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.relates to a steel product of a steel material having a new chemc

conposition and mcrostructure. The invention also relates to the

manuf acturing of the material as well as its use. BACKGROUND
| NVENTI ON H gh demands as far as toughness and wear resi stanc H’ ull“""m"‘l”"’
concerned are raised on 10 materials which shall be used for t

manuf acturing of cold work tools. This generally ' is true e g. fo‘r“‘fﬁools
for cutti ng, punchi ng, bendi ng, and deep drawi ng of netal plates or r;
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* strips, has the nominal conposition 0.73 C, 1.0 Si, 0.60 M), S. 256k~

Mo, 0.50 Vrebehapees. Frpand 1 S unavoi dabl e irrpuritles Rol I s rrade 'of that

mat eri al ni_[]rrall has.a hardness of 58-60 HRC in _the use condition, when

*the roll

¢ HvGhgen RlfieriRdpted produckofy weelsraterial haying & newt ehemigal t hat t he
mat er i a$ haanposimmmmdr@su@eﬁ@&mmt?@ubhrawqaateawemﬂaﬁﬁmmﬂmtﬂé the
material, wh é‘gﬁ%eﬁ:gg e g total failure. Mdreover, the wear resistance is
not qwte Sat g+ ory Bhder metal | ur gy manuf actured steels on the other
hand, which contain 20 high contents of vanadium satisfy high demands as

far as tougﬂ&q@@ dF?ﬁE}W‘EIg?ﬁbﬁt ance are concerned, but are

=\expen3|ve It 1s conventi ona

-

esign cold rolling rol s made of conmpound
mat er i al s, Highejearands agfagas toughness gnd s(eaeresisienes arglconggmesharg saisadion consi st s

of a high mbklefdRovite shall uestlswm:qﬂetﬂmﬁaauﬁ wricom wm&e%&%ﬁ% g‘)del
n

h d I
ihi s vy 16 98 o BelPECEn o hepfne, gt of pe laimee and

"Youghness. sheetspmolsgos pressing matat @dwﬂmtsagﬁlscam rdllim rcﬂlheAmuivmax%daﬁgs I s

expensi ve. u B2 elotd Rollig filsSES. fr 15130 Hindlor TREFLA qay\ﬁlgnpugﬁqjgﬁt require

powder net urgy nanufacturé-or co ing

never t hel e2PMPEOsHI0RQ,73 fel OSiethe Mihid Gmd WQe@lS@N, beladcevgorkarst eel s,
among_tsheniraQuidable Smpafifdes/RAIls fdle B ¢ fatedfal By HaSEherdEs (P5s!

| NVENTI ON ose of. the jnventi addr e t he above prot em; and

provi de a ’%@@‘5#‘%“2 e fendition, wbtfﬂ@ﬁ‘ﬁﬁﬁ“ ‘b@"@ﬁﬁﬂaﬁ{}@ﬁfﬁw aggpblemarith thio

parti cul armhstefigrthatthel nyatdrial h@ a mhﬂmcyaadrauhmﬂxehmtxgh hﬁﬁesécb&hﬂnmn of

t oughness, th@ﬁ:fa?’é?i%?mﬁxbﬁgxax tﬁgl%g el_I &C%I_&{ %F?E ac; the
g a “ma er| INg ro

I nvention alng at %I’ oVl or SO for

suppor t i ngatigpetery. Sowder EC%mwmmi&gu@dlﬁ®bmmbe othgphand, ths:htdonmmont ext
means ol Itﬁgﬂ\mﬁéﬂ:@lafﬁmadﬁmggﬁtf%%ﬁglf&é%ﬁﬂsqs f@faetdu%hﬁwsli?w%ugme&t her

obj ectives af the invent |c§hnb ta' ~ ~"" ~ achi eve
chemi cal CBHIBRTS:FB RONSRHICEHPYLare expeRsiye It is copyeptioaal to desigp "PWé’Ouwgent i on,
i n conbi nabllomade bficampound asdterials, whereih atda&rsémint\dﬁteﬁ Fhabdriad, wikicta

“The steel '@t’ﬂ?/ AR I R, € B s éﬁ@ﬁ&f#ﬁﬂ At i b 1 anc

will be cotitfehees maseof |artow1eamat¢m1,tmbch vsuallyiinkgss alloyed: Inghis avayiitie i s
ment i @sed, oaéﬂé\l%)té obRI ol 4vith %ob&%ﬁf felistafice zﬂlﬁoﬁ%ﬂd&§ W&tﬂéngtﬁefri%eel

. product o e |nvent|on has har dness 1 n in the
.50ft annedt %H vangages i that %‘ﬁ&‘%‘“%@ e?SP"“B’D’eSB‘@FéW it exigls at‘i%&ﬁd R&r dened
10 condi t nmlenzflstd/ha:hrdocumséqmmmwe!\/ﬂtetﬂlhﬁ amif&ctﬁre](ﬂ' co dykg car bi des,

at | east %. .pr.et.erab | eas t .80 vol a size
ahi chy s oot fhith feEHE S oty e diinasds #chﬁemteﬁwﬁw * Than
20 |.un. Eteelseambng/ﬂamﬂoegktesﬁaﬁhd/wleaﬁmsxﬁtandme preci pitated carbi des of
MC-typgg have a size which is larger than 3 ~mbut smaller than 25 fun,

'preferablésmaller than 20 Eun. This material is suited to be subj ected to

15 cuttin ISCLEURE O THENYENTHONN t he manuf act uri ng of the tool.

