSRE mRETia LSDOs3 e IFSR
chem stries included a nitrogen addition and/or a boron addition greater

than expect qgtati@st bfAfaddané BetRifitd SMHERANd PUBHMN HImdRRSE, AldarRBitfon Jihe
expected maxi mum residual inpurity |evel of nitrogen and boron for
conventi Onalthe é%%tﬁ%? p%%%réa?bldes The smaller sized primary carbides are more easily
dissolved during the 2300-2350°F reheat step at shorter T.A.T. Although the
foregoing process utilized VIM and ESR to produce a clean ingot, it is believed that
15 an AOD and ESR process may be substituted, at lower cost at high volumes, with a
comparable level of microinclusions and primary carbides in the final coil.
Investigations were conducted to determine the effect on
microstructure that occurs using alternate chemistries of type 420 steels processed to
thin gage by the method of the invention. Four 50 Ib. VIM ingots (RV 1663 through
20 1666) of high carbon type 420 material within the base chemistry of Table 1 (with
certain minor exceptions) and having modified boron and nitrogen levels were
prepared with the chemistries in Table 4. A primary objective was to assess the effect

on primary carbide content and carbide distribution of additions of boron and/or

nitrogen to type 420 material within the base chemistry of Table 1. The alternate

15



about 0.02 and 0.0004 wei ght percent, respectively. Three of the alternate
chem striwo o1/40skéicl uded greater than 0.03 up to about O0.2@caig@bhizzer cent
nitrogen. Each of the alternate chem stries included at |east 0.0004 up to
about ~ 0. OBEETREFghinclyded e pitrogesy asidition Bhd/opakasor krsitient gryaterfthafadpectéd and t he
chem stry of heat RV 1661 are provided in Table 4 for purposes of

conpar i somawinum rdsaluall impongtamovhs i gosyeltreatts . ThHeARpéctell aitnuli P S N B Cr
Ni Base 0.65- 0.45- 0.20- 0.025 0.020 --- --- 12.7- 0.50 Chenistry 0.70

0. 75 0. 50resixal impxritylldvel offi¥ogenRYd 56k 6 @alertlofdl tiheH30 Crddlal . 0038 0. 028
0.0004 13.16 0.12 RV 1663 0.655 0.64 0.31 0.004 0.0038 0.0220 .0051 13.33 -

0.14 RV . 4 0 14 RV
1565 0. 458 0. 8170 35 0 OBCT TBDE1 DoHEA B obbe: (a"59"0 44" U Tes 0. 568

0. 67 0f 33; 2 37.0.,004 4 .13 0.13 .10 The. in s formed from
the modi fllngglgg%g%atg?t?’?n ﬁ'g%t" R Qudout éﬁ-?ﬁgﬁ}gﬁt ‘feécenérgg{?ge[noﬁaraf)%ﬁf{hgrrperature. The
I ngots were ground.in preparation for hot processing . and then charged into
a furnacea]é?"gai% pustpesInelydedat least 40008 4p i BPoRbQ V94 wrighiRssrenbborom s 0F ~and
finally to a 2300F set point. As discussed above, the inventors 15

det er m nedhe brse chameistp3eiiFzbirel ansdhnehemasipyeaf deaiReY Mol kredirededia pri mary
carbides wthin the ingots. The furnace tenperature was stabilized at each
t he 1800FT&hd4 fdrpuGidSSTdf TohparSbirith(thR Alferm26e) che¥bistry/hés26 PCTI USOQ 31317
2050F internmedi ate tenperatures prior to increasing to the 2300F set point

TABLE 4
C Mn Si P S N B Cr Ni
Base 0.65- 0.45- 0.20- 0.025 0.020 - -- 12.7- 0.50
Chemistry 0.70 0.75 0.50 max. max. 13.7 max.
RV1661 0.650 0.66 0.43 0.005 0.0038 0.028 0.0004 13.16 0.12

