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and Steel naki ng Process 5 10 CROSS- REFERENCE TO RELATED APPLI CATI ONS Not
Appl i celg) /EIdERALLY SPONSORED RESEARCH Not Appl i cabl e gdfobliesidisF! ELD AND
| NDUSTRI AL  APPLI CABI LI TY OF THE | NVE -h%l 15 The present invention is
directed to martensitic stainless stee The present i nventi on is nore

particularly directed ManERiEESRiES sﬁéé}'aﬂc‘iS%%hﬁm% Prothich  may, through

appropriate processing, develop a mcrostructur 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
m crostructure suitable for 20 the production of razor blades. |I. 1 6 APR
2004 WO 01/ 40526 PCT/ US00/ 31311 DESCRI PTI ON OF THE | NVENTI ON BACKGROUND
Because tie process of shaving places the blade steel in contact with

noi sture, stainless steel is a natural selection for razor bl ade
applications. Razor blades typically are fabricated froma coil of
stainless steel that has been rolled to a

CROSS-REFERENCE TO RELATED APPLICATIONS
10 Not Applicable
FEDERALLY SPONSORED RESEARCH
Not App]fcablc

TECHNICAL FIELD AND INDUSTRIAL
APPLICABILITY OF THE INVENTION

15 The present invention 1s 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,
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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, sharpened,

hardened, appropriately coated, and welded to a blade support so that it
may bey@Rplspdssat ed against the skin. Steel used as razorpdI/ustesrmferi al

preferably Phcl udes SESURIPTYONCGF THIEIPRENTIORBATKIGROEND a uni form

general ly spherical shape, that have uniform 10 size less than 15
m cronmeters and uni formdistribution, and that are present in a

concentration of abouseallsfQ prétichd Qf%lmﬁ%hkbﬁc%th@@ladk@@beﬂrﬁé&@& ith square
as observed at high magnl fi cgt | on- secondary carbide particles within

the steel t _ of ddtbt the steel
my di ot or PRERTHGPHETH 5‘”%5%@%&%%”@0’5 atforst B RBAPPRraS Re o on,

Distortion of the steel during heat 15 treatnent is referred to as "dish",
and only abiidestyrieallyere fdbritated fiam ¢ a0d of stomlesp gfeelthptiipsbren Ealledto aThe
st eel preferably also is substantially free of primary carbides or

clusters ofsrias %;h@a%e g¥%aRsh (&R niily) LAdEHaEhas bean sENGLan, appropriateal SO
preferred that the steel is essentially free of non-netal lic

m cr o nel Ushaf® ANEARESiddPlpIelitifea Rlpafiey, AbrdRRG BOAGLARElY coated,

carburi zation, ecar buri za I on ri’mar car' e par I C 0 and

non-netallic mcr0|nc sions typicall arelarel size ttleln
nature, and®f3rddedy tom&ﬁ#%%t@ep o thetd a%‘?%%tam??ﬁtﬂttr@@g Ws"t "t hey may
cause "tear outs" during the sharpening of the steel. A tear out occurs
duri ng sharpeni ng wheStetlheed as izdeblads triatsirig] preferabiy inpludes stepngamny] ed from
the steel, leaving a jagged surface that can be felt during shaving. 2 1 6

APR 2004 W@m%]ééﬂa‘i%@la?@ﬁ% L&%@a&%ﬁﬁab geﬂeﬁﬂyl ishhicpidal shapEehdtgvé bsifémr egoi ng

mcrostructural criteria, stainless steels used in razor blade fabr| cation
ke T R IR TR AR
concentration of about 50-200 carbide particles per 100 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 fabtication. Distortion of the steel duning 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. It 1s 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.
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denonstrate a suitability for shaving. Certain of those additional 1cr| teria
are evaluated 5 after sanples of the steel strip have been nodified by the
manuf asteior4oste | ncl ude a sharpened edge, additional nar¢EUSIHRICI . €.,
enhanced hardness), ahdadditigntonBéaingitke fopspainggicréaaeturdl e, aamlaenonl y
fabricated fromstrip of certain high carbon type 420 stainless steels.
(Type 420 ] : |t 5. 1.0 Carhom, 1. 00
max. nangaﬁsgtgezg, §sle.h g%?anztggglalsa?F:}Hg%hn&g%@%@E%s%@iﬂr@%gﬁﬂogﬁﬁ}%lmgﬁ%Q{nﬂ wei ght

percent.) The t E).e 420 steels that may be used as razor bl ade material nust
have a che rﬁ‘%‘f‘?%} W shtengesiaalished by dhemdhadyad sazor hlade manufagiusers sed whichr al
requi renents. The steels al so nust be capable of processing to a uniform

thin gage demdnsirateysuiiabiliyy for4having Certdibof Kidessddivonal hirfidavd dllafuateand
have no appreci abl e surface 15 defects or edge checking. Because the steel

strip t¥pi Gek ¥arhplePbPHIGRA) Et‘i’i?'ﬂajvé‘ﬁsgé:ﬁ mb&8ed 5};‘(#&' rﬂ%ﬂ?&t&ﬁ?’@ﬁg@c% s

pounds, the overall thickness feduction necessary to achieve

t hi ckness ri rocessi. IS _extr.enme. The ne 0 achieve a thi gage
el mar er PatPellef PSS RE R Frati o s, TP el okl cud ot mcllle above
necessarily cqonplicates the processing of the material and [imts the array

of suitabl &ogbngeat chemistries and processing regi mens. Accordingly, there
is a need for a nethod of processing type 420 and ot her stainless steels to

a uniformthin gage WReid blades Sfeydoftnéle fARRURA Tidw ﬂhbfdi%ﬂiiﬁ'h(ijg’n 16 APR
2004 WO 01/ 40526 PCTrmb00J31317 <criteria. There also is a need for

P70l Mgl S aILsthe R Tl ! IR SRR S B |
| nvent i18” anqur. ggr gxsm, 1”68 m%?c?r\{mgﬂgaensege{, il%%dmgxegﬁiscor?}/ and 12.0-14.0 chromium, all in

weight percent.) The type 420 steels that may be uscd as razor blade material must

have a chemistry that may be processed to meet the above microstructural

requirements. The steels also must be capable of processing 10 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

achicve 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 suijtable

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
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providing a process for producing a martensitic stainless steel to a gage
and with a mcrostructure and other properties suitabl-e for application as
razor bl ade material. The process includes the step of subjecting at |east
a porwcﬁg” f melt of a martensitic stainless steel tBCEWSHINT oSl ag

remel t'l 2. TIRAL BROLs a hékdFoSinditoSeonagmitic ftoinlebestaél aHBR thabat nment
the steel is heated to a tenperature at | east as great as the | owest

tenperature at which all,. he carpi.de h y formin the steel wll
di ssol ve arﬁiﬁm‘?BmﬁlFééPnglﬁba{?rfﬁgréf ¢ éiﬁaﬁ%’?{/mterrper ature of the steel.
The steel is held at that tenperature for a period of tinme sufficient to
dissolve all primary carbide particles in the steel that are greater than
15 micronmeters in |length. Subsequent to the heat 15 treatnent, the steel
may be reduced to a strip of SUMMARNOFJEIE INVENTHON y, less than 10 nils
for razor bl ade applications) through a series of hot and cold reduction

steps. The steel may Jfﬁ? %%bﬁgngg{,g@msrs&gg]e%bdc_a@gchwgngd@mg to

appropriately recrysta Co structure within the steel and
i nhi bit breakage or unacceptahl e checking duri.n he. cold r | ons 20
The pr ocesPreyidinga prssEHos PWB??PEGF‘?FE&'/‘S‘%Q SE?HHF%@&E&? B2 %gggrr%ig, a
steel having the chem cal conposition of a type 420 nmartensitic stainless
steel, and mhiroseactire uhdinther preipkrties suitadld fox applirationes mzay blpdematgnal) s
including at least the following, all in weight percentages: 0.65 to 0.70

carbon; 4 1’1‘1&}6@&5@%\1&@tgéiéQ%?&HfgﬁhE%Q%&lﬁﬁ&mﬂofmnﬁltﬁff&rpdtmesqshi;rus; 0
u r, O 0 0

to 0.020 s .20 to 0.50 silicon; .45 to 0.75 nmanganese;

stainless steel to an electroslag remelting (ESR) treatment. In a step subsequent 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 ;rcatment, 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 annealed between the cold rolling steps 1o appropnately 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 1o, for example, a
steel having the chemical composition of a type 420 martensitic stainless steel, and 15
particularly well-suited for type 420 stainless steels including at least the following,
all in weight percentages:

0.65 10 0.70 carbon;



5 12.7 to 13.7 chromum O to 0.50 nickel; and incidental imuritiLg.APthggn&
present _invention also is directed to certain novel martensitic type 420
stai nl e¥QWHP2H form a part of the present invention aridPWFiNﬁH“’-?lﬁépude at

| east the 10 following, all in W@I‘gﬂzs phoselomisiges: 0.65 to 0.70 carbon; 0
to 0.025 phosphorus; 0 to 0.020 sulfur; 0.20 to 0.50 silicon; 15 at | east
one of greater than 0.0004 borond 0y adfuer than 0.03 nitrogen; 0.45 to

0. 75 manganese; 12.7 to 13.7 chromium O to 0.50 nickel; and 20

incidental inpurities. Such steejsppy -advant ageously processed by the
met hod of the invention to include a '%@%lgﬁl’r ucture that is substantially

1"l ength and an average of 50- 0B EULGHBERGES & APR 1004 VD 01/ 40526
Pc11US00/ 31317 carbide particles per 100 m croneter square regi on when
viewed al high magnification. Thi.?walfe? chrbtiurappr eci ate the for egoi ng
details and advantages of the present invention, as well as others, upon
consi deration of the follow ng deisdd $@fickel; and
incidental impurities.
The present invention also is directed to certain novel martensitic type
420 stainless which form a part of the present invention and which include at {cast 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 10 13.7 chromium,
0 to 0.50 nickel; and
20 incidental impurities.
Such steels may be advantageously processed by the method of the invention 1o

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



5 description of enbodi nents of the invention. The reader also may 16 APR 2004
conprehend such additional details and advantages of the present invention
upon using the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS The features
and adva t@g; of the present invention may be better upOBRASIIFT 10 by

b

ref er SfEE J},&pﬁ&g{ﬁ%ﬂ%%@&é@@é&hére'?iaﬁldﬁ@h%niv&w&dmmslm crograph

(1500x) of "a“sa eat 1662 'materral after a final anneal at just
under 0.003 inch thickness; Figure 2 is a photom crograph (1500x) of a
sanpl e of EGEVHMEPB™al material used commercially in razor blade
applications; 15 Figure 3 is an SEM m crograph (8000X) of .a sanpl e of
material from heat RWhGB{adm‘Gdb@é@”ﬂ@ﬂEf@%"mﬂcq*?tﬂjl&dﬁ,g ﬂé}’w&gg&?% an SEM
m crograph (8000X) of a sanple of material from heat RV 1664 processed to

0. 003 i nchhgagsy inbémtione adwel agBthSEMiparcegideiton 80 Gpllowirg dearfede of
mat eri al f?om 20 heat RV 1665 processed to 0.003 inch gage; Figure 6 is an

SEM m cy ogr,aph. (800 .. : e eh&fbserocessed
to 0.003 i HEH 168,09%%{’% ik Y8 i) § Thbteai o HBA Lo gure 7 is
an SEM m crograph (8000X) of a sanple of copnventional stai trllal ess steel used
in razor bhd Oapbielt@&tﬂﬂ@r?g}’afﬂﬁjﬁr"é'@ Rresenh INERR R YROGHYhE é‘bv(?ai?n'of a
sanple of material from mll heat 057867 that was rolled fromhot rolled
band 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 m crostrugkigrr DESCRPIPONIF THE DRAWINGS

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 matenal from

20  heat RV1665 processed to 0.003 inch gage;

Figure 6 is an SEM micrograph (8000X) of 2 sample of material from

heat RV 1666 processed to 0.003 inch gage,



application as razor blade material. DESCRI PTI ON OF EMBODI MENTS OF THel 6 APR 2004
| NVENTI ON The present invention is directed to.a process for producing

stai nl ee® o1Mgszt eel strip suitable for razor bl ade appli egtrthmegaathe
characteristics of suclFigiré 7ps ari SEMUgRraREfHOBOVIX] 6F Daahié bESshviehfdhal O

mls) and the mcrostructural and other properties described above. As '

processed, tagifn%ggiee)s&gehpnp £ ﬁ%@‘%ﬁfﬂi@ﬁ%ﬂg mcrostructure that is

substantial ly : crolnclusions and large (greater than

X
LA

ree of non-neta
15 micrometers) pri nar¥.cargi_des nd clustered carbides. The steel strip
I @b%&ddl"

15 al so preferably incifigYEScas IR GPAIN) ks sapmle efimaterighizgm
secondary carbides and | ack surface decarburization, and the strip nust

mai ntai n ti giill Hear®a3dBohthat whotcdled fioashdtfrolledbentdphage tot®OET MEEMmdf Or gage,
wi dt h, dish, and canber are very tight). Typically, type 420 martensitic

stainlesg steels are ug égiigg&g"@{i@ 5%?@5% f;'] ﬂ%n‘é@“m clﬁés(%ﬂgt eel s

commonly include 0.2-0.4 wel ght percen on, I'NC

si gnificantl% hi.gher | evel s of carbon vvhein produced for. razor bl ade

appl i cati ons™"® gh"of&ﬁg CIgE THESHIGSBInless siest hyaRs B AUCTREEUGIRIg S itzhle i
type 420 stainless steels having the base and aimchem stries in Table 1.
7 1 6 APR 20@plipgtionsaeargtdade moedal/ 40526 TABLE | El enent C Ma Si PSNBCr

DESCRIPTION OF EMBODIMENTS OF THE INVENTION
The present invention is directed to a process for producing stainless
10 steel strip suitable for razor blade applications. The characteristics 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 stee) 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 are 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.



Ni Fe BaseO.65-0.45-0.20-12.7-0.50bal ance 0.700.750.5013. 7max. Chem ﬂPR ZUN
0. 6750. 700. 40t 13. 00. 10bal ance Ai nD. 025 Chenmistry " Low as possible
Experiments were perfornmed to determ ne the process paraneters

(tenR§ 3%@;; times, etc.) necessary to dissolve |ar g@GHVIHBRYIZar bi des
and p 3 5 uni form secondary carbi defABIHE 1bution in steels within the
base chem stry of Table 1. Further investigation was undertaken to

determ ne a proce55| ng regl men to reduce ingots of materials within the
base chemrstrresof—Tabt e 1 0 _appr oxi fat Iy 0,008 Pn h ,9d9ey; Wi | e,

avoi di ng lexcessi e ©dge Mhelcki g nd r et aP ni ng the Ta orabl e

m cr ost r ydilemsst adhi eveld by khe hi dperat-tire—proce —ﬁw——%—m—u —VI M
heats 10 |(hgats RVpdh6loand RL0L662)2f mme 420 s$tair|l 8B st |vitalepgen| t he
base spedificatidngo o[f o.Fab| eolo V\A=rr&xprepaxe1| having tlhé3.Acjt ®#* dhemni st}ies
in Tabl e [2ChemigAVE 2 RBelat CMVASI {-RSANB—E-MN—TF—RvH6+—10- 6511066 10 43

'. 005 1. gos&dh 0280.42500@40 113036 ]0.AP2 | Ibirahe@2RY1667 190 6010-19. 71%alace3p 1
. 0061 .004 0211 . 000R4 13} 071 0J13l Bal ancé An i|ngotf was fcast flrom heht
RV1661 f*%f‘:e teo—eom-ti—temperature,—andthem reneated to 2300F
for three hourlsowals e at -t enperature (T.A T.)