I'n the comebt@ts@tfm%t&aoﬁtmaw fobfemstzﬁﬁ le aBed st Cft:he roll,
“has a surface. hardness am)u RCp can be afforded by
"t hrough hBEiA S can b s @FigihngH%Wl ftﬁ‘?lﬁ(ﬂﬂgﬂmfﬁlyt FeRid irplling yllsy ei n t he

m cr ost r uahdiwhichrhas Iasahﬂ"actenjadggmésﬁ Qjﬁﬁ&hﬁﬁhmhﬂd wehr &Qﬁﬁh&l n thé firgnper ed
mar t egsgi t ﬁla%g AP D0 i€ at’ 19r|0\{fdmg & %{al?ena? for sgfld workmg rolls and/or for

supporting rolls for cold rolling of steel strips. “Solid” is this context means rolls which
do not consist of compound materials. This and other objectives of the invention can be



20 at least 50 vol% preferably at | east about 80 vol -% have a size which
Is larger than 3 lun but smaller than 25 Erm preferably smaller th n 20
E,un. Preferably also in this case at |east about 90 vol - % of th% 1aY 2052
MC- car bi des have a size which is larger than 3 lun but snmaller than 25 Eun,
preferably smaller than 20 Irm Prior to tenpering, the martensite contains
0.50-0.70 weight % C. Size in this text n@ans the | ongest extension of the
25 carbide particle in any direction in a studied section of the material.
For the achievenent of the said carbide dispersion in the matrix of the
steel, a nunmber of techni ques which nmay be known per se can be enpl oyed for

t he ]Pr 0? UCTagml&vai bph e?émlbfl%h@osfﬁoﬁmvmvhqbf Ebﬁa&bﬁﬁhg &ﬁﬁ}?@&ﬁ thé %venttﬂn,
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an i'ngot rotatlng about its longitudinal axis successively is established

therein th Lnst

growi ng en of the |ngo€68v$1dh%m8 ?]?ugt{tjmﬁﬁrg esutﬁeg%n%‘ﬁg’%&gﬁﬂ?éﬁ tt%ﬁ%rel n
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substrat e, HBPY¢RIisd BiméRioned, abwhysReif-SORE RGEHraI koM th powder

manuf acturing and not as sl ow as | n connection wth conventi onal
manuf acturing of ingots or in connection with continuous casting. Another
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i n.an, a 0. 50- % Swtably,
the cont enfid% 'a‘?‘bﬁrﬁ§el’ﬁ’§¥ smallershap NEQ Sl‘HatFﬂg ‘ﬁﬁ‘t‘%ig B‘F 0 Bigcted ta| i s
about D5 60 cittingftgpe aoft workamoomiectibn mmttbetmanufabmnageéﬂl,e tooleln theebgditibhat i s

di | ved b '
o by des. Shup g Eidef plaube e ahEfoolle Pand (i, naPk Bifhc) Hiuols oRHRRRE T
maxi mum c ot 8067 HREawhish cambe afforded %D’ébr!?ugl bgrdeniag emducgnqmebardenmg)/o 15
Accordi ng fslicwdd gsicu@eﬂﬁ rw&elaarm@ﬂﬁa%mucatre tmelelhamﬁédaﬂteﬁtbereat eel

contains 1.

er a aI I out
conbi nat i oﬁ‘%ﬂﬂi cqis) ﬁ% {f %Fb‘?nﬁ“% CQE“ﬁmH‘ %zﬁe é‘EFt °§W?1°b in
order 2@ pableasiéOarcﬂ-% aulrefenbt)eattlea:si abdait 8@ rvbl e}’eha\&rmzetwmgz isQafged than 3

preferably 9]1%(5? gﬁt! E a{bﬁgl be repI aced
by the dougﬁ‘ﬂ%tn#ﬂltlt 0 zgg%[pt?g IlAccor ing secon pre%p

enbodi ment at lenst abewtdl0 vabith af the MCicarbidehaviearsizeawhigh is latgorithan 32mi:but n
conbi natlosmmléxhh&lﬁ’s ﬁ.mopt\'éferﬂﬂ sﬂfﬂlicytlﬁhgﬁtgu&’ I%o\‘ % ﬁp%ﬁ (difle a
7 vol -% pref

total content of N%n&i{)l }ﬁlﬁ anountlnglﬁ;te‘ pout 6
vol - % MCcaPpRtgins 0 Wereht-fre Cy Sirsdn &a&tmeynfc@ﬁlwettémeaeea omhq he
doubl ezsarmwbldefpa%cmhodnywﬁecﬁs@m@Ismgletieeatdn@m@ﬂlwﬁﬁtts t he hardened,
martensitic matrix of the steel contains 0.50-0.70 % C prior to tenpering. -,
30 Silicon, which partly can be replaced by alum nium shall, together wth.
possi bl y ekpstheraghigvementiofithe sajd strbide dispersical indhomatrixalf i Gedl, Ondmber

