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A.UD-RESIsTiNs COUIin.1 S7-'-z!S (l6-ZC% Cr) CF T~ IS ~ R7 AOW iR:RI7 CUSS:M

The Dropor,_' a of se~zi-forri tiUc stools dopemd to a coaasiderable,

extoxt, upox the quatxitativo ro1aticmship of ferrite tad austaxite ixL the

structure of the steel -Whox it, is hoated to the temnoraturs of therrxl treat-

Whou. -1n'. * ferrito, coz-aOloat predominates., the stool, if heatted to a

te=parat-tre above 8500 C, aoq7.zroz aL great aptitudo for graix growth. Thi*.

loads to lar!;.-&raisa*d structuare =d brittleasax, i~c 8-re xot elim~inated

by subsequeat ther=.oI trcz.teczt, also to lowesr re sistaxce and corrosios. (see

fig. 9). im con~octiom withi this. the hat ~chzclprocessixg of so.=i-ferritic

steola =ist be fixished az the lowest -re=-oratures; possible im. order to obtxixL

s~allor gm-inz. ix sm~h a ogrso subsoeqzea annaealing at 760.8000 C, after !tot-

dofo=.;tio:L co3nzorve3 in the szoeei a srmll-graiaed structure axi ifadly za~tiv_

ficto.-y an~~lsd tcch-mologicaJ. propertieso

-~ ~ ~ ~ ~ ";airi, Of c-Irios l --a rt.ie of 760-6000 C r.13o

=mc~s a roze 37: cistributic= of ohroe cacice.tration in t:he hard solutioa,



d, c=--cutm--y a 5uroyCczt of~ rosis-taa-cc to carrosie=.. Thorofare.

cola nitric acia of aay cnorto.in hot nitric azid (at £0 - ?U0C)

17', chronit- zzeels are resistant ---te= azi4 concentratioa does rot ecletd

65%, while in boiling nitrio acid they resist a con-cen-tratiox of up to

17% chroxiun steels =ry be used as -M-rosistamt =aterialz at

tczptra~aros up to 85-W C. ?'ith so-- imcrosse of siliccrA couteat..

tizc Stael beco~s resistant &Is* in -hot conbuation Cases. rich ina suiphuw.

E.-.. iver, an incliuation to grain grcxwth idien heateal (above 850* C) ai~d

low li--nurn . idt the vse of 17$ chrazitm stoal~,

A p*siti.s imfluence u-po~a thie proper:ties- of 17,-cron u steel*

is oxerted by pozt-chargl.ng ivith titan-ixz =nd xicbi=n, as they olininiat.

tii. wpitrc-c zi astez t-i high~ to.=perazures. and ixurave corroxicn..



aczd~or, of i~- ~ef;Zciva Oily ? 1e ai:l e carboz in

coutntoWi 6-. to 8 zires lisrger thain that ý2f caream, Sixiia~r rezults are pro-

auced 'by pogtoharginZ with niebiuti, if its coxtent. exceeds thbat of csarbox

8- to 12 ti~oz

Posczha.-gini 1-7- cbromiu= steel with tita~ull and niobii= a~ls*

'ias a. favoarble effect upon -the =cbamica.1 propertiept of welded joints,

ezpemcial~r after arc -r1ding.. Howevsr, Im autogeaoias vraldi.S of 17% clhr*-

~izd stools co~xtaixing titaa-= stud aiohiur, xad -ith the use of chrcae-

xiokel, stool of typ 18-8 (O.W7. C). "z waldiu& rod __teriai., thi% waldou

go=&s still ihay. law Diasticityo (58).

Fer'izic matelz containing; 25 to &%3 cnror-iur- are uzsd as hifh-

tzt-oraturo oxidatio2-roisi.tant, =tcria~l in ci fur2Laco =a?11os rotOrts,

' of zflor~mcouplos and sinil&'r article:. 'bnhea~ted to zonzper..tur~z

aba~o 6500 C., tho zzotls sacquire z -argc-&rained. sltructuro and bii'ztlemess

zhich 2-z~ot. -Do c an by t-icrzal traa-r-cxt.ý



-n

~a~i ~o 7~ Cr d.1C-it Q= high reh;o ~i~~ t.

rczzxia rufilicienrly io0g a; za. tc ;onkturo aroid 47 mat-tot

-ztl1 s;12i !a~z brittcaz =*a &d deortazoe ic-z crr~osiom r-3zistzno...

The .ýighor Zh CbLrO~ii= coztemt -is I= the xteol,. -the ;re,.to this brittle.-

Sxisa0czory =chE.axiC8. sad

tecchnolo-icai properties are obtatxedd

in~ stoolz o- tho forritic clas only~

LIa oezCz. mxeoi, after hot. =0cnnnick]3

oco~s~ ;i'-4~-g iS.53. Dozoidecoc of the

=rcnhaiicsafpropertioz of 2V,&
at ?60-7800 C. t-.o chot 3.i.a tool ca has~t tire&-t 4750 C.

zxaoloi hea~.inr t risin Z=- .our !i-~tinzg al. di.-:Torent -Lcz-?=rAtuzCz oz rc ~~~of poraZwr42oýZc t~he hzdtr Of

=-to zr';ýx rheati,,- -- t

47:50 C coz~zouzo of 50



* z= Csy -t; C3:I-~ -:= -:e :or "0 ro w-t:~i~i text,

T~hc dependeace of the -w.&aicA1 =op--r-%ez of 27% Chr,-zIu steel

On he"t ti=5 at 4750

notat-4on in extre-eno uppor left han carc-r (illegible)

l c' -trvz: ^r= t=, b (zuascriet1 illegible)

sucund etzve fro= top b (subscrin; ill-eGibiz)

LUdra cux-re fro= top (iilegVibl)

;,7brcissa (hr)



:-i~e 679 al' tý-e or_-igaxit I

F ij. 35jTh ;ec of 1=0 hour het~at different tem-peratares.

cmtho hardnass of --ll:ys of thie wsystem. 1roxi-chrorxa

ab scissat zcmper~t ura oif heatIng

- Ili



?zc671 of t-e original

FIG. 34: The influe~noo of oo--atinuea heazingx at lcreasi-nr

t=Domtra'-rm, on restora~tioni of pla-sticity of 27% chr~i= stsal

af tor proli~iniary heating at 4Tha c, orre Z-'Vi hours..

abaoissa~s elongat~ox

ordiinate: hours



Thn~ -4-~ t:&c ;-..;j1.nica3. Proportios of c~~-~stael ix do-

II. Orwwm~ce upom the -tir-O Wet~ h±.eai'LU~ at 4756 C# is sh~om in fig*3.

BrittilOrszs is LM~jtU 6A~iliY 4ttec t-1i 'P in-PA~t b~sts O cd 1tdii8 saaPloso

So= irv~stigatorin rpoixt out t'hot a. ducline of itpa~at taughutsm; appeiar:

*-already after vac hour at 4760 C.

Su!b30qucat ~&igto hi&i temnporatuaar =.w lead to a reataratiew

of pii~i ix 17;% chrmia~w 7¶teto výLih evidumtly wee suxbjecotd to 500-t

hour heatins, at 4750 C and -.m in a~ brittle state (fi!;. 31).

Brituioieneas lu chromimi ztas1 zrj up~pear In eze-iate ice or weld..

ing, eapecia3 ly of irAssivo parts. !a such cases i-t 1;. recammd~d to subjost

thie wv.l1dd parts, to = additiona~l =aaoallxg at rxromad 6-0* C.

Jt =acocid kcind of I.tti~ ;!:i higZb1y chrozous ateols uaai±.sta

JUaelf veith heatlaS to a tzmparatura. of the oz*c. of 7(MQ. 0 sa~d is conch-

tioamd by the avolutioan of tho a, pbrwo. (fig. .35)o

Pathargixg -4, th alicying selants. exerts a great iuflue=ce upmax

the dzvolop~at uf brittlczx. rritb & huatin.- to 4750 C. Thu, a. -jst_-hm~rg.



idt:- arvand 1,-: L~c or ovwr 2.46ýl 1' acceleratcG the devolo=eiii of~ britta.-

nazz. A nimi)iLr axnfluro wxomuo the briztlee.st 014' chrarit=a sta~lx is exertad

by silicozt, miybdom, czerha, amd --mzw~Sall tc.aanitiss of aLicko]L

*vidontlty Inrac. Y~1ils =~all q.lantdzica oCztz 1 e decro"z brit'l.19eos

or hi&V~ chra~wua stools &~t S7S* C.

27%ý cbr4=ium steol* have bitip resistaace, Z* wcldm&ti*, #r-op& other

cozadt-ionji also at te~peraburws of up to ll(X C iamAm atmosphore of cam-

busti.r- pro ductc a,"f uoSS Vi h & ha~tr~sulPhur CG]xtezat.

-Ix heat-resiist~a tto 27% chroaziu stools- , like thaa 17% cbrOsu-&m

steols, Ctffo;7 l-;ttl* fram lt-aiI lay sad carbox steels, but the ams ix.

fsrior to 5%. chroiUm s+*aos -p~sttchagd usith ualfadernm;.

An ezsontial defeat ct 27% 4kw~um 40tols Is their Great ixolilkstiO&

to Gra1A SxrevtI at bertixft t mpcs*&Im~e above 800-5509 C &:% the fersmati*&

vithixa th= during wold±it. af a coarse-Cr-)dned sit-uctiwa thai; ca~nzt lus

aliminated by the.r-Al tres.=to

dAboy-., of hj'i-y chrozous stools with nit-rogem leads toga

sit* roeiuctiom :Ii ths inItiAl i*or .Ition. and1C to a.!z~~o ths:pd

.-6



Nitox-MCr~ta-i c;raiu siel. btai ther bost n~chanical

A-,x=nelingat c~iorat'j-rcs. arcumd 8000 C causes the developmet of

I ~zi;. in a. Su7P-;iir0zcO1c for-- and brittlemesg. This limits the use

I ~reached1 in cases. vrhe-- *-vo 5% of Ui ls added to Z3-23% cbr =a stel&

s4ýtm"wazsly with nitrolma (0.25-0-.3% TF). I&. comsequenoe,. steels witk

an sustenitic struztuzzo amc farmed, W--ch In their properties arm close to

"orone-uacol-m Gteels of lj'pO 18-8.

In det~al the properties of nitrogea-moortaidaiu stseols are describeA

in articles (6), (CI). (9), (2) and (53).

CHRUAe-&ICREL AND CERQE3L33-I=--NITCIEL STEMS~ =ITf h1~S-7rZIC ST.RUlThRZ

A~d~tiax of n~ickel or ~zangairue to fram-chros.. alloys contfributes to

the videuing of the Yregion. With definite contents of n.-lt2-9 cbs-gre

(or trsnstrz-atoi=)Y-9'i ia-wripf caalinr, is suppressed, azA the alloys attai-A

a conpletoely aiustcuettic csutra-vo.. Figure, 36 shown a structural dia&U= of

c~hraze-zaic~cl steel-,

-7-



a~ : z==titofarjti= 3t.-cruGrc!s of I-aterm-,diato t7-t-- (&stouite

re or autxt~ anio)r* zoro developed.. (22)* (O

Al11.%in., of sbo~~~ teels causes a chnr*t~ im- the6 -. 3itima

of rveions occupied by tha phases 0( .4andf4(tr on diagra=s of conditiGA4..

(or p.hasc diagrazq The affactivenazz or the influouce or the alloying ale-

ri-muts upon the Iformatian o±' ferritit or .astenitic stru~ctures is determned.

by iibs follo-viixf An iaorvass in the content of c1broxiima, titsnidim, siobiun,

,eilicem, tbmtaium, &lcWi~w= =d solybdeniua contributes to the forzation of a.

ferritic pi'szo In proporti on to the quantities of these ele*zents in the corn-

tents. An izzcreaa-t in the contents of nickel, naitrogen, carban, end rAngan.es

acts in the oppozite direction &ad com-tributes to the wiidcniz; or tl-c ragiou

of wauxtcit. %AA to re-Tater stability of .. z~tenito.

To account for the =sazxay (or Ltata.) imfluen-ce of the &lloyfr.C

elarent up-i the stUnoturft of chroae-miek-A steel a = obr cf *;npirizal

Za~nllce is Qffrod.. (69)

--h~e Z.-arbia irtar)r~tsttaio ofr c= of these formIa-ao u~abi. also

lor :1ier~dvdru tho cor.,oGzition o.' cazt. austcniti~c steel, is ý-iTex jw ris,

37w Wc).



k a unaber o! =or"'(1,12.(~) (Z-4), it -AK eztablishel th~at

-10.=o~c5cco ia zhe =sul or relcoa --a=& of small c-uantitier. *? forrite is

c-. tz bOTnofjc=:z because it accrcas= the rorratiox of hot cracks.

Duriml pro1cugeor beatir.&r at 700-:-:0 0 C or d~zriz =low coolixg

?rDo8 Q rto f 9W-SO-9O C of c~hroze--ickel stools j, a brit' I intor-

3re+&Jli4CC-ph~s9s (tig.. 38) tz for.-od in thAex In a zurber a.' c&--ox this

can-iOusnt, appears rsaix4 aleiaZ the limit of graims mad imparts to stools

an exceptionally hi&~ brittl.ezsss.

be hating of cbrroime-Picke-L steels ta teporatiurez or 9000 C, sald

*boe", leads to a dissolution of the brittle 0;.-Pbu~o. (7n).

In. recoeat tir it w~.s estabhujched that th4IQ(-Pbaze &Dooars is

the =sjorily of chrorst-mickol stoo~ls, vhich have a widecprewd ixdou,1rja]si

ar~.pication, saoxg them is st*ool of V-pe 18-8 postcharged width IK. and Nbs.

in stecls of type 25-20, 25-12, and otherse (73).

?he e xatiaa of the alpha. phace "-y proseed either directly

:'rzu sauztenit. or th-ourh ferrite-.

.i- =s azazlished t:=:- cdIvis, vhich coutkin *o(~ -zhaso ix their

ztructure ;:ue or resistance to sp~ifl~inv frsa thbe actioas of xaoerouz



K3 1

fe -1~~~~4.RT--i/ 1

JE.4-

Fic . 37. Structural Diau=fr astn Chr rue-lcel Stkl (0.07 .

Fr.Z.O.1 C 0.30 cr-it',v4 F o kii;0.23-0.7 Sin(

th sytz Fe-iC o a-~rtrso

8n 40\0C
_kc



A dece*i-ce of siliconzz a chciwcoutext com-tribute to 1 reator

z tabitii~ oyCf -0-0 ..L1 uy a~aimrt ti~a forma~tion Of DC -phazo, hicdh decreasess

tho ;ti of steel V&11i ix aUse.

Steals of~ t-fp 25-12 art =oare susceptible to the develepicamt of

Cf -pýr.bjv and to spsllixg because thty haws a imailer cantant of nickel,

narmoly. -d4 the eleoz~et vhirt wittributes to the '*eve1o3.eat of mustenite.

?.- adijitici of si~lcaz (2;0 assists* during protracted exposures

to ther-.,1 treat~xt, the formatiaz of the M-Pbase. SometS zs in this st;**1

'be %-Phsze is *-.+t1odL In the for= of a very =ýs11 dimarsixg 'but evenly

distfributed pa~rticles. lu tkese cases the preserzo of s'ich prArticles is eisa

usefr.2 because it i~croaces he xt-cmdursaoo.9

Colxi-dctorxati~mof cC erozo-mickol st-e-ls lacroasez the quantity of

O( -phes*evolved during repeated hcmtin-0 (73) .

74mu stab~iity 0f suztý-mitia ztruature in cboohrr-nckc): stools is.

asiz wcozcto4 with chasaos In the solubility of carbew (carbide*) -. t

ter-Peratue chrazes. (2)~. (7-0). (71).

-ii-



L=' ChrC::.t-zidkCl Z.eeZ.Ccs 14cuai.n& thiose a1 tVYP 16,-8, have in

taF-e ttato suffici.ljt 2taiolc asxztc dtic structure- whic oec et

cizimte~rats mt. ter4 rzlures !be-cor 4-OO~ C.

Recsated hoting of chroz-m-naeal zti-els within. the tonparature

ruzge of 450-5.00JJ C or slow zooling mili-im thim; rak&* , causes am @Voluis*ie

of ozczz~ive pharos. i. the farm of chrome. carbicesr of tIPe CrZZC 6 . (89).(W),

TZhe appeamuxce of th-ke carbides is most frequenat aloar, grais. limits

aiud is. accoiaplishcd by depletiox of the bordering layers of chr.... iu cmoma-

gioxce of rh'cx the steel zcquires j= Izcliv)2tio~u toward imter-czya)z

vorrosion1, *enr itrds afroct-d by sg~rcssive mediums. (71),(2).

In chromc-rickel stools. the inal1u.t4on toward 1 nter-c.-stal line

*orrosiea. as a conasquenor cC repe-tod besting, - maif-rta itself iu differeat

degraer diýr~zdinj, upoa carbon coattot, and its force in ix proportion to Use

sagnitude of that cestent% (fig.39) (z}

With protracted heautirGs at temperaturew of 500-7-01 C. f~en ~1 eel

with *L carbon cautout of 0.025-0.(--s J1 acquires an in=1ratiou toward inter-

cr~yztalliae corzosion. Tfl thoe: case=, it iz ztecessary to usse chroze-xa okel.

3t~eelz poetch.arged vith such ztxvsrly cz~rbide-forzIzq- el~ecnts as titsaniu-.



Au=Ite-itic ckhro=o-zdckel ::eals~ have a w2-=bcr of peoculiarities

crnditioneco by their structurc: no-zjioiua -~hardonim- by teme~rh

im-F, increased ikevt-endumn~ce.. and as a rules gaud weldabilit-,.

_-C -Ot -widely uzsea chrone mickel. st,%el.I have co~piri..Li.vcly

ratiz-factory charaeuteristics of touj1.m.zs and 7aiyw hi& elastic prorartiea.

-(see~ table 2).

Toufhnncac charactoristicc of chrous nickel steels can be consider-

ably im-pri-wed by' cold hardemixtr, (cold rolling, (76).(77).(7e). drawings, and

st&=~in. i~ a cold: state). 1he Lixit of stronguh may be tbus kaighteaei to

120 kdz--. 2 for shoot* or strips.- ad to 1eu60-.2C kr/=&s2 for 'idre. The yi-eld

roiat inewreazos to 1CO-220 1--/- 2 . (2), (76), (78s)o Sicizltsneoualy plattio

properties decliae and relative fl~to alls to l0-ltw Yet., cold-

dofor--d. aaztenitie chrcs-ricI-cl steel coazerves. a suffi cient reserve of

n~v~sticity to allcm bendinr, extru~ian, and even stuz~lug vtiils naking

various ita220

At rcor, teaz~cratare &ustcnitin chro~er-A-C'c1 steel* ar a lowered

±eral cductivity. H0owver, act. !)dh tez~astures t~he difference in thoerwal

conductivity --f auctcaitic. chroo--aic~m]. steel, =~d of steela of ti'o f-!rritie



cl6:1 uecrcases..0:

Au~tg St~g tOOs Vae~ c~Icetq -'? Iiiar expansion, WhioIL

ir-cremrsez vdti the incarease of ter-pcrxatur&. IZ~4)

CA14~N4 Auateaifte-ferritic cteels have bijsr- r

properties of~ tuu~iuss than :mo-o-y &uis-

tozitio steols- (918lO and R16,11), but tboe:e

also have lowered plasticity a:-C a zero

- ~ ; - sabrply expressed maluetrepy of pxvporm.

?in. 39.. Tenclazey of lb-8 steel tug in daferamoi aMi espacialiy is
tv iiatorcrystalline carrusias

>cxpopndizn& a ca~rb*A ando tjism or

"elled materials.

LV Welded joints: in those naterials bays

greatar tougtaess tbam w.)ded aoiats ix

IQI

Fir*4C.. '2cat coliuctivi -.y of
&iferorAt. ;;tee1s fr.-I tmaera-

6- steel tye25-20&

Fi.'-D.rede~co of %:-a re~xx
coefficient of V!'8.15165. fr&=

2- stsel Wz 25-20 aith acdi-
tiozal Si :3-stme1 !y.- 25-12;
4-steel EhUS~-stc1 KhI17;6-rteel
rb27,



j:.-' existlonce in t!Lc~f 31-013 01' a Qulaoui-ru8eld t.-tr.cture st-rustzre

:i=f~cts iits-:2f u.-SaVaraL1Vy durinf; h-ot p.-oaz:;Jnrg by prez:ure. hot rellixt,

amd eozr~ciau1ly i.2 broachni nit. z stcko 0~5).(1Z6),

Austuai to-I rritic a~mib1c atools of type 17-7 peetcharged with

titi dru~ in which faurimr heatinag to 450-55Z0 C, a daveiepcsxt
ley

of hi rJ -di3. r-i on. phases. cau&ses an. inucreaz o etougimmess.. begin to be widely

usmed as a hijjly tog ard hoat-enauring mteri&Jk intendeli to work at texape-

ratures not ab oys 50C COI

.th. --: peteso tlaor~al cOnbluctiviV jr afd of futbmataaions in volume

in austenito-farritic steelsa msa intcrs-.uists h-twe.au thore ofC ferritic and

au~teaidtio zteoal . The lbeheyier of theein stleals dependa tipo the, quantitative

relati-cm.-hip of thft fbaseu.

DurirG the d is~xtc~r&Uo=c of aui.ustent in auzstcidt&-cartonrite qtoqedi,

a ereat z)1uxr. of the cosf'P~ic-.it rf lircer expansion tak-r plea... ~.~

r ~ ~ ~ N G ~II~J21 W!T& ? r~rB-3iCM~ STW~S 0' TYPE 36-8 AMI) iL

TM~ 16-8 s!ETITASILM MR !iICBI

Chraro-miok.'a z -- 4- "j- =--2" ca7- i;uu V) or brant

Ckj3 h~as a c-prtv~ 3 init-3d use, Paluly as electrade wire for Vale-

s= tzcc1- uf brara'i hIbS1~uU "dc D31612B. The corrosion resistance of these

;stccls a~rd t:-.ir aIcoei joiatra nepc nc.: *o a areat. extent upon C~caron content.



2The z4-; ler zhe- ccrbr- coxteo-t, the zI ~ th-9 resistauoe., in this cas, it,

iis nest to use steal -.,t!: a carbom cont-eat of 0.XJ--o.04J C. taki.=& care that.

tlie total carbon conzent in zhe wolded so=r does not excagd. Q.5 0.06i C

(fig. 39

Steel vv-e~n -Ath a vary low carbon context (0.03-0.0O6% C) is;

not ucable for lan- periods of worec at 5(>3400P C. withou~t its aftt.chargias;

with titsamiua or ziiobi1s. bhocauzo in these can ile ns it still acquires. as

inclimation toward inter-orystallire corroaiiu. and diuintagrates qrdokly

under the infutjence or t~ ag~ressive nediw~u.

- ~Stools 'with 2Lr~zer carbon conteut..

tho.-e of brazds. 1XblW~ and MKkWi acquire

a very strong inclination to izter-crystallino

cdrresamo -#Aen they zvre siabjoct~d ciem to

transitory heuating (for Instance in weldiaZ)

uj -jg a age of zederste te--vrsturet.
Fir. A2- Tn?';jsacn. 9:! 9aCQ

tirnzoijs pr-liri-wiry heating
d.,rin, aifferet to-poratures Shcretorsp they am used for the makin~ of
of t=.0ro "s;t chroze steel
wiV d. 11% C. 3 9 Cr, and S%
on corracion rosistance in boil- itcza,. ihinh by the teschisolory ef

Z - 46- &OLC-44

prcoe-Ictiax aro aut zubjeczeci eve:& to monestpry

-26-



.42,igi.S -;;.*. in:1 uC_-iO as^ ;oarti-mr, duratiez at differen't

toporatizres a,' toperiz; cast steel 19-S roantainirr ,IP ***e in heilio-

65r,4 nitric =14d. Te~p~rir at from~ 980-ISMO C rastorer. corrosjoc-r~rcSstance

eir the stool -very q.Livilyo

UlsicallV, tbe. steals of brands 31IM!i9 and 2KhlbXS5 or* used as

-cold-hairdend =atorial: far z=akizag UJht sand lightly tou~h parts of sir-plones,

buses, *to.; whzichi are to be join--& by spot or roiler arc woldi&C. (2),(76),

(77), (78)o*Cro~w~u-~co steels of brand XI-1~GSMd (E110o) is also

used for zhe so=* -Irpozesv (2).(79).

* ~ t~1 KIM.T has, vvrY ,end corrosi on resistaxse ix atmosphorie

con~dtions and. ix a number of not very ag~resnivie asi~ims..()(O)

The proportios of 1 ho. -zickol steels at high tenr-pratures and the

chanj~oc that proceed lia them are point--d out in articles (1.8)(3,8)&)

(86,(4),sad (a).

2he noct correct solution of the problew of elirmiuwtimsr~er

~±~.li~n -.--..... in hr'z.'-r-du.i4; steecls of typo. 18-e8 wtiz titaniim.

(ptool of~ bramd =-- or -Tith xiobi=. is a sham- lowerixg of' carbon content.



kcor- to 0.93 or rm 2--PsT, to 3.QS,.)o ?kiz low caeroo, romtot is =3co5ssr)'

inL oroor To oli--rnato corrosiou of thec cuttiata type, which eevel1ops along

zh% junc~tion zýLm oi' veld =otal ann baso P-otai.(12) and (1150)

Corroslc= rosistancQ of~ ztoci ]Jth~bF!7 in nitric acid A'epends to

a Ug!-;t exteat upon. -the coz-3sitiona Ond the state of the stoolJ and upou the

cozrdit~ gs a&' it3 therma~l t~reatraeit.. Steel I~h16ST has a very low corrosion

recistaitco in a hot-rollzd state. There rare. iteo-& made from rods and forgin~u

=Lst "be axibjeoted to tenparim- at, 10000 C and cooling in water or im airo(123) a

I-t has been establishedl that aw'ersaatin,- of stool' during therz.&I

treatreat or ?.,vrinur weldimyg. imparts to artioles v ade of steoX MI~BN92 an

incl~nattio tvwmrd iater-crzrsU i=. corresionst esec~ially vhsn the corros-

=a~nd=** of titaniusi and cerbox --oxtenU i. on the lower linit azvording to

the f*riwla -of G.r- (All -Union Stan~dard) 6132-58o (8)

A atabiliaz±ng nuvealiaZ. candsxting of a two-hour heating at 8 70-9ie C.

id.sx applied to hoz-rolc~a stool, ellui-iates, ix the cajor-Ity of aonset, he tssdoeuy

toward inter-c.-Tst-a~ltiin corrczion., but it der vet a1'ay.s secure high/~ corrosion-

razist*anoo in nitria aodA. Te~pvrz.r5 at-, fro' 1050~ C, eiA 2-hour heo'ting at.