RV1663 0.655 0.64 0.31 0.004 0.0038 | 0.0220 | .0051 13.33 0.14

RV1664 0.651 0.63 0.38 0.005 0.0050 | 0.1325 1 0.0004 1324 | 0.14

RV1665 0.458 0.6} 0.38 0.006 0.0047 | 0.168 | 0.0006 13.37 0.14

RV1666 0.568 0.67 0.33 0.005 | 0.0042 | 0.137 | 0.0041 14.13 0.13

10

The ingots formed from the modified chemistry heats were allowed to
cool to room temperature. The ingots were ground in preparation for hot processing
and then charged into a furnace at 1800°F. The furnace temperature was increased to
2050°F and finally to a 2300°F set point. As discussed above, the inventors

15 determined that the 2300°F set point temperature will dissolve primary carbides

within the ingots. The furace temperature was stabilized at each the 1800°F and

16
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tenperature. The alternate chem stry ingots were held for 2 hours at 2300F
to di sy 00826 nary carbides within the ingots. The 6 | REA/UR0H813}T eces
wer e t hen ho2050PBintenhedmtOtetdoraturehpmerdge imscashngrtd sha 23008F aetqwintes of
rolling steps with 2300 5 internmedi ate reheats as needed to prevent the

material fro@hipenfird! TRE alethate ShéMistry MpotawereliRld RdaHRusidt 2366°F ton t he
rolling machi nery. The hot bands were air cooled after reaching the aim

gage of 0. 198sidislorRd SASHNAIRAAAS {1506 B AADGREEALLD Ben AT 1 00EN

at nosphere by pl acing oX contalnin urnace. The
furnace tenperature was increased to 1400F at the rate of 50"F per hour and
hel d at 10 1wdleftte 8159 tnohggee hothandsasing apereasiodrolyns stees WohH809° period, the
box was cooled at 75F per hour to 500F and then allowed to cool to room

t enper at ur e. infdrmebne reheatead redddibto fdrevecls theematerd deon fractmeog dmcngroiiesd ed
(1400F, 2 mnutes T.A. T.). The trimed and anneal ed hot bands were then

l'ightly bl asygfhoaBdRistkseslon ﬁl’éq'oflilﬂgfﬂné‘cﬁldéry. rPhd 188 Qv Q6 Qirl da6led afteP24
inch, 0.009 inch, and finally 0.003%inch gdge. Between 15 each of the cold

reduction steps, .the strips d trd nd .t hen anneal ed .at. 1400"F
for 5 m nut ehaning ity dhgr OSP4T 58 GG ind SRR Bl irn S ud iR 88 gRindea f r om
each of the nodified chemstry heats RV 1663 through RV 1666 were subj
ected to a fhiyggemptmaspharepy placingrahaxscoataimng g hends piepiPEl fhoace. The

met al | ographi ¢ exam nati on. Metall ographic 20 sanples were etched for 3

seconds in 1fimi&elémperamet wad Msreastd texan0°hed thesthrega0"M\pdedivuEpm dindd at
Met al | ograph. Additional sanples were etched for 45 seconds with

el ect ronts i R o AR DR ol O Pl A IR SEPPUER, o

e ol e ST bl R
annealed hot bands were edge trimmed and annealed (1400°F, 2 minutes T.A.T.). The
trimmed and annealed hot bands were then lightly blasted and pickled, and then cold
rolled to 0.060 inch, 0.024 inch, 0.009 inch, and finally 0.003 inch gage. Between

15  cach of the cold reduction steps the strips were cdge trimmed and then anncaled at

1400°F for 2 minutes T.A.T. in air.

The 0.003 inch final gage strips produced from each of the modificd
chemistry heats RV1663 through RV1666 were subjected to a final anncal for 2
minutes at 1400°F and prepared for metallographic examination. Metallographic
20  samples were etched for 3 scconds in 10-10-10 mixed acids and examined using a
Nikon Epiphot Metallograph. Additional samples were etched for 45 seconds with
Murikami’s reagent and examined using a Phillips 1L X1.30 FEG scanning electron

microscope. Inspection of the as-cast microstructures revealed that the primary

17



(nmostly less than 1 microraeter in dianeter) to those fornmed in heat RV
1661. Thavoaw4osasry carbi des formed i a the ingots of heat BCRYSWEHE7and RV