Experiments were performed to determine the process parameters
(temperatures, times, etc.) necessary 10 dissolve large primary carbides and produce 2
5 uniform secondary carbide distribution in steels within the base chemistry of Table 1.
Further investigation was undertaken to determinc a processing regimen to reduce
ingots of materials within the base chemistries qf 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 Jb. 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 .003% .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 Toom
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 RV 1662 was hot transferred, reheated,



before hot rolling. The ingot cast from beat RV 1662 was hot traan@np@%‘

reheated, 8 16 APR 2004 WD 01/40526 PCT/USOCO 31317 and rolled to a 0.1

i nch hQleolppg.pefore it was allowed to cool to roomtenpletgﬂb_%n 12377 t hough
nfaln

o 2 . .
the cast m r . t h 6 NUITer ous
| ar ge car bi ggg’?&lfsdg%réefglﬁqm{cﬂ@o%ﬂ&?ﬁ@gﬁ%@ﬂ" %a%%%lggg&g\ﬂofggozmg% “RBFaEr o ¢t
was re- hea’;{lﬁgl to 2300F, held for 3 hours T.A T, and then rolled to 0.140
i nch hot baftMoRRR e GastmyZestiictizs ef e aget ety RERVIAS brensringdaumensks i cal
to that of the material of heat RV 1662. Thus, a three hour heat treatnent
at 2300F di $3p¢ carbidehcsapplessnfyhechotibane fompieat RV 66 hdidhmt.aidftec D oag gle-i NgoOt
and adequately addressed the problemof retention of large primry

car bi des i nhedted 023 00Pheld [t IR OBIA MCIHArtRSh Rfled L0 P4d Aldn| Ofpebands
produced fromthe 10 material of heats RV 1661 gnd RV 1@%2}]?5%%%}1& of a

decar buri zed. . ensite and ap interjor,consisti nostly of
r et ai ned5 aus ‘%ﬁ%‘t@‘é“lé‘%&f:‘%ﬁ‘%ﬁa‘a}ﬁ@ﬁt"“ W@%/&?@P{e?fsm? E‘afﬁﬁt?i 5 in
boundary phﬁgje %ssumad to be carbides. The material in the hot bands was
brittle andReO§Pe Adusiretheesheour beat dgatmenh and308TFadirsoied thiepriwany erbidgor t i ons
of the hot band from heat RVI 662 were subjected to a box anneal by slowy
15 heating presemon thedis-coaled HPOFandpdediatelyaiddicessdatioprobini 6f retedfiohgpr s, and
slowy cooling. This procedure allowed the austenite and martensite in the
mat eri al t OlarglepMBASCarbidbPin 1RE Lbian@nd car bi des. The box anneal ed hot band
was bl ast and pickléd to renpve surface scale. Significant edge checking
occurred on cold rolling and, therefore, cold rolling was repeated after

t he hot band had been %°}Jskﬁ§§%é?’gﬂ?i®ﬁ‘£§%%&%‘8£P‘fﬁgﬁg,m;; ﬁl’thB%? T.AT.

at 1400F. In that condition, success %I I ed
fromthg, hot ban 0. iLpch, _The _shor{ annealing step significantly
r educedﬁ)[ hemﬁgygg} }g?at%ggg 6@ﬂé%‘l<BNd op% consisted o 4%\%%2 7. 18 of nch

martensite and an interior consisting mostly of retained austenite and containing about

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 16 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 fernte and carbides. The box annealed hot band was blast and pickled
to remove surface scale. Significant edge checking occurred on cold rolling and,
therefore, cold rolling was repeated after the hot band had been edge trimmed and
20 annealed for two minutes T.A.T. at 1400°F. In that condition, the materia} 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 rolled 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. The 0.024 inch
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material. The cold rolled 0.060 inch material was then edge tri med,
anneal ed again for 2 mnutes at 1400F T.A T., and cold rolled to 0.024
inch. The 0.024 inch 9 WO 01140526 PCT/US00131317 material was g]ge

t ri mmagloeirgesagneal ed, cold rolled to 0.009 inch, edge trﬁqﬂﬁﬂ"@”

anneal ed, mattrial mak legzcuimmedpadennealed, @idrollsdito 8,089 dnshe sdastnmpped and

m crostructure of the 0.003 inch material followng the final anneal is

shown in F&gﬂaﬁd}m?a FRARP61d R th 0XABIiAEh af dneslyd CThdird@sstheniref nat er i al
had been dissolved durirng the three 5 hour 2300F soak, and the secondary

carbide particles. wthin.the nmaterial r I.hed I:f Q@ R y

di stri but e@eé)técgia@\t%é’t‘aéﬂ'éatlir}ﬁll?‘ﬂlé‘glﬂéedﬁ%%li%glﬁea[] gs %hfgglllggﬁaéﬂéel(%} g%@%i es

i nportant to avoiding fracture and tear outs when used in razor Dbl ade

appl i cat i omegnifitheow| Bemanneaskides in;the mazanal had begn dysglyed gugng theBrefas
acceptable. The mcrostructure of the 0.003 inch gage material (Figure 1)
conpar ed fRURIBIO0SE keaki had thHelieeindad darbide partickamtithinfhegnatemaltremaumied
stainless steel used conmercially in razor blade applications (Figure 2).

The materials or gﬁg@%@%@@g gegélﬁdg&&lmqaeimaﬁ@:?oﬂ Rl psherprpagiRs  of |

87 (RV 166 and car e particles per 100 mcron square area

vi ewed at 8000X magni f.i.catj on. The avera car bj de_partigcl for the
convent i ondPPIFEFG éY?‘dWﬁa‘J@EF‘EBa ‘ﬁt:f'ﬁ%u%gﬁ‘c?"\k’éiﬂ,l gorfg%ﬁ% a%ﬁﬁg#gﬁjﬁe

i nventors 15 concluded that a high tenperature reheat to a tenperature of
at | east abbeitle28i0gEs afitie thatea) &t finskesze alse Wasaserpiale o ThS MHESEIYEE may be
utilized to achieve a mcrostructure suitable for razor bl ade

appl i cat i opfsthe DUNEERER Rhed MeRKial @ipet d) usapatd ésorakdy tcethat elrasatsnased to
facilitate cold rolling w thout breakage of the bands did not materially

aff ect,fhe a%ﬁg %?EBH@DWO’R?I%%F%&?%%??ﬁséch&n%%@x@l:al]ryelh@ﬁor b3 appRdasions oduced

and r01 edS commerci al sca al so were “evaluated. A 14,000 |b.
| t It Q507876 . by. VI M t | lStri
Cot forch (ewadbe e TRpERae arrn e HreB R Y3681 Bhfds2 Ehidln pbiagRsst 11 oo

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

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 2 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 nsed to facilitate cold rolling without breakage of the bands did not matenially

affect the microstructure achieved by the 2300°F reheat.

20 Ingots produced and rolled in a commercial scale mill also were
evaluated. A 14,000 Ib. melt (melt 0507876) was prepared by VIM to the aim and
actnal 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 2 melt (such as, for

example argon oxygen decarburization) may be used.

1o



it will be understood that any other suitable nethod for preparing a nelf APR 2004
(such as, for exanple argon oxygen decarburization) may be used. to WO

01140586 0R@0426/S00131317 TABLE 3 CVhPSSi Cr Ni Al MoCATi NASBABAIS00/31317
ACMLu. 690. 590. 0)] 0, 0050. 4613. 050, 4B0E3101010. 010. 0020. 021. 00070. 004. 000. 001
Ai nD. 660. 650. 012LAPO. 11110. 1LAPLAPLAPLAPO. 025LAPLAPLAPLAY Two 7, 000 | b.
ingot.s—were cast fromt ne 7,000 1b._|ngot S subjected to a
strdss relf ef "agnéal at| £230F tlo™ 6 Holir® [T<A] T [THe |i Rgot *wds®t héh |5
subjleckedvEq &n [@PECIPOSIAag » (ESRyoT|[real renfodiq Penowe [1ome| ws1jons and
| ncregserTRoMmgenst mﬂT—&fH g TSR et RS TeRRtas TR PG

el edtrode ofl the naferiial fined withia sfaglin an open bottlomed
refining vessel. Electric current is passed through a circuit including
the el ectrode and the slag, heating both. The material nelts at its point
of contact wth the heated slag, and droplets of the nelted 10 materi al
pass through the ToteaG0¥hY. ingetscnerd east Gorm empelhe®re 7,800 tbsingetfwased as it
passes through and contacts the heated conductive slag. The basic
conponenbjscted 1cea $1yeps kS arn&dR a0 PPECE far$ Hoos A, aTHeaugst wagighy, an el ectrode
feed nmechani sm an open-bottom water cooled vessel, and a slag. The

spesi f isGbjediddicl PSedtDSklp Yirhdlt ESRS BatHint BemPRlihdifdinRland inc@dasdei ng refined.
ESR treatnent is well known and w dely used, and the 15 operating

par ame - C far . ' al | oy may
readi | 3‘9 egg’%@gr“\tmaﬂnlrl\te q%‘{lb?'oggﬁﬁg%hﬁég% 3 g%/nnr%r%%!seﬁﬂvﬁfgﬂtﬁgeg?t .