SIOP C !-. =u.c- bet~ter rosulta. because this does not. izpart to stoel &a,

iz~cl iaa-tioz ta-';rd intar-crictalIizvc ocrrosieu s~d secures higha .-orrv eionm

-. s:tn %at nitric acid, cvz=.=-C~o aftor -W:e hotativ- ,.t 650o C for ? ho-.rso (tvb-i3))
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Imlec of ii--:itci' agnt of

tiataniur= az corros~oa resistons, of sa;zpla

welding frox 18-8 steel vith titamiizn, -:m1dad

fr=z laycrs of' dIffercnt thick-oasae= I-Loss of

woiezt1 during firszt 100 ho-"s. teztod in boiling

5,-; =i;i &-4 - I-Iý.zcozd 100 CUs

Of tastiz-z
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ztcelzc1:ozrts a dctri'-.2atu infl~ueaco ca th~e cor-osion-rods taxse of wclid~

vo * :a co:pvrisozi wi th 16-8 rtocl ccgutaixmjý 0.31, C, --'- c,;.rec!ioz-

rye tsA&-: of welood ~Joist~s- o'f 1.8-A stsýl with titaniur be-.:a&..s ccrzideably

ucorav -dith lacroaze of sheet thick~aczs. (tig.43 azid 44).

- - ~IIL artlo~.1 (e7) it is. p3Ixted out

* that &,"Einux , Vnich usually is met

002twi11na by che~ica1. analysis. exerts-

9rCPt iJuflUow. Whnx the Goiateat of

Fig.45. ~ ~ ~ ~ creic ixMec fIluiuxCX the stee]L Jinresses and tke

UtcMt i:) z tccl Oan rate of
corZc-ic~i~63 bii..g itio COJte~t of nicksl docroares& (~iAft45)

a~4; . -15.3ý. Cr =.-- 12ý% iJ±,.67%
Tir; B-B.9-2; criý iOb2 Tiz
V- Cr.,1O5; iii, O.'ss% Tir; It kaa beesv est--bljshed tlhat

the zorse trrite t;:cre Is in st" l a~jdaT, the lower its carrasimx-rosizta~g.

i= different x ai u.- The z-re ferrite tmrier ia in tieatteel, the Grexior is

tlho di~ferezzc bcz.ice t:ho izeji~bory sad the ~idddle of a :awe a- tbe :r-tez

the, zaifioreaco of "=teat~s in these =arL2 of the zone,

-21-



FIG. 4!5.. imfluoice of shr-irn-m conte~t In MIM92- steal an rate Of

corrosioa in 65j'. boiling ait-ic aciid A. 18.3% Cr aud W2 Nip 0.67% Ti;

3 - 19.2% Cra 13% li, 0.52% Ti;: V-19.E% Cr, 10&5%, li. 0.55% Ii;

G- MS0.5 CE Gr& 10.4% Nis O.6C; TE

Ordizra~tz Rate of corrosion (=/tr)



V.-hem ti-i cistribu-ýoz- of tzc farri-ic c2--r-overt in T.:c steel wits

zomax of I;hl~i97 :t-cei ir alt-ric acid, ard in a nu--ber of other .. nciuas

were Getected. (!-*4).. im thiz cAso- nio differ.aice ranifosiz itself bzttee

-!,e corrosiox-resistaii,7 of ~i.auyastenitic steel amd ut austo2ite-

forrite steel. (2), (224)

Il o wa.ctiax-& atzoever ca-:1li be established in t-he vteel bet*Am

thie imolinatima toward later-crystallize cerroiesi aad USe quzantity air ths

-Flhaso comipaazzt (-3)

In caszo- vniee parms are intendend to work at high te~p.oraturex in

caromeir'aty-arz-rossive meaiums or wbeAz tltey, after work at Menh tezperatuz-emp

are subjected 'to the actiox of suck radius&s , the content of tit~aaF qad

zni~biuxm in the zteal mL:t be szfdioi.ztly high (MZ) in relatioa to oaril'en.

me* propertio3 of tbnit. stetis are elacidated in detail i2 article (1216).

Yh aaditzion of chr-o-Zicie1 tel at-CSo typui6a-8, 16-12. aad 16-13

viU~ nalybesuw tacrftspat their =--i -ntsxanse in a airbgr of cbez-7oally

arfrazzive .nci-=; ia diluro4 sulphtulric acid. in s-olutaens of sulphate alkali

uzed inu t?.c pap.:--akinr 2. uctry, i2 soititioms of cal ciu= :r.oekrlriee, eto,



Wm thiv C_;3tfi:Liv U !, -j:O ifo~rric co-r~pozent ia thre steel War

ztziicjier.vi1y n o aiPCrewcos ini correxio-rn~istaftce of difieroret

zuzez of 2.1J~aN9 =z'c] ir nitr:,c ac;d, *=d _-;A a. wmz=Ar of Other n*~diuIS

ware ct~zved. (4.Is. thxis cans ro difference =.auzifests itself imtseem,

thle Uorrosi ox-resist=Z Of F? rwl~y austeci-xtic steel amd of aaSt~ite-

ferrite 3too1. (2), (124)

No ao-moci~cxiz viatsoeeer cwolId be established ilt the vteel bet~eem

the inaclinatio.i toward ixter-crystallixe carrosiem and the quantity of' ths

--phbaxe copa=*rt (1-21Z).w

In cases 74-wo parts are intended to -wrk at high teniporatures in

corrosively-aggrcssive zzediuss or whcA they& after work at bigh tezpraturesa

are subjected to the action of auca =dimw , the content of titaxi'.v qmd

viojbiur in the steel =--t be sufti,3i~n~ty 3d13i (130) ini relation to car"bea,

The properriic. or thee.no steals are elucidated in detail in article (126).

?he ade-ition of chO=-.dckel eteels of tyei-,36-12, mn41 16-L%

wit U:- x .air corzwc~xo_-resj stanee in a numbor of chosicslly

*1 .Zrazzivo =cit-s: iii diluted suk-phuriz acid, in sol'.itions of sulphate alkali

used ina the r.pcr--akin, iauty iP Sc4iati4OS Of CAlcius kypothleriee. e.4.

-22-



Z'Cz. , iTLcr. Of -*ovybcoomim-7.* th!-c,- zto'ls jalis iacre-ases their a-

cmmuricc mtihich arc utilizati imm Ias turbine azd other ijastalla-

'jhoro-dc-acel molvbdc=ci steels of type le-12-3 acqiaire with 21

content of iicri than 0.07ý4 carbon. a to~dezzy toward inter-crystallime car-

rosise. during welding or slow evolir._ wzd. 93spcial~y# during protracted

-hezttrg 'idthin the range of zoderate tmiperatures. Whea affected ty ag~gressive

xedi'.wea thoses steels are ver-y quickly destroyed 1y ljajtr-crystalline corrols.om

j In cuc cases it is expedient tp u--e chrcne-nicke1-=olybd~m~ steolew (witk

acditns of titamium) of branmis XKhlMu2 and ]Ok6ifl21IToI By itself, addain? molybaeaun to chr@o-nýisiwol steels dccraeasa the

tendency toward inter-crystallime corresion. to a certain extentv but s'ich

corrosim is olirdizated cozi~m'tely and only vftem, the carbon contest is very

--=!I (up to C.0;%,. Tze coozctianz under whick c .ozo-icke1-malyboommm

steels acquie a sti~ffcicztly car-plets rzzistance to inter-crystallime

corrOVionL Zre pointed cuxt in artiule (70). I-t is r= intrease in tiie o~uwatity

of the fcrritlcý ph&&* Liis stocis That ixoceasec U~oir rzýi~tane* to

intt~r-av talLjne corromi0Zo.

1 'i~~~~ab~lc ýj z ~~ -.me ciarrazion razic'-z-e ofhrenc~l~lycc
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T-' zne zuo1yflcant coJflot im Z.;:o 10-12 r~t-e2 -.ith J.0-5 V~ %ies.

not oxcecd . ;4, then bii.-nitr-ic sacid coes: aot procuco xn; groat c-Co

zruczic=, aov4n~La= the presence of t:Io ferrite cozpazent in the

Sta'r-i. (70).

A large orIy-5een- cozzezt, even wit!: high content of~ nickel,

sharply cecroe-ie I.ze corrosion-resiat:--ce or the 3tAel in boiling xitris

acid. ?his is cxýplia±able bry the Lormatioz of tbacx-phase, Whick cuata-mS

a lar:;* quantit; of rolyboeun.& (fig.46)-(1Z8). (130).

,he corrosion r'-.3istan-ce of z'etal woided on to j-Icmroitm-njckte1-

r~olyboien~u steel depecnAx upon the quantity of ferrite in the structure

acu the cornli tioas of heat treatmaz.

- - The'host resistance was 'thou by

-teel sas-plos afttr thmir taepering Car

ausstomito frm 1065* C, or after ztabil-

izing St 8450 C. A heatinS of ateel at

a tez-i'orxtare ofd'V650* C conzicerahly

Cont.!"It of steel tjype 19-9J andl acrcajax ths cor.-csiom-rezs-ntsvc* of

in' ez. bo~ixinr nitric acid and
in= vriafiica zojutior. of WCePitd jOints- .I. ho --articles Of t:-.1

scid..
amc "irbiddos tx. locateg! alor.-



Pag~e 6aS af tu'e orlgi~ial

FIG. 46: Influence of nlyb:enu= contlnt of steel type 19-9, and 19-12 OL

"c orro3eon-resiaitmo in 65% boiling nitrec acid and In an acidified solutio.

of copper - itiriol with sa.zlpbwric acid.

ordinate: rate of carrosima (=hr)

abscissat % NO

faust curve to lea-t: steal Steel EKh•13%

secoond curve from laft: mpo-

%bird cure ,rro. l•fts Stool bM.12 (65% 003 )



-".Iz =-f!ic~C 02, fr..gij in the zz;p or~ foi~Vcscr:x1 ~ zre~tio~z.

z.e -i-2d~c juints n~ave I= corvi-ioa resists~ace. (1?g)

COZ~ulation oP(-:.articioz inricezses the currosioa razsitaixue of

~~ to art~icle (129) it ini better viean the conzent of forrite

in th seta1 of rnkced soa~sm so=,whxt 5xcceds 1-4 "lo

-In cases w'here Van~ steI is intmisded for worlk at hirb utep-ratauresv

tll.e Oneration of QCL-PI.lSe is uinaosirablo. The best rostaitrz szre z1'.evo by a

zteel. irmown az tuiFe 16-13-3, ttihch !i'a a sxzz11,r r*.tLc..-t of chromn. and aL

:5jh'.~e4content of nikl.- 4'%e U.itaium n- n~i 1bjU= to ckrOJ8-efl-cke1-.

uclybden=~. sato'sI reazcves the tenaiency to-ard LA1~r-crvvtalljcý .orrov-SOM

Ar%'r.J: &.c:- 3 a rp.~ZU1. "i-' -ftutirs- ct nwO-trah* 'Nn ttVntt1?53

or th-:n s tael t-o the forna'tion of 0( -2hase incrftv %vi ±tI. u izcrease or

%taimý.: zs jobiuwz conrt.a (72)

For tho e itj or' a'2r=c~-:i a41*j--_1bdoenn stetl 10-9-2.5, adeed

-v~ r.Am~d C -. k Nu ' uised. In vnPd.I., ,.!-As this st-a!iI" =a z'?idriti-;at

* ierrit-i is vmr.; 1.3artsixt/ -or ,1.o.i r's( )



This bruanc of stcol '--s aa incrt-ased rcz-istz-ce to oxication: at, hi~h

.. ezc ratu.rz (up to :WO-1000 0 C).. Tho zteo1 is unaually uzod for .ekimr,

hi~t~ioraurooxidation-rezistant parts for furnace fittiagoo T;20

=tchsuaicai1 properties of steel 23-13 are close to t-he properties: of typeo

ld3-8 ztcc1. Protracted heatinf; at 23500 - 0Oo C er~britltles thze steol 12

condoquanzco of forrite evolution,. fr:,u Ehich, in IZwa, -phase is developed.

After 2,000 hours Of hi~..tiar :at 6W' aCG the lzjAc-t streflgtLO of the steel

drops frc= 21 to 0.8 - 1.6 kdoAZ (46;

A% CQ0N-ZMT AMf PROF-LPRTIM iN' C 7-Ra--jiLhL WE=~T Tr~?~2.l.2-0

31~411)

Those stools have &. COzp aratiVelY 3tablqb auztenitic; structaro. hi.LL

resi stance to corrosion by gait and z a :fac tor)' techvol,';Iczl properties.

It =Ist be nxoted tat 'thiz --tool is scow~hat harder to woA1 '!b"a iaTS ~tt-la

or type 138-& The he!- ~ propzerties mif these steclIzaon.:~nd tv a gra~t

extce=& upon -raia lsoz and1 %-oAA the cozidi'-ot3 f tharzal tfczto2+,. The

3ar~o grain in ctecl 25-2(1 isarts - it -r-ater heit ý.a&s bl"t lirer-

piazticirY. (43)



Ia o-:Czito ti Iis "zod CZf Zr ten- at fran 11WO- C

;.c co-jiie in =:-.osr or oil*

Steal 23-.13 ir. usod -.ddoejf as 2. hijfh-tornperati.tre oxidatiora-rosistant

rnkto.-IalL ror heated pipes 2ad jot apparxtuasox. Steoi 23-18 vith a carbox

ozint¶ca'. &abTr Q.O* 4n -Aith lmrge, Drix acquiras a tendenoy toward inter-

crjstvalU-_e carrodsia af tor beinf, heatod at tcnperstuxes of 600-500o C,

tan disiats,ýrates vba affecteda by hi1,h3ý agfresaivo nediums;. (ft~) Heat-

±-ar, to b.4-&cr temperaturez dms not cause this pheamnom.za

C%)IP=TI'r AN~D p-ROPM2ri CF CIE E-XMZE STEEL OF THES 25-20

TamT AUD1TIOZ" (a 2.5X Si.

These steals have still greater resistance to oxidation at high tenpo-

ratures. ard seill.Ini at at~aphere of conbiastion products or fuels

mijA an increased sulphur coatent,. in do-oxidizing rzodiuma. this steel has-

a hirbar rosi ssaco &.04-_ vt (.~e...)in cozkparison with co~om];..

-usod chr~o-nickoI etecls. The addition oCf ailicon, ho-acos'e, increases the

tendency to-zard evolution or zhc*Phlaso cturiar; protracted hoaLia~~ .ic

as i3 natural, lawers so~~xttho plasticIiy of the stool.. Repeated. heatia.

to t=cu.Zc.nturoz or Gk--phac dzOlut-Lom *li~iuatms brittleness.

(26)



t:c1L~ 18-2S to -4ich zilico~t hk b-ana =cod is usod as a.haroitzt

zateriz.1 for zrdakiag ýt zsod pirtc, v.3rkiag :t te-poate.ures up to 1,00OO0 
.*

,,zzracc a.'c1 boi1lr f it:ing). I, con, otio -.at:-. a hizh aiicke1, ca-Atent the

ztzc1 ia iztsif-icizntly rard -tzat to carrosion by gaz in com~bustion proauctc

of~ fuol rdith =incr-oased s3alphur c~ontent., T1)()(Z.he st-eel acquires

a teildcncy tu~dinter-c(stullin o Crrasimn after protracted, repeated

heati=Z at. 6W-:300 0 C. :n-i Dpraprtiez of the ato*l are satis-

ractory up to tez~pcraturaz of (..s. -7500 C, The plasticity of stool

32iBSZZ5:2. Is loa* (45)

CC4?X:Tim~ =N PROPMMR2I L4 STE'1L KbZO=.4Sz

Thi~s stool 'La3 a idsh rowiztsnoo to corrosion by gas, It in used in

s&akin part:t or ovens and furn~ace fittiu~z . in its hext-ondumz~n pre trtier.

this stool is clozo to steel of type 15-8, but has 1om;cr plasticity*' (A-6)

THE CU-5Qi!TION 159 1*UF-RTTFMM OF? VM-~K~S L CF

St~zal 1ial4H14B2"' (31257) ?his steel was inter-dad for =macin- hiý,h-

prezzure boilers --wrkidar at, tazpcraturao: up to 6000 C. Itz 1- at-onav.-s



~.~to Stz of' t'euo 15-.8 --r! 21T-ý tjtami"=. =;obitm

~ ~ ~ato ZZU"~I 0*' type 16-12 -.;ith 3;., '1-..

.nezzent-ia1 u-,ect of' stt.)1 1I~zIC4B23 is its tczucicv' towzardi -tar-

c~ya~a coQsoCC~j~ ai~ CQ=-poitioX as a Con3O Le.ICOl Of

ith-.r-CrYstu.11ime cOrrosiom -=re ocea noted in vxrfiu ccmaitiazs of h&

Zprsuzze bo-;^-i .;tha1Iations

At. thc presenit tinea this steel is rep1acgd. by steel. B12572, which has

no tcnaiency torar-d intar-c-ystalline corrosioum anid is distinb-uished by a.

4 sufficiently hi&h hcat-onduran ce. (151)

COU2MrT IML CDLOSTICJ U CF Rl-i I .SL1 ACfl-R-EsSM&-rz STBEIS

Thoso steels us~uallyj have an increased contenzt of nickel with 8 or l6jý

Cr. These steels ca~c into =-cpocially widezpread =ae after the var. Table 1

6ives the cn;c~dca]. content 01' stacis. that; axe corroci=n-resistant in 3ispulnrie

and hydirochloric acids. (J(s,1)

Steels pi' typo l6-25-00o.3U z ýo gih corrozj on..res-is tance a:, rooaz

and 1hcijntoxicd to:ý-cratu~ Th ,z. rwitati0oi

af' zuklohuuic aci.d does not exceed 1 cA.-2= per hour., Thizz nanitpude re-

calculated into tn,. d-eth of corzozi' is eqUjvA1.=t to a r=eta1 loss of 1



^-z tert- clcui 6*C tý'.expctn of corr-osior. does not e=,-ecd 0.3- =/:r..

:-i[;. 147 sho-nrs chýntas in the corrosion-resistance or -*=rcc steels of this

t 4j-, I- sultr-=ic acid, ant 60 and 1000 C, dependi~ng upon the con-cent-ration of the

ac-.d ()

Cbo-j-ik"-m--jd-, steels belong to the austoni-tic: class and possess

hich projerties of tougbness: cnd. plasticity (see table 2).

nzoo~er~ties of tongmess =7y be inprove- by cold plastic deformation of the

steels. Cold deforrz~tion changes only s~lgbtly the corrosion-resistance of steel

16-28A~ Ila (E****) in sulp'mb~ic acid of different concentrations (51, 10, and 205~.

0iis sbows the possibility c± raking parts by cold defor--tion, and of sLnultanc-

ou-sly increasing tim toughness; of the steel eLmds ve-21, but velded Joints not-

ii-itstorning very sz=33 cerbon content and even additions or titeniu= somtirmes

acquire a tendency toward lnter-crystp-1Ine corrosion. Merefore, itens rade

of steels :-2533 and =130 znast bhe sbetdto therral,. trea-tmnt after veldir.z,

or to quick --oolimgd- n veldina (13).

Steels of typc a-na 8-32R4-4-4 investigeted by the author of

thnis artizle, deserve -s'ecia! natice (see steels no. **** e37? 17 In table 1.)

Withmit. chron.- or vi-th a l(w cbrcni-a content (C-) they have no inclina-tion



z&~~- zc -ci di1ltead 5- a~t t c-ýzraztue up to 8 2- .000C. := st b-e

~otcE -:;It a h:.` 4:r cor--cz-o a esizt,~ce in sul~iaaric ~c d iz -fo~ aleoy

0::Zd on~ =iCkel with =Ibdm cn si -ITonn (sfoy B )(n)(i)

(2-2), (324), and fr-roaitte (10), (66), --- (65). Afloycr- fmr-osi!-ic v-ith

3Iybdent (:-15) and Bstefly B ams bave bigh xe-eist~uce In hydrochloric



Fig~. 47 Seio n1a1te21e of suljphurlic acid concere:at-IrL upon co.--Oion

resdstazic Of~ -teels Z15530, E133 and fEL29.

A) (,uPper parts ol'~r~) At 100CP

b) (1c-.rer perts of dia~r--) at 8COPC

2: J *r100 hour

32: f Or 203 hG=w

Ord,:zate: nrh~

Abscizsst: concenLMr -qoz Ec--

7-33



Fi. 8.Cor-rosio:1 rxe:;is'ce of alloys Mast-alloy B ard C in sr1pha-ric

ara hyarochloric a~cids of di'f±erent. str-en~rtb:s

GrE"T-tcS: Rate of corrcsion, in =per 7ear.

Absciss- ±-rs amd secomff): Concentraition of B2 M0..

(thirdi): Concentration of Ml1.

ia~ends: zpr: 1) JA"'iLy B, 2) Alloyi C, 3) C

lover: 1), 2) ani 3) Boiflig acid

t-tc-f 10. C!:-'-=cc con--osition of corros-iom-resistant cbrome-nichcs- zteel

With aaditioz Off compper-, =01y'baemi and silicon.

1) 3rn,2) Acac '--~-Vcl co~position, in ¶~ )othe-r clcrxents

FO. P03

2 AISI- -&

B; OA ; -:-n 20

5 C IIA!~

7 ALVT-O
a !Zfl. I ,T B

10 ~ISSIST-L 26J00
li P-rMo (r.&A)
12 Cc--,;=tcr 20

27 i-8-32

18 17ý Cr
19 2a-10 c 'a

3 E-3-3~ :.,-, 1C-a

22
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A zanr o e---'-':.c& ~ hc. ij terials, ish~

zcsiztancý to def'or--tiorn =.d deestr-cti;o.n unZler 2 -!=zl.-zeous act or. ol±

ter~tez and strers. 'r~c3ccr, --a-~rfZ terials =s' resist

dczti-iction by cor-rosio-a caused by tlhe influ~e~nce of bat, and so=cti~es

acvmssi-we E~sz

T-herefore, 1-eat-er-d=rin_- r=terzialz rust be at, the same tir~e also bi!:h-

temperoattre o=-Idatiom- resistoat.

The basic classes of beat-erAdInghi steels amd alloys (in thie order of

inmxreamiimg beat-endurance) are:

1) CIroLze-siI~co= and c'-oem--silicam-=-d3jbderis steels of the perlite

class (silchiro-eS);

2) e-xJy ~rrus steels of senA-ferritic and- ±erritic clasces;

3) Chrome-nie:,l an.4 cI~o:---n=anese ccoplexly a l o.--~d steels of

the Custuenitic, class;

A)'-'"oys ou the basi---s of nickel, titaniir, cebalt, cbroze and

c~~-smI~~~o~ Z~ E SsO EFLr' I~~



ar -=cd =zcc nl; for '--hz in'take and eA-,,ý.:. -.ta w of

Tne cr-itICa.L1 poi=Lis of s;lcliroes arxe very biCgh; te:?ering te--eratiu-acs

range :Cron 950 to 11Gr-pc.

A-zaealim,:; afteer ternzis do-me at ?00-8DOOC to obbtaifn a sorbitic

st~ractu~re bih edrness of H-C= 25. 35.

Sil-cbro~es are very sensitive even to =1a1 fluctuatians In the condition:;

of thmr.1 zren-=ýt. Sibis my cause considmrable -brit-tleness and, specifically,

the breaki~ng of vtlves at v=rk. A bir&, content of sili-con and clwoae increases

the tendency ta~zard brittleness f-roi azuiealing (fig. li9). In addition of

=o2,ijdcnmi soenmad-t decreases this brittleness and the ter~dency tavard grain

CroWit during hesting.

A =_oitive inf.4luence on decr-ease of 'brittle-ness; of sllcbroýs apaca-rs

also on nickel ard tngste=. Sm p.rcperties of si:Lcbr~s durim,- Migh t cra--

t~e a~re ilustrated in tcbles 102-15 and In fiig. 50 and 51ý.

n.-- alloyinz of valve steels si-Itaneously vith dxro= ana sili-co is

done neinly to increase biCght:-pcm~rmtare oxida-tion resistance. B.e joi-nt

lece of c:bron and sili.-con upno the increase of resistance to oxidati~on

Beca-uzc :it i;s necessa-- to -zreserra- a derinitc level of tecbnoloZ!czal pror7ert7.es
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F~ig- 49. T-ne n!1.,'ucnee cf eaeeiinr- tC=epr~atue upo the resilience of
-sf-cbrQo-.es WV. Pridrntsev). Af~ter emmealing- sla-.r cooli1,
vith th furziace

Cctosltion of silchroms:

-1) O-V- C, 2.26% Si, 9.o75 Cr, 0.315 I-.
2) 0.45- C., 2.75r. Si, 8."-,' Cr, .39

3) 0.li3F, C., -2.735 Si, 10O.22$1 Cr.

Ii) 0-411;c, 3.65si, 8.-o2% cr.

Abscissa: S:ZA~---e OC

Fig. 50. tocsisrnce t of stelc~ 2C-I.33S If T



Fiz. 51.~n~' strengt~h of eteal :aoS3-; CZilo?).

.g7isa L'L-- ttii deS-trUCtion, in boirs

Te`Ue 22: -chý4~cal Properties of~ Silcbome I. hS2 (5bhrt Ti=

xest!2'c-,,or Epnin

1) Te-st tcpemtn'es in O

2) Unit.of ymXty B n EGAZ2 )

3;) EUzpinsiof rsmt~liYCI5 In VA

5) ~ntecta~In ý



of SL=Nve:;; t;rqwAi! at flwoc 1010-1053 Ce ini oil, wnnealin--

3) Revztivic stretcbtth, ina '&Z

1) ~r~ri~(co=itazticn) of cross-secetian



2) :.t~czs (or st~-in), i-

3) Rxtc of rce :L- * fo10: h) n

B)Gene---I deroti=.on, in

(ShOr--tiz= test- far t-e.ile t t)
2.) 7ts 0c:pe..

2) -msle ste--n inlz

5) rte: 1"2zIPG at 8,700C (dunf-r -5 hourS); coolln- at a t
OZ 00 Ioe oitite cOOllng l;!th the I-=n-ce

3,.