1666 were sn&prbdes formgd inflasiagets feanheatsRV 166Radd RV [ep41Be similgsiie pizeray be
due, in part, to the lower 5 carbon content of heats RV 1665 and RV 1666.
SEM al so was (meetlly less thanyanierdritterin dianstaryi thoesfonhedmhgaeRVaA661.MEhe 0. 003
inch strip produced fromeach of heats RV 1663-1666 (Fi gures 3-6,

respectivel ylmd cA8ides Fietli ¢ iHRShEHE bt sT v Poc3HMRI FV Fe6owdre 8kiignal  hi gh
carbon marténsitic type 420 stainless steel razor blade stock (Figure 7)

and the mcrostructure 10 sanpl the material fromm]l, heat (heat
057867, that RIS hegR RO 6E2 SR ROl 6 oY RER TS Bl vel B Bl Mnch
(Figure 8). The approxi mte chem stry of the conventional martensitic

st ai nl ess3 st satbongentgnigofiaeats® V1665 apd RVS166613. 3 Cr, 0.1 Ni, 0.03 M, 0.006
Cb, 0.001 Ti, 0.0006 B, 0.7 C, 0.002 S, and 0.028 N' all in weight
percentages. Table 5 lists the neasured average nunber of carbide particles
in a 100 15 mcron square area for each of the sanples when inmaged at

8000X. Table 5 al so |i stBM alshevasasts i9ecopwears the suierosimosurepef sanwiEwi1es1 and
RV 1662 materials. The mcrostructures of the laboratory and mll heat

mat eri al s al lo.ocogrpeH &fp hesdacedirymwatihof HeaRIR Wi 663hEE66qRiLAEsi6al martensitic
stainless steel in terns of secondary carbide size and shape and

each of e S Ban e e O R o R Al e P08 at e
Bl er i al M | FOREisTbt EXperaOrpHessatpeipoeablags omkc e P 14 SUTo1685 663
1664 1665 1666
10  of a sample of the material from mill heat (heat 057867) that had been rolled from hot
rolled band gage to 0.003 inch (Figure 8). The approximate chemistry of the
conventional martensitic stainless steel was 0.8 Mn, 0.2 P, 0.4 Si, 13.3 Cr, 0.1 Ni,
0.03 Mo, 0.006 Cb, 0.001 Ti, 0.0006 B, 0.7 C, 0.002 S, and 0.028 N,, all in weight
percentages. Table 5 lists the measured average number of carbide particles in a 100
15  micron square area for each of the samples when imaged at 8000X. Table 5 also lists
the carbide particle counts for the RV1661 and RV1662 materials. The
microstructures of the laboratory and mill heat materials all compared favorably with
that of the conventional martensitic stainless steel in terms of secondary carbide size

and shape and uniformity of carbide distribution, and the carbide concentrations of

20  cach of the experimental samples approximated the concentration calculated for the

conventional material.
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RV1663-1666 indicate that levels of boron and/or nitrogen within the aim levels of
the modified heats (above residual and up to 0.20 weight percent of nitrogen and/or
above residual and up to 0.006 boron) do not materially adversely affect secondary
carbide concentration, size, shape, or distribution and do not materially increase the
content of primary carbides in materials produced by the processes investigated in the
present invention. Thus, it is believed material having boron and/or nitrogen levels
10 greater than in conventional razor blade material is suitable for razor blade
applications.

Considering the results of the laboratory and mill heats and the
processing of the materials, the process generally outlined in Figure 9, when applied
lo a martensitic stainless steel such as, for cxample, a type 420 steel, may be used to
15  produce a microstructure suitable for razor blade applications. In particular, a melt
having a type 420 chemistry is prepared by VIM, AOD, or another suitable method

and is cast to an ingot. In a subsequent step, the ingot is electroslag remelted in order

to reduce the size of primary carbides in the material and, more generally, reduce