Accordingly,. further .  discussion of the.manner construction or node of
oper at il%ﬁIE \éiﬁ”ﬁ‘ﬁ “HED s}gzdn P ORED ‘2)°r“°“feﬁée§3?§ Ycéfﬁ"aﬂc&‘b-'é rcgfrf”#ds procedure used
for a particular alloy s u_nnecessarxé2 The ESR treatnent _used in the

pr esenP2protueueh peiruBdrdedre frtsHoI2md s Hig heaieeiPABotT™5nd al | owed t he

I ngot to cool quickly, thereby limting the size of
material melts at its point of contact with the heated slag, and droplets of the meled

10 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 elecirode 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 ireatment 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 operstion of an ESR apparatus or
the panicular 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 10 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 matenal. The ingot

11
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primary carbides fornmed in the ingot. The smaller carbides nmay be di ssoI‘I\/ﬁeéPR 006
nore readily at tenperatures bel ow the solidus tenperature' of the ingot
material. The ingot 11 SUBSTI TUTE SHEET (RULE 26) WD 01/40526 ”

PCTI USpg/o3kghs resulting fromthe ESR treatnent was 13 RGIYRIBIN g anet er .

Al t hough ESEulisg frometle ESRhteeatmenttveds 18 inchwsliv disgneaterc idthpush ESRW#S as vacuum

arc renelting, may be used. The electroslag renelted ingot was stress

rel i ef annealedl shRRAE réfeiting Biighes] ofhlas VDGR o Rncltblg afaydensed.

reduced residual stresses within the ingot to 5 prevent cracking of the

slab. Preferably, th tress relief n ' ture

that is not so high a '?gc%%%ﬁ%ﬁmc?g?(&ngg{sw\lﬁ%tﬁ:l%%g#%ggﬂ%%&d?ﬂ‘Il'?]g@gggg of

the annealed ingot were cut, reducing ingot weight by approxi mate 25%
The cut encﬁshoumie‘\-ﬂ‘seﬂlqwempﬁwa]rﬁeﬂmﬁegéﬁﬂ‘@“ﬁ’ HEF%%? W{)‘g’é‘éﬁﬁﬂ‘@‘{ at will

effectively dissolve primary carbi des and suitably distribute secondary

car bi deg Wigrbidht theking@Fthe siite BRfastieahe sréssgeliefannea fevondetiedeal to 2250F
+/- 25 for one hour mnimum T T.A T. and hot rolled to a slab size of 6 X 33

e i SEBPSNEE bk nl 18 HEARAD LEIBPLARELWIRY RHMRN THE oAl dfilne

t enper at ur eriral 't event nushiness. The slab was then stress
relief anneal ed at 1250"F for .8 hours T.A . T. The anneal ed,sl!

subsequent |apneRIed NRST FeTREht FHAUCiRS MEot Welghf by G?Pra?”l"ﬁagaty (?gr/‘g n'gl%eemst P5ce
scale, and any 15 edge defects were renoved by grinding. Experinments using
the end sanpiremsat evdayelipya mihesrdaithermahtresment that il eflgetiyehydissalEs t hat a
tenperature in the range of 2300F to about 2400"F, and preferably )

2300- 2350F, 5 frsry@lrth @SdndXuliawiy sistributd sedondsyichitddesnvithio tht mgol. vBhepr i mary
car bi des ir? | arge i ngots (one thousand pounds or greater) of the m || heat

oL 50 . ) a
mat erl 38| v Latnélgglsél i%gls%?vk&a?ﬁ?% ﬁF?ﬁeéﬁ%SbWﬁ had fbr Snk BBGIESH IS TRYThaduse

to dis arge ingots of any type 420 stainless steel.

\ore gener allclt%bllédht% al sngesnzgzg {)fs 6 SP&C {nléggscgn cross-section, The reheat temperature was

below the solidus temperature of the material to prevent mushiness. The slab was
then stress relief annealed 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  edgc 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 Jeast 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  is 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 wilt dissolve and ne greater than

12



that primary carbides in a large ingot of any alloy may be suitably 16 APR 200k
di ssol ved by subjecting the ingot to a tenperature at |east as great as

the | S erature at which all of the carbides th in the
oot Woda - L han 12 We 03/ 40826, BET 8’3’%3?317 th
oo, VO i sht o el S R R o1y [he

determned for a particular material by one of ordinary skill w thout undue
ef fort. Théelermywd pEa pantishlar magereel by pee elardiopan skilbwitbputaindue effortoThe i ne
sufficient to suitably dissolve carbides. Material subjected to a

t enper at ur engdidymairhained bt tHe edmperityreSof £privdadfiinge wiffitiep@oanaddly i ncl ude
too much liquid to allow the naterial to be rolled satisfactorily. The nil

ductility mﬁc%Wi&sprgtcﬂglts%B_Icged}téa&{ﬁ&e&ﬁﬂﬁ%{bﬂ%ﬂ{h@ rll?itdu\miiﬁh there is

zero elongation (1.e., the mater ractures w el'ongat 1‘on) when a

sample _of .the materi.al is placed in tensjon, under the follow ng

condi t i dns ITAPYABES ?"Hiﬁeq‘eéﬂ& mcb‘%?%"‘?’ﬁ&ﬂ’ wdin @f""(:wci’ﬂﬂf'-‘i‘@é? bpselledf t he
material is heated at 100F/ second to test 10 tenperature, held for 60
seconds at saustpaiomivurkhe nihduqtilsty wehpemiire a€ b oraterial {sithatermpenatateat svhiedhpar at i on
rate of 5 inches/second Nil ductility tests were perforned on material from

the 13 i nclhdrd@iero RIoAEEERO(i Tl Q0 miBletial0Pat s @hh&it|eldi'x#§ﬁ$ﬂ)i\$%nta%ﬁnple ,
t enperatures of 2250, 2275, 2300, and 2350F. The tesfs indicated a nil

ductilit Ls | 200F f 15..the 13 | t
mceri ol Poaorefs PRl SR SER e iduie o Ad 4106 P8 e
slab, it s able to be hot rolled follow ng a 2350F reheat. These results
Cndi cat e t NS 1P@E|Gamfgert%nflﬂg%tbawﬁtékﬁ@?§mgy hegled a0 Fsecondag tashe nj |

ductility tenperature. That is significant because, as a very general
appr oxibrat temperatuce, dzki fog 60 secandspetemperamrafand pellebmolfrateirdimdgad uti on step
In the present process by 50F reduces 20 by 50%the tine-at-tenperature

necessary {fysshdalialparabsed ¥E5 HchiBdeYorkfr bi des,  Thus, it would require an
unsatisfactorily long time to dissolve primary carbides at

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, 1t 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 because, 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
reduces the nil ductility temperature and allows the carbide dissolution step to be

carried out at a substantially higher temperature for a sigmficantly shorter time.