~~.nL, ~ O --c.,12; ~d~~~i: he sili4-con Content, as a riL-1c, does not

c~cce1 =zt-~ ~ - -o c-t in L-"d that, if vith 06-s-' e~ Cr t-ne

sillicon Contaent ei.czcced- 3,.Xý, the st.eel -- ill beeco ferritic a-.A non-

to ''~e bo- =el-2-- off =e~l rant=. :ýiis =:--t be tcehen in-to acco-nit

:hmn -p~occssi-nC cIn'on-s1 I con :teels, t-,e mcehanlce- -r~rte ofhic

* ~~ follmr~r-n stee.1- = used (2) elbrod for =kIzng valves:.

1) cr telco teini:4 OjE; C, Sib .6 Mx, 6.Ce C -:, .5e ,b

(aveea--,e coutent.). S3e steeol bas -ocd resisteice to crem- at 450-650C

* (~t1ema 16). Bever, it o--zdizes cm~patvely quickly attorte

above 7000 C. it. is use& onl, for=r mnek ae. c-aý vr. vess of at~ic

-Ad for vavsof lov-poxrje~rd owviation r='tor. After te~perUngat fran 9&)0 C

In o1i4 zxaneain at 7!00 C, tLhe steel, at 26f C, bas tl:e fono-im propcrtics

2
PW-& or 70 :Z/-- , c =.-Az= of 205 ----- 5-gr- ofcos-etin '

0: Ew l. f~ -*u : uSs.O

2) S'-=a=d ::lish vzlve steel 'Ear autombile en.;;es: it hems an nea-a:;e

bolm:th. o-: tUhe steel i=tiooEd ab~ove. Bowever, it. bs anIncrea-sed ht:-!-

taaest~c~aaton rstam=. (at. U to e-0-35OO-). 1. the-r.et



'i.52. !E~ -Zz"-uenCe ofZ _ -d siLI-con content upon hiS-te~pc-zeture
o~i ton C-sist-ance ofi ranm in 'zar-io= at~s~phe-e:.

1) in 2) in blasst. fiwn-ce Ga.s 3) in il~tn ~

S5-.c 2±1C On tbe darnco es-Pon,. to a. bigb-tcpcra=ture cor-rosion
i~essta2e o 1 ~per per bou, for 120 hams.

FIZ. 53. She in--cnce oZ cl3r-)4-ý rx silcon conent. unca

o-~~-tianO riz-co Steel her-tea in air

1)0.5 to l$jSi; 2) 2 to- S-;

O~drz-~ ixo--- Of iht in Gper hwam, for 120 homs

:~zcisa.: ~ cotent ine



2) %'0ess eoxt~n ar'L-Z. !n kC/f2

3) Vecp of' f$or 330 1vo

2; Lata oz- C=ccem 1 .PeC=

to-pr-incin oil at fr-on 20539c, cmn-Calfinc at 8560c, coolin.s in oil Or vater

for sor dc~ucrs ol brittleness f-renenelim Its -- Imcbicl properti-es

t200cc =rc: u 940 1*x, 6 10 = 24e,. In sbort.-ttin tests for tensile

`Mrenth at 6330 C (vt aeOZ defoi--tion at 0.7 =2 Per reinutc) the- steell

IME 2,,_ __ ac coei'icicrit o: tber=-J e--,enzion (" 3.-:-;) .Z-s:

vit'him- a~ ~ .z r-,nre of. 2.3-206 0C 12. 6,o a 0-!:o 1i,o of 06O

3) br -.nl.=veza-rkirz at 42;0-4%0C, Vwbn a- specif;:ic brittl..eness =ay:-a

i!n cbmoac-s:.l-con steels, a mic:-.l zteel conta-ni""': 03-C, 02~ i

Zte-el is: tei in o:2l __ 50 a-ol- at 6;-Opc. =C %:~c



a~rie t ZYc C =e: Ce 3 2 1:-/ C, kz=

~,=655; ztre zz IT CrzeeP of 0.1" f~or 1300 hT--s e- !-2771C e=0 =ts

to 3. 6 Ic'

4~) in Zizacna, (2) for =kiyZŽ !icavilyr 1,-k ,ed valves of wrietion rmtors

a.austonitic steel- is used, uih-'tch ccn~tains on the awmerae: 0)i2ý C, 15 Sai,

13ý C--. 235 I-ia, 2-5.- 1: (cor-espotximg.a~r~t~ to steel E169! or

I~rr~il~72z). e tmer--l treatmnnt Theludas znorzplizatio21 at --r= 95&C

2.

*6.9 iz= , -t 730 4- kg=' Om comicient of zbermlexaso

(Z 104) Is vItbidn t=iperature rcages: 20-2DOPC ... 17.3; 2D-0~1OPC ... 18.3;

2D-6&C .. 18.9; 2D-7000 C ... 19.1; 2a-80CPC ... 19.2.

Sice necessity of improvvig the macbenical properties of valve steals

daz~dnd a mv co=ZIicztel corLositicwn an& also tbe use of austenite cless

steels for =:cig valves. (Tablea 17) Especially effective for Increamsina

tougi~mess arA beat-endurace of vaelve steels is alloyl1ng uith cobalt

(tabl 18). Besid~es, the wse of a steel (14) conataiing arumr aýC?

- N nd -2,,T vixth 0.2-0.4-5 C is reored bug*ening ef tbits

s-teel eslsfrc= asing a the fterritzic base, Vbichi gemeretes caebides

4.i7.



3) 1ites o re~~

-11o-! v-:.:Iesfo Zo~ £6 t. toz--ter-atwes up :o 6,56 0C

ia:.,-c: for -zor% at te=-ecmtures up 1-o 7030C

Ecavry-loa v--Ivcs for ivork at t--oemrat~es up to 8000 C

,-,,apeC and =~ inter~tallvic cozpounE of- type-- -'eti. Tests of

nea-en -is rqpcertIes sl~y t.I=t the steal c=n be used not. only for

vaives, b-ut alse inbol kn fobr long, searvice --t tezpe=rat.,=es up to

62!60C- in =nkimr: valver of ~ -?714~1et ~

2:- ==-. bco- teen int,.-o accouat that these =mter-'als ---ve a tendency

* to~.-~rd imtensive do abomization C~nthe -,-'~nace .=n hctito tne

tzzof't thet:- altra:ztz is reducesar.~ s and cz: ?,ithe



~o~idr.A z he ~ ~a-t~zof v-jive ý.:n 't =-,St be bo-00n in =ind,

thet v=?e-a of 3.=rzezst be sc---eL-re bonded -.ith sterLite, -jh.1ch is

vmcldcEd-on to incre-ase Lraav~bility and r-esistance to bu~n-offs on the plug_ -..d

.ceat of the valIve, ana i&t thet '' valv-,e =as-. be suojected to nitriding to increase

t~ae vcear-resista-ce of the valve ro45.

2rbbie 18. !ie influence of cdobalt- upon the pn-operties co? valve steels

at bigh tmperatu~es

1) Chemical' co-zposition (aeaein 5

2) i±rdt of tensile stxrengt in k/dIn shor-t-tise tests at

tepem--.rst -s in O

re sU-cbhores,- used in a.= country are sati-sftztor--ily veadeble-o-mr

vih' st-c 'Ie, i'c--Axzg a sufficientaly solid. bond vith a :mo,.ev eocr-se-

Granincc r--tw-mitic struct'mue, ifnich m~y be !=pro-red by ther-mmratnt



¶~h ~~rc~ci~.- o-, rZ z21cbh-:Miz s n5fo Z'12' Z totc

bace =etal =!i n>~ o cxe.v~ -2te ecs %:Cc stru'Ctue of the l~ayer

conzsists of sorbite a'. 'rdc)

Uaaer comatioas of soznvi ce at hi~h tcz-r.eratures (143o0SOC) a te=

briJttlenezs ape-ars in sflcbrones, Vbich are steels of 'per-lite cless, as it

calso appe-ar in some awstenitic steels.

The decr-ease of resilience, i.'bich deteratnes thermJ. brittleness, is

zcztizs ec=ccra-ed '-;. cbam'-es in pie3sticI:ty and tovC)mess. Ome basic

factors, vbich deterai4no the a-ppearance and degree of ther=zl brittleness

are ten-ppratnre amd,&-w.iat:Lon of~ hat2ina end also the cbeajeal coziposition

o±: the steel. Ohe stress applied also exerts~ great influence~.

Me~ che-nical co positiou end tbie exeaplary intended use s, the

±\U3a~ta1br'-ana of bZh~ly c;bronous steels utilizedI In o=r industryf

cre givan on 1panes 3h4-346D. Basically7, steels contanzý aro-ma !X Cr

-%-c used.

in steel M1"3 dui. etnSpl lopic cbazk-es take -place. Mis

=I~-cz it 'possib7l-e to rniyt2e pro-perties of the steel toa nartvl

creat ezten-t. ---y ' a'-- -: __canf cond-iticas o~tez rae~



nrii n onl at f-ron :.W:) to 105e 3las A-%5,An

mnin v- tjhj a te e-a--m-tir r--.,c of 400-5O06' =y cause seriou brittmeness.

C-R==xalceristics of creep z-- of tojC.ness of s-tiee M'11l3 aftcr ten-

pcrmC;at =21 at-r;09C are Zivea in =a~.5! 55z.

Alftcr te--erimc nam rmaalimz at EOZ-70-fC the yield point. vithb a

5f en~l f le, -,or 10(,000 hrow to: a-.t & to 8.k. ?,M z

590 to 3.5, e-t 650 to 1.3, at 71-0 to 1-0 3wým2

21C. %!. PiSki-st=-e to =ecp of s-toel M2h3.

_____--U Yi102 Pciuty in zf=

iAbscizss: e5fx=

-52-



ISS f-10 ilo avim th0 -Jot mqt.ze)r~ui-res a hic~h lia-.t of iati.'ue in stacls

2ýr::Len~ £-2~3 As i.t f 631(= -:s rom- Eata in table 19, comUile accordfr-,- t,

resultmt crti- -by ti~i ~sLztrc limit of fatism te ter szaitable

tacr,- t-eamatmt ==~tzz e. r tc:!e~tera e to ap~prc==te~y half the

~i~t~or tensile zrengthx.

11C 55 S-sl tt o te ~

Ilc~- mr

Iced z o oltI=1)(,bd, 2 wciae)

06Izroc k cý ,Al-=t(,. rvtr = mem
cCte :xbZuI 1-t(ooinl htmo ~d sepcel lý

Pie. 55. t fascl stoan.ý2i o steel bas Z73

I-52



m CiCor-~ to Ezat- Sie b- 1. V 7 -eliavtec, (2 roc) p zer:i vith

ron't-a srrc cola haij~~enz co~idcreo',t th~e fzmtigua lirdt.

Off Steca' 22--" , czc.J= ortzcen.ble In th t.cstin_- off nortcbes. zcaples

(r-;-. 56): sizU~ eslt re ttaiuea in case o.- nitr-rdinge (fig,. 57).
mble

S~c lat-ter treo~tme=t causes =n ssertial Increase of ior-resist=-ee

Pi. 6.chZEC-s in t2bc fati~.ri 3U. 57. Chiztes In -tbe fatig-ue

iin!.t of sta-l l1-a3 In ECPeMcmm 2ini,', of nlteidsez (1) and mat nitridc:0

ijpon test tc:!per-te (base .10?) (2) s=notth sazple of steol M a,- in

1) =oot-a rolled, W=~nc t~eram-twc of tezlt
72) Zzwths II~z D Ccc

-a) notdcE,

14) --on=- =a~ natchd oml~nte: I11=t,1i

OrZi='te: U it, inýr 2  Absc~ssa-: Mmerat~, 0C

1:1 1-Izfl ze of irzonin tbe =x*= ot cycles tz ua ftigim rCz;ictQnCic

is- -,-= in tzable 2a.



1) ~ ~ ~ ~ :- .oý~ztcno t~ or: coetof stzoel, in- of,

anj rctn

Joe_-'



1) !Inin thizer, tCtOn -cn

Ste-- at P==a~i -r-~r nd le

SteO- i- o irrc-sum Of 4-3.6 a+- at 25 RCC

SIteemm w9cr peseof 112 alm. at ISOPC

stent ix-a 1La-csm~ Or 26 at=. atw370C

Cor-rosicm iwn!; we iieck In mist stc= rlmba& with

2) t!W 1S±in 2z

3) ~kc Pcpe~rtloz tcZ.A te~perig and annealimg at



Z, Ln- t Of-~ Sel In depen--eice

1) ftt n

3) Sot 1---z 1) czi cycle--

5)p~sj 1 ~~ c.-clez 6) rat4~ 'ha-azples

7) Si-s 107 cYcla- 3) Vds X LO7 cyc:.Cz

~c ~st i~o tsn tClDlo:;ic~l vmroperty of Zsteel 23Xh3i t

catiszfcctary ircldabflity-. Afterz v~vldn a tbc=L trematmat is nccszir~-

=ec=Ei-r, to zpcci-ications: beattin to 76D-7V3D 0C durJu_, 2 lomms, zlov

Stcal m a- lz o is- ute-rea at t=ýpcazuas fr-ilO)l Cmd

Cooir )-a ar -r Z- = 1 e:=!- ____ Ma !1

or~i ~ =ri =t~l a;ý eC Szo a lcatioi of -~ -e tc-ora-



it ccn-Cdenbi

-2-J. 53. Mulunce of tratdu~icat -mrcImmical properties

of stweels 2Mh3

ciowc, if In causequewec of tbe tcempali cc =me ltic oa.bL'-

oZ steel 2Mb3 (nme-mai a cin= =1 cmrbon c~mtemt of the upper limit)

an mart, f t~ caeoires is comescvcd, mo reieetea 'cZ=orr at iibcxr

tc~~c-=doze Szecl be1 o r.lucae of tematizar, d~aiou u t3

I,-C~dcl _U OZ-.y 27 edla--20 C is zbo= in fir. 53.

F result o4f Zb=ý %I=T-, ttS "or teusille strerg-th- -t. bich crto

crc iwur In TIZ. 59 ato~t s~to t l(XJ-!C2eC., =clnet-,-

at 720-75t;C).



McG. 59. t-'-db~ical. propr-m e Pic. 60. I3sIst-ace to creep of steel
of --teal 22a-3. Sho~rt-tixm 2=i3.

fet or t2=11e sftrenM Ordimte: Lialt, , in kcfm

Ordimte: (zsmiL- 12leaibe) AbsCIssa-. Z par how

Me 'nit of toF.-ixmss =md creep of steel 2Ml3 at teceratmez

of J5-50 ---C Given in -.Ia. Camd 61.

Steels- 3iMi1 k= T3, lbac~us of ccicider--jle cearbe COitCnt.,

-- ec c~le of Auiiaft r---- -7-dwss vith a bei~btcimcd

col-osuO1 rcsiztz~ce. Ocse =Wiperie -.etexdI the =aSic use oc th2ee

az :m =r-"-' for- items (=4C tb tools) intended to o v-

in ezcsi-m z ~ i=ccssity of mcccziplIzWin- the disoluttiom

of a c=±idTabe cri7of ccroie4-es =nhez 11t expee-lcnt, to imarcese

te~efr~teczrat-te to 1O 10 0C nixz~ uziz no co=siO&cribie -i-



=-zunacm -;j.. Z CDflZC!7Od Cfei -.40±Crt~Ct
-C

2DO-O30C ac ~inn-c o: t-c da to of~tn ~reai~

~Gre1-ic~at 23PC of :stee 3;13 nca-" i zcd- -r= 1OO 0C amd =mCzled at

ýý5 ~C iz -imin SIC;.

Zzc~ cC omi~stabue zztý- s =~odicca in cc..xcqwlae of tw~nl

-tez-calot, s.ecZz 743C3 --n kýý =c c-int nee used for er-t.clcs

intencde fwo 3wcr service at bich tc::erzbucs. S~ven steel Znl3

costai-n!- l.ess carooi t=n stee'l l, sims a:fter tcrpcrin.Z In o--'

1 - = ug- iBaa very qui10 loss of taoi-ess

cb-. 30ec



62. ~!:-: 0;:ne . the dl-eiCtion Of heat--ng- at 500, 550 =d~

c60ec u--on eP-ca ro-ertics of te of tuype 3sb-13
;a-. romtMraie reatmnt: normalizing from 10000 C,

=a~climz at 4500c

Cwdinae: moot too clear

Abs.cissa: Bo~s

So. the yield :pint . it U a ztrateh ot 11; per 7ea (8760 bows)

--t 2OPC czrzm-mz to-55 2!b? t ~Ct 51.5 2~4 at2* to

51.5 1;ý at 650 C to 0.91 kJzzi2 , atW to 0-32 mb?

Sh'ort-tim tests for tensrile streznGth also shm a steady end

in't-cs.-e 2over-In. of toubaess in ;ropertica to increasi~ng %e~perat~ie

(rig. 63).

Steel-- 2M1:7, 2225 =An rc28 =re =zcd, in an aor-hl-ms'wg' =4ceity

of casses, msC.Tso-eitrt~te.-ials because the-y 2--e wv-ery low

to- ::zs at .i:% te!npcrzarcs (nz-~ 64 65). The min, deeect in the

e.CZ- - Of t7 'eXc 4rc .-; t,-! * j b~rittlenes dlvtcw--_!a

__ ic an~lc~ cchm-63a



l?-3th Crae vurz inclinerd tauara Z~inýrowth -Xhen

.-C--ted, -which lezds to ai s4pccline Of tensile strerZt1h.

-'-- 63 one in th zsac~hn- pi.6~ e=sizts of Zhort-tim~ tests f-Or

ical properties of steel _3b13-, tensile sstregth of- steel I.lM7 at, I-ei&,t-

--ith inc cesJ.-m teE~cr_-:nez of emed tc=;:mt=res (XKu:Lygln).

tests for tensile -47t. A te::Perati-es Of 700-1206 0 C the r-amle

Mfratm en: norn32isinjZ ---om tested for resilience by impact di.d not

lc4XfC, 2ez1in- at 60 0C brecnk (curve a

Ao70cissa: ~reai e, C bsclssa: 0 c



-. Ui. 65. Bestits of Abmrt-tin, tests for tensile strength of type
11325 steel, at beightened, tszc~matures (KUlyjin).
At t~ezpatares cf 8D0-1200 0*C the saqile tested for re-
sllanc (Impact stramgth) did nt breek.

Abscissa: 0C

7be techw'13gical, properties In steels of these brands my be iqirawel

by additiouli alloying with idtragm adalso with nickel, copper and

ti~tmnivu.

Duiwng recent jam5 a mudmr afirwsigtm yore male, the

porpose of whi~ch van to Improve the properties of bIgbly cbromous steels

at beightened toeratures. 2eattmntioun given to steels or this type,

sobritbstsin thea qWIfftene ef m--v I trti

is explainable, first by the c~aqatIw IDxmuwns of cbromous

steels anM secamdly by lesser warping d=.,=& the vork of items =do of



the--, in conseatuence cil bette-r hean-Conductivi-y ar 4 a -=::!!or cDC:;: icjczit

Fig. 66. Tensile strength of steel 32tOO at W

Ordinate: UV~t, In kg/im

Abscissa: 3.'u'

Fig. 6?. Tensfl strenth or steel Ex8O

0zdlzute: Liatt, In k6[b. 2

Abed is.: N~ws

The fo~lalMwr bramis of c 1aggx7. allyed. cbrodum steels Ia*=

fomd applIcation In nationci Industryr-

steel zrS800 c~staining: 0a.1-.17% c, 4 0-,,SI, O.&.1.:Z mm'

10-12p% Cr, 0."-.&8% .14, 0.2-0.4$% V, 0.Ji-0.7% Nb, 0.5-1.Oe ,jj. 7he =ecb--

lec-1 properties of the steel are Oiven in table 22, while data. conccrnic.

--~1es at 50 )C are given in rig. 66.



Iu ---Steel 2-18M2: 0-11-0-185 C, 0-17-0.37.5 Si, 0.61-.055; ýý 11-13' Cr,

0.5-1.0ep Ni, 0.7-1.0e, w, o.4-0.6e, 1-b, 0.15-0.3% V. 77e stel is subjected

either to ternerM in oil or to normalizing at from 1000 to 1050'C and a

final anmealing at 680-700°C dvrIM 2-10 hours. Data concernlM tou2bzess

are given In fig. 67. The steel is used at temperatures up to 580°C.

Table 22. MwIsnical properties of steel x2"800 (in sbort-tim tests
of expmaon)

i) PrDopeties of steel

2) Llint of durability in k/n

LImIt of flm a in kh

Cross-sectiml of controtlm~ # 1n %

Shock toubo a 0In kVc2

3) tu atur of tests In 0
C



Stcrl SZ756: 0.1-0.1% C, 10-5-12.55' Cr, IX-2.2c' , V,.6-0.8ý. xý

0.2-0.3%; V, 0-2-0.3553 SLY 0.6-O.&8f Af.

qt--el En.7 0.1-0.15% C, 10.5-12.55, Cr, 5-7-4-35~ -, .E0.& Arl

0.2-0.3%e V3 0.2-0.35% si, o.6-o.ft mi. 2b re--uit 3f te-timng steeis

IrF.56 ana Zr757 for toug~mss at 6000 C are gie In fiC. 65 (10).

kt teTiAwl m Wftal Verks It vas establtsbeE (U1) %tat sbiec','

with 12% cr ad m~iatimxs or o.6% mb +. 0.3%" T and 15 V + 0.3 T bave the

biglust lust eauae hvli stabi~ty of s~tr e and low se-ibflit-j

to stress ta~to* hich mbs it possible to recamv tlum as

materials fto 3img-life tubin vanes uni otber parts, vorIWM at temi-

Psratwms or up to 550-5&0 C. At 55O"C the stipaieted yiela point of

these steels corsaigto a cz q A spe Cc W%'¶ pebr ~-Is eq-.-

to 8.5-9.5 ngbwu. (00 wppar unit cwregponds to steel witth 0.6'. m

+ 0.3% v.)

Fft 68. Continmea d~wability of steel K[= (ew"v 1) sni U1756

(Cwmv 2) at 6x0&C

-65-



12F, cbro=dt= s4teels vith uf itions r-f zolfbdenm or =cIybderns v-: -b

Thzi2!di= 9:3e niobitmi are used a.lso abroad (fie_~ 69).

no The efoying of hlgbly ciuocus s-eepl vith ea~m~niz or abxdz= gind

Lz mlybdowr. cuums & vs~btBsZ~tij cbaiag. ini xtel stract-.we

the

Ilitl

t as

Of

PUs. 69. LIXItO Of tm=ls SUVth WIC. 70. MM IUMMb~m of aludmzm en
zQ-5.1~o atu ccqawia7&Uq~vd 22% drvm =Dl2den uQC Ve"Ssteaee to cracp and

Sbeel I& a test duat~ ft 1t00D tew11 ruvfth or 12) cure steel,

Cw" 1: 0.1% Z, n.% - 13.Y%' Cr,
Ca6imte; LliZI in kgj6m2  2: 04%O C, 31.5 - 13.5z. C-,

obcssc OC .1 - 0.35 Al, 0.% Mo

OGinatO: Limitv of s~tregt, of

crep, in xh
Absciss: 40C

Muklzag at curvs: iqpcer: li---t of

loe : 1i.t Of

cree?



Tnerrrorre, if steel conit 0- O15r, C ar,? 32.5 -1. Cr is tc;per*obIe for

=1rte!site after cooliru- ini oil from tcperatures of 1000-1056 0 C, the alloying

of this steel vith 0.1 - 0.3% Al or 0.1 - 0.3% Al an 0.5% 1-b causes a tiurelyv

ferritic stract~e, and the steel bas no Itr a - tations vitbi the~ vble reni-c

of temperatwies 0 , - rocm takmeatwe to that of inlting point. Such a stable

stucatiw or 2 =&y-a31oiu chmwm.=1ybiuzn=-s&bu= ferrite, e~e

bcladj~ema c lani-resistenze and alao better bast aniurem at I siey ata-cs

vp to 500C vb n In'tesilv r*-cryxtalMztIan Is absmd. Deft c~acnomimr

resistaowe to crep we gien in fig. 70.

It sbwad be ezPeCiIA2y mated tbat steel of the tane meticm&d las a

very Im co@eficiin of tbazul epeadmi (a W). ~idCh iU eq=L witblin

and

and IwOn e Otore~ as follows: fra 2D te l00MC 9.3; 2D - 200'PC 10.9; 20 - 3000 C

U-3; 2D - J.0CPC 31.5; 2D - 50 0 C.32.0: 2D - 6OeC 12.1.

D=Ing ImestizzatIua of the strut and properties of steel with

12c Cr wadifiMd with. verious ad.t~ams, it vas established (32) th~t

1) ei&itlaw of riobdM Uoeese toactss am zesstance to Creep,

2) aOditi~ of tItv~u% lower last reis~tmc coolsUrably,

3)=3ybdEaia Icreasex tou&-ess amd resistane to creep,

an inmsc of c=eb= contet ftm 0.17 to 0.23% lowers resistaezec tocr.



Bes-des, there are reports of the use of cast. 12.4 cbromue steel of the

12g foflc6dxzg Imras: (Si~a contents given are of batches ±nvesti~ated):

327-- 0.16% C, 0.55% M, Ul.5%. Cr, 0.5% fli, 0.18% St, 0.68% V.

Yle IM: 0.17% C, 3.01% lb, n1.--% Cr, 0.1i9% *~, 0.35%. SI, 0.69% V.

-b tena1e sfragth of theme stael at 6WC0 U given In table 23.

S Ma 23. 2mefl. streogth or cost 22% Cbwmm ste*3 of sue brands

at 6500

1) ang at steel 2) State (or cmditiim) of sapp1as

(a) cast

(b) Cast

After tbwm trann

Ne0C (C) cast
After tbul tzea~to

3) Limit of tMail ffwtkegh In kzbWa

It) 3madave alm~ticm at troakdn anat, in



It =54- be m~te8 tha~t Cast. i$pr bidh1y clau steels vithI addit.:Ems

of 2.5% ctf t1ybdums, ().% of vaniadiim, 1.5% of t~a~ emi2 O.li or titami=

bomu fatm me In the mmkUW~ of suph sturesse parts of &utmbfl. gas t~w~bkj

as -mrl arnd d ISCS. A furtbsr Ingrovemt of the coaositim of steels

bas lsan to a& aitic of 0.01 - 04(*% cZ bca . ýDils alitlan proved to be

so effiective for Incssiug laato-rmsls 'ý= at WOo.WoC ~tb n 'Jimmac possible

ofaOW VI .31q5iW 10th INUMU (13). Cm. fwrritIl f Wo-almdm alloys

OOMtS~Iis VP to 16% Al we also vms& ju autabfls Mgtati. um5s.

softs 42ws lw AL high weustamsI onvl by1 asses but a MOU

diZestU6 V -MR W mu w~ Vwswkivg at high t~asorsue .bat ma =-u

g 0-m

AU2p I~b zIdW ~lIs uI43, um inar l~w1C~ls b*Gt-.sigstaac. or

hId&hPI -a steeU.

amp If ma 1.5-2% Im in Safta to steel at tp. W, ti resistm.