ref er abl f f 1.2 %
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chrom um S |nt e ient anount in
order to a (g(r){i@' h‘gg %"rqhéb%bgﬂ%‘ﬁ%ts %&H Wh%’ﬁ ?1329 25 8%0 has a
function tcausedtp sodify qoemaaaaelyafwmmetlww hawe bmhe,suhstrm howeverdicdtasi n | ow
conte | W, fore
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| east 0.2 9gnventieral manpfashriagof ingats or mé@nnwttonémﬁmgenws castingyAngther
conveni ent {e¢hhigué %dhép&ﬁb% ight Be énpldiRd MWRSRFEmeRE ¢Plectdd SHBNJanese is

about 0.6 % The steel product of the iI'nvention shall be able to be

har dened t hrough i nduction 10 hardening to an induction hardeni ng depth
which is deeper than 35 nm as well as by through hardeni ng. Chrom um
mhlch strongly pronot es the hardenablllty, therefore shaII eX|st |n t he
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20 of a hardness of 60-b4 HRC, normally 62-64 HRC, in the cross section of
-the object. If the object is induction hardened, higher hardnEQSé‘Bf\YpQQ@J bly

may be achi eved, about 6567 HRC, but also as far as induction hardened

obj ects are concerned, the hardness in the surface |layer nornmally is 62-64
HRC. In order that the desired hardenabiligy shall be achieved for certain,
when the steel has the manganese and nol ybdenum contents in 25 questi on,
the chromi um content shall anobunt to at least 4.0 % preferably to at | east
4.4 % At the same tine, the chrom um nust not exceed 5.5 % preferably
amount to neRerbelfing), imthefitstrpladedor the mARfichrhgOT lb%’du@ﬁ‘cﬁ’ﬂl&%'bxdﬁﬁes?hé‘l&i ot

be formed ing; &k ium,s | exist In the steel in an content of
" at |east Z.Bdlg}?gtn nmax %gg@&g’lnp&g@#%o together with carbon, to form

said MC-carbides in the tough hardened, martensitic matrix of the steel. As

preferred enbodi nent of the i"nvention contal ns hﬂs-'4.0
V, nomnally about 3.7 V, in conbination with an adequate anmount of carbon
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“wihi ¢ as i Ln.,t C I.ngl. b .2 | ~ ~~a?. 5 order to
provi de_a t?ﬁ%ﬁ%@%’f@’%ﬁf ?aiog‘?@gg’eﬁbﬂﬁ“ﬁfab@o%-°?ﬂ%@ﬁ 18b| y

about f 10voldigsolved gy the anatrie of theistag] israboutrD.60:%: T satalhnyum o6 barboh ik

- therefore teek iescaftfsiithad disblved intfie MMRBOLT BE g@ﬁ@h&'fﬂa@é&rﬁgg@% £t % h
i:manad whi ch, | e d B , arpf d
R LR ey S e s

car bi des, wibnthntm{yarbonimat amdunted LOSS, mrefeedblypmiards? wid consequent |y reduce
t he toughness of the material. Therefore niobiummnmust not exist in an
amount of nmore than max 1.0 % preferably max 0.5 % Mst advant ageously

the steb? sHSEPHMEIP adup:nreferad ymbadiorant ofthe iyveatidmthe stesli contaimi 4417 @,
the nost pr pfefirablg 19452085 O Rbmially ot ESC, m?j’n%iﬂﬁtfmﬁbﬂﬂgﬁ.ﬁ%t peﬁ'gﬂ)
resl dual ‘ePe l¥ from

tol erated re n 10 n i Jjty . in the forma

the raw mat T%{)Sa Hg’é'b“ai%ﬁf’ﬁmnﬁf%{e?rw PFRYidst 2 tqtal conteat of Ml-qastiidasim shal |
exi st in anamouating tof8-E2, preferablyX-51 Yol-¥6 MOdeibities, 3 Which\angdias] paugesi ' ed
har denabi | i {yd 1 e rkct ed anmount of manganese and chrom um
15 whi ch isBarég%g?g?:%é‘}e?({s%uP%%“é%%&?gmggl%e steel. Preferably, the steel
shoul d “bntain at least 2.8 % M, nost conveni ently at least 3.0 M.