19



WO 01/ 40526 PCT/ USOQO 31317 segregation and mgration of carbon within the
i ngot . Tgﬁnﬁégsglso augnents ingot purity and increases pogusodmBrgeneity.
I n a step subsefpgativn 4énd rhigeatiohRf chifben Mthéx thalingadt.s The BERchldcoavgnieatyingatt ur e

in the range of close to the nil ductility tenperature of the material up

to the solidygfreomeiefedte iffot hBRoBERY! & a stbh SubR§Eink & the EIRE :tlﬂe xﬂ:&tleﬁg'lat 5

tenperature for a tine period requifred to dissolve substantially a

primary and .clustered carbides. The appropriate time.w ||l vary dependi ng
n ot o1 7dS AR oo PTRuE e s AR e b att ity somp Rt SEERT 10,
al lowabl e primary carbide particle size is varied. Preferably, the steel
shoul d be helmatgmaltuprip éreasolidus tegperature @ the magprialt Theomattalds held af phat
material is to be used in razor blade applications, the high 10 tenperature

car bi de disssakmpératuréfor R tinse petddaegiirddyo disselppsutptanduky skt grinageaf hot and
cold rolling steps. The cold rolling steps are separated by edge trim and

anneal -~ cormbi c’l\?sttér%is‘ CarBides! e?ﬁ@%p?ﬁ)erpaﬁﬁeﬁffxg bif? Rz%%‘ii%%?ncﬂngg oft 1fgd? ﬁ&&%ﬁg geki ng

during rolling. applied experi me e or nore t rolling

steps may precede the high ¢tenperature carbide dissolution st to achi eve
an | nter medi diT8S SIEMPRTEKER alse. aysvagmffﬂaec@a’gfr}%%#a?&& eWngﬁa?@P? i ng,

and other steps used in the steel processing arts may be applied as
needed. Accorpditing¢ size ishvaripd.c Beefitrablyythastieclshpnidbiedeld at temperatge foset lsesiduci ng
type 420 stainless steel with a mcrostructure that is substantially free

of primary anfouChwéHoRr£d Bl fiReNalGaidbelasd anezheblhddapplis LM ORE Yighar bi de
si ze, shape, and 20 distribution suitable for razor blade applications as

descri bed herein. The I t O i .
e Dol P e oY 0 RGN EPo PRI BERS Rt an
martensitic stainless steel to a ﬁage suitable faqor razor. blade a Plications
(typical |y | eold rollig stepsniljhgcoldap H’(SL?&?PS@FFQSCBF@%BEN qaﬁ?/gHPiaB aﬁ%’g been
described in connection with certain enbodi nents, those of ordinary skil
in the art widombingpions as needed to prevent breakage and excessive checking during rolling.

As applied in the mill experiment, one or more hot rolling steps may precede the high
temperature carbide dissolution step to achieve an intermediate slab thickness.

15  Surface grinding, pickling, trimming, and other steps used in the steel processing arts
may be applied as needed.

Accordingly, the present invention provides a process for producing
type 420 stainless steel with a microstructure that is substantially free of primary and
clustered primary carbides and having a secondary carbide size, shape, and

20  distribution suitable for razor blade applications as described herein. The present
invention also provides a process for preparing stainless steel strip from heats of type
420 or other martensitic stainless steel to a gage suitable for razor blade applications
(typically less than 10 mils). Although the present invention has been described in

connection with certain embodiments, those of ordinary skill in the art will, upon

20



20 WD 01/40526 PCT/US00/ 31317 considering the foregoing description,
recogni z&a ekaoseany modi fications and variations of the P&IARM3BIAay be
enpl oyed. | n guasiderng He forpepingdgecriptions igeegpiterthat nesmnppdificationsiaadpr ocess of
the invention are necessarily applied to a limted nunber of alloy

chem stries, vdriationdef the wd@ntidrainal be epples. s Inpattifda plthovgll thoforéing
exanple, any 5 of the type 420 nmartensitic stainless steels with

substanti al | yg 1ssHRhe ﬁr%eésfs of H"Ie%‘ then‘fi’dﬁ Qrevﬁerclbﬁhﬁf}ga?p?%gtor@f#nit.k&: GhinBBs Of

the present invention are inten to be covere foregoi ng
description a he.fol |l ow ng clai 21 WO 01/40526 PCT/ US00Q/ 31317 CLAI M5
What 15 ol ai nkpoy ShpRisies 17y beiey e thepracers MRy bF applid fpdor qeample, any
martensitic stainless steel conprising: 0.65 to 0.70 carbon; 0 to 0.025
phosphor ug;, @of the typed20 neartensitic s@irdess steel3. viith sibsiaotal]y tht shrea stsubneAdf
greater than 0.0004 boron and greater than 0.03 nitrogen; 0.45 to 0.75