'A cre ir- e - .ans 1.m 5 timas (taei a4).

2b OaUmU of miba1 to cust hIm17 c~rum steels pi.~ to be.

such sasls; we given In 25bs .



TLPbic 24g. ni2e iilx'I-ece of mickel uponi the rxesistL~ce to creep ol-
bihi'b' c,'xoms tYPe- 5n2 steel tba&t is obzi aefonmea

ij Tist te~permtuwe, in 0C ' 2) Sxress ink 2that causes;

3) in stfel =7 (a) I-, or elm.ation in 1.0,000 bows,

- (b) destructio in-IWO0 boas;

lu i steel X2T Plvx 1.75% IMI (a) 3$S of el~awwtion in 10,000 lxvrr
(b) 3$% of elw*&Utm In 1.00,000 bouars.

Lea

L

Tomes 2. "a Intflce of Rizicl VIP resistnc to aidp tomsfle
s~tro Cf cast WILY1 diroa Steel or type W32-

1) Cmpositlin of steel In %; 2) Stxv= In lfWcaml aL speed at
=so of W Pee pw bo x tempz~atu in C
3) Taissmthi gn at towpatwo in 0 c.- ýF) n



it ==t be especcially noted- tiat In~ ccrmec"tion vlth tine e~Uoyiing of'

bieb3,y ecvus steels vitith 'varioius elemets, includiiig such aiusteriite-fo=IinG

alcm~ts as mdckel, =4 brcannic of austenite-ferrite steels kave cam into use.

Alzsta2±te-ferrite steels bave &-rater beet-resistan-ze tb.- bIgbly

*cbrcuus ferrit.r and sea-ferrite steels. !M basic qimlificaticm required

of a ste-forrite .eteels is stabili1ty of struct~e. Ck~Iges In the prop-

arties; of some avtaitemL-ferrite steels at mm~ tomrature in dependence

Wmbertimr s~we erea~svInfIg.711. Tufr tmssile stragthvIate

Is giuo In fle. 72.

I., Cmideabl IittUemsr, callad biwtt-lawss, at teic, develops in

bIg~y Cbramm steels of the ferrite =d mutailtem-ferite classes vith a

hostin~g to lim5-5Oc- wes tiittlumss pmctcafly precbue th use of them

Naulals for vskM~ stresased 2rts. Sm usul uicmoscapic emmintims do

nat afTer ac possiblity of detectIu the cwe of the appaoxmco of tibs,

groat WIttlevess, anij, tbus, of painting~ out a way toverd. its eliuimvtm.

MwIaer It was mpse tbmt the e i:ttlmt of bi.Cbly chrcaus

stmeel at -- 5000 was camcted vith an adewo~tcmi of a -pih.se, -AnIch uai

&"a%*c at woO.8 O V. u~ ]MO= to m~e- In loS cmuai1r.~ over
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Cr 4=iign beatiza 'to a tenperatture rifze of 0-xf.~ inv-sticcatic

bave sboum (313), (155), (16) that the processes of se-=rittlcenmt a-.t 5ee0

amd at 700J)*8e)C are I~eier~det of each ot-her. Ohis is corzibormte& by datte

Civen In fig. 73 aid in table 26. !Mms, the cause of brittleness at ý 5000 C

Is ewidently cor~itimea by samJ~, difflerent fron a -pbas. develommmt,

wI&ch vas cxns 4ere4 to be thke caxse before.

It varnsb !I n vark (17):. that brittla8ss in highly clwa)= ferrite

Stasi at VMybo IS not only Cemcted vith the spem.ewrae of aL seem& phsew,

US VM CaCXlY he@ievmd earlier, UMt almo vi-th a possibir jos of arrien--

MInt regulation UWnt thehm 41 so~miztla.

Fir,. 71. Properties of criwme- Pft. 72. "Lfsile strencth in steel, or
uickel steels with different type M%~28 with differernt carben and
ztruct=*. zicke3 cciit-GO at 6eC (accordi.n- to Z)

~dineate: Witc of crep i OrdIzatte: L.IP-t of ~
of , nkI

Atscitsa: Qmmntty of aurterd-te, in

Abscissa: Ccumtewt of- the stract~ne, ine
dickel, in

# (F) -ferrite,

A -austeiiite -2



3Pg. 73. 09 Iiaflme of tompemtu ml auteia bofiatizm mm

Uw imrxns" ar eiwinmos oSI camtajv~sz 28-50% Cr.

or1lmft: Radns I

2) asmtfrg dmutka IWO bmsws.

go sa conilu1m mm reaslm by Doiebam t in awitJzlus, (18) vb

Iawstigste thelu 1UD of oastf~ duwtap at 47eC na =Cctie vropertues

or f.w. .i..... stmass contei~im 23.3*.w6 cr.

2he coma~cate8dc~c ebzu te of P uitcniniI blgob3r cbnwiou a:lioz-s

ins aIzo estosbUsbsd In the recou wzk of Pw kandDuan (31)-. AUQys of

amst purity cuztolznlg frwm 19.08 to of&~a ckome we s-t=ed.. it vrez

fotm, flat In alUojs camt&Udmg50 Cr tbree a~fferent processcs =my jiroccer-



eai-,vhut a cbemge or conlcentzratiolx, or vi--a preciselyT, vithoiat dif fusion to

cormiderable distan~ces:

a) n3et~c trazsformr&tic at the te2Oratur0Oof OCeie VOInt;

b) b~mtrta na-bgd solutia, connected vith the Vrocess of

c) piasic Ifrs~nut~aC * 40.

Table 26. Ibcbmdaca Pngortes Of steel 2=flt at imi1ztain tsqasatwes

1) test tW 4Pea in *. 2) Ladt or creep ft sn
with r. ]pe Nor 'Val

3) mURSSM &t rits ta) t 0.24% for 100 m

(in d.*t-U 'avsw,% JA %.b) or 0.010 for 200 IM

CIBOM-IU=~ AM cawla~ m CONMM AzMM SUMS

A c~ceitc pavauzzl±ty at tiase steels is the stebmlt.r of

a=ztinzitic s~tiwce, Caotba by di~mspere- scad~sC at different-

m.esat b1.& tcqmpratas. Mm th zaJoit7 of ssstenitic boatý-resic-tant

steels suchb stractu Is; mprduced IT speIl therml treatmnt.
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'M~e thberral treatmet of heat-2resistent steels of the austcnitic c1c--r

is basecl on the process of agitng o'versatiwatecl baxrd solutions in connection

vith the fcxtion of carbides, carbon-mitrides and. interretallic coqipotumds.

Aaadlbili~ty is determ!ned b7 variable solubility of the secmd component

.B in. the bard saoltica T (fi. 74&). Ibe vWhe qqmatity of cam~cmnt 2 Con-

talmd. in the alloy is Gissolvea In the bard solution aiwrIn heattn to

ta~erig iveqatw'e. ~DIi this emiltian is fI=W by quick coolIaI.

Ift Ircse tbwt vMwil cesed In the avow sat wt - bad volatimi

wil be Um comweted with traiton to a flwr, wuv stable state.

woe r the Ivroc as of egimg.

go foliceizig uwwam or th process w~i be Vpis=%W at the

~eiraý , vithin tlha Vrn or the avrstu bu scmm olian,

xc~m atin at 3 atma tabes pIaice ini aefliute sreas of the crystal lattice.

gom ecan& abgs of tePmoces is the famstin Or AL uew Crstal lattcic

ulatch Is ffecifICaL~y atwal 'to tVW pvse tUst 8evelo-ps. ýbr, t:Ie

lattice of the phase rawdn c?)stollcprapbcan close to the attice or

the bard solutica. (A so-ca~le& coberaft comctiwm of lattice* Us obsor~ed-

Zm tbIfrd 3tvAge Is the breekiM way of the lattices fren eacb other wde the

for~t~Ioa of Anepanmdet, -ry dirgersive vemrtIles of the Iphase (or Th~

;ýrtC~les). Oetoswth staCe is the e.larrenmt (coa~tdl~ati) of pbace vr4trcie5.-

-75-



A32, the etage.- eramerated proceed in time and ieth tperatturc a~nd

somet5ms coincide. Mie bigher the temperature of agnthe shorter the

beating duration mist be to attaft the objective assigned to a stage.

The process of aging is characterize& by cbungae In bardwss and

touq,?A"-sv. Mecoherent comectian of two different lattices, and, also,

the fafl-out 'nt very d~ispersive segcomd-pbase particles leads to a sherply

Increased rosistane to p'.Astic defomaticm end to an Increase of bardness.

Emnv, If tim first thme steams of the process lzed to tac~baning or the

afloy (to a so-caflad dispersive hardaxizg), tbm the foiwth st~ (coagulation

of dispersive particls) Is comcft& with a drop In badness. (Fitg. 75).

Of hardnes (dispersion

stat of anleys inclixva tuiy lurdming) in agid alloys;,

dijpersiomia (or aispersvo.,
ber~pulmG.Ordinate: Nazdas

f.Vditwt: ~c, ten-wraturs of Abecissor: Tim. or taerature

Abs~ssor: .0 of

-V4L



COOSITIO~i Pa-& ITiOP.1 tE OF.r M,;T&-FMIS'.Lr. STýIS Op I

AMMMi~ITITC CIASS

ri9!io Vroperties: of e~ustenitic stecic of type 1&-8 at helebteued tem-

pezetwes my be clexacterize.I by data, give in fig. 76-81 =4 =n +Aae 26.

Pig. 76. Lbdt& of creep and stenugth 71g. 77. Ddbaence of test temperatwor
inl steel Or tawe 1Cmac9 v the icawb cal properties

or type 2MON19 steel
1 - tensile strength for 1000 bowsa;
2 - tensile strength fer 10,000 bo~ur; Ordiumte: Lialdt of ,of cree2
3 - spe r re W6 pe bow in 4 w 4 5i,. in
4 - noeel of ree C 327% per bow %, resilience, inklc

Ordinate: Ladt of strev&gth, of Absciss: 0C
creep In gm

Absciisa: 0 C

With an increase of the extent of alloying the sezrvice characteristics

of amstonitic. steels also incease. Wsai Is connected both vith the touhejitiz

0,- the basic bar austeante sobatica vith a slowing down of difusloia proce-cec-
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in it and -ith a- Izrovement of structural stabilIIty. Me latter is e- ..ecially

i:Vortaxt beca~use steel of type 18-4 Is nearly on the border of the t-io-pbhese

(or double pkased) oeand because, vit.4 deep coolizig, a inrtensitic trans-

Tbrztioax takes place in the steel, as is sbom by the curves in fig. 77.

beneficial InflueDno oC titaniu is especially conpicuouslyilustrated by

dat of fig. 82.

Fig. 78. iU~ts of tmwsle stiAeth of steel 3Da&M

a) eam t105o-noo00 C,01 clIn n air, iSlMS1g at W00C &wine 20 bx.

b) heatin to 1050-I100C, coolin In air.

-r-nate: Midt of s , in ki

Abscissa: bours

An increase of carbon cant in type 18-8 steel mest be considered

Irrati.nal becae It increases brittlemess of the stee! in cisequence O-f

ieatirC to kigt te~eawvOs (fig. 83) 1hen cafbides are Intensively evolved

during a long period of tim. -7i



1. .. . ----

Fi'eg. 79. Linit of creep in steel Fig. 80. Li=its of creep and strength

23L'18;I: 1 - tbe.pe•i•g at- frcm in steel of type Xhl%-I1B: 1 - tensile

1150°C in vater (translatiom strength for 1000 hours; 2 - tensile

literal, cooling in vatir is strgh for 10,000 hours; 3 - rate of

probably mamnt); 2 - ering creep I per hour; 4 - speed of creel

at 1050C, air. 10-7% per hour.

Or&inate: n3it of creep, Ordinate: Limit of creep, of strength,
2n 2

Abscissa: Rate of creep, % per Abscissa: °C

hour

Mi order to econonlze on !y"fb-enri, a c-irome-nickel auster-itic steel

alloyed 'with tmgsten Was proposed. Oe yield point, causing en elongetion of

-6per hour for steel containing ".35- C, 1.8% Si, 8.0% N!i, 18.0% Cr and

3.5%, (illegible) at 5509C is 13.3 kg/bm4, at 600 - 7.1, at 650 - 4.4, at

700 - 3.6, at 7500 C - 2.8 kg/=?.

.. zz J*.m....... of* het-er4--Ing prc~art's o-- austenzatic type

18-8 steels, in connection with their co-plex alloyifng vith soan ele--n-t:.

and also with an increase in the content of the basic eleanets - cbro1A-j".

and nickel.S.•!ci-79-



,'i. 31 ~nt fcepadFig. 82. 5hee influence of titwnlu= u-pon

stzrengt~h in typere Kbl&L21.T steel of type 18&8 at bigh teanperatures

steel. I- Tensile streneth of short--time tests for extension.

for 1000 hours; 2 - tensile 1 - steel vith 18% Cr, W% Tipu i

strength for 10,000 bours; 2 - steel vith 18%p Cr, 8p Md.

3 -- linit of creep with a speed

nf 10~ per hour; 4i - with a Ordinate: irdnt of creep, of

speed of creep 1ý7per hour. in gm

Ordinate: idnits of creep, of Abscissa: O

strxength, in kcg.

Ahscissa: OC

Fig. 83. Dabrittlement of type 18-8 steel vith different contents of-

c~-wbon In conseauen-c4 of mrolon:xed heatln~r at hi sh teneratiire-z

1-steel with 0.060 C, 9.24. Ni, 18. -.x, tenperimg at f-ro, ý) 50, C01;n

in water;

2 - steel with 0.13% C, 0.0% 2.7, 18.4- Cr, tem--Perin,- at Proan 1J500 C, cooli-nc:

in veter;

3 - steel vith 0.18%. C, 8.9r, Mi, 17.8,ro Cr, te-,Pering11 at, from 11560C, coolinml

in wate. Or&Linate: ,in kgh/ Akbscissa: hours



in considezrin..Z thiis v-gru~p of' auisten-Itic heat-resistant, steels ve

s &fl. rell on the fo~loaurin brammis:

Ch-ikl-l~~err.steel of ty,,ýe 2.8-14-2-1 cojtains: 0. lý, C,

0.9-1.5% Man, 0.7-1.2% Si, 16)-19-% Cr, 143-17.0% Ri, 2.0-2.6,p MD~, 0.9-1.35 Mob.

021 ther~al freatsent. consists oC te--Pering at ftrom 1-100-3U50 0 C in -.ater.

MachamicaJ. prop~ertties at heighitened tezperatures are givc-n in table _7.

TEable 27'. idmits of tensile strength and creep in steel of -type 81&14-2-3

3.) Test te-mperature in 0 C 2) Li~mIt of tensile stzrengh in

-vith a tetduration in Ibours

3) idrit. of creep vuith or-ceree of 1%p for 300 ibotis, in k/

Steel --1572 cantamins: 0.28-0.35'o C, 0.3-0.8% Si~, 0.75-1.55 .i

1.0-1.5% W, .18-20% Cr, 8-10e, Ia, !-1. So- 0.5-0.8%. Nb,02-

U=ree va-ripuntts of ther~1 treantcnt are reccnmended: 1) Tem--?ering; at

1150-1180 0 C, cooling in -vate-r, aGinZ at 8&XC durin.: 15 !,,s.



2) Te=ý-erfýrz alt ll15O-2.1) 0 Cor, c3i in -wattor, aZjinZ at 7 &C 21imZ.r

3) T eerinm- at 1150-22esOC, coo'iz im 7-razer-, eZ1nC at 0Cdri 1

-ae characteristics of creep and of tem-sile strematz of steeL E157t2 are riven

in -fig- 84 am: 835. ýie steel is used in bul'din.z piped boilers at vor-.inZ

te--eraturnez, of up to 6YJ0(C, =--e seldom of upo to 6o 00C, because at the latter

te--erctarre ana especially at 700-3D00 C a formatio of a -pbase and of

erSbrittlerant comneated vlth it is observe-d.

Steel E1694 is used for =-king pipe-lines in conterporary boiler

installations. She steel con-tains: 0.07-0.12% C, 4 o.6ý si, 1-2c,' ma,

13-155- Cr, li-171% ni, 0.9-1.-%P 7ib. Shezr3, treatmnt: tenpDerin& at fro=

1140-3.1 0 C vith coolin in vater. Data concerning tensile streng-h and

creep (fi3. 86) shm~ that .pipes =ade of this steel may bee used at. tenpera t.-wes

of 600-6160C.

steel 31695-; is a- moduficettion of Ei69!4. A great bea't-resistance is-

achieved in it throuf an increase of nickel content and addition-al eI-o_-;nvm

vi~th tungsten. Sh coposition of the steel: OT.7-0.12% C, 4 0. fp Si, 1-2%,

2-h, 13-15% Cr, 18-20%p Hi, 2-2.75% 14 0.9-1.3% Mob. Tempering is at. from

flilO-U66 0C, cooling in water. aie linits of tensile strength ar-d creep

are &Even in fLIZ. 87. Pipes made of this steel can work at 6C 70(Y'C.
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-ig3. 1. =L.mt of creep in steel E1572: a) at 5OC; b) at•. 650'C

Ordinate: limit of creep Abscissa: rate of creep, in , •er hozw.

Rig. 85. Limits of tensile strengh in steel E15--72:

a) at, 5 0 C b) atE WOC c) at 7°00C

Ordinate: lifl.Lt of strengtn, in k,=

Abscissa: hours
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SS- o-eri~oc~ ~en.soff eaustiez"Iitc cfl-C--flick-c1 steel- o-

tyo ~8 -8ontain a:ro----l o' anobi0rC Sor-etime-s tozether v.4th niobiu,

tan--tlu is added to a totc, of around le,. -Bi- addition of nldobin to steel

of't~ 1M- not only irro-ves its corrosion resistace, bu lo irats to

steel MLC4'a heat, endur-nce izider con-aitions of cyclic ten--.-eratujre routines.

Such a benef!-cial influe-nce off nibiu= vas established in the vorkc of adn

(23) d~uring- testing of type 1M- steel vitth cy ULc te~peraturo chanG-es from

230 t-o 703C rmnd v.ith fluctuations of tim periods at and nini--

te=Dematm-es from 6 to 12 hours.

Forb ==zr years already vor~k has been conducted in the field ofE replccinZ:

nickel by jmnganese in steels of t-y-pe 1M-. During the process off such

investig-ations and also in consequence of seni-industrial tests it var-s

established, that, althouzgh =ngczese is analogous to nickel, the =an.!cnese

austentic is less stable than' that of nickel. After prolonged heatings at

hi&h tenperatures the =M29azicse austenite deconposes vi-th a forza~tion. off

C -ab-ase. In order to obt?', a stable austenitic structure wiith the reialace=ent t

of nickel by zamngonese, such a strong austenite-f o---Ang elementv =u Th as nitr*ý. cl

==ist bno- su_=alementearily r-Ided to the steel coa-,osition.



75 0 *

?i.86. aiito tensile si,=enugth 87B. Linits of tensile streng-th
1fo0r 100,000 boDI=s and litof 15 ~ for ()0,GO0 hours end of 1-5 of creeD
off creep for 1C00,000 hoiurs -I- steel far 100,000 hours in steel E65at;
EI694 at dmeen te~ez:rma-mres. different. teeper-at.ures.

""Uiae:~ nit of creep, of M-din-te: 1 i~lt of strength,-Z/

Abscissa: 0C Abscissa: OC

VIe-e are revPorts of introductions 13:to0 inrlustry (2) off a steel

at roan te--Peratucwe has shman that fn the annealed state theo steel has a te,.cile

,2 an2 neoraino ho95kgp'= , a yield p;Oint. Of-an neoatnofItO, 7e

rmcbanical proper-ties of this chroz-_-n=gmnes ste sijecte to cold plastic

deformati'Mn with 8 rolling sbni-Inmage of %~ are close to -the r=ecian¶d~cal prorerties

t ~Of cln-c~-nickel steel Of tyjpe IM- subjected to cold plastic defoirnatior. wiJth

a rolling sflrinkazee ef 2y..

With a defformation e tent, ecmc t 35%5 the steel has a yjield point of

aom 130 kg/ 'with an elongation of &,'. A test- foýr extensloa a~t hihe

teortrccarried out or. sstandarzd snec12.8 in Lta-no-ter has shown,



u~ to the tensile stre zjt edyfeld po-mt -In '-a new steel are Id Xhc.

thenn th-,se olf rust-pr-oof zype 18,6-d teel oft all other br-ands. The anituzie

of exztension and con-tr2ct!.on of" cross-section at test tc-peratmres up to 53LC

is of the n'-w order as That in other stee& s of typ-e 1-8-8, -while at Ihiere

te-_erat~z-es i~t dr-cps shmroly. 7ýin corrosion resistance of sanoles of this

ste-el vnx stualed in boilmp ' =i, solution of nitric acid, in boilint; 5;, nitric

acId. eni at 3D0 C in a 5% sclution of sulphuric acid. !;,-o= thne tests carried

me. it is Possi~ble to concbzde tbaot the corrosion restrtance of cronme-man.-anese

sstcal is close to that of stceeles )f tyz- mrl7 end ml6,,aGl7.

Vie auastemite in IM8- steels cannot be considered as co:upletely

&tab~e. With cooling belova 6oC pol2mrphous tasfo.r-tion takes place with

a fornation. of an over-saturated a -plhasse along the ***** ne-chanism a -hard

solurtion (of nnrte-nsite). Cold defox-mm~ton cont-ributes; most. strongly to

martensitic transfon~tior. of chrone-nickel. austenite of steel 18-8. L!-Eer the

irlnc~of siresses from coldi hardening ths transf-orntion proceeds i-ithin

the usuaml taneratur-e range '150-250 0 C). Vire co~binerl influaence of cold

hareninng =nd deep coolin =m ny cduse a trenxsitio-n of t~he '.4hole ho-c-'

--auteilte int'o ==rtensite. In censequence of such treatpnen. the Iiazdn~ess and

touC'mcss of the steel increases" considerably at. roan tanperatire, =an hc=t



e-Aux-_nce increnses at te-zoeratures oa up to 4500 C (fig. SO). At hiý,-er :e--

pera'•ures heat-endurqnce d:ops inu c•::.ectian %ith the annealing of =rtensite

Spartial re-crystallization.

Lately, in connection 7.tt the deveio=-ent of a nuizber of special machine-

tldin branches, the nonenalsture of cast -arts =ade of m•r-ified type 18-8

steel hbz coniiderably increeved, Tablc 28 -- ;es the cmoosition -if to--* b'-V-:ýds

of this type of steel. It also gives data on heat resistance at 6500C.

Table 28. Che=ical compmsition and tensile strength of ctst cbroc*-nickel

aistenitic steels of zone brands

.) Bran! of steel: 2) Che-mical comzosition of investinated smreIting

latches, in P. 3) Limit of tensile strength in k-&/m=2 nt 6500C dur4-nr hoirz:

4) Relative elongation in % at the limit of tensile strength at 650°0 for hours:

U
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ss it waB already =entioned-. oue of bhe =a~ns of irc:cot-ens& hce

cf =11--tenitic staelp j3 izcrenBE-= coni.tnt ai Lne learlc elertnts - chrome

ýr ni&hol, shile kbeeping to the ge-nerel ten-denc-y of coxonler alloying.

ei~-1c~~±ets.-1s of !ye 02,2~0 7-3? a~nd 11-36. (Tefs

figa-e is the content of ch--m-e, ths second - of nickel.)

15e characteriz~tic oz' the rexistcanc of t.hese steels to ersep are given in

iiS. 89; the tersila etir.n&th of steel 23-13 - in fig. n. rouDw'er. striels

with a bi&x cotent of nickel and espeilv.y of chm-e are inclined tovaid

~Tit165Ztin consequence of pro~ocggod betatings &t high tz~merat-mrex and

the action of F~tresses. liridently, the !;&I-_ Cans of brtL:;eag~ in chro=e-

W-ickl stsels sith hij# chrosimi= content J.6 the fozmation-o-f 0 -PhASe. iwhich

bas the prozerty to diss-,l'e Uo. 1, Al. Ni wnd othoer vithiz a rk~tber wide

zenget

In the producntioni of cost tys20-25 steel adaltioas ol ra-e and rarS-s

"arth eiesmsts (C6. Zr. Rd amd athers) are- n-1w1l1z:sd bThi incre.naet pp1cticlity

pxd tensility. icorrovex floanbii1it;y 'nd heighter4 realitance to Scsa1ind (up to

wwc0"). it te -peatIu2es Zbove 1=010~ addi.t.ons of ras -ermr c.Aznta, on tt

tontrary. I-o-er achair. resisatnce (22).

Mi s~ddition ta typs 20)=2t V.-el of aroui~n 2% of jsillcon (Zb13M5s2)



As i- -s; sireadiy =entioned, one of the means of increazizi heat-e-~:,nce

f -t~anti= :rtets is increp-ig. theh content of the 1'ssic eletents - chrome

P-- nickel, vhilz keep ing to tbhe general tendency of co~alex alloying.

=br.s~-nickel eteels of tynez 20-25. 25-20, 1?..37 a~nd 11--36. (The first

figure is the content of chrome, the second - of nickel.)

Vie characteristics of the resistance of these steels to zreep a.e given in

fig. 89; the tensile st-ang=th- of steel 23-13 - in fig. 90. Nowever, steels

zith s high coatent of nickel an! especially of chrome are ir Ined toward

ambrittlemnt in couseqaence of prolonged beatings at high tsmeratutes and

th.e action of stresses. Svidently: the =ain caues of brittl4ness in chrone-

nickel steels aith hfiý chromiun content is the fonoation-of a -phase. xhich

has the property to dissolve Mo, 1. Al. Ni and others within a rather side

IV the production of cast typ 20-25 steel "aditions of rars and rars-

earth qleants (Ce, •r, Nd and otLers) are utilived. fh"bs increases plasticity

A-d te:nsility, improves flowability nnd heightens resistance to scaling (uW "*

'%nno1)- t: t*emrnart-ares ftbove -11000% additions of rare-Sarth Plemzents- ca the

The gdd ziou to type ZD-24 steel of ar-rund 2$ of silicon (-ý.l825S2)



lmr~aaee heat-en1u.-ance uý to 1OCi~-11O000C. Hora.ere hCatt-enduaranc of t-he steel

iso co=A-rativt~ly low (fig. 9,).