Maxi mal |y, ABéor8ing @b a 8836nd Péfedrsd 94; - 08X 34 I; |y max
3.6 %M in oré'(g‘lrzgqf~ hgt tnegg% eel, éﬂgﬁlmﬁg%%ﬁﬂ?ﬁﬁ%dleg?%ﬁ gf}?yarbi des

hal |
R combinaBan with 03 Vitormiaalby skant 2)\bY b geden to provide a

scrap ﬁinﬁf?ﬁb‘ga%bﬁ‘ﬂg%é%‘?%%?%ﬁf}?. Wt By Bt SRRl not exi st

in an @’ourfiob re than max 1.0 % preferably max 0.5 % Most

~conveniently, the steel should not contain any intentionally added
“:tungsten, ich.in tggﬂggs, preferred enbodi nent should not be tolerated in

amount s mordCPRRs i tsythe hardemed, snartepsitic auatrix of thel steeb norgains om t he
25 raw mat 60.5&0509% €pridirto tdigparmpuf act uring of the steel. The steel need
not, and should not, contain any nore alloying elements in significant
anounts in addition to the above nentioned alloying elenments. Sonme el enents

.are deBPni tSsligon, wirichi paetly carconepiacediby alnmiiua) shellj esgetied withf posgiBge on t he

s

s of

feat ures Ofeﬂsﬁﬁ%w .emfgp{ns%f('%g_m{o%n{ M%_gts(f% %fe plgﬁég?s whi éé]

shoul d be kept as [ow as possi i n order

the steel. Of-dS “4ufustably ingn amoyntief0.8de? %l erinamontinal amounn efjghuy ¢.0i%HRCt on

) h h H | B l_' whi ch
the t oughnesgere@inchesbsthahitonl ki ﬁﬂ!ﬁErséatl zgxgga_eﬁéiﬁﬁx‘lﬁutgfm HRRARGER e\ ©

ur therefore be

forns essentd al Ly harm ess ganese_sul phid .
t ol er at ed i°§§a’é“’r‘é&‘ﬁﬁh‘?¥‘§’%ﬁg‘? g ftegl withgut greating hgttengssproblemsdecanselof ui t abl y

35 nmax39. 0diskoluGbhhardedinganios high!édhtasts Bf sikicin, THR ARRkiniER E@Atsmf ﬂ&@e\%},hgr
rom use raw

may exi st i i I Ls in.the formof residual elenents

materi al s %%g%hgéé%o%&%ﬁ&e@?&%ﬁ ﬂﬁdgeﬁ/\ﬁqtﬁof"ﬁé‘ RAFRhas maxitah %Al t he
steel. Nitrogen is present as an unavoidable inpurity in the steel but does
not exist as an intentionally added el enment. Further characteristic
features and aspects of the invention will be apparent fromthe S follow ng
description of perforned experinments and fromthe appendi ng patent clains.
BRI EF DESCRI PTI ON OF DRAWNGS In the follow ng description of performnmed
experinments, reference will be made to the acconpanyi ng draw ngs, in which
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Fig. 4 is a bar chart which shows the abrasive wear resistance of the
exam ned steels, Fig. Sis a diagramwhich illustrates the ducfig iMA% onno
nmeasur ed through i npact tests with un-notched specimens, versus the WgQ“
resi stance of the exam ned 20 steels, and Fig. 6 shows the m crostructure
of a steel material according to the invention in a studied section of the
mat eri al . DESCRI PTI ON OF PERFORVED EXPERI MENTS 2S Ei ght SO kg | aboratory
heats were produced. The conpositions of the steel, weight-/u for the