manganese; 12suéhtvaridtfoné a68 hydi fiditioRSE the bR séht IV anti6k Bte infhlied 13 béRIogBled
percent based on the total weight of the steel. 2. The nartensitic

stai nl ess Stﬁ\f}l%gifgxﬁ_h@iing‘d%sw‘f)ﬂg}?%éith@%ﬁc';“ed%tgec'iaiﬁagan 0. 0004 up to 0.006

wei ght perce
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3. The martensitic stainless steel of claim1, conprising greater than 0.03
up to 0. 300 oususght percent nitrogen. 4. The martensitic sparilseifizet eel of
claim1, consisting essentially of 0.65 to 0.70 carbon; 0 to 0.025
phosphorus; 0 to 0.020 sulfur; 0.20 to 0.50 silicon; at |east one of
greater than 0.0004 boron and greater tCGlasxMS 03 nltrogen 23 Thi s Sheet
Has Been Replaced 1111 11111 111 121111 111 11| WO 01/ 40526

PCT/ USOQ' 31317 0.45 to 0.75 manganese; | 11!i Ift111111
to 13.7 chr oMhatris clairieddsS 0 to 0.50 nickel, all in wei mm] E i@ijl]l
the total weight of the steel; and incidental inpuritiesc

martensitic stainless steel of claim4, conprising greater than O. 0004 up

to 0.006 wdi ghtrnqrmnsmntstalnﬂésmteeﬁcorﬂ'ﬂiﬁsl artensitic stainless steel of claim
4, conprising greater than 0.03 up to 0 20

0.65 to 0.70 carbon;

0 to 0.025 phosphorus;

0 to 0.020 sulfur;

0.20 to 0.50 silicon;

at least one of greater than 0.0004 boron and greater than 0.03 nitrogen;

0.45 to 0.75 manganese;

12.7 to 13.7 chromium; and

0 to 0.50 nickel, all in weight percent based on the total weight of the steel.

2. The martensitic stainless steel of claim 1, comprising greater than 0.0004 up to 0.006

weight percent boron.

3. The martensitic stainless steel of claim 1, comprising greater than 0.03 up to 0.20

weight percent nitrogen.

4. The martensitic stainless steel of claim 1, consisting cssentially of:
0.65 to 0.70 carbon;
0 to 0.025 phosphorus;
0 to 0.020 sulfur;
0.20 to 0.50 silicon;

at least one of greater than 0.0004 boron and greater than 0.03 nitrogen;

23 This Shee

Wi



wei ght percent nitrogen. 7. A nartensitic stainless steel, (ﬁg@% b?!h'?g 0. 45
to O. 70%%?’6% 60 to 0.025 phosphorus; 0 to 0.020 sul fur 8 0. 45

silicon; at |east one of greater than 0. 0004 boron and greater than 0 03

nitrogen; 0. 45 695%555m%mg 13.0 to 14.5 chro

ni ckel, all in weight perce ased on the total g‘mmmn ﬂLﬁH

The martensitic ? Lf,zs steel of claim?7, corrpr|S| ng gtearem [ Rans 0004
up to 0.006 vveilg):t bt CEWPT¥Pon. This Sheet Has Been Replaced 11 111

111 23 111111111111111 WO 01/ 40526 PCTIUSOQ 31317 9. The nmartensitic
st ai nl ess st e8Ito 8150gliekelnall in oveight ipsicent hgsedercthetotahweighiofithe sieelpamd  wei ght
percent nitrogen. 10. The martensitic stainless steel of any of clains 1

through 9, whaicedentdl vaperiedl is free of primary and clustered carbides
exceeding 15 mcroneters in length. 1 1 . The martensitic stainless steel
of any of clains 1 through 9, wherein the steel includes an average of

50- 200 secondpfy/maAERIftEstARTeL éiéé?%f H%fm ﬁo&rﬁ%rfs(r) Ster HAH 3OO 28108, ooté'he”

vi ewed at 8000X magni ficatli on. . A process reparing a nateri al

process conprisin roviding a steel havi ng a chem cal conposition of a
type 420 st a.“ﬁtl%‘é‘%%(f&%@f"

6. The martensitic stainless steel of claim 4, comprising greater than 0.03 up to 0.20

weight percent nitrogen.