Pig- 88- Limits of tensi-s strength Fig- 89. Creep lIMit of chror=.-nickel

(1) aizd of creep (2) in, steel of Auzstenitic StS2ls of type 20-25 at lr/

tYPS 18-8 At 4300C. 7reliminary (1). Of tYn6 25-20 (2), of 17-3? (3),
'-atr 2--t zf zapozz- cold harei.- u: Of 11-36 (4).

ind Gy rolling with a comaressioii

extent of 40% at 76 0 C. Upper curve Odnt:lmto rEi b/m

cross.-cut samples; lower curve A bsciusa: 00

Ord.±natz: limit !D atrezgtib.

q in kc-/=2

kboizss (on~ tool.. Rate of Creep,

(at bottom): hours



lig. 910. Tenaile strength qf. -ti~el Kb233l3: I.) at ~55VC; -2) at Wuom.P

3) a-, 650OC; 4) at 700~C

Ordinate: Iai~i+. of mrength Abscissas hmurs;

Pic. 91. Limitv of creep for different su~ary (or toceil) deform-ation

of steel MUi8=5S2 (TeZSS).

A) at 6WOC; b) o0000 C) at 7C3 0C~

Oidinates: 2Ai-'it of creep. in kd/mrj2

AbasCilss ho,.uz,



Steel 4'l4Nl4'72M (B169) contains: 0.4-0.5-1- C, 0.3-0.81 Si, not over 0.Z71 ýL,

not over 0.03% S. w~t over 0.03% P. 13-l15; Cr,1.1 r1, 0.25-0.4% go.

2.0)-2.75% 19. 7he properties at room ' em:)era'ture are:

a) after heating to S20-8500 C during 2 "Ours snd cooling in air:

'1 >? 2 kcz=i,~ a T 40 kgJ=ý26 5

Zig. 92. Change&. in strength of Pig. 93. Changes in plast4c charactex-

steel M~414R42M after ter':pering istics In large cnd snuil-grained steel

for large and small grains. ao- of type 14-14-2 (4M14flVM) tduring

co~.-ing to results of short-tice short-tii'ý* test~s fo:! extension.

teste for extension. 1-tenper-. 1 - Terpering tenperpiture 110000. Brall

ixng tenpereture 118600C, large graiz; 2 - tempering tempai-aturs 118&0 C.

grain; 2 - tenpering tempera- large grain.

tuza 11-0O0C. 2=11 grain.

Ordinate: li!- 4 t of

.Lbscissa: GO

N-on



5 -:- 5,a ! 0 kdc=?. Sometimes tempering is followed b - n 6 at

7500C during 5 hours.

Changes in tou,~hness, according tc results of hot short-tims tests for

extension after te.-pering for both large and small grains. are shown in fig. -92.

ChsAnges in properties of. plazticity are abo= nif fig. 93.

Combined data con~ceraing yield point and tensile strength of steel 4=4141412N

at different test teoe-ratures are giv'en in fig. 94 arA 95.

31g. 94. Rate of creep in steel 14fbl4]MT2 at 600.?000C

Ordinate: lizit of creep, In kglI2

Abscissa: hours

*ewause of comaratively hhic# carbon content. steel of type 4Ih4314VMv

has sigaificant tendency toua-d aging. in Vnich the formation of carbidloc

Vhasss during heating zroceed. for A I nna- tiw-~ 141 afu~ -ý

hi&- stresses and tenperaturea during woOYk service leads to great st.-actural



Instalbillity, connected with a drop of heat-re2Sitant Dno~erties. Therefors in

cases :&en steel cf type 41h!.4Nl4729 is intended for =aking parts VIch are to

vork at high tem-peratures under conditions requiring: very long life, the cow-

position of thne steel is =dififed in such a Wa as to increase structural

stability and to decrease the tendency for aging.

,L definite, baag-lasting effect was achieved by the introduction into the

steel of 0.8-1.0% lb (A. W. BordYkaM) aid of titantm (steel Z=12) which jointly

form carbides soluble with difficulty in austemite at usual tapring temperatures..

Vierefore the quantity of carbon, which can form carbides during work. is do.-

creased. An inproveaut. of stability in steel l4DJl14V2M can be attained by

decreasing carton content. This was done in steel MUM=fl4 M3257), the

carbon ccntent of which does not exceed 0.1$.

Steel 3125 has found widespread us* for imking important parts of boilers

and turbines of higb paraneters.

The mchanical properties of steel MU1~4TM at higb te ratres are

shown in fig. 96 and 97.

3rig. 95. Tensile strength of steel 4Mh4114TUM (3169) at 600-700 0 C

Ordinate: limit, of strength. aIn kc/J.- Abscissa: houors
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7ig. 96. Limitvs of tensile stremeth of steel 11b14U.42M (31=7) at 550-700 C

Orailmate: Limit of strangth, in ki-= bscissa: houir

- Jor a still greater i~prOvsmmt Of stru~ctural stability in steel 14-14 a

sim~lt~neous decrease of carbon content amd an adLdition. of a strong carbide.-

formng *1ement is sometimes carried =ut. Thus, steel 1l1414RiM= was created..

(Its coupositiout 5 0.15% C, Z 0.8% Si. 0.?% Va. 13-15% Cr. 13-15% Im.

2,2.75% T. 0.45-0.5% Kb'-r0-5% Ti.)

flg. 97. Resi5stanc to Cree9 Of Jig. 98. Resistance to creep of steel

Oxdinatet Limit of creep, Ordinate; limit of creep, in k-=

in kd=?Abscissa: speed of creep, ýJra

Abspisaw. Speed of creep, %fho~ar
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This steel is subjected to i=or~ailzi~ng fro= 11000 C and ed1ng at 85000 during

10 hours. Heat-resistant properties of steel 31257 vith titarlirn are given i~d

fig. 98 and 99.

Opar Industrial iwor.cs produce atill anothcr variant of r&teel 14-14-_2 called

bra--A En1414VS W3240) containing: 0.4-0.5% C, 2.7-3.3% Si.:S 0.7% gm (iiac~.)

-l!5% Cr. iZ-14% IL,--o.5% 1bo, 2.c-p2.8%it.

Jig. 99. Tensile rtrength of Steel M1414121 (=1257 with titsniva) &t 6DO-65DOC

Ordinate: 11nit of stsingth, in kg/mI2

Abscissa: hours

After therz-r:. reatment consisting of heating to 820-B50OC (duaring

(Mlee,) .5 to 2 hours dapendan6 on cores-section) and cooling in air, the

steol has satisfactory tensile strangth at tezperatures - 8500 C (table 29)

and good resistance to corrosion up to 3lOOO5C.

m - M-l53



Table 2-3. Lii.ts of tensile strezgt-h of steel of ty-ee E~14M4VS

1) Test tan~eratu.-e in C; 2) Constant streas in kg/=u jhich causes

destz-actilon after thi: following ti=e im hours

C~rore-nick*l-=olybtddnu= steel of type 16-25-6 (corresponding to brand

hIZS according to UMPI 23S2-49). it contains: !ý 0.12% C, 1.0-2-019 kn.

0.5.1.0%. Si, up to 0.0$% S. up to 0.03% P. '15.0-17.5% Cr. 24.0.2?.0% 11,

Mhe rational alloying of the steel determines its high heat-resistance

together with great striactiuml stability, siich =kee it possible to reco~end

steel 16-25-6 (Z3139) for conditions of -very long service (23). The stability

of structure is enhamnced also by the co~lem co~osition of the strengthening

phasse in the steel, ihich, acccri4nug to our investigations. is only slightly

irncline-A toward coqgulation and has carbo-nitridic character. ?Th forrula. of

-~ W VM5~UW~ 5~U-4 U&ta UbUSSS& lil hU M %12. 9 U~l,.?4 .(3

greatest influence ncon hardnsss Increase In the stool after aging is exerted

k'carbon -end roly'bdtewn
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n~o =eehanicaj properties of steel SI395 after varicus treatments are given

in fig. 100 - 104.

The dei'elopnant of the tendency to increase the nickel content in steel

together with a siczaltaneous addition of carbide-forming elenenmts has led to the

creation of a zu~.btr of brands of heat resistant steel& with a higb nickel con.-

tent. Among the= the following have foud use in our hom~e inustry.

Steel Z1424: 0.1-0.18% 0. 0.4-0.9% Si. 0.4-0.9% Un, 14-16% Or, 28-32t 311,

1.54.2.% 2i. 2he theratl treat~met incluies tempering at from 120000 with cooling

In water enAd a"t at 70000 during 48 hours. 2h steel has a satisfactory heat-

zwsistaws, at temzamtures of 700-75000 (fig. 105 arA 106).

7ig. 100. Results of tests for Tig. 101. Results of test for tensile

tensile strangth of type 16-2-5-6 strength of steel 16-25-6

I .Test teppersturse: 1 - 65 00M haxdezine to 204 amd sa.nr at 70OOrf

2 - 70000; 3 - 75)PC; 4 - 8000C. test tenoerature 70000; 2 - tempering

Ordinates linit of strength a r=10O i " a 00,tn

Abscisax ourstSe-3ratLre 70000; 3 - teaipering at fro=
hours 120CPC, cold har~dening to 20% a=2 aging

-9- at 80000. test tecperature 80000;



jig. 101 (contimued). 4 - teevn a, from 1200C and aging at 3003 C.

Ozelirnate: licit of stren.;ý, In k nAlstissa: hoars.

II I(M. Lidt of fati~ae at room Tig. 103, Llimt of fatigas at room

and higb tezperatures of type te~eratmre and at b±ib temperatures of

16-25-6 steel after te4:n;CIaz at Wr 16-255-6 steel after t~pring at

from 12000 C. cold hardening to 2D% from 1200WC, cold hardening to 20% arA

amd aging at 8000 during 15 hours. aging at 7000C during 5D hours.

a)test tezrature 80000, (flleg). a) test te~perature 7000 C. a 27.0
-1 -

equal 18.0 kg/=m2; b) test tem.. kd4.-; b) test te~rature 6500C.

perature 7000 C, afat = 23.5 q 10 28.5 kg/nmL-; a) testteeaar

kgfh-'2 ; c) teat te~era-tars 65D0 C, 20*C.. 0 C 35 kd-2

a at 26.5 kd rm-2; 4) test t aa r i a e: f t g sl.t i d =
p erature 20 C, a 4at Z 32 k/r.. Or-ae:ft1s nt ink/z

Oidinate: limit of fat. Abscissa: zumb~r of cycles, millions.

kdrz-?

&Ucissa2 =imbr of cycles,

mfLhions.
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Fig. 104. Czmracteris~ics of creep 7g. WGS. Resistance to creep of steel

in steel 16-25-6 at, 550-8200C MI424 at 650-700 0 C

Ordlmate: li~it of fatigat, k&gjM2 Ordinsate limit of creep, kl/Jr.

Abseiglas Bate Of OreeP, Per hOl~r. AbsGissMS lpec4 of crep % per boar.

71g. 106. ?ensile strength of btsee) 31424 at 6000C (tftperating at ISWOC.

cooling Iz water). amd at 7000C (texperizg and aging)

Ortditae: uiL-t of strength, kg/(m2 Abscissa: hourt.

Eowever, because of a great capacity for aging the steel is not usable tinier

conditions of long-1ife service (as V; has a low plasticity after prolonged.

beatings at 650-7000 C).
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Pig* 10?.* T=LIfla strengb of steel 3IQa2 at 5?0)-650 0 C

1- smooth Samples; 2 - s&=Ples with a cone notch.

Ordne1~ts: limit of stro~gth, kg/za Abscissa: hoiuza.

Fig. 108. 26sistance to creep of steel 31612

Ozdi-LO3 limit of creep, khgi2z: Abscissa: % per hour.

riC. 109. Tensile strength of alloy 3:1692 at MO0C

Ordinate: limit of strength. !ýd=?2  bsciesaj hours
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Steel ZI612: <0.12% C, 0.25-0.5• Si, 1-21 Un, 2.8-3.2. 13, 14-169 Cr.

34-36% 'Si, 1.1-1.4e Ti. After temering at from 14500C with cooling in vater,

the Itsel is subJected to double aging•

a) at 740--7OC during 10 hours,

b) at 700-7100 C durin& 25-50 hours.

Mhs !Ldts of tensila strength and creep of steel n-612 are given in fig.

107 and 108, lwhe stool is used for =skin turbine vanes wozkinmg at to~eraturas

of 65o0-WOC.

Steel 31692: .f 0.08% C, up to 1.0% Mu, up to 0.5% Si. 14.5-16% Cr, 36-38%

11, 2.3-3.0% I, 2.3-3.0% No, 1.2-1.4% Ti. The properties of the alloy. according

to data of J. W. Borsdyk, are Civen In table 30 and in fig. 109 and lO.i

Righ teat-resistant properties are possessed by chrove-nickel-wlganese

steels additionally alloyed with vanadium, wOlybdev, tungsten and other elements.

In our country steels of this type are successfully developoed IV IF. -. hib asicn

with his collaborators.

It is rational to carry out the alloying of chronbe=-nganese austenitic

steels with olexents with elements that would counteract the iuniring influence

of minanese upon some technlogical properties an: also upon the for-nation of

o -phase, and would, at the same time, secure an increase of heat-resistazce

throueh joint alloyin~g.
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Vig. 110. Resistanc* to creep of alloy 31692 at 6500 C

Ordinp-tot llimit of creep, k~J-=m jbscissai rate of creep, %~ per hour

As ninny investigstions have sboun, a partial replacw~t of nsngsnese vith

nickiil (5-81) is very effective.

The addition of nickel procotes the obtaixnin of stable mustenits, decrease*

the tendeny of the steel to lose some of its static and dynamic to-Isility in

consequience of repeated heatizn~s. and increases resistance to corrosion by gases.

Below are given charaicteristics of the properties of some mastenitic chxrome-

nickol-m~angetese steels used in our home in-d=-ti-es that have been additionally

alloyed. in a n'miber of cases, with tungsten, roIybdenx=, vanndium or silicon.

Steel of type 27-113F409. Aco-ziing to data by Zuyev, Pnd others, the steel

has the following z~echanical pro~erties after annealin~g at S8W0900OC: I
Tai.t .~ecti ,.. .. .
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Mechanical oroperties:

Tensile strength .. 6 in kg/m2  
22.5 14.6 7.1

Ilongation in - 34.3 34.6 35.7
narrovin& of cross-aection P . in % 71.9 76.1 78.9

Resiliene at in kdcm2  1-3.5 1-n
Beardn.ess Hb 122 88 71

2Table 30. UechrAceal properties of steel ZIM at room and heightened temperatures

1) iProperties:

Limit of strength. in kd/m-

Limit of creep. in k&dr7?

ozongetion, in %

Jarrowing of cross-section, in %

Resillience, in kg/cmP after 2500 hours of heating at 7000C
Tensile strength in k/cn 2 for a ti=e duration of hours: 1000. 10,000, 1,000.000

Limit of cresp Iyield point) in kg/mn for a creep rate of l0-/hcur

10 C%/hour
2) Test toporature in oC..

pU
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Steel of type 4a1.5R6G5 (This steel was used, in ite time, ase a sub~titute

for the core exiensive highly nickeic steel of t.-e 4K:-l49!4T2U for rrekiný- valves

olf poweeful engines.) It contains: 0.2-0.4t ;o anE 0.8-1.Z% T (21310). It is

uu-;ll7 subjected to annealing at 8500C during 2 hours. After this It has the

following m~echanical tDropertlea:

Test te--peratiare, OC 700 sea 900

Mechanical properties:

Tensile strength a f , in r'nM2 28 18 8

Ilongntion 6 5. in %40 45 66

Narrowing of cross-section ~bin %60 65 s0

Rlesiliezce 0 ,, kg/cmP ? a 16

0 Steel of type 4=l433G8 containing 0.4-0.8% go :and 1.4-1.8% V (EI3LO),

ns subjected to treatment for dispersion hardening: Tempering at from 1160-1200 0 C

uizh cooling :in wa ter.or in air, and aging at 80000. After this treatment the

steel has a high yield point. Tith a deformation er-eed of 0.2% for 100 hours

it is: at 5000 C 24.5 kg/i , at 6000CC 20.0, at ?N0PC 12.5. at 8000 0 -7.8 kd:?

Data conce-ming tensile strength are given in table 31.

7.7.Dinxxnbkin -paint's out, that the heat-resistsinace of steel 11388 (as

... z 1o 17o- i-rdil. io) sharply whnen zheK

stracture contaeins great disparity in grain sizes. This ususijy occars ~-.ýen
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.- le -im i±tc ol tenei~e stren t:. i steci 4L,1jS;

~e~rrin~at fra= lia;OOC

.&a~pring at from 1190sC plUS agin6 at 7003C

Tez-,erin~g at Iro-_ 11900 C -;lus aging at aWOCC

2) 'Test terapercture in 0C

3) Lir~te of tensile ztrengsh in :rgjcZ for a time in hours

in a piecce of vrofc (or In an item being =ai1e) srme voluz-es are deformed to the

critical degree diarin5g forging or stammp5ng. Then, during a sabuerqient beating

to a hi&a temperature for te~pering, -these volumnes get a large-prained structure.

Mien ite=s being =ado. or ass=,les with viaeiously-stzedd grains in the

struc-lure. are subjectedI to stresses at hlfh te~poratures. the volumes of s=All-

grained atnicture, which have lesser heat rafistanc 3 and greater plasticity,

~efc= easily. Therefore the volues of large-grained strzactuxre ý6nd slight

plasticity (t~hat do not deform as =.h) nist bear a large lone. This c~u-sed

pre~itbre cracking slong grain uni=ts.

-105-.



"It iCs esLa : tza c-c, nie.ýr = first of ril! on the

junctions of lrrýer cn- craler - -n:1 tha. u:ar-cn sart -zs a life length

in proportion to the inilfor.aity 3r dis-a.-•tiy of grainsizes.

SC0a D-L'STIC MIaELY ZA-R2SISTAY. ADSTJ ITIC STY-, US-

Chron&-manganese-nickel steel of brand 3I4:l. (Averate content: 0.38t C,

13% Cr, 3% 1i, 8- za, 1.3" V. 1. -l go, 0.3% lb.) This steel s fos use in

makiný turbine disks of the most varied di=ensions weighinj& from 50 to 500 !

and with dis-eters of uio to one r-eter. It Is also used for band rings (joining

the diaks), deflector shields, labyrlath packinus, and re-enforcing details.

Yig. 11l-l13 show changes in mechanical properties of steel 314SI in de-

pe-.ences woon test te=eratures. The data Civen are for sw--les vith a hardness

(along the diazeter of the inression) of 3.3 a&d 3.55 mz. A harder steel,

that results from agirg at 65O-,•AMOC, hbs grept tou&.ness brt a lovere-d and

ustable heat resistance bec=se of a sensit'.vensss of the steel to notchirg

at working taneeratzres (650 0 C). 7his is corroborated by tests of srooth ama

i ntj-.nAd sr--ea Pme-d tests of disks on =o-er-r.rodlucing rachines.

in oxier to decrease the senzi; ivcrugu. Lo =t;Lz r do"5a a

p-zoposed (first aging at 6903C dluring 15 h•u•- snd. a second aging at 7aD-_AO 0 C
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d.iurinf; 10-16 zhoas). Suach ' rcat~ent securze", a good heat-resistance znd

durability of the disks at soek, er-pecially alozg the ri=.

in order to raise the li~it of strength and the yield =oin't of thne .iterial

et the hub of the dick, it 'is r-ecoi.-ezded that the thole disk be sabjected to

the first &Zi~ng aid thean to do the second aging at 8000C only along the in Off

the disk in order to soften it.

?Jhere a"e further possibilities of economizing on nickel In steel S1481

IV reducing its content to 5%, and also by ecluiding niobium from the com-

position of the steel througýi the use of purer io~n in szeiting. Brand 21734

steel has practically the ssne propearties (fiS. 114) as brand 31481 steel. ani

it Is recoznended for a .nuber of parts vorking at high tenoeratures (bands,

kolts, cotter pins azA disks).

-ýhroma-nickel-titanium steel of brand 216S8 is used for raIdng turbine

disks, powered (or stressed) parts of tuxxbine vanes. coupling rings, shafts,

parts of bell =-athz. Cha:cbera of final combustion =ads Of steel 11696 worked

fully sattafactoril4y at warzing teroeratures up to W8OOZ. The raising of

vqe2t.TU? tft=.rtVat'?* 1M the tC-reESOA 4-u' frt e =: Zf thi.i atai flu

vanes and diskC of shaft concressors in gas turbine Installations.



Tig. Ill. The de;-emdee of the oechan-. Tig. 112. :&e dependence of the rmechazi-

-ical properties of steel 3145-1 upon tern- ical proper-ties of steel 31481 uoon tern-

peratuxe. Short-tims tests for tensile perature. Short-time tests for tensile

strength. The steel ia processed for a strength. The steel is processed. for a

hardness d ==3.31 r- (The steel is hna-dness do0 n 3.55 =. (Te steel is

susceptible to notching..) not susceptible to notching.)

Left ordinatez , in kg to r2Left ordinate: . in kg to =

Right ordinate: -M-, in k,_ to - ight, ordinate: 3. in 'cg to z

Abscissa: Tecperatrs In dere C. Abscissas T2epsrature. in. degrees C.

At curves from top to bott-,m.

In its heat-end-uxriz properties, steel of brand Z1696 is very close to the

nickel alloy of brand Z14372, equivalent t o alloy SI4371 (see page 745) and is

one of the cost he-st-eaduring Steele anong iror1-Isei alloyz-

Themt tin ~ hýtf~ pzsip,&r~es of bx-n ZI695 steel is sbhs

vith test tenoerat-ures In fig. 115. Alt 500 to 65DOC this steel is srea
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7ig. 13L3. Limits of stress rapture azrength of steel 31481 (processed for a

hardness of do Z 3.55) at 600 to 750-IC

Left ordinate: LiziIt of tensile strength, in kg to =u2

-. Abscissa: hours

Inferior to alloy 11437, uhile at 700 to 7500C it Is Tery close to the lat.ter.

In conparison with steel 31481, steel of brand1 31S~6 has Mrater bent-

enduzance and in, therefore. recoznded for meaxing =oat stressed" turbine diacas.

cha~nicel properties of steel 11734 31696 sam---;l at hij-t te~erstures.

upon tezgerature. Short-tice tests Thermal trealtrent: t~eroring at fro=

for~t-ensile strength. 11500C (cooling in air and aging at 7Wo

tto 75000 during 16 hours).
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rig. 11d.coatinued) 7i.115. (continued)

Ief -~nae gto left cr-dirate: Limits, in kS to =;P of

Rigt ordinate: Z, inA kg to_16 , 0' in %

Bight ordinate: S. in kg to =

Abscissa: Tcr-rature, degrees C.

".- producing gtza~ -696 special atteztion is given to the presenc~e in the

iugredients of material batches, especially rion, of injurious sdit-ares - lead.

- tin, auticony, bisxuth and others, the content of Which =zst be miuiwirl. lorcm

has a very great influence upon heat-e rdurance properties, as na 'be seen fro=

the co~psriuon of data given in table 32.

The part played by aluminum is not yet definitively ascertained, but It. is

established, that In objects of small cross-sectiots high heatowduring properties

are obtained coth Yben using steel with small sl~innin content (0.10%) and viben

using steel with a. heightened aluminu~m content (0.80%).

Eigbh be~t-endurance properties of steel 3;1696 axe obtniued after correspomaing

tharmil processing. consisting of te=- ering at tenperature4S of fro= ll0-l2MOC

and subsequxent aging at 700C80oOC. The thicker the cross-section o-f the object,

the higher the tenperature of temtening and aging vast be. Tfor small cross-U

stations (with diameters of not over 80 =) goDc- results axe obtained after ten-
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Table 32. Influe.ce of 3c.jon on tensile strength of stsel 1:i696 (seat treatment:

te_-pering at 110,00C, Looling in air, aging at 7000 C, in crucible 16

hrs, cooling in air

1) No. of malt 2) Testing to~erature in 1C

3) C in kg/jr-n 4) Ti=e to destruction (in hours)

5) in % Q V' in%

?) 894-1 (without B) 8) Calculated content 9) not destroyed

poring in open air at 1100 to 11500C, and for larger cross-sections, after temo-

pering in air at 1150 to 11800C. In the first case aging during 16 hours at

7r)0OC is sufficient. while In the second case it is necessary to raise tbe toz-

perature off aging u,? to 750-8000 C. Dhe higher zhe content of titanium ard

alumidnu in the steel, the Ui~ier its capacity for hardenirg during aging within

the rang* of moderate te.ne ratures, and the 1aor5 tho plasticity of t_1e step!

after a&Lng. The steel has -Ini-m tougmesas and hardness In the tsez-erad state

beginnin& at tsneratures of 1100 to 120DOC. During the process of bo~ating

tenerord steel within a tea-pezature ran,&* fro= 450 to B00 0 C a variation of hardness

is observed (fie. 116).
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riC. 116. Changes in hardness of steel Z1696 in depedence npon teerate

and the duration of aging

Right ordinate: Hardness Abscissa: hours

?ho properties of steel 21696 at 200 C are givem in table 33.

Steel n6946 welds coxpletely satisfactorily, bat requires the observabe of

special welding conditions. Best of all it is forged and welded In a state of

havi•g been tUe•ered for a8stemiticiity (tempering In air at froz U•.0°C). 9ab.

sequently the parts for welding are subjected to aging at 700 to 7500C during 5

to 16 hours in order to heighten their heat-en•xurance and tougbness. Daring spot

and roller welding a higher pressure of electrodes is necessary, ubile during

arpn-azc welding a steadiness of welding condition Is indlspensibla to avoid

tho appearance of defects (craccs), as it is ha.-d to weld them over. Steel

tent, welds bettr: 7, =zzala welding the steel welds wlln.
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Bazic highly durable austenitic steels used abroad.

Steel Rex 78: - 0.12% C. S 1.0% Un, - 1.0% Si, 17 to 18.5% Ni, 13 to

14.5% Cr, 3.5 to 4.5% C., 3.5 to 4.5% Uo. 0.5 to 1.0% Ti, ~ 0.25% V, is used

for disks and vanea of gas zurbines. The steel is teWpered at from 10500C

(with air cooling) and subjected to double aging:

a) at SO0OC during 3 hours, cooling in air;

b) at 6OQOC during 48 hours, cooling in air.

Table 33. Mechanical propertieo of steel 31696 at room te=iperaturs.

1) Smeltings: a) s=eltel in an induction furnace (6 smultizgs),

b) &mnelted in arc fumae (7 smeltings).

c) smelted in arc furnace (15 s.91tings),

d) arc furnace (3 smeltings).