al l oying el enents and vol-%for the carbide content, are given in Table 1.
The heats were forged to the shape of bars of size bO x 60 mMm 2 ~ ~~ ~r

~~~? 7 Tabl M@gmo@r@mw @hd sqipbdenamt shhll akisvipsthe sieeljinta sufficent hrlRRA
~CCSi MPSCr WosfietMa M6
val - 1%19800 M2)0 740. 600 0050 005335 %%éfébdeg%ﬁ&]%“?&%%ﬁégb&m%d%zo 6

60. 0080. 007B8mdshosezssi awzeneeiseph%whmmorx%mmmmmﬁeaea 1.182
. 60. 030. 804fcﬁﬁ],119@nﬁﬂ sulgtide! Qfarbafesd PRQe LR 6 39. 951
0301. 44 150. 66(%83@20 0054 58%68@320 %30 549, 009 OGlO%g?Lgé&tO% ?5

11. 200. 670. 1 B3R 1843 ameyn % §e.gbmostyguitable aoptent lies ivabe Gwze. 0065.
013. 523. 990005101 %moszemmeﬁﬂsamthehﬂg%mMm%mﬁeaeﬁﬂnail@am&%fﬂo 020. 615.
505.5 5 *ca}n%% cagg&@]% f carbon dissolved in the matrix of the
tenpered martensite. steel Nos. 1-4 are reference materials,
while the steels Nos S8 have corrpositions according to the invention. Mre .

parti cul arl'yhe ﬁéﬁ@l@dﬁ@&ﬂhﬁ?m\@nﬁ@ﬂ‘%&fl lgzra%l%maﬁﬁe a4 eeﬂgg%&%ﬁ‘ﬂﬁse i eel

accordl ai.d first ef rre nent of

No. 8 | iﬂ’ﬂﬂﬁ f‘\?ﬁél es@mpetbenﬁéanmmstwdfasme st eel
of the |nvethroughhaiﬂmmmnuf act ur ed exper| mental alloys were examned with
reference to - hardness (HB) after soft annealing, - mcrostructure after ( a

heat treatnent; TA=1030C/ 30 minlair + 525C 2x2h, 15 - hardness after
aut eni ti si righramitm-whish ctrauglyrpromotes thediafdehabifity, thertforalsiatiexizt ifthe kReper i ng

at 200G, 3%%&4%@@&5{% nﬁﬁ%aneﬁ@grg ﬁé%dex};é;ltg%\g @1? eeﬂzhg génabll%:-r

har den %H resteat ance t rasive
ANNEAL% to 1ts intended use. Hardenability in this connectlon means the ability

of the hardening to penetrate more or less deep in the object that is hardened. The
hardenability shall be sufficient for the object to be through hardened even in the case of
considerably large size objects without requiring very fast cooling in il or water during
the hardening operation, which could cause dimensional changes, and for the provision

20  of a hardness of 60-64 HRC, normally 62-64 HRC, in the cross section of the object. If
the object is induction hardened, higher hardnesses possibly may be achieved, about 65-
67 HRC, but also as far as induction hardened objects are concemned, the hardness in the
surface layer normally is 62-64 HRC. In order that the desired hardenability shall be
achieved for certain, when the steel has the manganese and molybdenum contents in

25  question, the chromium content shall amount to at least 4.0 %, preferably to at least 4.4
%. At the same time, the chromjum must not exceed 5.5 %, preferably amount to max
5.2 % in order that non-desired chromium carbides shall not be formed in the steel.

Vanadium shall exist in the steel in an content of at least 2.0 % and max 4.5 % in order,
30  together with carbon, to form said MC-carbides in the tough hardened, martensitic
matrix of the steel. As has been mentioned in the foregoing, the steel according to the
first preferred embodiment of the invention contains 3-4.5 V, preferably 3.4-4.0 V,
nominally about 3.7 V, in combination with an adequate amount of carbon in order to
provide a total amount of MC-carbides amounting to 8-12, preferably 9-11 vol-% in the
35  hardened and tempered condition. According to the second, above mentioned,
conceivable embodiment, the steel contains 2.0-3.0 V, nominally about 2-3 V, in
combination with the amount of carbon which has been mentioned in the foregoing in



The soft anneal ed toughness of steel alloys Nos. 1 and 4-8 iggsh@xvm n
. Tabl e 2. The . hardness can be regarded as normal in view of th bfld2 and
vanadi um content of the 25 all oys. 2 8 MA'f 288 s Table 2 Soft anneal ed
hardness St eel No. Hardness122442235249625772598241 5 M CROSTRUCTURE The

m crostructure after a heat treatnent congisting of autenitising at
980-1030C/ 30 min + tenpering at S00-525C/ 2x2h was exam ned by |ight-optical
m croscope studi es and through Therno-Cal ¢ cal cul ati ons of the various

all oy variants. The ampunt of carbides was increased with an el evated

amount of ngﬁgmmgggto@ggﬂteug},fﬁ@ Sl et Qi) S Pl e SR 2R T e
The i nf | uerf®8ub V?lh'g’ Inprincinle.gy eplacadrhy mabigme byt therefore therais ned

st eel s, Mhlﬁﬁth%Mé&ﬂbﬁ%t&?‘ﬁn&ﬁuﬁd&%&@heﬁfmﬂiHnﬁﬂﬁﬁL éﬁ&ry tT Ih si ng
e dl e

I enperatur own in aqgr.ans and Fig. 2.
" requi rerrent‘ﬁ%‘f’t Eﬁiﬂ?sglo U, poay o8 ‘éq%tgﬁc’ﬁ%eﬁf‘{%‘?‘ %’%?Fﬁéﬁg}ﬁ@h%@ﬁéhﬂ}’eved
.by a cofif ordstliecomelayger than pure vanaditth dattides| ebichndy inftiate ficthdes of Nvent i on

5255500 2k PRt ARGl hyR @ e idboeld P BREH PRGN Rhiem e asur e

t hr ough corfpust 20t existdn pmemawataf merg thanomani §. %,Tprefqﬁysmaxd) 1%, Muesss val ues