13
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2200F. Breaking down an ingot into a slab of approximtely 50% of its

t hi ckness reduces the nil ductility tenperature and allows the carbide
di ssolution step to be carried out at a substantially hi sdoRRer ature

for a wiogni4ps2éant!ly shorter .tine.. 13 526 I 6
i nch sl ;)gnof t he rr)él t%é% ﬁ@ﬁ%ﬁ?%%ﬁ@?‘&g%“rn o are égbtq]fetl}}-%gce and

reheated at 2350F for 3 hours. T.A T. and then i medi ate]y _ hpt rﬁ%ed to
0.120 i nch-fombeSandeheatad ek 2EEF ot levirs Edﬂ-TAa%daWﬁp@lmﬁlaélﬂ hefroflgto
transfer bar stage, when the material was approximately | inch thick, and

anal yzed byy SfgMnchi®. £255h61 thi@nety dddRdolleg.anDiafigse was tatray ehecttansfeebar of
carbi des were detected, nor were many inclusions present, This confirmnmed

that a three-hour hqgld at .a tenperat.ure - S NE 4

suf fi ci ent Sﬁﬁcd\"g‘g’bﬂ%ﬂ&ﬂﬁﬂa‘?’?ﬁr%ﬂ ?3%“&8‘5‘)%“ff{‘?ed“r%nﬁt%“é‘sa?‘rq%t&%rgg%?g}rf It\]%e
material that was processed. Liquefaction occurred at thg grai n boundari es
during She signsrdfipienary sawidasiosderae slosterseaftcagnges Were delesteds i (Ve RSt
negatively affect the hot 10 rolling of the nmaterial or the quality of the -

hot band, whilalioh9gicaite Thidednfis@ee thaaathres-hotr hioldiapa emipenatiitciafgt lesst
tolerable. The T.A T. effective to suitably dissolve primary carbides

woul d be | Oa%gﬁ{%j fflUr:F kf{lﬂ'ﬁ& efiflodidehve gs-lr_l%gar'_? c£Bidds iif HethRPsstyRIEor the

I ncreases as got Size I ncrease cause | arger ingots cool nore
slowy during .solidification 5 Xt. the [ f ' =0 i nch
Tt er)al SR Ak e Mok TR arirEdal ndedin bbb alutgine TN
the furnace tenperature should not exceed 1400F to avoi d_carbi de

coar seni ng,caande tiseoutin Nieatriteptrent et that face digsnotmegatiyely affgct thehote  1he
coil was edge trimred as needed to avoi d edge checks and breakage during
col d reductiofifhg é¥itte kiuedtiad @athe duaktyesmeahaibantl, WBIEh mditases thatsomg ti nme of

36 20 hours. As with the previous box anneal, the tenperature preferably

shoul d not a?%(glﬁﬁgf incipient melting is tolerable. The T.A.T. effective to suitably dissolve
primary carbides would be longer for larger carbides. The sizc 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 1375F 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 breakage
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 linc 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 comosion. To reduce the material to the desired 0.003 inch

14
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14007. Al though a box anneal was used, a line anneal, for exanple, also
could be wused and woul d speed the process. The anneal ed coil was then
bl ast &¢b ashsié ckl ed to renmove surface scal e and corrosponuseesis¥duce t he

mat eri al %hgﬁehﬁlcd@s&weeiﬂcﬁnﬁﬂﬁl té18 Rollig Step? f’él]%%ﬂ YW@ bhALhr 2Rps were

PCT!' US(c)v/ 31311 gage, successive increimental cold rolling st eps foll owed

by line a eRs re.used tr| ng to renove checks as
needed, Tﬁ%%ésﬁﬁéteg © e‘}% tg\;gzgoy%%ggaﬁ W'chf) junction with the above-

descri bed car bi de di ssol ution reheat step to renove essentially all primry
carbide 5 particl es The &R fiep iribehiseadiia atak & eangunstientathahe ebiee secondary
carbi de size, shape, distribution, and concentration in |arge (one thousand

pounds or @seﬁ'bm()arbidg@ﬁsoluiibﬁ?relﬁhﬁﬁéﬁt@&bﬂn@vé S3¥eAtidlING ISirRarh @hrbidd Y
enhanced i ngot purity, but also provided a nore honpbgeneous, uniformingot

havi ng sa ;;%@Hﬁ%&’ﬁjoﬁ-}é ngxuceg-gétﬁ 1§ Wea0d sfifdb R &9}28%519?'@89 ents- It

s beli ev at t on segrega I on achr'eve 0 ESR step
reduced the size of primary carbides WtQ@S the material . Thus the ESR

treat ment PFEPIHEE FSOBESTRINPR Mhiarge (Cng Mousnd paupgs errdcHeiiREavei 18 and

inhibition of the growh of primary carbides. The smaller sized primary
car bi des aglectnsiag reaeliing steh set@niyecehhdneddigegatiparidgGae AsGPlevidedaahnorst ep at
shorter T.A. T. Although the foregoing process utilized VIMand ESR to

produce a !fdrﬁ@%'bdeﬂﬁthfbﬁn hz?gobﬁinhﬁg’ﬁ%cfu@@& 1ebel me@%tm%flé%%oaraaaess may be

substituted | ower cost at hi gh vol unes, with conpar abl e | evel of

o er o1 1l S TR R 0B SR R "0 ng

alternate chem stries of type 420 steels processed tg thin gage by t he

met hod'%of EPR stemredvsedihe F’éﬁPf wompgy cathifies wigkindhq meteniglh Thusy HaESR 20 1666)

of high carbon type 420 material within the base chem stry of Table 1 (with
treatment provided the benefits of increased purity and homogeneity and inhibition of

the growth of primary carbides. The smaller sized primary carbides are more easily
dissolved dunng the 2300-2350°F reheat step at shorter T.A.T. Although the
foregoing process utitized VIM and ESR to produce 2 clean ingot, it is believed that

15 an AOD and ESR process may be substituted, at lowcr cost at high volumes, with a
comparable level of microinclusions and primary carbides in the final coil.

Investigations were conducted fo determine the effect on

microstructure that occurs using alternate chemistries of type 420 steels processed to
thin gage by the method of the inventionr. 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 1o type 420 material within the base chemistry of Table 1. The alternate

15



certain mnor exceptions) and having nodified boron and nitrogen Ievel1s,ﬁ BPR 700
were prepared with the chemstries in Table 4. A primary objective was to
assess the effect on primary carbide content and carbide distribution of

addi tions of boron and/or nitrogen to type 420 materi alpcyitdsoniiihe base

cheni ¥PPUAPS26apbl e 1. The alternate 15 1 6 APR 7004 WO 01/ 40526
PCTNSOQ, 343t s 190k ea b vl Bpeh R8I HER Shdor Yot ergaddiichdirt dtamthamerpested bor on

addition greater than expected maxi numresidual inpurity anmounts of those

el ements- . The expe X] | TP dxpedt@V@bxigfurmii t r ogen and

bor on W’TB’WE%&%%@?“’{@E)@%Oircrg]tggeﬁg%mﬂi s aboﬁt 0.02 and 0.0004 wei ght

percent, respectively, Three of ,the alte ; ) Sl 8s: 2 4 Ncl uded
gr eat eresidhah Py el of mBess apd %B"“\’Kg Tgc}?E’ U%g,(raggejlﬁ nfziordégg?lé l";I'Each of the

alternate chem stries included at |east 0T 004 H’%aﬁ’o %‘bocgt QstrQeQG wei ght
per centbbar®i? andih0lare glstparrest FepPestiveisn T BVef o5 REEEfERTStTy of heat RV

1661 are provided in Table 4 for purposes of conparison with the alternate
cheni stisdiudadreaterTABLE03 uET\bboBag 20 Meizhopseenthurest 58 of thtax . 13. 160. 12

RV1661 4 13.330.14 RV |663T 13.240. 14 .
altemnate chernistries included at east 0.0004 up 1o about 0.006 weight percent boron.
The base chemistry of Table } and the chemisiry of heat RV166] are provided in

Table 4 for purposes of comparison with the alternate chemisiry heats.

TABLE 4
C Msn Si P s N B Cr Ny
Base 0.65- 0.45- 6.20- | @025 { 0.020 127- | 0.50
Chemisty 0.70 0.75 0.50 max. max. 13.7 max.