7. A martensitic stainless steel comprising:
0.45 to 0.70 carbon;
0 to 0.025 phosphorus;
0 to 0.020 sulfur;
0.30 to 0.45 silicon;
at least one of greater than 0.0004 boron and greater than 0.03 nitrogen;
0.45 to 0.75 manganese;
13.0 to 14.5 chromium; and

0 to 0.50 nickel, all in weight percent based on the total weight of the steel.

8. The martensitic stainless steel of claim 7, comprising greater than 0.0004 up to 0.006

weight percent boron.

This Sheet Has Been Rep

[T —



melting at |east a portion of the steel by an electroslag reneltin

treat menWQ @/49828vi de a renelted steel; heating at |east BCHEPWHMof the
renelted steel to a tenperature at |east as great as the | owest
tenperature at_which all of the carhides_that can formin remel t ed
steel will Sdi SRomagensHir siynisposied of claum 7¢ $ENRTISINERTEILFY ‘;h?’g/b[bgﬁ‘aé@t%ﬁ’r e of
the of the renelted steel, and naintaining the tenperature for a period of
time suffici enweight phresnphitwgpn.i mary and cl ustered carbide particles in the
renelted steel greater than 15 microneters in length. 13. The process of
claim12, wherein nelting at | east a portion of the steel by an

el ectr osl ag 10ETRd inaRéhsiticoAdiREY st€d) B bhys6fclaiflsAvhrbugh 9awhiereiiethe ol igifiteng a
slag; contacting the steel with the slag within the vessel; This Sheet Has

Been Repl aced 11 A j ot | .

11111111111111‘%‘1@ fﬁH‘i;f%@1%%&%%&@%&5@?ersﬁgé?ugﬁ% electric
current through a circuit including at | east the steel and the slag to heat
the steel and the slag.by electrical resjstance, and |t the, steel. its
contact poilht T MATERHICTajglesy fest 8h§n %‘lrcjﬁlﬁ’é(iéhﬁ“ép % Y"%’?CH\‘ thy PES’B* inpludss
renelted steel; and allowng the plurality of droplets of renelted steel
to pass throug dveeage@d58Q08Isegpndawy carthide parbelessper d00 apugiomelsr squaie region
heating at | east a portion of the renelted steel conprises heating at

| east a porti ophéhecwed®l s@BXSheglifieion. t enperature of at least 2300F. 15.
The process of claim 12, wherein heating at |least a portion of the renelted

steel conprises heated the renelted steel at a tenperature no greater than
2400F. 12. A process for preparing a material, the process comprising;

providing a steel having a chemical composition of a type 420 stainless steel;

melting at least a portion of the steel by an electroslag remelting treatment to provide
a remelted steel;

heating at least a portion of the remelted steel to a temperature at least as great as the
lowest temperature at which all of the carbides that can form in the remelted steel will
dissolve and no greater than the nil ductility temperature of the of the remelted steel,
and maintaining the temperature for a period of time sufficient to dissolve primary

and clustered carbide particles in the remelted steel greater than 15 micrometers in

length.

13. The process of claim 12, wherein melting at least a portion of the steel by an
clectroslag remelting treatment comprises:
providing a vessel containing a slag;

contacting the steel with the slag within the vessel;

This Sheet Has Been Replaced 24 ‘ l!l‘“j l“lu “I'!l “ILI “ |!||




16. The process of claim 12, wherein heating at |east a portion of the
renel t eWGUMO526coNDr i ses heating at |east a portion of t RETASWARAY st eel
for at least 2 hours at a terrperature of at |east 2300F and no greater

t han 2400F. 17. The process of aim 16, wherei.n he eas ortion
of the renelt edPEEES CleUHHPHT ?f&g’]taiﬂﬁ’“gtm‘f]lé‘égg ah, eBﬁE}?‘? 18Pgtth%aagrrel ted
steel at a tenperature of at Ieast 2300F and no greater than 2350F. 18.
The process d6 hedtdherstedl andiler dagbypeloctridalmesistanesnd neaditbe isteekat pisgendecng a
stainless steel including: at |least 0.15 carbon no greater than 1.0

manganese; NGoitetitthe shgNthbreBy Sornlif® B plualst laisaﬂ&plésé firbiklidd dtebilafd | C L
NEARRRRL TE)I s Sheet GHE% BefanyReplla%eg 25 1 1f11 113111 11 111 1111 Vo