S Fatonet gra“?ae“g?%"’%s%‘f L Shoud nof oontaid a0f kG pdtly AESTIATIT SRIGEE |1
conpar ed V\nﬂ't'%mé’fég? et °‘E‘H§’“b9§é‘? stae] theref ‘Pf&dh%lﬂdiﬂ iptarated mosethan| i ty.

Parti caDar lay an ﬁhmityﬂbthe&'ornﬂ/ﬁffd%xdiﬁlseléxﬂ&h@ffﬂfm e awhAeials had BPHePr oved
- har denabi | 'rﬁ%x I}ﬁ The results of inpact tests at roomtenperature

.._;‘-_;3;_‘wth un- not oS speci nmens of the exam ned steels are stated in Fig. 3.
“The toughness was decreased as the carbide content was increased. However,

particul ar |M01§B<%hxﬂ\§hall %xi*&ﬂﬁ'x zﬁa Afﬁ&mta?memégmﬁ%rdeg t%kﬁg&ﬁ’% «Lfig fact that
t he hardneé as E as oorrpare or steel No.
1. 15 ABRA F‘\}TS’%\;EN@#% %68&?“?8 rsiagteq amountefimangayesy apd shromivmsc- t est
Wi EE Sil r mmsatmhaamt s;t&glemf Jbﬁth%&él P@&h&bll?,ﬂﬁﬁ sv&tssmﬁﬂ@&gimnw%&ased
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(vanadi um Y, ipreferpblyvma 3. BBSmtnblycm)x 3@1% Mo imomler that ﬂhedmebshallemt céiitain

number of dbd biefRAMECIcEidds 5 Bk SHERE! I esired ARDAnAIT MBUaIBL U TS
believed t xi st far the d| eren
Rdo?y enum 1n principle can be replaced wgolly or partly by tungsten, but this requires

20  twice as much tungsten as molybdenum, which is a drawback. Also the scrap handling
would be more difficult. Therefore tungsten should not exist in an amount of more than
max 1.0 %, preferably max 0.5 %. Most conveniently, the steel should not cbntain any
intentionally added tungsten, which in the most preferred embodiment should not be
tolerated in amounts more than as an impurity in the form of residual elements from the

25  raw materials used for the manufacturing of the steel.

The steel need not, and should not, contain any more alloying elements in significant
amounts in addition to the above mentioned alloying elements. Some elements are
definitely undesired, because they have an undesired influence on the features of the
30  steel. This e.g. is the case for phosphorous which should be kept as low as possible in
order not to impair the toughness of the steel. Also sulphur is an undesired element, but
its negative impact on the toughness can substantially be neutralised by means of
manganese, which forms essentially harmless manganese sulphides. Sulphur therefore
can be tolerated in a maximum amount of 0.2 %, preferably max 0.05 %, and suitably
35  max 0.02 %. Other elements, such as nickel, copper, cobalt, and other may exist at
. impurity levels in the form of residual elements from used raw materials in connection



25 Fig. 5 illustrates the relation between ductility as neasured through
i npact tests with un-notched test specinens and the wear resig?pg@ﬁ42ﬁm
pin-to-disc-test with SiOz of the exam ned all oys. 2 8 M~'~ 20~~. .5¥40
On the basis of the experiences derived fromthe above descri bed
experinments it was believed that the nom nal conpositions of the two said
enbodi nents of the steel of the inventiongshould have the conpositions
according to Table 4, in which the chem cal conpositions are expressed in
wei ght % and the carbide content in the hardened and 5 tenpered condition

IS expresseq, -0 l.ancg.iro d unavoi dable inpurities in said
amounts. C S‘é‘ e?h\séq%'%&%fﬁ%%ﬂﬁ@eéﬁc&cﬁ‘]‘ﬁwndﬁ BESFI @8 an pnaveidable inemsity i
Tabl e 4 10 Gmgeshiutideesmotienist acanipasitibhallisaddeg eliento Vol St eel

al | oCSi MnPSCr MOVNCMCT a | 1, 221, 00 60, 010, 0014 62 82,30 OL10, 645 9T a
11,511, 00, S:g#glo, 0014, 63 23,70, 010,579,4 On the basis of the experiences
fromthe st < charagierisigifeatures endvispetts wéthe ipvenion edll k a pareréth BeY
scal e, tﬁenfémﬁgldamog&% SRR 1{3% %gl{hhrou .t he spray
form ng technique. Each heat had the wei gh ‘ggr b S ABPTHOE R AUeHL claims 0 o

mm The 15 chem cal conpositions of the steels are given in Table 5. Table

5 Cheni cal BRIBEIESCRIPTHINOF-DRAWINGS eri al s produced through spray
formng Ste

No. CSi |vhPSQ%@Q‘I%"@W%f@f‘f@%@ﬁﬁpeéwg@zte&!m@mmmmﬁommﬂ. 590.0

200. 0174. 628ccoppapying4irawinghduavitient s were forged at the tenperature 1130C
to the mhappigol bars joj diabRth whid& S50 mm Fr these bars, there were
t aken test sggci mans,l t heom c?v(?g(%‘nslhég?ﬁﬁgsmu e’%ﬁﬁi@ﬂ}%mc'é&&mmm%
studi es showed that thfhardness ebthepapminedisteels, t he surface of the bars were
smal | er thaRigi? the chows,at aRabirscall, thd Qﬁfe e el patural .
consequence of 25 th%f %gl |t§§1‘$ t.(ibé)f tﬁg, e§{°£%ﬁéjﬁmﬁ’§e§ﬂ$%8‘,mtﬁ1§-l
majority of the carbides T H s@@’d‘? 4ye tag highest hardaessyalyes, but t hr ough

st udi es of Hgpdural i isa bar charshewingahewughneds bf deeRimARARRsQeRIs e Cross