RV166) 0.650 0.66 0.43 0.005 0.00338 0.028 0.0004 13.16 0.12

RVI663 0.655 0.64 0.2] 0.004 | 0.0038 | 0.0220 | .00S) 13.33 0.14

RV1664 0.65) 0,63 0.38 0.005 | 0.0050 | 0.1325 | 0.0004 13.24 0.14

RV1665 0.458 0.61 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 | 0.004] 14.)3 0.13

10

The ingots formed from the modified chemistry heats were allowed to
cool 10 room temperature. The ingots were ground in preparation for hot processing
and then charged into 2 furnace at 1800°F. The furnace temperalure was increased 10
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 furnace temperature was stabilized ai each the 1800°F and

16



RV) 664 13.370.14 RV ] 665 14.130.13 RV 1666 10 The ingots formed frbmAPRAID4
nodi fied chem stry heats were allowed to cool to roomtenperature. The

i ngot s und in preparation for hot processing a rged into
a fur nacelﬁ(:':ax?:)5 . The furnace tenperature was i creasc}g:wggggF and
el %%f’cmﬂmigwaggeh@sa@ae%@} § eO0 Ryethaints 15

finally to a
determ ned that the 2300F set point tenperature will dissolve primry

car bi des \WERERtUTRe The glicpate Themistnyriages tvereteld fay2chonmsat $80dFItbzed at each
the 1800F and 16 1 6 APR 2004 WD 01/40526 . PCT(USBQ 31317 2050F

i nt er medi atdissobrEerimin @ebidésiWihih hd AESQAS irﬁastiﬁthtvbilﬁa %&Qi?fwéﬁtmé}f’mt
or

tenperature. The alternate chem stry ingots were he 2 hours at 2300F

to dissol | ' i_thin.the ingots.,.The 6 i i de pi eces
were then \tl{g%]m #Jﬁﬁg%ﬁﬁg%.g%gﬁt%aﬂg%usd%és%% o Zeflies ﬂ@%@’ﬁﬁ%&’i es of
rolling stegs Wé}g 2300 5 internedi ate reheats as needed to prevent the
materiaP frBWPPRLRtETERGAs 2picefes lodirevenytheanatenia) framfreetunng dumessradling he
roll'ing machi nery. The hot bands were air cooled after reaching the aim
gage of 0. B30 19 nwivnce amessenahtheablling mekchinent. HEl Haobardsnesk alt cobled aftéi t r ogen
at nosphere by placing a box containing the bands into a 500F furnace. The

furnace t erpahiigithe aSaki6f @RSE fhchOanbAROT hatbanl s e tihx ABEaBgel, Hour and
hel d at 10 1400F for 1% ours. At t’hde conpl etion 01§ t he foélﬁoufpfﬁleir.'i od, the

?g)r(rp ‘2’?: . E?giﬁ%%t%hgégyﬁmpgﬁy Bﬁgfngta%oioc%ﬁta?nqgg [SAna! fove 906"9‘ fﬁrgn%l:e.t‘f)her oom
furnace temperature was increased to 1400°F at the rate of 50°F per hour and held at
10 1400°F for 10 houts. At the completion of the 10 hour period, the box was cooled at
75°F per hour to S00°F and then allowed 10 cool 10 room temperature. The box
annealed hot bands were edge trimmed and anncaled (1400°F, 2 minutes T.A.T.). The
tummed 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 each of the cold reduction steps the strips were edge trimmed and then annealed at

1400°F for 2 minutes T.A.T. in air.

The 0.003 inch final gage strips produced from each of the modified
chemistry heats RV1663 through RV 1666 were subjected to a final anneal for 2
minutes at ]1400°F and prepared for metallographic examination. Metallographic
20  samples were etched for 3 seconds 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 XL30 FEG scanning electron

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

17



anneal ed hot bands were edge trimred and anneal ed (1400F, 2 m nutes 6 APR 2004
T.AT.). The trinmed and anneal ed hot bands were then lightly blasted and
pi ckl ed, and then cold rolled to 0.060 inch, 0.024 inch, 0.009 inch, and.
finall ydpe&e Nch gage. Between 35 each of the cold redREE/V8IWIEEps t he
strips wer gadidie forrhédimcttheitgotshesm dvente B\EH6a tand RAOIBEA fape sithilar musizes T. A T.

in air. The 0.003 inch final gage strips produced fromeach of the nodified

chemstry lggldy RYs 4083 hiteaHal: RaikmbEH WK JHAGh Al OV R641. Mple anneal

for 2 mn S a and prepare nmet al | ographi ¢ exam nat i on.

Met al | ographi c 20 sanpl es were, et ched .for nds 4| -10-10 ;i xed aci ds
and exani n®@BMaEY farbades fprmesd ‘Eﬁhi)’r?&?tsl\‘?éﬁ"ﬁ?tF g\jf@ﬁﬁ.a“i&éﬁﬁfﬁg Y4ire S0ATes were
etched for 45 seconds with Mirikam's reagent and exam ned using a
Phillips 1lthafltR6sddheatsaRiVii 66p aldeR Y1064, whidr mey bpdue, imppcoitbmlogfer t he
as-cast mcrostructures revealed that the primary 17 1 6 A PR 2004 WO

01/ 40526 P i gh the ingots fromheats RV 1663
and RV ?6Gglg)rug%%lkﬁgfh?aﬁ?ggﬁ?ﬂﬁyﬁéél ess than 1 mcroneter in
dianeter) to those fornmed in heat RvV1661. The primary carbides forned is
the ingots of heats RV 1665 and RV 1666 were smaller than those of heats

RV 1663 and RV 1664, gEiClisdBYs Q&dqgﬁmmgﬁ}eﬁl@éﬁqia&%ﬂﬂeﬂ SiRimplds afakdon
content of beats RV 1665 and RV 1666. SEM al so was used to conpare the

m crostruct s._of samples qf. the .0 I ry from each of
heat s RVlGé)\t:i{O%é@gh ftlf’ipgﬂo'f"g‘éceg-ﬁé’,m e?cgsog.%?ﬁs\%h y%%gﬁdt%ﬁ%%tqﬁés?ﬂg’ microstructure
of a sanple of conventional high carbon nartep%igti c type 420, stainless
st eel razorespeetitecly) with beth the pHCTPSrEgivgre i & SAmp tcPHE?'%i%Eall BBFaROR anpl e of
the material frommll|l heat (heat 057867) that had been rolled from hot

rol | ed bangngagsiticaype S0Bstainbdss steelgraze Bide sTok (HiguroX] and the sHemes@eeyrcof t he

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 Nj,
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 B000X. Table 5 also lists
the carbide particle counts for the RV1661 and RV1662 matenals. 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  each of the experimentat samples approximated the concentration calculated for the

conventional material.



conventional martensitic stainless steel was 0.8 Wvh, 0.2 P, 0.4 Si, !LéAgR 2004
Cr, 0.1 N, 0.03 Mp, 0.006 Ch, 0.001 Ti, 0.0006 B, 0.7 C, 0.002 S, and

0. 028 N.WOA1/40526 wei ght percentages. Table 5 |ists the mpegwiREsRyer age
nunber of carbide particles in a 100 1¥AREE® square area for each of the
sanpl es when i naged at 8000X. Table 5 also lists the carbide particle
counts for the RV1661 and RV1662 materials. The m'crostructures of the

| abor at ory amdateriall heammat(rcroa,bgn al TRPONPaged | +hat—ohH t he
conventi onal nartensuirb@esgécpl NSs tqgéll <85 f; ,cé%g ga BBXeJ si ze
and shape and uni f of rigdy héﬁ di'stri tlon d 2 [ 1666
concentrati pns of 20 %gggﬂ.})f peri mental sanpl es apprOX| mat ed the
.concentr at i ep—ealeHated fhn canvent ilopal teriagf . 1 6 APR 2004 WO
01140526 PClIO%8F 31317 TALE|5 Materfial M |[I| Conyen- RV RV RV RV
Processedt i )ﬁéTbll%?ll 66124663 6616886651868 M | 159Heat 179 154 153 | 194

per

micron

Square

area

The foregoing analyses of the samples produced from the modified heats

RV1663-1666 indicate that levels of boron and/or nitrogen within the aim ievels of

3 the modified heats (above residual and up to 0.20 wej ght 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 maternially 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 js 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
to 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 mel
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 remeited in order

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

19



Mat erial 057867 Av # g. 141168187159179154153194 car bi des per 100 m crgﬁR 2004
square area The foregoing anal yses of the sanples produced fromthe

nodi fied heats RV1663-1666 indicate that |evels of boron and/or nitrogen

Wi t hi ”\{fﬁﬁl!fi’d py | evel s of 5 the nodified heats (above resipggalsoamdipp to

