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ACID-RESISTING CHROMGUM STESLIS (16-20% Cr) OF TS SSNI-FRRRITE AND FERRITE CLASSES .

The properties of somi-forritic stesls depexd te a comsiderable

extont upox the cusatitative relaticaship of ferrite sad austeorits in the i
© structure of the stsol whoem it is hoated to the texperature of therxal treat~
Fexle Tihen the ferrite compomsat predoxinates, the sicsl, if hoated o »
texperature above 850° C, acauiros x great aptitude for grair growth, This.
loads to larze-graizad structure a=d brittlemess, which are =ot elirimated
by subsegusrt tharmal treatzext, also to lower resistamce and f:orrosio;-. (sse
fige 9)e I= conxociion with this, ths hot xeshsxical processimg of sozi-ferritie
steala must bs {ixighed at the lowest tezperatures possible iz order te obtzia
s=2lisr grainn. In 5Uoh & caso subsecuont smanealing st 760-300° C, aftsr ast

delorzr:tioa consorves in the sirel a smell-grained structure and Mlly satiz

factory =schanicud and tochnological propertieso

25'!&:.'«.*..

Hasding of cezi-ferritic stscsls T2 temperztures of 750-800° ¢ else A

\b?,

sauses & =ole avex eistwiduticz 9f chrozo coxceztraticn in the nhard soiuvtiom,
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stsel must De sudjcutod ine

wslaea joints of Darts =mae of

=5distly alter welding to thorzal irsatzexnt iz orcer o increoass cerroe

3

s3az resisiazco. 17& carszius sitzels snos high currosiox resistansce im

colc nitric acia of agy comconiratiom. In kot nitric mcid {at €0 - 70°C)

175 chroziu= stesls are resisiznt when scid concentration does mot excred

667%, #hils in boiling niiric acié they resist a coxcentratiox of up te

&

C-607.
In'qb-Tcm,’::erJ' vre oxrdeticn

17Z crhroxiux steels =gy be usef as mc=-resistumt caterials at

terperatures up te 850-500° C. Fitk sazs iacrease of silicoa content,

tae sto0l boco=s resistant alge in hot cozbusiion gases. rich im sulphur,
Hovaver, sa inclixation te grain growath when boated (abeve 850° C) wad

law hea*~endurance, linit the vse of 173 chrexzium stesl.

L positive iarfiucnce upoa the properties of 173 chromiuz steels

22 fasvexeat of rosistaxcs to corresiem. Tharelors, \

iz exerteld Dy post-chargiag with titexiim and nicbium, as they elixinzte

aistenits & nigh tespersiures and ixprove corrosica~
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ors. \58),(5%},

ne asion of titsmius is offactive ozly rien ail TRe carbax in
ns 5325l combines into vitaniu: carbicss. This is echieved with 2 {itarlum
centont €~ to 8 Times larger than thet af carvon, Sixilsr resulis ars pro-
auced by posbcharging with nicbium, If its comisni sxcoeds that of carbdox
8~ to 12 tizez,e

Poswcharging 173 chrozium sieel with titaniun and nicbiuz alse
has a favarxble offect upom %he =achaaical propsrties of welded joints,
especinlly after arc ¥slding. Eowevar, in autogezocus weldieg of 177 chro-
=iz sisels contairing titazdnz and aicdiuc, xd with ithe use of chroe~
xickel stsol of typs IBe8 (8.C5% C). as wolding red raterizl, the waldea

soazs still kave low plasticityo (58).

.

HICH-TEPIRATUES GXIDATICH-RESISTANT CHROMIUX STESIS (25-30% Cr)(F i -
FERRITIC CiASS

Porritic zveels containimz 23 & 337 chroziuc are ucsd 2z highe

Troooraturoe axidatioa-rssistant —atorial in mzoivzg furmace muffles, rotorts,

—

J=czets of thormscouplos and sinmiler articles. Then hosatsd to Teoperatures

~

2bevo 550° (¢, the stocls asguire = large-grained structure and biitilezsss

whick camnot Do elininatod by thesr=zal Lfroammerts




. . - e . . s s N .
Zszliag o 2757 € yr glow cudling frox high Teporatures , st the steel

Ticieatly lozg 27T a teziorsiure arswnd 475° C imparts to the
dritilenozs, azd deoreasoe its corrosion rss1stance-
Zhe nigher the chreviux content ic in the steal, the greator ihis brittle.
rI3t. (53)3(55):(50)9
Sxtislactory =schanical and
technclogical properties are obiaized

in siesla o ths Sorrizic class only

i3 oases when, sftar kot zechaniecal

$Toco3sing and shari~-tins amnealing  Fig.33. Dopendence of ths

rscranical propertisz of 273
2% 760-780° ¢, tho stenls esquirs z cnra::.:.xom stesl ¢n heat tire
at 475° C,

seali-grained strusture.{2). Gsoling

c of coa=~ Fige35eTRo influezce of 1,000
sing Tome Rour heating at different zez—
Berafturss ox rescorawon of forauires ¢n tho hardaecs of
o7 27% carczs steel 21loys of ths systex irom-chroze,
ary heatinzy at
o of V)