sectiong of the barsimhicteh be stated that the size in the main part of
the bars sat.isfied the requi Fements that at |east 50 vol-% and as a matter
of fact at 1'8at 80 {°c baychart whichshows dessatinasiveswearsesisthiiervfitheexingified ANJE
3-25 wn norm |1y wi steéls, the 2 8 ~1~1;' 2~,~? 11 range 3-20 ~.un prior to
heat treat tcof the bars as well as after hardening and tenpering. Fig. 6
shows t he n@g'rsostruc{stﬁ a%wwgﬂhﬁ%@ﬁm@%ﬁh%mﬂﬁwﬂﬁWMi ch
has 5 been taken in with unemtehedapecimbas, vefusthe WS FRRErcE Rt GEhyRgat No.
126. 20 steels, and

Fig. 6 shows the microstructure of a steel material according to the invention in a
studied section of the material.
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&,

DESCRIPTION OF PERFORMED EXPERIMENTS
25  Eight 50 kg laboratory heats were produced. The compositions of the steel, weight-%

for the alloying elements and vol-% for the carbide conteht, are given in Table 1. The
heats were forged to the shape of bars of size 60 x 60 mm.



2 ~ ~~ 2aa2 PATENT CLA1TVIS 12 1. Steel material, c har act g %
-in that it consists of a steel having the follow ng chem cal corrposMrozr){‘?n
weight % 1.0-1.9 C, 0.5-2.0 Si, 0.1-1.5 M1, 4.05.2 C, 2.5-4.0 (M + ~ ),
however max 1.0 W5 2.0-4.5 (V ¥~ ), however max 1.0 Nb, bal ance iron and
I mpurities in normal anounts in the form@f residual elenments fromthe
manuf acturing of the steel, and wwth a mcrostructure, which in the
har dened and t enpered condition of the steel contains 5-12 vol -

MC- car bi des, of which at |east 50 vol-% preferably at |east about 80
vol -% has alshled which is Iarger than 3 p, m 10 but smaller than 25 pm
preferably Stigh Beabhithbvys bp tenpering, 0.50-0.70 weight %
" carbon, which iks)sgé‘ilzs,g'g?v din ttﬁ r{){vn%['fe/o| n the hardened condition of
the steel. 2—Steel nmaterial according aiml charactarisa
din that itls‘%orftéai n§ 1.9 sMny 5 C%mbl@. hMe b X/ [ AN [ScedMCnal™id gfftoul
“according tjgeclam|2, ¢ h ar ac tlar|i sfadin fhat|it | ploh |carbide
1.401.65 C/| sujtablly af least L.45|C, apd 3/ 4-40 \, and a|total con t of

VOI-7

MC- car bi des[ anpant jap {©748]d4d, |proeT[@bes0] 3439 ThE ML - 1002 4@.58 { 0.9 SRi9 TH I
accordi ng t{esehgimr-t—e=h ¥ &t 11 sla dinithatl itlconthins 1,1-1. 3
C and 2. 0-3 20V i nfg’r d%gri ADO“p:bOo\‘?fcg‘%%’ - %oF Al ”&drﬁ(’gn[tooﬁf ORE| £4r bj Ides |57

~amount i ng t|o35}H920yp].3504 0.785| &8 SLeee|]| .07t e?csoa 1.1acaasr cqlomg 080 qy Of1.CT d6BE
1'4, C h a l4d lszot El34l 6_705 d T tlﬂﬂ" +-ee RS } £ L_‘, . |y
0.8-1.2 %i’[ 6 %eel mat =dr?6|2a d'dg%cgpdc?l rfdﬁt 3‘sgnyl%f MF‘ dﬁ% 3.[‘3'5, % h|dS 4 ¢
t ar i s g d/[!M%hbt (HE 166 2 papas| y*SBs meqlaazz dojby monl oM jowevagr ,

the steel 1O% |GGHGT {371 (Lo 67 FobHT |6Bo61ads [5G I 'o})qs 6‘§'7 39’5& tn(;aa!r"?‘:srs\"i led
C g

¢l Steel ndtecrial hAccording tol anyiof cf ai |.-
“I'n that thg &t}d®0 ¥t pi%Rs(066 |o9a% ] 0.6062f soy iﬂ [P &Y §0dbi| 90| B21. 5 Vh,[102

sui tably O0.[Z3J1880MT.153p1.13- | 06k CRY010THb.6051 GOTI9nIY oloP oW [ oF St 'Mtl +.C

har ac t—alft—i—b-a infh:ﬁpifrnn’rain<4-5 % ZSM"‘

~~r 12

13 9. Steel material according to any of clainms 1-8, c har actari s

e of o ot secBbE B ER NeRuBin firSolyed i Boebits o2 ropsrs mainsior k ( ool <.

11. Use according to claim 10 for honogenous rolls for cold rolling of

metal stri pmmaew@eémsfma}mfa%wa@wm%@més%&ﬁg%s% gpugs. char

actar.i I n é@a st ee repar e m cal
conposi ti onc‘?‘ﬂp‘@%ti‘%tac%r 8 &0 theinvensionnlioge P@Gﬂm})’, Btegls Nhtati Grendribare i S
manuf act ur eekapies dftiompositibng &Uceuﬂﬁg EcPdaRd fifsP prvkeRebd dolbdithBft df étee{]s wor ked
to desi {ded &éﬁg 8%3@‘?98} hr ou IE i?‘tb":f (¥1\or Ki H%gand/ machi_ni ng 'at t he
thus obtai nad pry §aﬂ8’é R'FE At S ngetyable embedimentiefishe stegjoc
and tenperi @@haun\somxs d@@mmufactwedieipaemmﬂ tallofs weremkaminedonish feféraigteof
t enpered ¢
- hardness (HB) after soft annealing,

- microstructure after heat treatment; TA=1030°C/30 min/air + 525°C/2x2h,
15 - hardness after autenitising at TA=1030°C/30 min/air + 525°C/2x2h,

- hardness after tempering at 200°C, 300°C, 400°C, 500°C, 525°, 600°C/2x2h,

TA=1030°C/30 min/air,

- hardenability,

-  resistance to abrasive wear,
20 - toughness

SOFT ANNEALED TOUGHNESS
The soft annealed toughness of steel alloys Nos. 1 and 4-8 is shown in Table 2. The

‘hardness can be regarded as normal in view of the carbide and vanadium content of the
25 alloys.
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HARDNESS VERSUS TEMPERING TEMPERATURE

The influence of the tempering temperature on the hardness of the examined steels,