01/ 40526 PCT/ US h b d
on total weight 9@4\%&%%}% ;t)ﬂlgqth (igdr%éf]h% og' %rggeﬁkscs%rgt?e"i‘cc} %;Iis%tr?@{l&{‘mﬁg?xg{n%& Qfag. ase
providing a steel conprises providing a stainless steel including 0.65 to

0.70 carbon; Q to 025 phosphor us to 0.020 sul fur; 20 to 0.50
silicon; 0% Ahemiogrsyat g éﬁé@leremilzatmgtaalefgt FPURPBRF Hmreeﬁﬁedost% 0. 50
ni ckel, all in weight percent based on the total weight of the steel.

comprises heating at least a portion the remelted steel to a temperature of at least

2300°F.

15. The process of claim 12, wherein heating at least a portion of the remelted steel

comprises heated the remelted steel at a temperature no greater than 2400°F.

16. The process of claim 12, wherein heating at least a portion of the remelted steel
comprises heating at least a portion of the remelted steel for at least 2 hours at a

temperature of at least 2300°F and no greater than 2400°F.

17. The process of claim 16, wherein hcating at least a portion of the remelted steel
comprises heating at least a portion of the remelted steel at a temperature of at least

2300°F and no greater than 2350°F,

18. The process of claim 12, wherein providing a steel compriscs providing a stainless
steel including:
at least 0.15 carbon
no greater than 1.0 manganese;

no greater than 1.0 silicon; and

T RO
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20. The process of claim 19, wherein providing a steel co r| ses g)rovi di ng
a stai nl #&x01/49626c| consi sting essentially of: 0.65 to 0.7 0 to

0. 025 phosphorus; 0 to 0. 020 sulfur 0.20 to 0.50 silicon; 0 45 to 0.75
manganese; 12.7 %o 13 hrom u 0.0.50 nickel, all in_weight percent
based on the totdFOe Iﬂ PED 2 t"é&“‘ghéﬁﬁfce’}tr‘i’é?edéwtt%al Wistelt pt 3‘§§teel NERRN
FEEEEE e et IIII 26 This Sheet Has Been Repl aced
1111111111111111111111111 WO 01/ 40526 PCT/US00/31317 21. The process of
any of cl ai i The arpgessef clgwarld; wheisin prowidingfastedl epmpusgsprevddingta stainless one
of greater than 0.0004 wei ght percent boron and greater than 0.03 wei ght
percent nitrogeel indkdinghe process of any of clains 19 and 20, wherein the
steel further conprises greater than 0.0004 up to 0.006 wei ght percent

boron. 23. The ppRG&s$ fca .of clainms 19 and 20, wherein the steel

further conpri ses great er an 0.03 up to 0.20 wei ght percent nitrogen.
24. The process im 12, further conprising, subsequent to heating at
| east a portion tﬁéppgﬁ’é‘PF@d steel : reducing a thickness of the steel

to a gage of Iess than 10 m |l s.
0 to 0.020 sulfur;

0.20 to 0.50 silicon;
0.45 to 0.75 manganese;
12.7 to 13.7 chromium; and

0 to 0.50 nickel, all in weight percent based on the total weight of the steel.

20. The process of claim 19, wherein providing a steel comprises providing a stainless
steel consisting essentially of:
0.65 to 0.70 carbon;
0 to 0.025 phosphorus;
0 to 0.020 sulfur;
0.20 to 0.50 silicon;
0.45 to 0.75 manganese;
12.7 to 13.7 chromium;
0 to 0.50 nickel, all in weight percent based on the total weight of the steel; and

incidental impurities.