3w ’! "y
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Page 576 of the originsl

FIG, 34: Tho influsncs of coutinusa hezting, at ixcreasing

tesperaturiys, on restoraticn of plasticity of 274 chremiur steel

af tor prolizinary heating at 475° G, over 300 hours.

abscissas elongation

ordinate:




after thie
of 450.528°
tue weshanical properties of chroxium sissl im dee
sorGance upox the +ims loagih of heatirg &t 475% ¢, is shoxa in fige 33~
Brittleasss ia neyl easlly detecind Dy impact tesis of 7otoshed saapless
So=> imvostigators poimt eut Zuet & decline of irpact toughmess appears:
. sircady after oae hour at 4759 C,
Subacgusat heating to high temporstursz 1ay lead te a realoration

of phisilieify in 173 chrodus steek shich evideutly wme sudjected te 500~

hour hoating at 475% C sud wmz dv & britils state {fiz. 34)e

Brittleneas in chroziim 5issl =iy uppear iz cenzeuisace of welde

inz, espsciaily of massivo parta. In such cases it is rocoxcended to subjest
the weldad parts to = sdditicnal amnoaliag ot rrousd 500° C.

A socend kind of Dritiiecoss:in higkly chrozous atoels manifests
iitgelf with hoatiar %9 x t=zserature af ihe eorde, 3f 700° ¢ axd is coadie
tioand by the evolution of tho&s phrde. {fig. 35)e

Bartoharging with alicying eia=ants. exerts a groat influeace ujen

4he davelopasat «f brittleussz with & hoaticz te £75° £, Thus, & pestcharge




wish sround 1F Mo or over 2.44% 1= sccelerales the develozmen: of brittlee

2033, & sicilar irfluczco uson ths brivtlenes:z & chirsniia stosls is exerted
by silicez, =slybderiz=, carbel, wnd alusimum, Small cuantitiss ef nickel
s7idantly incresse. miiles smail cuantities of xitroger dscrease britilemess

of nighly chrexsua sisels st £75° ¢ .

27% chrozium stosls have high rssistasce te oxidaiiea, &nopg otner .
coxditiong, alce xx tespsratures of up to 1160° e in x atwosphore of come .
bustiox products of fuels with & heisitined sulphur centente

In heat-resiziance tho 274 chrozium steesls , like tha 175 clroxiua
steois, diffe:r little from 18w-z21loy and carbom steels, but lthey 2re ix-
fevior te 5% chroxium stsels pastcharged with xelyodenves, -

An essential defeot of 27% onramiim Stoels is their great inclidstien
to graim grewtu at hesding traperstures above 800-350¢ C and the forzatien
witrhin thes during weldinz of a coarse-graized structurs that cannaet be . o,
olizinated by therzal trosineats )

Alloyizs of highly chrozeus stools with nitrogen lesds 8 greia |

cize reductionr in the inttial Sor ition anc 4o a slow-donm of the specd 2
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of grain-growth during heatires.
Nitrogen-contairing chronius sissls. odbiaia their dost machanical
proportiss after tezgoring at tsxperstures starting frea 1100-13150° Ce
An mnealing &t tcaporaturcs. arcuxé €00° C causes thoe develomment ef
nivriz.: in a sub-microscopic for= and dbrittlexesce This lixits the use
of aitrogon-rrataining chromium & solss

A corbination of high zochanical and technolagical properties is
roacicd in casea whex 4-t0 S5 of Xi is sided to 20-23X chromium steels
sixultanesusly with nitrozem: (0.26-0.35% ¥). In consequexce, steels wit:
an sustenitic struciure ars formed, wiaich in their properties tra close te
ohrone-niciel stesls of type 18-8.

In detail the properties of nitrogem-cortaiming steels: are desorited
in articles (€}, (C2), (9), (2) amd (53).
CERRGZ-ICEEL 2D CHRQRE-XNEARESE-NTICKEL STERIS 1QTE AUSTESITIC STRICTIRE

Adeition of nickol or zaapsnese to irom-chroxe allcys contributes te
the widening of the Y regicm. With definite canteats of ni:*cl the change
{ox trmsfornticn)\’;7“ auriyg cedlirp is suppressed, azd tha alicys attaia
8 corpletsly austeretic sirucbire. Figure 36 shows a structural disgrax of

chroze-nickel steeols,



In carsse-tingsrposo simels; Docorusc rangereze is loss ='Pective as

sugtonito-forrin, clemesrt, structurss of ianterzediate tize {sustenite

arrize or susteniftei® rartensito) sre =ore covelopsé. (22), (60)e

Alloyiey of chropeenisizzl steels causes a change ix the peaitien
f regicns occupied Ly tha p'nnsc:q ,Y md“fy on diagra=s of condition.
(or shase diagras.) The effectiveness of the influence of the allcying ele- °
rents upen the formation of ferritic or susienitic structures is dotersiaed
£y 4be followixgs 2m inarease in tha content of chroxium, titsniuve, wiobium,
silicen, tmitaius, alcsimun sxé nolybdenum coutributss to the forzation of a
ferritic prhaso im proporticn 4o the guantities of these eiszanta in the cos-
tents. A incrcasze in the contenis of nickel, nitrogen, carbem, ead m-gwc:o
acis in tke oprosite dirsction azd coniributes to the widening of thre region
of sustezito xund 1o greater stability of azstenite. i
To account Jfor the surrary (or teial) influence of the allaying
elezents upae the structure of chrcse-zickel ctesl a muber ¢f expirizal
formulte is offorads {€9)

The -Terbis irteraorateticn of cas of these forwilae, urkbio alse

for doierdwing tho corgosition of cust austenitic steel, 58 givem 3a fig.