2) Kind of s.i-finished product: a) rod, 32 i= n di•aster, rod 26 n

in dianeter.

b) forgings, 90 = in dimater,

c) forgings. 90 mm in diam.,

d) forgings, 90 = in diaz,

0) forging

3) Conditions of thermal treatm-ent: a) Te=pering at from 11O0 °C (during

2 hours), cooling in air, aing during 16 hour- In air,

b) Te=-ering at fro= 11000 C (durin6 2 hourt), cooling in air, aging

at 7000C during 16 hours, cooling In air. Te-pering at fro-= 11000C

(during 2 tours), cooling in air, a-inG at 7500 C during 16 hours,

coolin& in air,
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Table 33. (Coztiriaed). (0)

c) 26=veri"z &~t from ~ OlQ 0c(uring 2 H:)nrai),4 co'1A4 & In air, aginr

(during 2 hursn 1 ous cooling in air. Tempering at from 1 180-J2000 c
(durin .2 s hua.CGOoir. in air, aging at 7500C during 16 hours, cooling in air,

d) ',qrp~i- at from 11300 C (during 3-5 bourS), cooling in air, aging at 70o0C
during 16 hours, cooling In air. ?einMparizg at from 11-VAC (durize 5 hours),
coolizL( in water, aging at ?OOOC during 16 haar,, cooling in air,
8) Ta-paring at fror; 1-1600C (during 2-3 hours), cooli~ng in vater, agizg at
75DOO during 10-16 hours, cooling iz air.

4) JAccorind to dztz Of 1.ctrosteel =nd 7MW



The he&a-ez~uaz&ce properties are illuittrated by graphs in lig. 117.

Steel 19-9 Z. m: 0.GBA' C. 8 to l0% 31. 18 to 422-'b Cr, 0.2 to 0.5-t Y,

(illez) -115% 'ff 0.2 to 0-.-- Yu, 0.2 to 0.6% 2i, is used in Cgs turbine con"

stractiob. The steel is subjected to teonnering in vater at from 11000C an!

tc aging at. 6500C during 4 hours, or to hot baer hardening with subsequent

aging at 65'30 C durin~g 4 hours. Vie lat ~er treatment is used more often. The

heat-emduranco properties after this treatnant are shown in fig. 118.

iteel 19-9 DL: 0.25 to 0.36% C. 8 to 10% 11. 18 to 22%5 Cr, 1.0 to 1.554T.

(Illegible) 0.6% 1b. 0.2 to 0.6-1 Ti. The calculated. carves for a te=perature

of ?~3D C after too variants of thernal treatment (a - semi-hot hauer hardening

and. aging at 7300C end. b - tem-pering at from 120000 eW ating at 7300C) "ae

presented in fig. US3.

Steel C-18-3 (in con-osition it is close to steel Z1434): 0.4% C. 1 I,

13% Cr, 10% Co. (illegible) .5% iso. 3% v, 3% nb. Data concering the resistance

to creep within the lirits of tensile strength of the steel at tem-peratures of

6W to 9D00CC are presented in fig. 120. The fatigae limit of the steel is shown

in frig. 121.

Ste*~1 )&ijti=-%t IL.Iiriq nzn2 4- ^-,15 C-4 C. 1 U 21ý Fri. 21 zo 2zý Or, 18.5

to 2,1.0% Co, (Illegible) .5 to 3.5% Mo. 2 to 3-4 IF, 0.75 to 1.75% Nb, 0.1 to 0.2%

%~. The cbaracteriistics to tensile strength win of resistance to creep are

presented. in f~g. 122. i5



7ig. 117. Th* li1Lts of creep and of ?1j. US$. Umilts, of are3p arA of tonsil*

tomelle utrength of stool 3iyp.?e. strength ef Steel 19-.9w Mo.

1 - rats, of creep 0.2% for 300 how-m; I. - -at& of creep I0*/hN-Ou.7

2 -rate of credpO0.2% forl1000boiars; 2 - reto of croep10'-71Wb'oau

3 - tensile strength for 1000 hours. 3 - tmll uirei th for 1000 ho';rs;

4 -. ten~1),. strength for 10,000 bmqrs.
Iteft. Orezi-ste: "i-it of creep. of

tensile uitrengtb, Ordinate: ZI1a~a of creep, strength.

In kC t4=2.in4t=2

Abscissaw Tezrature *V' Absciessi ?eprainze. Id

steel Discalloy: -305% C. 2-% R~. 13t Cr. 3f go, n.5( T:i. 0.24 IAL.

-Zhvrm1 treatgmet: hertxioS tl1OaN', cjQiung eith the furawss or :n 41-1,

a"tu at 7300C dux-irg 20 hours. Ci1culgaa L cr-es for tTC2C art OUT in

U fI. 1O. 'he values of durAbla strazet. zIm rosist-L",m to 4mrest or& __

in fig. 124.



7±.~1.Caalculvted cvrr-es of alloy Yig. !2C. 'The licit* alf creep and durable

19-9 ZL for a tsuperature af 73TAC strept~th for atiel. G-lSB~

a) after cuv1-oot -has=r hadoe~r. Speed off cre-ept: 1) 0.1$ after 30O hours;

ard aCing at ?j00 0 2% 0.1.% uftcr IO00 hour-;

b) After temprlug at fro-.! 3OO 0.1%v aiter 2DOW houra

arA ag5ng at 7ZCPC Dri,*:!1e atre.3,tht 4) after '-', boure;

?ig.Iroa at the curres signify total 5) after 100', hours;

stretch (or su=&.r7 9em~ieai) 6) afto., 10,("OO ha~rz

Abovi vf '-c,*. o*Qu-- Q1f :!9Qs Abo- evrtical cO1v= of f1i'u.VtS kg to =

7 1.m -iJc, k to Yi,-'1ares as bottom: Texperi~ure. In OC

Pism-ee -t bottow. hours

Lseg~erd. frogm top to bottLc-

Destr-.c-4on; 3ed Itage of creep;

3zIl ataq-e of creep; ~s~aAi



Fig. 121. Limits of fatiguae for steel G-18-B

Above vertical colu= of figures: kLJ=z

7igures below: 2?mber of cycles

Yig. 1M2. Limit* of durable etrength (a) and of creep (b) for steel rp-155

Above vert.. col. : Fgr? igures at boztto hours

Legend: Speed of creep. %/hour

2ig. 123. CalCi~ateOdC42cuves o1f Steell Discalloy for 6500 C. FIgares at c-ur-es

denote elonzation

Crdimats.- Limit. in 1;g to ~'Abscissa: hours

Legndr. from~ top: 1) 3rd stage of cre ep; 2) destruction



rig. 124. lizalts of creep and dumt-lo strength for Digmlloy steel

a) durable atre.'-gthz - b) Creep limit

'love vert.. col.! &v-m rilertS at botto= b1ourX

- 1egendt Rate of creep

Steel A-286: up to 0.08% c, 24 to 2s% si. 13.5 to 16% Cr. 1.0 to 1.5% 310.

(illegible) .5 to 2.251; Ti, 2" A&l. 0.3f T. 'Ther~al treatmesnt: tm~ering at

from~ lOOOC, coolizg in water. aging at MO0C during 16 hours. Characteristics

of resistance to creep and of tensile strength are given in fig. 125.

Steel S-590: 0.5% C, 2M, Ni, 2V. Cr. Wt% Co. 4% No. 41% 9. e4% Nb. Thezal

treatment: tsepering at fro= 12000C in oil or in air, aging at 76D00 iiarink

16 ho-rar.

The results of testing tUis eteel for tensile strength ent creep are given

in fig. 126.1

Attezo ts i'ere- -we to i~prove the properties of the steel b.7 adiition to it

ranadiri- end nitzogean. However, these elenents irjpaired uae&'~-anturrance. Thbe
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Fig. 125. Limits of creep and of dum~ble strength for steel 1-266

a - du~rable streu~th; b - creep limit.

Xbove 'eret. col.: i;J- Yigures at botrto= hours

Lesumds Rate of creep

Yig. 128. Limits of creep ani of l2urable strength of steel S-5=-O

a - diireble streng-th; b - creep limit.

Above Tert. Col.: kp/r=m2  Tiglres at bottom '-0,am

Legend% Rate of creep

4~..J 44...~.,. ~ ~h¶ ~ ~steel of tw!~e

S-590 prove& zo be very effective. The data obtained after te~pering at

f ro= 110000 and agimg at ?G03 C ' urlmg 24 hours are shovm in table 34.
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Table :34. Xechemical pronerties off steelI 5-590

1) Content of -,i. in % 2) LiTnmt of resilience, in kgl/--

3) Ti=t until dest.-action undier =25 k,&/= 2 at 7000-0

Stee EMU 0.31% C, 3.4Z% IU, 0,50% 3i. 9.5% 31. 191 Cr, 3% p. The

o~ti== (Or best) cOn~itiOL9 Of th6 Osieltz thvrzal treatnen;: tep;ering in

Oil at f rzm 10950 C and aging et 7600 C Ciurinag 16 ;lour&. An increase of t msrin~

te=-3ratUre zar- followed by an ir,-zre-se of du~rability am- a decreasge of -plasticity.

Tao haxzimeas off steel Hn after *T2=nne rin& in oil is 3% = 33. The nechauicel

pxvperi~es of the steel are prer-ented in table 3b,.

A co~arisoz~ of tensile strenfths for 100 smnA 000D hours as well As of the

yield points. Yhlch canssz en tLoz.gation of A% during 10,000 houars. for some of

the above-.mntioned higbly allayc-3 sustemItic steel* is given in Ift.?. 127 to%!9~



.gig, 127. Cocpaz-ison of values of tensile stren.gth for 100 hour of a

=ber af hiply alloyed austensitic steel*

I1-0S-816; 2 - A-29E 3 -Dizcalloy; 4-5S590; 5 - -155; 6 -16-2-5-6;

7 - 19-.9 !DL.

Ordinate: LiLAt of strength, in kg to mm

kbscissw Tis~psraturs. 0 C

?ig. 128. Co~zparison of the values of tensile et-.ezah for 1000 hours of a

nwber of bran~s if highly alloyed austenitic steel*

1 -S-816; 2 - A29E; 3- Discalloy; 4 -S-5150; 5- 2,-155; 6- 1&-25-E;

7 - 19-9 DL

0~rd1irate: Li--It of strezgth, 1z ý; to ---

Abscizsa. Te--:erature. OC



71g. 329. CO=ZrisOn Of the values of creep lizit Shich causes an eloniation

of 1% for 10.000 hours (0.0001% per hour) for a ==ter of brand's

Of highl~y alloyedI fusteniti~c stools

1 -A-296; 2 -Discalloy; 3 - 590; 4 - £816; 5 - 15-155; 6 -15-2&.C,;

7 - 19-9 DL

0r1itir-te: Lizdt of creep. in kg to ~

Abscissa; 28epermture, 00

Table 35. Mechanice! Properties of steel EDI at higý te~aemtures. (2_rer_-aJ

treaitment: te--e3rating at fro= 109303 during 0.5 hours, cooling in oil. aging

at 7oOC during 16 h~ou~rs. c~ocý.iz in air. Bardness at 200 C E =33.



I) �e�erature in 0C 2) Limit of strength. in :�/c�

3) Limit of creep in 4) Relative elongation (or stretching), in %

5) Relative narrowing (or contraction) of croso-section, in �,

6) Limit of tensile strength, for 100 hours, for 1000 hours.

E!AT�-3RSISI� ALLOYS 0�i 20S-�ZRR0US BAZZS

Alloy; on the basis of nickel. Alloys of tyne Eastalloy are used in three

'rariants:

a) Hastalloy I.., 0�04 to 0.1$ C, 18 so 22% Ye, 18 to 22% Mo, O.8� Si,

the renainier being nickel;

b) Eastalloy �: � to 0.12% C. 4 to 7% 76. 26 to 30% Mo, 0.6% Mn, 0.2% Si,

0.3% V. the re�inder bein,� nickel;

c) Eastelloy C: up to 0.16% C. 1.5 to 17.5% Cr, 4.5 t� 7% Ye, 15 to 18% �,

375 to 5.2$ I, the re=ainder being nickel.

�iese alloys are used both in a cast and in a forged forn. Hosever. the cast

forn gives a hi�ier level of heat-eniurance pronerties. Pnr�ing is don6 sithir.

a temperature range of fron 1230 to 10000C. Tne alloys i=�y be subjected to

treatr.ent for disersiosal badening ternerin� beginning at tenoerAtures of

118O-1220 0 C. cooling in later or in air and aging at 3509C during 16 hours. �e

resalts of si.rt-ti� tests of forged 8o�?lC* of Hastalloys 3 �n�1 C at roOm in".

� tezeratures are jrene�ed in *.�ble 35. �. limis of tensile strength of

fobed alloy. H�stallcy 3 are�iven ±5 table 3?, zhile the co�ined results of
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Ehort-ti-me tests for ttretching, tensile strength an creep of cc.st slioys of

anstahloya A, B 9re shown in ta-bles 3-3 -.n! 9

ITable 36. Mechanical. sroperties of alloys H~stalloy B and C

(teats Ifor shert-time stretching)

1) Hastalloy B: Test tenperaturo in OC; Linit of. strength, in %dIn2

2) ERastalloy Cz Test, te~perat'ure. in OC; I'rdit of ztren6QI, in 11r

Relative elon~aticn. in

3) Note: Thez--*I treatment of Bzastallo7 B: annealing at 11800Z

of Epstalloy C: anndealing at 12W0C

Tabl 37. Tensile st emn~th of alloy Hastalloy 3

1) 2eSt te-ernture, in 00 2) Linitz off tensile strength in Jn

with tbe -following earation of test in hou-a" 3) Note: Ther-el treatment

of i* '..is v17flOII cooling In air- a*Ix e. 925030 during 72 hours.



TWale 33. •echanicr ,ro .erties •f c3st Pllojs E.st(; i;S . A, 3 .- C

1) •A!ioy 2) Short-tize trsts for eetensia=: (a) Test tez.=ercture, in O,

(b) Limit of stren6 th, in tL •2Z

(c) Relative elongation (or stretch) in %

Te) set te-eaure, in OC

4) Limit of tensile strength, in v2 with a test duraticn in hours

Tablo 39. Creep characteristics of cast alloy Hastalloy C in a test durction

of 500 hours
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1) Test te~ierasire. in OC

2* Processin-: (a) After casting, (b) Same, (c) -ter casting - a-n

at 3700 0 ;dur:Lng 16 hours, (d) Sare.

3) kaa~itu~de of tension in g=

4), initial defornzation

5) Cree2 rate in % ker 1000 hour

6) ?ota3. deform-ation in

An alloZ, Eastalloy X , ihich is a substitute for Hpstalloys A, B, and C,

was dibreloped recently. Vie co--osition of H-istalloy X is: 0.15$ C, 22% Cr,

9% zo, 24% ye, the renainler being nicikel. The alley contains a decreased

quantity of di-ffictilty obtAinatle alloying elen-ents. Rose.er, notwithstanading

this, it has sufficient heat erndrance ard hij~-teaperature oxidation resistance,

which =akes it possible to use it for naking pasrts of conbastion chabembr for

rt.ctive cotors.

Alloy Y1L-221, wthich contains 26 to 29% Cr, 4 to 6%!1, 11 to 18$ 1.. - 0.5%

11n, - 1.5,1 Si. the reminder being nickel, is also used in the US. its sheet

material for co~bastion chaebers. 7ais alloy has good resistance to oxidationa

Wp to 12000 C and jpcd heat-endurance also. The stress causim,. destruction ofa

samzle after 100 hours at 9a500 is equal1 to 3.64 ke to =~2 *nti at 12LLM z-a

to 0.7 kgto =2. For N hoursat 985 'CIt is equalto 2.52 kg to at

120DOC to 0.35 kg to mm2.

-127-



Ing. 130. The results of bighi-tenperature tests for fatigue end creep

of alloy inconel W

1 - the linit of 'fatigue for 10 (illeg) cycles at ro=i te~erzature,

fat. 36.2 kg/rd; 2 - limit of stress vith a creep rate of 1% for

10 hours

ordinate: flnit of creep, inkj=

Abscissa: Te~qerature, O(C

F1-ig. 131. Idnits o'f creep and off tensile strength of alloy Inconel X

1 - tensile strength for 100 hours; 2 - tensile strength for 1000 hours;

3 - speed of creep 10Oý&Jhour; 4 - speed of -creep 10-7 %/bouir for 100 hours.

Alloy Inconel W; 0.0% C, 14% Cr, 6% zFe, 2.5% ai, o.6% Al, theI

remainder being nickel. This alloy, like all alloys based on nichel, u-st

have a -.mu low sulphur ccntent (< 0.01-1). Ozernal treatment, of the alloy:

* ~-12&-



"te:per!nr, at from 11-50 0C (during 2 to 4 ho-urs), cooling in vater, aging at

350*C dur-irg 24, hours. Resistence to creep end to destruction through fatigue

at high tem eratures is shcr.'i in fig. 130. Oie limits of tensile strength are

given in table 4o.

Mloy Inconeal X has a prox-Itely the following chemical composition:

up to 0.08% C, 14 to 16% Cr, 5 to 9% Fe, 0.7 to 1.2% lNb, 2.2.5 to 2.75% Ti,

0.7% iai, 0.4% Si! 0.7% Al.. ¶lbe following conditions of thermal treatunt,

are recom~nded: tempering at from 3l50'C duinng 2 to 4 hourB, cooling In air;

then the first aitg at W50C during 24 hours and a second aging at 70OPC

during 20 bxurs. Me alloy has sufficiently high uroperties of durability

vhen heated (fig. 131). 7ecba-racteristics of the resistance -of allo1y Inconel

X to destruction through fatigue at high temperatures are given in table 41.

Table 40. LM~its of tensile strength of alloy Inconel V
1) Temperature, in 0C 2) Limit of tensile strength in kg/=? vitha

teab-t diuratio im Iv



IBM,

Table 41. Fatigue limit of alloy inccnel X at heightened tc~peratures

1) DEct. te~rer&-.,7-e, in 'C 2) Linit of zfat-L~ue in kg= it h
rnimer oz- cycles

R ef-ectxeUoy 26 contains an t,!e average,- 0.03%, C, 18% Cr, 20%

Co, (illegible) % Ce, 3% Mio, -'% Ti, 0.8% Vh, 1.0% Si, 0.2% ;al, týhe remairidcr

1;eing nic~kel. T..ernsl treat=n-t consists of teerperzIng at from 3.150 0 C, cooling

in vater anA In air, and agin at 730 C dining 20 hoiws ror bardness F,=250ý

* 3110. lie res-alts of tests for ten-sille Strength ena creep at ten=peratuwes

of 450 to (ilegible). 0 C are Presenzed in fig--e 132.

Alloy R-252: 0.17% C, 19%ý Cr~, IG0% Co, I to 2a -Fe, .11% Mo, 2.3%p Ti,

the remainder being nickel. O'er-al treat:elut: te=per~ng at -Pr= 1060 to

1070 C dur-ing I. houre, slow cooling with ths fin-nece to -5-40 , tlaez in air.

alloys liramon-c &0 and S-6106 -see fig. 134.



Fig. 1_12. Liz-xdts: 1 - of creep Fig. 133J. enmsila strength of alloy

(rate of creep 0. 2%p ror 450 homrs); i.x-252

2 - off tensile st-rength. for 100

hours for allay Refrectalloy 26 ordinate: iinit of strength, in kg/=?

ordinate: limits of creep, of Abscissa: ho-Ors

strength, inkg ?

Abs--lssa: Txeaua 0 C

Some ce the bast heat-end~uring alloyb ion nicic-l bases are the alloys

of type N~monic, based on nickel and cbrome, in-the proportion of 80 to 20.

A rational alloying of this composition --ith titanium and aluminum at the

expense of nickel has -result ed after appropriate tterzal treatnent in a

sharp itcrease of heat-en~tzing prcoperties'.

*T m fluaace of titaniium Lnd aluminu= L~pon heat-enduring properties

of the nickel-chroms bases is velli llustrated by the curves of Afig. 135.

the~n _reo lei~wt hefrea s~t ther

elements (coba3 t, mLjodenum, tungs ten) heat-enduring properties chanGe

cunsiderably, a fact Vbicb has given a basic reason for creating a series

of alloý-s of type Rlmomlc.



U- 7- - __ _

Ninmonic 7:: 0.08;p to 0.C, 118 to 21% Cr, up t Fe, 0.2 to O.V6j

Ai, 1.V. l*-a, up to 1.0% Si, the remainder being nickel. 7herm-al treatment:

tempering at from 1270 C cooling in water. in consequence of the tempering a

practically uniform large-grained structure of the hard solution based on

nickel is fix~ed. Due to the small titanium content the alloy Himonic 7,5

iias lew tensile strenýýth at high temperature (table 4,2). Mie alloy is easily

deformed, welds well and has high resistance to oxidation. Ois determines

its use as sheet materia). out tAf which parts of heating pipes enil co=Rbustion

chambers for reactive wotors are made. In recent time a multilayer zaterial

is used (the Zglish cell it t tsanidvich material") -which consists of a sheet

of copper rolled ')etween two sheets of alloy ltienic 75. in these conditions

heat conductivity is improved and the durability of par'ts is increased.

inic80: pt o.6% C, 19 to 22%,I Cr, up to 1% Fe, 2.2 to 2,81% .Ti,

--p to 0.35% ma, up to o.6.5% Si, 0.5 to 0.95% ALI, the remainder being nickel.

Thermal tre-atzzent: tem-pering at from 1080 0 C dur-ing 8 hours, cooling in

-water or in air, acing at 700 0 C during 16 hours.

Nimonic 80A has F- composition alnost analogous to that of lirmmic 80,

btal it oontent of alum~im= ana titsinium co7-, a s to the upper limit
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Fig. 131. Fratigue strength of alloy Fig. 135. She res-ilts of tests for creep_

Yx-252 in comiparison vilth al-loys of alloys of type "0 Hi 20% Cr, with

- i?~'nc Bo and. s-616 at bigh tenz- different contents of titanium and

peratures; I - Himonic 80; 2 - 816; al'lmInu. 1)a-gutude of constant stress

3 - M-252 0 - r lýF te :eratare 6o0 c

0r~.~-~:Limit, in atgo

cycles

Abscissa: Tezqeratine, OC

(.--2.8% -it and irjy to 1.0% Al1). The tbercal treatmnt of alloy Himonic 80A

does not differ from the treatnent. off the preceding alloy. Mie results of

tests of alloys 1{innic 80 and. Ninorn~c 80A for creep and tensile strength are

presented. in figuzes 136 - 139.

Wimonic 0,0 contains up to 0.1% C, 18 to 21-% Cr, 15 to 20% Co, lest

than I.O Fre, 2.0 to 2.3%~ T-i, 0.8 to 1.2% Al. 'the conditions or ..nezr-aj

trealzt are the- sane as for allo a' ziinnic 80. Data concerning tests for

tensile strengthn and. for creep =nd giv-en in figur=es 140 and 141l.
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Teble 4~2. Mech-ei.cal properties ofall oy M=M~ic 75 a, hei.`htened te---eratures

1) Short-tire exte.nsion. (a) Test ta perature, in 0C, (b) T.-~tof strength,

in k/Iý2 , (c)j no-i'l lizmit oaf creep, in kg/=ý2 r (d) Mlongation (or

slre-tch) in %. 2) Creep 1i~z.t in 'kg/rin2 vith a= elongation of 0.11p for
300 hours at test te~perature', in '

Die characteristics of the resisteance to destruction through fatigue

at rooan and heightened tenperatures for alloys lMi~nic 80, limonic 80A and

Ruzimnic; 90 are given In table 4,2. Ois ccaratively high fatigue character-

istics of alloy Th~mic 90 give a basis for =ekin~g specialized nezcbine

buil~ding out of this alloy spiral sp~rings Vbich -.ork successfully at high

temperatures.

Rimmic 95 is sim~ar to alloy 1arxonic 90. Eoarevar, it has higher

heat-enduring properties in consequence of scme increase of titanium and

alloy Ronenic 95 somaw'2=t differs -^ro-- the trtta-th-nt of other all-oys of'

the ribnonic type end provides fCor a do-ubl-e tt~e~rinj:



I

Fig. 136. Creep chrracteristics Fig. 137. Tensile sfrength of alloy

cf alloy Mix-cic 80: 1 - Creep rionic 80.

_=S 2 - creep

o0.2% for 1000 hours; 3 - creep Ordfrate: linit of strangth, in kg/r= 2

0.21 for 5000 hours; 4 - creep

0.2 for 10,000 hors. Abscissa: hours

* Orainate: )±~it of crAt curves (fro= top to bottom):

iný'/x2 hours, 1000 bowrs, 5)00 hours,

Abscissa: T a l.,•are, 0C 10,000 hours.

Fig. 138. Creep. ch.r.cteistics Fig. I39. Tensile s-reng,.h of alloy

of alloy 7hmoaic 8QA: 1 - creep Nimnic 80A: 1 - for 300 hours;
0.2% for 300 hours; 2 - creep 2 - for 1000 hours- 3 - for 5000 hours;

0.2% for 1000 h.,rs; 3 - --reep - for 10,00P hours.

0.2, for 5000 hours; 4 - creep

Abscissa: Teperature, OC
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of alloy ro-•lnic 90:. 1 - creep N~imic 90: 1 - for 300 bors;

0.2% fcr 300 boiws; 2 -- ree. 2 - f = 1000 bnurz; 3 - f -5C0D bow--

0.2% for 1000 hol=s; 3 - --ep,

"- 0.2% for 5000 hrs. Ordinate: limit of strength,
In kg/=12

Qdjmte: Creep limit, in kg/x=2

0 0
Abscissa: Teerature, C Abscissa: TenPerature, C

Table k3. Chaacteristics of fatigue strength of Whwnic tYPe alloys at
roaa =0 heightenecl te~peratures

1) All.oy: NRionic 80, 80A, 90

2) Linit of fatigue in kg/ for 40.10o (illegible) cycles at. tenperatmres

in C
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a3 first te-peri.ng: te:::erat.uLre of 1200 0 C durin~g 1 to 2 hours,

coolin~g in air;

b) second. te=perir~g: -fro= 10060 C durizg 6 to 8 hours, cooling in

air.

nie p~~ 'enration is the usizl aging at 7009t durimg I- hours

Oa3e properties of alloyj rOi--nic 95 after t*-k --J trea-tnt ere given in

teabes II4 aza 45.