which were austenitised at a number of different austenitising temperatures, is shown in
the diagrams in Fig. 1 and Fig. 2. The requirement of a hardness of at least 60 HRC

after tempering was achieved by a comfortable margin as far as all the steel variants of

the invention are concerned after autenitising at 1030°C/30 min and tempering at 525-

550°C/2x2h.

HARDENABILITY

The hardenability of the steels was measured through comparative dilatometer
measurements. The measured hardness values are stated in Table 3.
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As compared with steel No. 1, the other alloys had an improved hardenability.
Particularly, steel No. 6, which has a higher Mo content, had an improved hardenability.

TOUGHNESS
10  The resuits of impéct tests at room temperature with un-notched test specimens of the
examined steels are stated in Fig. 3. The toughness was decreased as the carbide content
was increased. However, particularly steel No. 8 had a very good toughness in view of
the fact that the hardness is as high as 62 HRC as compared with 56.5 HRC for steel
No. 1.
15
it ABRASIVE WEAR
'; The wear resistance was examined via pin-to-disc—tést with SiO, as an abrasive agent.
The wear resistance was strongly increased with an increased content of vanadium, as is
illustrated in Fig. 4.
20
DISCUSSION - FEATURE PROFILE
Table 1 shows the content of carbon, MC (vanadium carblde), M;C (cementite), and
) total carbide content at a number of different autenitising temperatures, where an
v equilibrium is believed to exist for the different alloys.
25 _
Fig. 5 illustrates the relation between ductility as measured through impact tests with
un-notched test specimens and the wear resistance, pin-to-disc-test W1th SiO; of the
examined alloys.
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These heats were forged at the temperature 1130°C to the shape of bars of final size &
250 mm. From these bars, there were taken test specimens, the microstructures of which
were examined. These studies showed that the carbides adjacent to the surface of the
bars were smaller than in the central parts of the bars, which is a natural consequence of
25  the cooling rate of the heats. In the surface, the majority of the carbides thus could be
smaller than 3 um, but through studies of a plurality of samples taken at different depths
over the cross sections of the bars, it could be stated that the size in the main part of the
bars satisfied the requirements that at least 50 vol-%, and as a matter of fact at least 80

vol-% of the carbides had sizes within the size range 3-25 pm, normally within the
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range 3-20 um prior to heat treatment of the bars as well as after hardening and
tempering.

Fig. 6 shows the microstructure prior to hardening and tempering of a sample which has
5 been taken in the centre of a bar which was made from steel heat No. 126.
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balance iron and impurities in normal amounts in the form of residual elements from
the manufacturing of the steel, and with a microstructure, which in the hardened and
tempered condition of the steel ¢ontains 5-12 vol-% MC-carbides, of which at least
50 vol-%, preferably at least about 80 vol-%, has a size which is larger than 3 pm

10 but smaller than 25 um, preferably smaller than 20 pm, and, prior to tempering,
0.50-0.70 weight-% carbon, which is dissolved in the martensite in the hardened
condition of the steel.

2. Steel material according to claim I, characterised in that it contains 1.35-1.7
15 Cand3.0-45V.

3. Steel material according to claim2, characterised in that it contains 1.40-
1.65 C, suitably at least 1.45 C, and 3.4-4.0 V, and a total content of MC-carbides
amounting to 8-12, preferably 9-11 vol-%.
20
4. Steel material according to claim 1, characterised inthat it contains 1.1-1.3

C and 2.0-3.0 V in order to provide a total content of MC-carbides amounting to 5-7
vol-%.

25 5. Steel material according to any of claims 1-4,characterised inthat the steel
contains 0.7-1.5, suitably 0.8-1.2 % Si.

6. Steel material according to any of claims 1-5,characterised in that the

silicon partly is replaced by aluminium, however, the steel not containing more than
30 1.0, preferably max. 0.1 % aluminium.

7. Steel material according to any of claims 1-6, characterised in that the steel
contains at least 0.2 % Mn, preferably 0.3-1.1 Mn, suitably 0.4-0.8 Mn.

35 8. Steel material according to any of claims 1-7,characterised inthatit
contains 4.4-5.2 % Cr.
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