0. 20 wel ght £00h 298 DiNeEARAVT cabdh WithirBRVRréte The EER A5 autindnds ihgBP6
boron) do not materl ally adversely affect secondary carbi de concent ration,

e S S by RS RGBS BR e mBA o

present invention. Thus, it is believed material having boron and/or

ni t rogen |exﬁélegtes_laogrtélapéﬁatwrﬁahtheﬁang@mfémsr:éfhme nikdushlipy tgmperptireof the i s
suitable for razor blade applications. Considering the results of the

| abor at ory matkrial 1p therisslidodtciiperatyre of éesnaigrislfl Themasnal isdleld atttha® process
generally outlined in Figure 9, when applied to a martensitic stainless

steel such @t TG pdiddheGuiftdlo HisElve sTBNaffaIY 2 Printary and

clustered carbides. The appropriate time will vary depending on ingof size, and the
time and temperature also ray vary if the maximum allowable primary carbide
particle size is varied. Preferably, the steel should be held at temperature for at least
about two hours. If the material is to be used in razor blade applications, the high

16 temperature carbide dissolution step is followed by an appropnate sequence of hot and
cold rolling steps. The cold rolling steps are separated by edge tim and anneal
combinations as needed to prevent breakage and excessive checking duning 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 siab thickness,

15  Surface gnnding, 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  distbution 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



15 produce a microstructure suitable for razor blade applications. 16 APR 2004

particular, a nelt having a type 420 chem stry is prepared by VIM AQCD, or

anot her suitable method and is cast to an ingot. In a subsequent step, the
TN

i ngot MO BV4SE6 0s| ag renel ted in order to reduce the si¥%€r ry

car bi des i ncensderngdbs fregning dessriptign meqognizg that sepny anadificationapml 2004 WO
01/ 40526 PCTIUSOO 31317 segregation and mgration of carbon within the
ingot. The Eafuthlnsof digineditnimgobe atplolyd. atharirldesugh gel folpaagenei ty-
In a step subsequent to the ESR, the material is heated to a tenperature

in the rang il o 3 f ial up
to the sol | daRERIEesRocEortbL ifiabh biohol CRRAL I D' liifeq SRR 1 18
t enperature I%ﬁ a time penipi@nequired to dissolve substantially al
primary andof liQ¥ehemustnes,ibis believeribatihe prosessanay ke apphed 19, forgxpplg, @pvi ng
on ingot size, and the tinme and tenperature also may vary if the maxi num
al | owabl%e pof tertyped2bindetensitis sthinleas stezie with sebstnsthllyheimiaiiylis. tAg st eel
shoul d be held at tenperature for at |east about two hours. If the

material isgifp b HﬁﬁgaﬂthEi?fgrAtli%lv% é;ﬁglsén? HvieRiioh ark Metiedo 10 chJFE&' rature

carbide dissolution step Is n appropri ate sequence o ot and
cold rollin teps. The.col.d.rollj eps are separated by edge trim and
anneal cong}’a?ft Op RO & defETptigp ?‘Bftggé@ ’“%Fé&??ige and excessive checking
during rolling. As applied in the mll experinment, one or nore hot rolling
steps may precede the high tenperature carbide dissolution step to achieve
an internedi ate slab thickness. 15 Surface grinding, pickling, trinmmng,
and other steps used in the steel processing arts mnay be applied as
needed. Accordingly, the present invention provides a process for producing
type 420 stainless steel with a mcrostructure that is substantially free
of primary and clustered primary carbides and having a secondary carbide
si ze, shape, and
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20 distribution suitable for razor bl ade applications as descri bed hel@#WRzm‘
The present invention also provides a process for preparing stainless
steel strip fromheats of type 420 or other nmartensitic stainless steel to
a gage suitable for razor blade applications (typically less than 10
mls). Although the present invention has been described in connection
with certain enmbodiments, those of ordi &&™M8kill in the art will, upon 20
1 6 APR 2004 WD 01/40526 rCT/USOQ 31317 considering the foregoing
description, recognize that many nodifications and variations of the

i nvention mayVH ISHBMRASE. I n particular, although the foregoing exanples
of the process of the invention are necessarily applied to a |limted nunber
of alloy cheristries, .t is belieyed that the process may be applied to,

f or exanple,q;ﬁ§”§”8F$b%§mFWE§Sﬁﬁ%cﬂﬁwq%ﬂ%itic stainless steels with
substantially the same results. Al such variations and nodifications of

the present invenffaic '€ G83MU\ded to be covered by the foregoing
description and the following clains. 21 1 6 APR 2004 CLAI M5 What is
clained is: 1. A %ir 0&38iphpephoresinl ess steel conprising: 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 greatér 010RASUBUO004 boron and greater than 0.03 nitrogen;
0.45 to 0.75 nanganese;

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 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 least one of greater than 0.0004 boron and greater than 0.03 nitrogen;
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12.7 to 13.7 chromunm and O to 0.50 nickel, all in weight percent b]ageﬁRozplm
the total weight of the steel. 2. The martensitic stainless steel of claim
1, conprising greater than 0.0004 up to 0.006 weight percent boron. 3. The
martensitic stainless steel of claim1, conprising greater than 0.03 up to
0.20 wei ght percent nitrogen. 4. The martensitic stainless steel of claim

1, consisting essé@mbitald. 46 mkngar@s€5 to 0. 70 carbon; 0 to 0.025 phosphorus;

0O to 0.020 sulfur; 0.20 to 0.50 silicon; at |east one of greater than

0. 0004 boron and gpgabens.z tteomin@3 ni trogen; 22 AMENDED SHEET 1 6 APR 2004
0.45 to 0.75 manganese; 12.7 to 13.7 chromum O to 0.50 nickel, all in

wei ght percent Hasedodickeh il irohabhiwiredtt bafed difths teel weightaf tHensteeleaidl
inmpurities. 5. The martensitic stainless steel of claim4, conprising

greater than O-HQ@énqéplrﬁ;ﬁrigeQOG wei ght percent boron. 6. The martensitic
stainless steel of claim4, conprising greater than 0.03 up to 0.20 wei ght-
percent nitrogen. 7. A martensitic stainless steel conprising: greater

than 0.50 up 3 orQh FErEAdRORaineds bR ePoftamP esRPAdiNG greater than 0.0004 up to

0.006 weight percent boron.

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:
greater than 0.50 up 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.
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O to 0.020 sulfur; 0.30 to 0.45 silicon; at |east one of greater thaAﬁAP_R 2004
0. 0004 boron and greater than 0.03 nitrogen; 0.45 to 0.75 manganese; 13.0

to 14.5 chromum and O to 0.50 nickel, all in weight-percent based on the
total weight of the steel. 8 The martensitic stainless steel of claim?7,
conprising greater than 0.0004 up to 0.006 wei ght percent boron. 23 AVENDED
SHEET 1 6 APR. Z{¥marterditic stainlesn sidel of Gdimi M) lcosprisibg gleatdr tedrad.03 dp to 0.20
conprising greater than 0.03 up to 0.20 wei ght percent nitrogen. 10. The
martensitic staiagessersd@htradenany of claims 1 through 9, wherein the steel

is free of primary and clustered carbi des exceeding 15 mcroneters in

| ength. 11. The martensitic stainless steel of any of clainms 1 through 9,

wherei n the sipethe nignehsileStatles2\CsABEamf o209 BRUGNIAkNereRItRE dRel is free
particles per 100 microneter square region when viewed at 8000X