Table 144. M.ecbanical properties of alloy rhanic 95 at high temperatures

according to data off sho-mb-tine tests for extensiocx (or stretch)

at high *zeý ratures

1.) Sest te~pra-ture, in~ 0C; 2) 21id of stegh in 2h

3) N~ominal. limit off creep 0.1%, In kg/iJ; 4) Reltive elongation,

in %; 5) relative =--row.ing of cross-section, in Or6) ib~mluz of

resilience E.104, in kb
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liimnic 103 h~as the cc---osi'ion:'-0.3 C, 1 to Z2ý ai, 10 to 12ý Cr,

4 to &p Al,, 4.5 to 5.%j ,b, uip to o.5g sib, up to 25~ Pe, 18 to 2ce-s Co, th-e

renalinder being nic-.-el, It ha-s hig*er heat-end~ning properties (table 4,6)

zhan llfr~nic 95, VhLIch =.kes it .possible to uise it ens nade out of it L-t

high53er te -attrz.es (~~~rby 300c) t-=n itens -ad of elloy rc~onic 95.

If the follorwIng, conaitions of te-sting be accepted for co~arison: stress 7.5

k~ to end the ti1m period '.rntil, destraction. of not less than 100 hours,

tbien sa:::pes of. alloy rtimnic 60A endure thi's test at a te=pertin'e otabove

8T00 C, vbile saz;-es of allo-y Him~nic 90 stand it at 9000 C, of alloy Himonic

95 - at 9260 C, of alloy 2Ki~nic: 100 - at 9560 C. "- esrits of tests for

short-tine tensile strengtha and for fatigue at high tezperatuxes of alloy

lirinic 1000 are given In tables 47 and 48. OThe conparison of tensile

strength~s for a period of 100 hou-.rs for alloys of inimonic type (80, 8DA,

90, 95 and 100) is shown in figure 142

Changes in alloys of type Rimonic have craite a conpilcated character

end can be studied only bay. eans of very fine methods of Roentgen (X-ray)

investigation (Yu. A. Bagriats~idy). During recent y-ear-s Ijaily has carried out

an electronic-:nicroscopic investigation of alloys of the Nfimnic type-, uising

special =thods of "preparing the sxrfaces of the object, and bubble (aluim --
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-Fig- 14~2. Coara-isoni off tengil~e Stren~taS tof Aley2 -P 4-p li-ic

(80, 80A, 90, 95 and .100) for 100 ho=ir.
Ordinate: unizt of stegh i g

-- Abscissa: Te~perature, OC

alu~dim oxice) replicas. The existence of very find dispmrionr. of tUe

second phase vas established. The size of second-p3hase particles vas foiimd.

So, after (illegible) hourns of aging at 80&0C the ncdmnagnitudof

d~ispersions amounted to 0.05 nk.

-Ible 4~7. Results Of shoDrt-ýtime tests for stretchizg of alloy Iliamoic
100 at high tez~per-a-mes.-

1) Test temrture, in 00; 2) Yield point (0.iý) 0.1, ina kg/=?;
3) Munit of s-trenth in k&2 4) el.ongation (or stretch) in d;
5) iiz2rrowing of cross-section, in %; 6) 1Ibdultis of resilence B.Io 3 j- k1



Table 48. Results of tesrz for fat'Icac (tors-cn irith bendirg.) of alloy

::i=:-z-c 100 et h ih t -ratures

1) Test t•peratzre, in °C; 2) Stress (or strain)., in ?/2

3) destructlon --ro= the n er o0 cycles 15.100 (100 hours);

4) Te-.exature, in 0°C; 5) Strain (or stress) in kgh2

6) Destr-ction -r= the nuziber of cycles

During the study of the influence of aging conditions upon the average

size (or zagnituda) of these dispersions it vas shoawn that for all investigated

brands of alloys of the EiWrsick type the nominal average diameter of second-

phase particles grows exponentially vith the change of aging temperature between

750 and 8750 C and that it grows mch more slowly vith a change of duration at

constant tezperature. 5he qumntity of dispersions (the nuz•ber of particles to

an area unit of the polished micro-section) decreases lineally, but sufficiently

fast vith an aging tezperatire of from 700 to 800 0C.

MV'C U_- 'P %, U:. uucecrease proceeds s.Loivr, vnaae above vyu t;

the particles of -he second phase disappeapr co-pletely (going into the hard

solution).



~tI ums noted thatý P±l~oys resist creep better in proportion to the

decre~ase of the a-.e_-ree distance betveen particles of the -ec rnd phase.

An invest gation of the influence or plastic defor~ation, which was

nade on sazr-lles subJected to 300 hou~rs of aging at 900 c and to compression

und.er pressure of 1. tans to the square cm has disclosed (apart from lines of

-24p != ZUGz /%aaiiztr th- ''41="'~ ati)) lirges or

slip cross the dispersions and, that., in dispersions coherent vith the m~atrix

(orz die), slipping takes plae c-.- tha sara planes. in this case the dis-

persions to not block the slip lines.

OXIDAITM0-RESTSTA1r ALLOIS RqSM- ON 7%7=KE

Aloy 14l31, EI1437A and X1 1373. our inaustry produces chrome-nickel-

titanium alloys of type 20-77'-2.5 to which are given index identification

3M aers M4~37, ZI1437A end EI437B. Alloy E11*37A is smelted out of purer

mixture raterials thenn is alloy EI1437 and therefore has greater heat-

enadurance. Alloy EI-R1 37B contains additionally 0.005 to C .0O8W of' boron.

Alloy E1437 has its =axiru tensile strengtth after. having been

tamperxecd at a tem-parature or fxron 1080% and area at 70orl Ai-inri -- 'rhnl-c

(fig. 143). An increase as vell as a decrease of tempering t4E-?eratwre

leads to a sharp lowering of durable strengt~h.



•ig. 143. The in!-0ance of te-pering tperature upon the tonsile strength

of alloy B-:-437. Before ;hc test the saaples vere subjected to
aging at 7000 c during 16 hours.

70- 36.. .g ? 32 -' 38060 C, 0 20

kgfi 2  -4-8500 C, a =L5 kg/• I
Ordinate: Tine -umtil destruction, in hours

Abscissa: -Tc-py.azratura, C

Alloy RjL437 has the folloving characteristic peuliarity: if the

alloy aged at a tezpera'tre to 700°C is heated to a higher terperature (800

or 900WC), it loses a considerable amunt of time stre . NTever by sub-

sequent heating to a te=perat=re of 7000 C its mechanical properties are

practically restored in full, that is a return of properties takes place.

Tns properties of alloy =I4 37A are given in fig. 144. •Iese properties

are aonewhat higher than those of alloy EI437.

Testing of alloy EI437A for creep has sbinm tbht the residual de-

for°mtion after 100 hours at a tePpeeratue of 7000 C m•l s! s-•e- or etr" al

of 30 k& to fluctuates vithin the limits of 0-063 to 0.211* In dependence

i4on the hardness of the szelt ngs (or selting batches).



1ME

Alloy ET437A has higher and :ore constant characteristics of faticue

resisue-ace t-man alloy .-437. A1 '-st in all cases the fatiga-e !irdt of alloy

Ei437A exceeds 35 'g to =2

Me Prperties of the r--st '_idely used alloy Zi437B (with a small

addiitjcn of boron) are given in fig. 145 to 149.

Fig. 144. Changes iii the mechanical -Fig. 145. Mech1nical properties of alloy
prop es oS lloy 437A ith E14B at high tenperatures, a 100 and
increases in temperatures of sbort- a OCOD - tensile strength frr 100 and
""i tests for elongation 1000 houns.

Ordinate: In kg/= 2 , livits of ordinate: Limit, in

Abscissa: Te:peratures, 0 C Abscissa: Teperature, 0°C



As in-estigations by 1j. . Bulygin, E. P. Trasova and P. M. Sileverstoca.

'have show, that the addition to alloys of type E.143i of small quantities

of boron lead to great strengthening of grain lirdts. The transition from

transcrystalline to intercrystlline breaks comes, vhen the test is of

long duration, in alloy EI437 at 450C nd in alloy M-I1 37B approximately at
£•°rO *. ..... o_.. .L..J . ....

.. - -=.•.. - .. .. t. x i sxsrain, these temperature limits of

transition from destruction across the grains to destruction along the edges

of grains aMit for alloys -I1437 and EI437B correspondingly to ~ 700 andr

-85 0°c. Hence cos the greater heat-snduxance of alloy EI437B (fig. 150).

Fig. 146. Tensile strength of alloy -iL 37 B

Ordinate: limit of strength, in kg/:m2

Abscissa: hours

M. M 1--a tl-L alloys of type : , like all other austenitic

alloys, are to a great extent susceptible to ha•er hardening, and can harden

to a considerable degree e-ven in =chamncal processing on machines (surface

impact -ardenin).
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Figz. 147z Cre ~ lo Fig:. 14.Cepcurves of aoy E37

EI1437B e. test te=npe-ature of at test teimperature of70C

65500 . 1 - 50= kg)?, 1 - 42 = g= ~J 2 2 - a- 4o kgfzi 2"

-gk? 2- 1 = 40 kg/ý 5 3-4 3 a 2=5kg/=?.~

5- 30 k

Ordinate: limit or *, ordinate: limitor ,in %

in Abscissa: bours
Abscissa: 1--urs

Because surface ir~act hardening increases the diffusionial mz'bility

of ato~s and. also, probably, contrxibites to the formation an the surface of

nicro-crac-ks, the conditions of mechanical processing must be so adjusted as

to reduce to the mininm the surface cold hardening of vanes aade of alloys

oe type E14 371 1dhii', they are being made on machines.

Alloy F.1617 Inas th- f'ollowaing coqwpsition: 0.80-4 C. 19-t r-, 5.~F~

2% Ti, 2.. Al, 3% Mo. 7-4 Wz Li~~ ~ ~V.~ 2gest l.evel of heat-endiwance

E U of alloy E1617 is attained as a result of the follow~ing thermal- treatzent:



Fig. I49. Creep curves of alloy Fig. 150. Tensile strength of alloys

"" - I4'$.B at Upt temperature qf 80°0 C 3i4•37 (1) and EI437B (2)

1 - 0 20 kg ; 2 - a - 18
k/=? 3- - 5 /= ordinate: limit of strength, 2

Ordinate: 6 % Abscissa: hours

Abscissa: hours

first tenpsrin - heating to 1200°C (dr•ing 2 hours), cooling in air; second

teeZrig - beating to 10560C during 4 hours, cooling in air; aging at 800°C

during 16 hours, cooling in air.

An investigation of the influence of temperatures upon the properties

of alloy Ki617 nade it possible to establish that the dissolution of excessive

phase.s begins at teec>-atures above 10060C. 7he irfluen'e of t:-., conditions of

tbe.'nal treatment imon tens~il1 str~no-Eb i= "ne-rec-4- Sd b th--z dg z.

figue 151.



1i.151. Sie influence of therzal treatmnt uponm the tensile streng-th

or alloy EI6r. nheraa treaant;3: (from left to zrig~ht) a) -temper-ing

- - a from 12DOO0 C during 2 hours, cooling In airz; b) - tezperimg at from

1206'C during, 2 hours, cooling in air, aging at S000C during 15 hours;

c) - first temperin~g at from 12000DC during 2 bours, cooling in air, second

tezperin at 10500C duripg 4~ hours, cooling in air; d) - irtem~pering

at from 22000 C during 2 boars, cooling in air, second tempering at 10500 C

during It hours, cooling in air, ag'ing at 806'C during 16 bours -

1 - test at. 7060 C, o - k5 kg/ý=F2 2 - test at, We0C, 0 - 25 kg/rn2 ;
3 -test at W50C, a 2 0kb?

Ordinate: Time, in boars-
Abscissa: Oier=± tres.tm-nts a), b), c). and d)

She properties of alloy BI617 at high te~eratures are shocin in

f ig. 152 to 1505.

Vie alloy has some susckptibilty to notching at, 7060 C, -while at

8000 C and above the suscep.-dbility to notching is absezt (tab~le 4,9).1

Oie fatigwe limit- off alloy SI617 is founad by bending on the basis

of 10.100 cycles oL r.moth and o-- notched saz~les and amounts to:



a) for s~oth sezp--es at 7XO a.3 -~k/i 1&)0C to 35-3;'

b) for notened sa. l)es at 7000 C to 28 31 kg~/=?., at80c*C to

30 k.S/4e.

-gig. 152. libenaicaj proper=ties of aflloy Zr617 at bigh te=Pertures

(illegible)

Abscissa: rb=-peratureS, 0 C

Fig. 153. Tensile str-ength o 0'" a-Q E1617

O.-Ti_'te: limit of sttreý-h, in )zg/z

Abscissa: wMs



1Ug. 15.5. craeep cm-res of anoy EI617 Lata test. teperaetie of 8oOeZ

or5irmate: 4

Abscissa: hw=

Ois alloy is bigljy2 resistanit to -orrosioi "by cases.

k-hmz sa-rp,.oes eare -,ept for . --=g ttime -n ai.: at- 9:)c the incc~eise

in iveigt =Nm~ts to 0.085 g/n.,fhotw, ancl at 1006 0C to 0.58 d/.~atix-.
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E161-7 at test. te~eerat-I~e of 8,O0 C,1
1 0 l k/rf 2- =9 , Ordfr--te. limit of strength, In kjzpm

* - a 8- 7k_/-2

3- a 14 __ - = Abcse--ssa: hours

ardinte: 6 %

Abscissa: hw,=s

Table 49. Senst.ti-menss to mottclkrg (or cutting) or alloy E1617

1) S~rpe of s~ple: (a) ot;(b) 'Note1ved; 11c) Smooth; (d) INotchedA;

(e) amotb; U-) riotthea for vith a cut)

2) Pesclt~s 3-f tasts for teansie strergth: (a) Test tempe-ratare, In cC;

b)c in lzgh/= kc) ?aeaistance of dtarferent wmalting batctss in

bons (imti) destru-cti.on)



All-y ':Z5'aS h- thee co=?osition of 0.08:,, C, I Cr, 5O Fea, 2.5%

1,5e1 ?U. 6:4 * ~."'? a "*C"y .03' B. :he alloy hassfamd a usae form

=akin&g Ivorkingý of &as ti-zrbines. At co~mn rocm temrpe-ratmres alloy

3-,5,c'3 is close to cllioy ZI6l7f, Iut it has some-what greater -plasticity. A-t

tez-*eratL~ires of frc-om 750 to 8 00OýC alloy E1598 hasp blesides high heat-en~uancea,

also msufficientt2y hi&h Iplasticity and is reco~men~d for vorkizig iiitbi4n the

2 ra-nge of these te= ormlharees. At teperatLi-es; of 850 to96t this alloy is

&Own=a- Interior to e-11-07 =-6iy In mansile strengtth and resigtance to creep-

018 curn-es If iensilO strergth of alloy E1593 Wre Presented Ini figm~e 157.

Fig. 153. fn4eýcalc3 properties off alloy K&62 at- high te=ýza-aes

(sboa-t--time tests ffcr stretching)

Ibrkings at cm -.-s (Prom top): 1) tine lizzt, 2) TV dyansic

3) A"V atati.c
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Alloy .1826 (EIG17 AB) The changes in the mechanical properties of

,lloy !ZIC26 at increazed test te-..eratures are shown in fig. 158, Pnd the

tensile strengt'h of the alloy at 700, 800 and 900OC iz shown in fig. 159.

The curves of creep and- endurance are &Lven in fig. 160 and 161.

Fron- the cooarison of all these date it follows that alloy n-826 has

very- hi& heat-enduring properties within a wide range of tameratures.

Alloy ZI826 is harder to deform in a hot state than alloys 11617 and

""21437B but its deformation is qaite possible, if the nziber of internediate

sta-ping dies and the n=mber of heatibgs be increased.

Alloy MZh17 has the cozosition of 15% Cr, 10% 1, 1% T, 14 b, 3% Al

and 0.008% 3. At SW
0 C and 0 x 30 kdm=? . Its tensile strength is of the

order of S0 to 16D hours. Trnen the content of aluminum was increased (to 4%)

it wms difficdlt to deform the alloy, lut in cast form at 9500C anA 6 Z 15

4=:? it had a durability of over 100 hours. It is a characteristic peculihrity

of the -.lloy, that toth in the cast and in the deforme- state it has, besides

hie- heat-endurance, also a high plasticity within a wide range of te=.•eratures.

Tne li=i•t. of "',;.- Z -tre--- of h at-'Xr•l'a-g steels and alloya usea

-... -f-

.4C • III II I I I MCI I II * SI • I I S



R.g. 159. Tensile strengthi of alloy 3-1826 at 700 -9000C

Ordina~te: hlmt of stre~eth, in kd--2  Abascissa: hours.

FI&. 160. Creep carves of alloy 3US26 at test tezperantures a) 000

b) 9000 C

0.rdii~atez Abscissa: hou~rs

?i. ~ -- .6. r: ez~1ts of testing s~ooth za~ples of steel Z (S) .

samples. (H) *notched sw.ales

0Odinste: ihle;&ible Abs5cisus YRZL-;~ Of cycles iUnti! destrmction



Pig. 162. Tcosile streng~th of sora brand4s of heat-resisting steels ard alloys

used. in do~extic industry for a duration of 100 hours

Ordinrte: 100 hour Uniti, in :4'- = Abscissa: ?e~permtars, 0C

At curver (fro= togp-right to bottoza-left)i 1) 3161?AZ (ZIM6),

2) 3137 , 3187, 3) S1696, 314373, 4) 31481, 31437.2 3188.

5) U38. I3133% 6) 31415

J.LLOTIS V0V T= ~zknw OF COBALT

Defor~ab1 e alloys.

,Alloy Refracta1loy 70 acont!3izz: 0.01% C. 2_1% NJ, 20% Cr. 3D Co, 141 :ýe.

-1 Z., 4%e xb n. G..-" 5i. -The thazr*.1 tre6Ltý.ant of the alloy cornajset cz.

tenoering at from l2VS0-C (dur-ing 4 ho-nxs), coolizg in oil and aging at 8150 C

E Uduring 24 hours. '-w- f inn]. has-rdnsr H-S a 293 1352. The re~lts of testing

Refr-actalloy 70f for terroiie strength nnmi cvre-e after ther--a1 treatm-ent are

presented in fig. 162.



Fie- 163. ?ne limits of etrength ar. creep of alloy a~facltai1oy ?0

- 1 - strensth for 100 hours; 2 - strength for 1000 hours; 3 - limit of creep

with a deforzation speed of 1% for 100 houirs; 4 - limit of creep with a

deform~ation speed of 1% for 1000 hours.

Ordinate: Linit of strendtb, in khx?, Ascisa:u Teoeratuze, 00

Alloy n-,i contains 0.4% C. 20t 11. 19% Cr. 41% Co. 3% Ii. 4; No,

4% 1. 4% lb (or lib +It). 1.5% 11n, 0.6% Si. 7he thernel treatmn~t of the all,

consists of te~pering at frozz 1200C to 125000 during one hour. cooling in water, t

aging at 76000 d'xirtzg 16 hours. Hardness after tbensal treatoent is R3 =248 - 331.

Mhe results of tests for tensile strength and creep are gi•enin fi.

?or allos 5•15 (like for many other heat-eoduring alloys) a great eus-

cept4ibiliLty of heat-enduring properties to the conditions of th~irm.1 treatment.

and especially to te-pering teaerature, was .atibllhed. So, tbe limit of

creep of allty 5-916 Increases vith an inoresse of temering temperature from

1150 to 12500C.
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Alloy BeIness-all-y 25 contains up to 0.15% C 9 to 1A SiI, 19 to 21%

Cr, up to 2% re, 14 to 16 T., 1 to 2% -, 1.0% Si, ths renainder being cobalt.

The alloy yields to deformnation with great difficulty at teperstures of :.he

order of 12000 C. After forging, it iast be subjectei without fail to annealing

at 1050 to 11000C in order to remove inner stresses. The therml treatment con-

sists of annealing, usually at 1230oC, more seldom at 800 to 900DC. The results

of tests for creep of Hainess-alloy 25 are given in table 50.

Jfig. 164. Livize of strength and cr6ep of alloy S-816.

a) tensile strength, b) lizit of creep

mOrdinates Limits of strength, of creep, in kg/.Lp
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Cast alloys.

Vite!i-'_- or HS -21- his many modifications of chemical composition.

Therefore below are given the limiting values of the content of elezentsz

0.2 to 0.35% -, 1.5 to 3.5% Ni. ZZ to 30t Cr, up to 2% re,4.5 to 6.4 mo,

(illegible) .3% M., 0.6ý Si. the remaile_ r being. cobalt. Most often the

therr-tl trentment of Vitallium consists of aging of castings at 730 to 8760C

during 50 hours for a hardness H * 65 z 70. More seldom annealing is done

at 1150 to 12300C. The ree-1ts of tests for short-time tensile strenth, creep

and durablie strength are given in tables 51 aW 52.

Table 50. Chaa-cteristics of creep of alloy RL-25

1) Test tenperature, in GO; 2) tests for creep; 3) stress (or straik

in kdzz 2 ; 4) Speed of creep in % for 1000 hours, with a duration

of test in hours
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Table z-5. Ueebanical oroperties of alloy ES-21. (Vitalliun) at hei~tened

te~eratures

1) Short-time tests for extension: 2) Test temperature. in 0 C;

3) Treatment condition: (a) Cast, (b) Aged at 7350 C during 50 hmirs,

(c) Swne 4) Limit of strength, in kgciJ2

5) limit of creep, in 'r-Irm? 6) Limit of proportionality, in kg/uu2

7) Relative elongat!.on, In % 8) Tests for tonsil* strength

9) Test tf=-eraturs. in 00 10) Treatment nondition: (1) caat;

(.b) #it-n, et- BMS0 C dir-in-150 hm !=ra; -(c) iams.

11) limit of elongation strength kg/=a? duration of tesat 1 hour



Table 52. Creep characteristics of alloy ES-21 (Vitallium) at heightened

tameratures

1) Test temperature, in 0 C 2) Tz'eatri~int condition: (a) cast; (b) aged

(c) age, at 8150 C during 50 hours;

(d) aged at 37.OC t-uring 53 hours: (e) same.

Z) Stress (or *train), in kg/mv 4) Initial deform-tion, In %

5) Rato of cre'V in 4 for 000 hours, in test duration of novrz

6) General deforation, in %, for *bhe period in hourst

Alloy 61 or ES-23: 0.35 to 0.5% C, up to 1.5% 11. 23 to 29% Cr, Up to

2% ?e, 4 to 7% 3, 0.3% Ma, 0.6 Si, the remainder being cobalt. Thermal treat-

=eut: aging of casti ngs at 730 to 87000 durting 50 hours for obtaining a haA.-

nest H.. - 65 - 70. Maxin-.r haze-ness H•_ 32 - 42 is obtained as result ofa -- I

aging at 8000 C during 25 hears. Annealing is dene &t 1150 to 1210 0 C. Tbo

mechanical properties of alloy ES-23 at high tea. era:ures, obtained in consequence

of ahort-tine az' long tests for tensile strength, are given in tables 5- an! 54.

-160-
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Tables 53. Mechanical Dronerties of alloy RS-23 (No. 61) at heientened tec-perst-res

1) Short-time tests for extension (ductility) 2) Test temperature, in 0 C

3) Treatment condition: (a) cast, (b) aged at 7350C during 50 hcurs. (c) sena

4) Limit of strength, in kd=2 5) Yield point, in k =n2

6) Limit of proportionality, in kimz2

7) ior-gation (or stretching), in

(1) Continzatioa of table 53 2) Test4 for tensile strength

3) Test t.serature, oC 4) Processing conditica I (&) esst,

(0) *Ld st 8.5o0 during 50 hm.rs, (c) aged at 8?000 during 50 houdrs,

( a) --*. 5) Limit of tensile streng-th in kg•-2 for a test period

in hours.

U1



Table 54. Creep charzcteristics of alloy ES-23 (2;0. 61)

)Teal. tempmrat--re, tn 0^ 2 treatment conditi-n: (a) aging 3' . 350 C

fo r 50 hairs, (b) sam.

(c) aging elt 8150C during 50 hours,

(d) aging at 8700 C during 50 hours f% ) Z"~

3) Stress, in kJz#4) Initial deformation. in %

5) Speed± of creep in % for 1000 hours, with a duration of tost in bowrs

6) General deformrtIon in %. for a time in hours.

Alloy 6059 or HS-27 contains: 0.35 to 0.5% 0. 3D to 3W$ Mi. 23 to 29% Cr.

30 to 32% Do. up to 2% Fe, 5 to 7% Mo. 0.5% Un, 0.4% Si. m~ber-mal treatmeonts

aging at 730 to 8150C during 24 hours. Eardnest 3 = 6D z 67. U'iri-- hardness

HB ' 26.5 4 30.5 is obtained after aging at BDOOC during 5 hours. Anzrmling it

dons at 1150 to 12Z3V-C. The reaultz of teszs for short-tiz4 elonvPti~u, tensile

strength, and- crem are given in tables 55 anii 56.

Maxl 422-19 or ES-30 contains: 0.35 to 0.5% C. 13 to 174 Fi, 23 to 29%

Cr. 30 to 32% Cc, v3 to 2ý 7e, 5 to 7' mo, 0.55% Un, 0.4% Si, the remainder being
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coSt.-e-.=a treat~fnt. a~git at 8,15- to 950J0C ahuris 50 bnzrs. Tat ha:dnesa

o 'tained is Hi- 65 .72. Maxin a. -dness Ex - 2? 7 3e,:5 is obtadned after

sgIn~g at 8000'0 durln. 5 hours. Anuaelizg of thea alloy It done al '1i50 to 12-30 00.

Da'ta eoncer.-ing teats 4fo* *hL)rt-tiwe elon~atiori, tVentIle strenth8 an3 cr~ae

arr. aivez in t&blea 57 and 58.

sAjo7 1 .-40 or ES-31. centainst Q).45 to 0.6% 12, 9 to =f Yi. 23 t- 28% Cr,

up to 2% ?e, 6 to Sf T, 0.6% Wn, 0.7f 51. th* reaiz~or being cobalt. 2hernzel

tzeatnsnt: aging at 815 to 93D0C during 50 hoiil.. Hard--*as R 641,- 70.

Kwa=i2~ hardness K 2S 41, is obtained after bging at SWOC dur1Lng 25 hours.

Annealing is det at 115D t, 12300C. Tita conceraig mechanical properties at

beidit'sned tompeatre are shown in tables 59 eW 86).

I comparison of haat-rtslsta~t propertiez of some co'42t end~ eckel

&aJIoys my be =&a* by reviewing the grapbs In fig. 165 tz 16?.