* [ L M S *

26
This Sheet Has Been Replaced

AT




25. The process of claim 23, wherein reducing a thickness of thel s7t eel
conpri sW® 03/4086pl ying a plurality of rolling reductions 59'B'U§°%? dtal i ty of
anneals to the steel. 26. The process of claim?24, further conprising prior

to heating,at.]cast a portion.of the, -renelted, steel: heating at |east a
portion ofzf'ﬁglerpéﬂ‘éqsf 8§m§ft%%lau[n§ lgf%%{)’t‘gﬁeﬁlﬁ Fﬁe%ﬁ% fH%F iSQGPLSCs Atdeashr at ur e
for at |east one hour; hot rolling to an internedi ate gage;, and annealing
to relieve stomgssascateythan).90Mcweightipsrcept kgran iand) seeatenthani003 weight peresidss
conprising: providing a steel having a chem cal conposition of a type 420
stai nl ess st agtrogen]hi s Sheet Has Been Replaced 27 11111111111111 11111
11212 10 11 112122112121221121212112121 *CLMS* WD 01/ 40526 PCT/ USOQ 31317
nelting at | east a portion of the steel by an electroslag renelting

treatment 59 THIAYEAS ofhy M&im@fwraﬁa@lb} WhereinRe éteél%i’tfl&%oﬁ‘gﬁiséﬁ htet O

reduce a thickness of the ingot by at |east 50% and heating at Teast a
portion of t r ed. s to,a te rature at |east as great as the
| owest tenpe:.{gﬂﬁ'gﬁba% URH @-ﬁsé\rvﬁlgpgpw%ﬁ?omat can formin the remelted
steel will dissolve and no greater than the nil ductility tenperature of
the of the renelted steel, and maintaining the tenperature for a period of
time suffiépehie rrecess sEanyel plrimml3andad{y wherpin Biesteet Birthictieorpprises grasteri n t he
renelted steel greater than 15 microneters in |length. 28. The process of
clai m 27, wheahs&i 0.0Bepttb 0ROaveipiegriceat piabgéron of the renelted steel
conprises heating at |least a portion of the renelted steel for at |east 2
hours at a

24. The process of claim 12, further comprising, subscquent to heating at least a portion

of the remelted steel:

reducing a thickness of the steel to a gage of less than 10 mils.

25. The process of claim 23, wherein reducing a thickness of the steel comprises a

applying a plurality of rolling reductions and a plurality of anneals to the steel.

26. The process of claim 24, further comprising prior to heating at least a portion of the
remelted steel:
heating at least a portion of the remelted steel 1o 2100°F to 2300°F and holding at
temperature for at least one hour;
hot rolling to an intermediate gage; and

annealing to relieve stresses.

27. A process for preparing a material, the proccss compnsing:

providing a steel having a chemical composition of a type 420 stainless steel;

This St Has B Reped 27 O DO
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tenperature of at |east 2300F and no greater than 2400F. 29. The process of
cl ai m 27woviatosien nelting at | east a portion of the steel PEY/U§HA1317

el ectroslag renelting treatnment conprises: providing a vessel containing a
slag; contacting the steel with the slag within the vessel; passin

el ectric current melingajicast apergign of thesteghbnan @lﬁctm@tremﬁglr@ﬁ@@m%go t he
slag to heat the steel and the slag by electrical resistance and nelt the
steel at its providaah inpot of remielthd steel; S| ag, thereby formng a plurality of
droplets of renelted steel; and allowing the plurality of droplets of

renel ted steel tgnashelifbRgReduie o6 $h Aol ddat 205140 1111 VI 1|
Tt pe e || feE bk Qg Rdaila uAak: Repl ac&d AL ENNARTY

1111/111111 heating at least a portion of the remelted steel to a temperature at least as great as the

lowest temperature at which all carbides that can form in the remelted steel will
dissolve and no greater than the nil ductility temperature of the of the remelted steel,
and maintaining the temperature for a period of time sufficient to dissolve primary
and clustered carbide particles in the remelted steel greater than 15 micrometers in

length.

28. The process of claim 27, wherein heating at least a portion of the remelted steel
comprises heating at least a portion of the remelted steel for at least 2 hours at a

temperature of at least 2300°F and no greater than 2400°F.

29. The process of claim 27, wherein melting at least a portion of the steel by an
electroslag remelting treatment comprises:

providing a vessel containing a slag;
contacting the steel with the slag within the vessel;

passing electric current through a circuit including at least the steel and
the slag to heat the steel and the slag by electrical resistance and mclt the steel at
its contact point with the slag, thereby forming a plurality of droplets of remelted
steel; and

allowing the plurality of droplets of remelted steel to pass through the

heated slag.

* c L M N *
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