0
magni fi cation. : ; | t er.| g cess
conpri si ng; pro(\;/fi%crlllmr%ép gﬂ(gf[é @gﬁ&%ﬁ?ﬁgggégﬁg%ﬁggﬁ rﬁ%@)&&r&?ﬁﬁﬂg@. a type 420
stainless steel; nelting at least a portion of the steel by an el ectroslag

| ti t t J i ' f 1 I . [ t
remeiting tregl ﬁrﬁ?hahtn%nsﬂé Qﬁr{g%sas'i‘eél F}glgﬁryg%tcle{t@gg t{u@ﬁgﬁb?ﬁherehﬂﬁé {2Q) a

| east a portion o e rene st ee erature at least as

great as the | quesld SBGLALLPeboNOLE AN caliod RSGRL BEARD hmaan form

inthe renelte dr'ssofve™and nd great Ctility
tenperature of the renelted steel ht@db%fn%lagﬁiﬁéa%rqg the tenperature for a

period of tinme SLPF§ GAGM e viewed

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 an ingot of remelted steel;
heating at least a portion of the remelted steel ingot 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 nit ductility temperature 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

electrosiag remelting treatment comprises:

providing a vessel containing a slag,
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di ssolve primary and clustered carbide particles in the renelted st elef APR 2004
greater than 15 mcroneters in length. 13. The process of claim12,

wherein nelting at | east a portion of the steel by an el ectroslag renelting
treatment conprises: providing a vessel containing a slag; 24 AVMENDED
SHEET 1 6 APR 2004 contacting the steel with the slag within the vessel;

passing el ectric eoHtaeiHg thBsReDRitiathel daivithih el wdk&ig at | east the steel and
the slag to heat the steel and the slag by electrical resistance and nelt

the steel at its Eé’ﬁlﬁg:éiecﬂﬁ@'cﬂﬁeﬂi‘tﬁrlau%ﬁ@cﬁ&tﬂﬂnclhﬁﬁé ﬁméasf,tQﬁé%t@GI éth{Hérs?é ty
of droplets of renelted steel; and alTowing the plurality of droplets o

remel ted steel tbche%flﬁ'% %t@él%'ﬁgrfhé QS? Bg@feﬁgac?tsrleé\gtan 4 neclgﬁgtmﬁoé@élsat RE cHighm

12, wherein heatin east he rene rrses
heatl ng at | east ion o e renelted stee a at
east 9300F. 1590%%&%6& hef%fé e 5 PRy 8l oofel iEReleY ok 5
portion of the renglted st r es the renel.ted s at a
tenperature no grgg‘?"é'F'gt“?f'a “'2’11@’ ”&ﬁ‘ﬁ%é‘«g&' 'gPags Hrayaht e%ﬁ@]egl n
heating at | east a portion of the rerrelted steel conprises heating at

| east a portlonség the renelted steel for at least 2 hours at a
tenperature of at |east 2300F and no greater than 2400F. 17. The process of
claim 16, wherein heating at |east a portion of the renelted steel

conpri ses hedld fe froqesa st clainpbz. tnsreib healing atdanst & eartiep obihedemgedigel at ur e

of at |east 2300F and no greater than 2350F. 18. The process of claim12,
wher ei n provi di eenprisssdeatingatesst @popionaf dhepmeited stegl losastemperature of at

least 2300°F.

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

comprises heating 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 heating at least a portion of the remeited stee!
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 comprises providing a stainless
steel including:

at least 0.15 carbon
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steel including: at least 0.15 carbon 25 AMENDED SHEET 1 6 APR 2004 Hoﬁ APR 2004
greater than 1.0 nanganese; no greater than 1.0 silicon; and 12.0 to 14.0
chromium all in weight percent based on total weight of the steel. 19. The
process of claim 18, wherein providing a steel conpri.sses providing a
stainless steel including: 0.65 to 0.70 carbon; 0 to 0.025 phosphorus; O
to 0.020 sul f urfo gred@r thanOl.Gthasighnesen; 0.45 to 0. 75 nanganese; 12.7 to

13.7 chromum and 0 to 0.50 nickel, all in weight percent based on the

total wei ght ofnddreatet arin 1.@@licdhi@ngrocess of claim 19, wherein providing a
steel conprises providing a stainless steel consisting essentially of:

0.65 to 0.70 carbeppd 149 &r&%ﬁni?%@%méa%&%?ent:é?usté?ﬂ-&?Bta?WeE%M8ngg%geé%8

0.50 silicon; 0.45 to 0.75 nanganese; o0 13.7 chromu
ni ckel, all in weight percent based on the total weight of the steel; and

18. The process of claim 18, wherein providing a steel comprises providing a stainless
steel including:
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; 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:
0.65to 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.
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incidental inpurities. 26 AMENDED SHEET 1 6 APR 2004 21. The pr ocess1 %AP%%@!'
of clainms 19 and 20, wherein the steel further conprises at |east one of
greater than 0.0004 wei ght percent boron and greater than 0.03 wei ght
percent nitrogen. 22. The process of any of clainms 19 and 20, wherein the
steel further conprises greater than 0.0004 up to 0.006 wei ght percent
boron. 23. TR4. Propesssodf auy\of okirst 49 aBd 29, windeid@he vieelrfaitiertcompsitexht least
further conprises greater than 0.03 up to 0.20 wei ght percent nitrogen. 24.

The process of dHeadfrdaler thah DIDB04 GG beicBEt boverhsedyRater titanad Waghat | east
a portion of the renelted steel: reducing a thickness of the steel to a

gage of |ess thace nfidgen. 25. The process of claim 23, wherein reducing a
t hi ckness of the steel Conprises applying a plurality of rolling reductions
and a plurality of anneals to the steel. 26. The process of claim 24,

further conpebsiig Pﬂfcie% oftefhy 1 3lig 18bind 88ShheteiR@hd 58] 1BfhdRBmpriSER ks
steel: heating at least a portion of the renelted steel to 2225F to 2275F

and holding at Le nf - our; hot rolling to an
i nt er medi at e ga‘B%f?@?Q%grﬁﬁgﬁr@%‘?’?ﬁeﬁﬁ%@tresses_ 27 AVENDED SHEET 1 6

APR 2004 27. A process for preparing a material, the process conprising:
23. The process of any of claims 19 and 20, wherein the steel further comprises

greater than 0.03 up to 0.20 weight percent nitrogen.

24. The process of claim 12, further comprising, subsequent 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 steet comprises

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

remeited steel:

heating at least a portion of the remelted steel to 2225°F to 2275°F and holding
at temperature for at least one hour;
hot rolling to an intermediate gage; and

annealing to relieve stresses.
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providing a steel having a chemical conposition of a type 420 stai nfl és&PR 2004
steel; nelting at least a portion of the steel by an electroslag renelting
treatment to provide an ingot of renelted steel; roll'ing the ingot to
reduce a thickness of the ingot by at |east 50% and .heating at |east a
portion of the renelted steel ingot to a tenperature at |east as great as
t he | owest t @fpdmacasase fertpreprartly aahbtedalr thedescdsbavmpasinormin the renel t ed
steel will dissolve and no greater than the nil ductility tenperature of
the of the renel pedidiigsbtechitalinged cienhibal RGmpbSitid e 6Ltk URe siless 161 od of
time sufficient to dissolve primary and clustered carbide particles in the

remel ted steel grgwitRg dt st a flwénim\ of heBit&d) By af lenBbiBg r&’lﬁeltiﬂ_ ﬁeﬁfrféﬁ?ﬁus of

claim 27, wherein heating at [east a portionh of the rénelted stee

conpri ses heatifgyvigh ah &gl ofrAQiteli Qepf the renelted steel for at |east 2
hours at a tenperature of at |east 2300F and no greater than 2400F. 29.

The process of cl Pd-llmlgtthe iﬁ@j’ta?{oerjegu@éeé Hi&geggofltﬁgﬁ{[ o?bgggﬁéés‘?%o% a‘ﬁPe steel by

an electroslag renelfting treatnent conprises: prgow I'ng a vesse

containing a slag,. contacting,.the steel w t.he ag.Wthin t vessel ;

passi ng el ectr irf:e% 0P Pgt‘?skﬂ’%ﬂ%ogﬁgir?'EEI:{'\gtdtﬁqﬁ@l"ﬁﬂﬂ% koqgé‘:im?eéﬁté'fe ?ﬁ%a‘gféel and

the slag to heat the qsﬂt Eel and t he sl ag{éhbé] el ectrical resjstance and nelt

the steel at i48IRFGWETHIGRPERIIE RS allcarbifes g camiormniythe remeited i ¢ v

of droplets of renelted steel; and 28 AVENDED SHEET 1 6 APR 2004 al | ow ng

the plurality ofeqvdprigsalveand aograatst tanibe nil Gupiidstempermaiene af e ofdhe ed

sl ag.

J 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 remeited 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 melt the steel
at its contact point with the slag, thereby forming a plurality of dropiets of

remelted steel; and

28



29 AMVENDED SHEET 16 APR 20.0 h

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

heated slag.
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