ILlOYS P- 03 CBS=~I

Alloys based on chirome-. partic-ilarly those pertalvn.g to tze, -7stoz

chroz~1ybc ~iro.,have ve--y hi& heat-eaduranc*a lnt i sa .t-

B *L.-r~ tht t-Atzzi al- -- 7r =o3i or 4a'"'S :; Itts bases.

possib1.- iv consequ~ence of the tprisence or osy~e aLZ :Aitrogea, s8h-arp! li~i1ts

the ;tee of *?ess =atez-iiaks fc: parts g. ns taZi.dies, -ft-tivt =ctars --!!zzke



ý'able 55. Ve'ai~tal tpropertles of e.)l-oy j~--? lo 60 9; helgtr.-

:1) Shor-t tdimc ' est-= for ext-ensica~ (duct~ilty)l
2) T'est te=:?rat'2re'in O
3) 11~~n conz3ition: (a) case, (b) age;! at 7350C 6=~ing 50 hoiws,

()agedi av& 925 C during 50 hours,
(ei camne.

5)' Y-e-ld P-oint, in
6) TJi-c '--f;--oportionr-'Jity, in kg/=2

7)1 IReati-m elongetioun inn

8) Test. ia tensile- strergth

9) T-est te-eperature, in O
.10) Treantmet condition: (a) case, (b) aged. ,:, 8150-C during, 50 bmirs,

(c) same, (r:) cast
-U) I~ntOf tensile strength, =n kg/hr-2 for a test pario& o; bowrs



Table 56. creep c..z--acte:-;stics of alloy ES-27 t'lio. 6059-O)

1) Test tprue,-C

2) T-;eatz-ent CAtci (a) Z at; 7350C atixig 50 ho~ns,
~ s~e,(c) aging at -8-15"Cami 50 bwars, (d) sam.

3) st-ress for st-raia), in g=

5) Spee~d of creep in li for 1000 hours, in a -zest period of bours

6) CGenemra3 deforzzsticn in %for a tiein hours

in consequence of a heishtened content of admixtures, chrom obtained

by de-oxidation ifron. charome oxide (for inst-ance -by the ahl1;"ber=Ic aethcd)

ca--s*t be considered a-- -usable for the- PrcZ-=Uton cf heat-e~*nA=Lz alloys-

Orther- =athods or cbtaining c.hrone ---a used, in 'vbichz the con-te~nization by

cases is decreaseZ.

.1 * LC5AL~--~~.4 .. a .a,.. - -z- Ci --

ca:Lciu in a nessive Iron =crucble at 9CO'C. 7?- reluce --- ss. obtained In

consecruence of the -reaction, is taken oat frntbe Crucible artd: 1- I.-e-ated

vuit~h acids to r cr-Ici'- oxido. The chream pi~~e that is bpimg fo-raed

C-ntains a scr-wkmt lower-ed q ~tity of ox3eZ.Sa



7Ible 57. ~ehnc1propert~es of ealoy !?S-3o (Ijo. --,2-19) 1th~~tre

i's Short ti~e tests for ex-c-nsion

2) Test te~per--t,.e, 01.

3) TIreaatt con~ilion: (ka) cast, (b) a~ging et 7350 C during 50 ho'.zs,
(~c) &=-e, (d) agiS'm' et.5~Cdrn 50 -h-ours

.j''toff str-enigth, in kg/ýg
5) YIela poin.,, in 2[/
6) T----,. of pr-rinuzi z2

71 olative elong-ation (o- stretching), in.

8) etsfor te s -,e srent.h

9) Tiestu teprtae;

10)0 ran condition: 9,a) agimg at T35Pc, (b) soz,.

.c) aging a.t ft.-.?C durIng 50 bours

fd) -~ (e) cast
11) Linit of tensile strength, in kg,/z=z, in a test period or hours

U%6



T'abi-e 58;o. Creep clmacteristics o.' re-o::E-30(&-

1) Test tOpru C,

(c) cz-zt, (d) e9Lng at 7350C during 50 hours,

(c) a;izF- at. &i50C durinz. 50 !:Wurs, (ft) saei,
(9) talrZ at 8700C durin 50 bours, Nh seme

3) stra:in (.or ost--ess), in 2

h) !aitia! aefor=nation, in 5
5) Spee of creepý in % for 1000 haurs, for the time in hours

6 zec-erl dafaonsation, in +;fr he tim in bou-rs.

2. Mede-oxidattion (or reariction) of clxwm chloride, especially

purifie-d of wzgen, with netalli4c vei~~ithin an r.mspbere of beli=.

B3r-pr-oducts formi&% dinz "U'c th raction er-e =ibji!=atad in a highl vac=.

3. Volat4.!Ization off a npecially7 p;Ui~ ed iodif o: chmme imm glass

4. 1-e paifcatioen '-n !hydýemn of a 7po.er of electrolytic cbr*=

zf~re elactrelysic, of an ac',eour. -olutimn coat'.dnirg 250 to 300O g/d
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Tle59. I~echapicall properties of all oy 10-31 (,X-40) at beightened
te::--ratuares

Shzrt-tira tests for e-c-en-sion
0.-

3) Siea-izaent co'aiticn: (a' cast, (b% aging at 7450C daing h0 h s,
(C) Sams

5) Yield point, Lnkl=2

6) Linit of proportioneali-t i2

7)J Relative elongation, in -,
8) Tests f-or tensile stremg-th

9) 7tse tz=erat-r- 0c

10) Treatomt conditim-: (a) cast, (b) aging at, 735PC during 50 baiu-rs,

-- (c) s9Lingatt815PCC--rimg 50 hours,

(d) aging at. 815PC dmixzg 50 hours, fe) cast

21) limit of ennile strimg-th, in kg* in a test duration of bours.



=.L 60 C',cep ch~amczer-stics of alloy ES-3i- (x-..-40

2) Treatment cem-dition: (a) co-z:t, (b) W~ing a~t 8!5P during 50 hoiurs,

3) Strain (or stress), in 2

14) Intital cdofoxraticn, in d

5) Speed of~ creep, in1 % for 1000 ho-n'a, for the tfr0 Tpe6ioc of b~oir.
6! c-.oral aeforr-ation,; in % for the time in lbiws.

of cbxom oxide em 2.5 to 4.0 g of sulphte at a tezpcrstrne of 30O to- -2t

andl a cm-reant of 1.19 a/Cri2 .

n~e t~wee latter meatas raeit -possible to eb~tan cbroms of suchl

hlk pi;rity, tbaut in a --=er of ca~es it, becc3ýs defor=Lble.

Fobr tha sm1ting of clwme al-loys. in an Jntt atmspbere (best of l

in hoaar~j an arc fvwmae i~s used. e tit9.ectro&-e used-. is of Z=Snszeen covered-

vM- ih=-i V.I is fas~tened to a ivater-cooled 61lectriftea holder. 7t.e

cruacible of tbs fun~eis =,de %:f n,,Le copper.



4~24

Fig. 165. Lixdt -yf strezr.ýh for Pm period of 100 1hois for sVus beat-

XNW.Lstamnt al.Uo-js of nickel an& Cobalt

-1 - Dz~omel X; 2 - 3Refratpallo 26; 3 - N (or Ek) - 25; Iff-3
5- X-252; -ES-21

ordinate: limit of~ st~g'h inkg

Abscissa: Taqerattue, 0C

Fig. 166. Li--i4ts of streng7Ur for a duxation of 100 b2oars fc-- so= beat-

resisten. ralloys of cobalt and nickel

2--2

0T~t :4T---t of strengt1h Abscissas: Tm. pirutiý,C



K9g. 167. Crea- n ve'using 3a u1ccsaticm of 1% for 10,000 bIrrs

(0.-001% Per hoi=) f'-r z~ j~balt an nickel aflc.Y-

1 I,-me L :o1i. 2 - Fabranta311y 26, 3 - MA-25, 4 - I-1

5 M-

Ordlna~ze: mr ep limit, ini kgJ.V2

7ttzre are s=0Id e2'e-t:, of the practical use of atUovs -:tainim-

6ýCf, 25'% )ro --, 15ýo Fe. 11ith a s~zess of 3.2.5 kq tc jra anE a terjm~atue

cf ge- u- tz-, uzt the des=-.tIc-_ of malloy oims -~s~o

mentic-ad ezct,eds 1::;W hours. At 95eP. 9nd a strags (or -Axalu) of 20 kg

2to tbs -.!m mesuares hive-~Z~cas of ba-x.. Att s,_c'. higf te~e-rattne

et=4c iini Le P).-ziticity': the ai~xnd an__a4Iof cross-sfctio-_ aftor rup-_re am-mxit to 5r* eeeh. -ii'o o~p'-,i-m (,or besrt)

cap,1natioui of stxrens*h am ý13asticitF ia obtained whben the aLloy camitafra
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e- 0.05% C, 0.2e, Ai and --races mf 09, and IN .s te- ho,~ crease

of gmain size contribue,ýs 'to =n increase of tensile strength and plasticity.

A caze-ful pomepawration of r-amples and, most imxportant, ths alloy's

prtxrification of adrixt,-xes has a wery great irigneificeaee. If samples of

alla2,s c-tai1 w' W-~ ý' 2.5% Mm, an.i --.% Fe ;_9 prepaed vilth all 7recautions:.

they have -L 100 b- nimt of tenpile sinrei.th at 1000 'C ara a stress (or

strain) of ia-.14 kg to -ý., sm Tiy.-o-wmsbnicov propervies af Ln ýUoy

cc21ta.1rdn 60 Cr, 25% N6 miý 5l5p Fe a~ a given belloir

Iriv-' uar&ess In a cf, s&.ate is 19;a=14);at

70dc'6 73 - 396; ait a=O 296; itc 930'C Ir - 2714. no. densit-y is 7,

67 g to 2ý? 14 clrý fnom .6 g h ayerp.7e

'~ef~centof tbernIc Ox~ansilon is:

izithinn the range of f~ - V5C 0 C CA1.10- ere

24 - ... 7149.1ý)6 rnmirz degrees

:24 - SI5PC A.66.10-6 =/= degjrees

She resulits of test-c of a ynbor of chrma al!G-,3 .7r c-reter mCr

coniltiana of emopressizg s-msse:; are p~esent''e& in fA*&-es 14.8 =d 169.

mm anal-yzima tbe resulzs ee these teats, it ==t be a~ddted tmat

cbrax-e arfLoys, Vn-hS hb ave cexmainly a ýidb potential aii sability as (L



Fig. 168. Creep of scre cbromt aUpys =der cccressil~g streSB of

1 - 10$ F-Re. 1V,. Ta; 2 - 101 F1e, 5% Tha; 3 - 10% Fe, 15% Ta;

4- 2D% IFe, 15% rLa; 5 - :.0-w Fe, 28% Sm.

Abscissa: bours

Fqi3 169. Creep off scm cbre-m alloys urmder cczpreisizng stess of 8 1cg/b

1 -14> Fe, U1( W, 10$ TA; 2 - 10:, Fe, 10% 1z: 5% Ta; 3 -10% Fe, 15$ MO;

A':czessa: bmwUs
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hii;a: heat-enda-rinig materiall, require excepti -anp- care in carryirg out 'the

tecbnological operations of sm-elting enid further processing. ýVridant ty, a

change in the co~apositi.&n of these alloys, the addizion to their composition,

besides mo~lybdenumaend iron, also of a nz~ber of other elements is completely

rational. It, may be considered, tha't such a complex alloying will lead not

onl to en increase of heat-end~uriiig prop arties of ihe cbrom alloys, but also

to a decrease of their brittleness.

AL107-5 ON M BASIS 02' MIANIW.

Ir. recent tires the voli'.s of works concerning the use of titanium

and its allo~7a bas considerably increased. in a nizber of cases the utilization

of these ^llorys is ccntemplated also for vork at heightened tezveratures.

Mis basi.c advantagge of titsniim all3czy is their mmll specific weight,

-vbich detarmines lower rpecific sta-ss during the action of centrifugal forces,

biet coteresponds to vorkiug conditiozs, for instance, of azny parts of gas

turbines (disc'; &ne- -.=es).

The results of sho-.t-tL=- tests of industrially pure titaniuim for

-~ -' .flJLO.W tLA~.~ icai-ý.zrcb are givn1i tab.le 01.

Figures 170 and 171. p1\useat curves obtained from tests of ttnu

for creep- and tensile strength.



Table 61. Mo-chanical properties of pirre titaniudun, obts-ineO thrcugh tests
of flat sanples cuat out fro-- annealed sheats

1) est -,p-eratuz-o, OC 2) -L-Int of strengt, in k

3) Yield pon , n K 4) '.Relative elongation, in 5
5) liar-roving of cross-section, in%

6) I"&1'us of -nominal resilience E . 10,i gýM

Co=pozite table 62 gives data concerning the durability of alloys

of t.Mitoi vith riangae se, aluinumn, Iron, cbrome, nlybdenum or tin 4vhen

these alloys are beated. Figxres 172 and 173 sbow the limits of durable

strength for illoys of titanium vith 3% al and 5% Cr (-:ý o.5% c), as 'vel

as of- the alloy of titaniutm vith 2.7% -r anti 1.3% Fe (f 0.02% C, 0.5% 02'

0.04% 712). 7ensie strength of more. cocplicated titanium alloys is presented

in the diagran fig. 174 and in table 63.



~--;-~4

lrzrdasae heat--endu~rane u., to 10C.ý-1100O%. Ho'tever hcatt-enduxra-- of the steel

is co~pareatvely lov (fig. 91).

rie. as. Limits of tensile Strazath Fig. 89. Creep lizit of chrome-nickcel

(1) az' of creep (2) in steel of auzstenitic ste~le of type 20-25 at l1O 6 /h

t~pe 18.-8 at 4300C. Preliminary (1). of typo ZF-20 (Z), of 17-37 (3),

ing by rolling with a compression

extent of 4C-% at ?60 C. Upper curvs vint:lmt*2'cep nkjM

cr038-cut samples; lower Curve - Abscissa: O0C

loritdinatc: oes

Abscissa (or. torn): Rate of creep,

U (at bottom): haurs
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~ -ý----03_ 
i

ISI
Table 62. M*echarn pro:erL--e: of some titamIm alloi-S a- egtn

1; co=pOsitiom of P-1-0oy.

2)1 Test. t-e=Perat-u-e, C

3) L--Tu 1-0tf s--e-g-th, iP-"A

4-) Yield point, in-,=

5) P~elati-we elongZation, in 5

7) Stress in /g22 causimg a defor~.tion of 1% in 1500 boirs
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MIN

Flu, 170. Chiracteristics of creep Pig. rI'i. Streng• h of titanjim at high

and strength of titaniv= at 51O°C. teperatures; tests of flat samples.

Figures at cur-es denote elongation

(or stretcing) in Ordinate: % tim

Abscissa: bours
Ordinate: illegible

Abscissa: hwrs

legend (at top ri-) Curve oE

strength.

Fig. 172. Strength for the dtration Fig. 173. Strength of titanium alloy

of lOIMf hurr. n. n t, it4-,nn -y. L o--vith 3%, Al and Z~ Cr (iT to 0.5% C). 0.025. C, 0.5% 02 and 0-0~4% 71,)

3Irdiwiate: limit of strengCth, in Ordinate: limnit, of strength, in

Abscissa:. Te_-perature, o. Abscissa: hours
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M e

955 C of" sc-- c-o-:=1exai- o
the basis o! t't•-•u.

1 3 --. C--, 1-7. 8 , '

speciic weicb1t 6.21 .•g/c

2 - 51. Cr, i.O "h, specIfic

3 - 38.6 cr, 16.1. m.3, 8..0$ w,

specific veLcht 6.22 kg/c-3

1,- 45. 0% Cr-, 1'. 4% 3Vo . 8. 6% W,

specific veiGht 6.81 kg/c=3

5 - • r, 16.&% o, 8.64 w,
_specific v.eight 6.82 kg/cn 3

a) illegible

b) 4--o until dest-uction

Left ordim-te: bp - special time

Right wOuinate: hours
Abscizsa: serial m•ers of alloys as cansimdred above.

Table 63. Properties of co-plexZy allo-ed titanium alloys at heightened
tc-peratures

1) Content of alloyimg elemmt-

2) 02er=- treatment: (a) aginr, at 65o0 C for one hour, (b) aging at 8450C
for 3 hol--s, (c) aging at 6500C for 1 hour

3) Tensile sntre;-h in 4g-- 2  at t=_patures O
-) Sam for test duation in hours

K\ x ;'

I I

U.mmm



%Uýtil recent cie~;ez.± f~ asical~, 'for =aking incandescent

ele~ents in sPec-sI. '1'-s, but evcc-In the technolo110gy of ~-c~glarge parts

Of M-.3rlbde=u b7 =.ethods of rmo-uie-: =etallu-rgy %, b seltýing inarc-vci

funaces bave ma.de iz nossible- tor r--;ce Athe q-uestion Of using zzolybdemma as

coMstructional naterial. for making different. stressed. parts of mzcbines end

Mechanu..s. TaOking into account the hi&h terp)eratures of wJybd~enun' r~elting

and re-Cry1-staflization poinits, as uvtlU as Its high bardnass In a hot state,

the use Of mo1Ybdenun and of -Alloy-.s based on it, as heat-enduring materials

nust be considered a:. rati~onl- Facre-mr, a considerable defect of xIlybden=m

and of its alloys is their vigo-rols oxidation at. tenperatures abov-e 500 to

'7000 C_ 12rus, the basic problem determining the possibility of using nolybdenun

and its alloys as a beat-endurilng materi.a]. is -the finding of method., fo-

protecting then reliably wagainst oiantion

TabCi~wc into acco'unt the jqv-rc--is'tance ofl m~ybdenun and its alloyz

t
to corrosion by gas, their mcmianiol tests at high tenperatnre s &-e carrie

n-r i~c~*al ta2t z in--h~ 56-hn Z-petiuig tested is in a vacn=.

U . 7%e carrying out of& toort-tim tests for- tenasille strength a; hi&h

terpmerutiures in a vanc=i has alzrenad dirclose.1 t.a -0bot preinita. prees
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and t-he method Of OIotainirn, MDIeyLxCe= find 1-- ts 'o.':S bear an essential

influence uzan the c teii.5o-- =recl--icaJ.;ocr s Oriis, anunealing

Ufo_-re-r e~zto low.ers noticeabhly the liI~rts of tensile strength at5 roan and he-Irhee topeatCes edincrease pl-asticity vdthin, a tempTeratuare

range of fram 8.50 to 1100 0 C (frig. 175)1. Fvnthe difference in thn- conditioclbI ~ of clinkex-ing of powidered rx,1fodenu= (in a vacui= or in hydrogen) exerts a

efinite influente upon mech-anical pruopertles. A Co=PariSOn Of defor~tion

cw-7es for mV--odeirmn samples produaced by retbo:dZ of P--wder metallingY 8nd

by the method of sm-elting in a vacu=- fuxrnace is shmmi in fig. 175. When.

the test temneratiwe is larwered, the influence of the method of MelYbdeniz

pr-oduction upon th-e co'urse of deform-ation curves ranifests itself vith special

shartmess. 7ibis gave a basis for carrying out seri'al tests of mdelyde~n=

for, tensil'e strength at differnnt tempaerattwes (fig. 177). it- turned out

thet the critical tc-m.Ver'ature OfC'Uth ,xf:sizjon of =13Fbdenun fran a ductile

to a brittl.e sttec (determIned basica3Wl by' the values of 'relative contraction)

is. sufficient-ly high, a fzct --dsich tit be taken into account In constructional

g aI-ni ationsC. :ZýUrw."r tezsts have aiso shw.n i:bai. Lhe cri itisal tempTerature

depends upon ýtbe spae.d of deformatilon, the conditions of s-tress, the size

of, tho grain zný the sec of 4~rite,=I t:he fiz ='-'-Icon,



oxygen ana nitr=ozen, vhidc. !o=~ L- r- c -ro solut ior-.

ConsiderImS the fa~tý .L_- .c~i t O~f mo-iy~ir-Mun' s production

and processing- stron'~ y inf32 _te-ce i-ts p:-opcrtics, the resUlts of ze~ts for

tensi-le strength (Ifig. 17;8) are slhown in the for-- of cross-hatch-ed zoaas of

criticcalz-, ze T-he 1o-Ger unmit of a zone comrre-spond-c to the re-crystallized. z

sti-ate of the samples, the upper uItm" to the defo=rmed state_ (after settling).

Data conccrmý~ short-time tests for tensile st~rea*,,h and creep are

presented in tables a and 6,5.

Fie. 1754 The influence of P.rollmltnrry pgrý.ccsslng upon the lunit, of strezgth

and. elongation of mf-denun at N~o= and beigteneed tezperatures

igesat cLin-es denote elon~ztiqn in ~

1 - Senp,)Ies after shorteningL_ byiW;ý;

2 - Saz~les after re-crystaliz~'fA1



ýzeci v ig. 17(6. Cr-eep curres i-or s~~ of rz1foden=~ Produced -07 the rmthod

of sna1tftg in an arc --Thrnce aid by t-be me-Wbod of powder met&flta7

(2) Commntionza sjoz;-02: Dots - lpirmuit Of creep.

circists - 1oner limit of creep. Mriaxigles - flnit of strength

-- Squares -destructi-G-n.

3rdfratxe: Stress ing2

Abscissa: 32cngutioni /or stretching): in

Fig. 1-,7. Res'tsjt Cf -14eri al tist~mgj t ig 178. Tensile strengt~l of

Cli MD-jb,--u-- fc s-,e-cbj,-,a II - \ ~1bdemni at 870-1000P

diffeent. rdinates: Limlit of strength,

:)sCissa: haurs



T.ab-le R4 esults of sho~rt-tiz~e tests f r e---,-.! icon at hi 1-h tae-paratures

of sa---les of re-c-.ystallizea mol~bdenlr

1) Test. tecz-peratiau-e, 2) Y-ield i-nt 2

3) di~t olr s-,rengt~h, in kg/7C E)longation, in %

5);aarrorring of~ cross-section, in

T4ble 65. Creep of re-crysteallized nolybddenar=

1) Test ta--erature, PC 2) M inne ess, in 1

3)1 Tir I aeztruction, in houL ) ir1. speed of creep in ~zr
per minute

,5) T=;)era-.=e of test, 0 C 6) Nrominal. stress, in kg/=wa
7) Tim~ util destruction, In hours 8) Yuim-i speed of creep, in /w

per ninute

9)Tetteertre C 10) iNPinal stress, in :ý

11) UIa until deetructionl, in hours \12) MTiniM3 speed Of creep in /w
per Milmitle
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;?ig. !79 zho-s the rcsu1ts of' tos's for tenszie strength of cest aeicys o1

=2ZbdenLm vith iatm nioibl= a- e cobzm1t after their dIffertnt ±hOz1

prc-;esflirZ. For co~paris~oz the limits of the -maluos of tensile atrerng-h of

pureo nmLydenaum are slherin in t 2e sLto figure. As it folovs form experim~~nta1

da-ta, ther raticnaJ. alloying of rLA1,bde-i2= leads to a. sharp increase of it-a

b5Se-LUt-narring proverties.

A =q~arison of the limits of tensile stren~.th af diffe~ent beat-

enawring irktafl.ic alloys a~nd zetallo-cer nc zmterials at 6W0 to 3-1060C

olybtaited fran 1000 haour tests (fig. 180) tb-.s that. the !3,lydenm= a~lloys

bave the zud=Ln- beat-endurance, and that a;W =my occir*7 a leading plate

a-izg~ 1-te-&ia-L~ Zor ser-e-ce at high te=:erat~n&s, I f or vbm~ a method fb2-

tbefr relliable protection a cans't corro-o1x~r ~iy ~r~s ir- foimd.

Fig.~ ~ ~ ~ 17.tftsigfrtni l te Iinav =at70()



:ýIi. !79 (coP+'m!%-d).

9&) (b) and l093~'Cý (c) of ---lybdentz aUloy vrdth titamugir, -liolbium-, .---- d~i=

or colballx. ila :iloys vith, 2.4&,', -11, 0.32% IW, 0.815r V: 0.04% Co, 0-67% V

eand 2.oSi in t:he rce-c--.sta~i~zcId state are denoted correspond~ing]Ty vith

little :rihx~m-mses (or dteancr-4s), trlarzgles waith apex-es upo and down, circlets,

sque2res =d-" r:;ssee. - r.e filled (or Folid) signs correspond to the sa=0

ea-loys af~ter the inner ;zsCBin them are elininated.

Abscicee: bonm=

Vig. 180. Cunkmarisou of~ strength chara±cteristics for 1000 hours of come
___-t-resict'ant m.-teria~ls a 5.]IO

ordina~te: Linit'. of stre-ngth '4n keIz 2

Atzcirza,.- C i1~
TAegemis (f'rom t/cp to bottom-) A':%.*ldt- 1) highly alloyed austenitic Steels,

2) cast cobalt alloys, .1 3) steel 18 aR - 8 Ni.

At right: 17) mmlybdenun steels., ceramnic-netels.
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VAGL. 1MPC 1T-RIAIS

Depending upon the irxgnitw e of the 'coercive force Hm, nbtic zmterial

are subdivide&. into m~gheticallý ~soft~ an~r tenetice1 . bard.

Ylgnezicafly soft iazerialvbu~i'e a coercive force H,, of from. seve-e. 1

oexrsteds to some tbousandth parts of an varsted.

P. =3-1 coercive force H i- accomp 4ar~d by large values of maoaetic

penetrability in -weak and intexz-diate fields.



re~orsml of c"~i~in mag tically soft. mter-rals are ncany tirns lowier

fam!- =6.0,-ticaily hard materic-Is.

BASIC T=-~ OFF 1PRt-El TT,ýi SOFT ~II ~t

I. Mstearials for magetic conductors of dIL-ect- current.

a) A high magazetic induction in intirmadiate an8 strong magntic fields

(lam tens to h=& rds of oersteds);

b) good mebineabi'Lity by cutting and Pressiure.

2. Mi.terials for relays of direct ctm'rnt and magnetic screens:

a) Eigh rgnetic pntai itin vodk an ntermediate fils(from
hinvIredth parts of an oersted to several teans of oersteds);

b) A flcoer-cive force as a means of decre~asin2g the seemng resldn3l

in=Ucton (for relays);

c) 11cblmneabi~lity by cutting ean pssure, in particular by ýbezxing for
(or to) a mnnl radius.

Ma Iter Ials for masgnetic 6ocauctr4 Cf alternating ~Urren (for cores

of traneformers, relays, etc.) '

a) Sml speciffic losses daiA reversal. of =ignotis-z;

b) High magnetic induction in stror. fields (fca electrie rAcbimes

FCL--Y22/.i



c! Big~h nacpnetic Tpe'atrabi ity in veal- and intexrmdiate fields (from

-OEMthou.sandthi Darts of an oersted to tons of oerstea.z);

di) ý, rectangular iorop -ofs bysteresis (magnetic anpliviers, contact

9) Good sta pailitr (for bshet, nterials).
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