3y = nunber o works (11),(12), (583, {(T4), it axs established tfat

e rrescnce i1a the Tatsl o Welcoel seats of sSall cuartitizc e ferrite is

svea boneficial Tecause it cecrecasss the forzaticm ef het crackae

Duriag trolcngec heatizgs at 700-3C0° C or durirg clow coolirg
towzoratures & 900-950° € of chrore-xickel steels , 2 britile imter-
retsllie O{~ptcse (fige 38) it forzod im theme Ix a mumber of caces this
* ' conjomnent apoears msimly aleug the 1linits of graias smd ixparts te staels
ax exceptionally high brittlencsse

£ heating of chrote-mickel cteels t» testeratures of 900° C, amd
sbeve, loads %o a disseluiion of the brittle ﬁ-phuo. (7%).

Ia receat tire it wes sstablished thet tae({-phace appears iz
the ssjority of ohrozsespickel stcslz, which have a widocoresd ixdustrial
applicatisn, s=ong ther is st22l of tyre 18-8 postcharged with Ye and b,
in stecls of type 25-20, 25-12, and otherze (73).

The exanatica of tha slpns phace zay pro-ooed eithar direcily
Mow sustenite or throuch ferritas.
it w25 estadlisted that gllcys, which coptuim sn@){ -zhase ix iheir
sttucturo Zave lowor resistance o spalling frea the actions of auxzercus

R
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3 o o) s Py 3t + -
hoatinss saa cuolizcs {thar=al crazicz) than bave alloygs wiwaoutl aa

o( ~rtoae-

A decrease of gilicon zna chromium content contribute te greater
sability of tho alloys xgainet the foreation of{Q{ -phaee, which decrezses
150 srelling of steel »hiie ix uses

Steels of tyce 25-12 arc =ore susceptible te tue dovelepreat of
A ~Thaze and 0 spxllisg beocause thoy have & smaller conteat of micikel,
nazoly, - f the elexent whirn coniribuies to the develomeat of sustenitees

Zhe addition of silicox (Z3) assists, durimg protracted exposures
10 thermal treatmont, the forzaticn ef tte [ -rhase. Sometize s im this steel
the -prase is exittod im the form of a very ==ell dispersimg , but evemly
aiatributed particles. In trese csses iths presexse of such nrarticles is even
usefol: becauise it iacroaces next-cziursacee

Cold=dcformatica of chrocg-nickel aterls Increasez the guarntity ef
OX -cbaze evolvsd during receated hectiuge (73)e

Tne stadbility of austseitie structure in chrore-mickel stoels is
size conzocted with chaages im the solubility o carbem (carbides) <tk
terrerature chaagese (2), (79), (7).

“lle




Yany chrcusezickel sicels, Iacluuing these 97 ivpe 13-6, have in

e tozrersd chate » sufricienily ztadle anstenitic siruciure, wihich doec wst

Gigintesrate at temperaiures belew £C0° Co

Rezeatad heatiay of chronsericrel stscls 'dthu the toxpsraturs
Thzze of 450-500° C or slew cuolimg withim this rsmge , causes ea evelutiem
of excozzive phaces 3w the forz of chroxs carbices eof type Crzacso (89),(50),

. (51),(52),{53), (64), (121),(57).

Tho appoarznce of these cartides is wost frequeat along zraim linits
sud ix sccexplishcd by dopletion ef the bordering laysrs of chrece, ia comse-
Guence of rhich the steel scquires zm izclination toward inter-crjz+tallime
corrosion, when itnis affoctad by aggrossive meciums. (71),(2)e

In ciromcenickel stecls the inclU:stisn toward Inter-crysteliine
ocrrogien; as s mnsequemne « repestod beating, - mniferts itself in differeat
degrecs: dzoernding upoa <arboa caatext, and its ferce is ia prepertien {9 the
xagnitude of that cestents (fig.39) (129)e

@ith crotracted hsutings at tesperatures of S00-70G® C, even # eol

wWth & cardan cantent of 0,025-0.53 £ sccuires aa in-15rsticn towsrd inter-
crystalline corrosioa. Tn thece casez, it is necezsary to use onroze-xicrel

steels posiciarged with such strozgly carbide-forxing elaxentg as titanive.

<12~



Austenitic chrozo-nickel steols have & number of reculiarities
conditionea by their structure: noa-zmagnoiisn, wop-rardening by taorerw-
ing, increcased rest-cndurance, 2nd 2s a rule, goud weldability.
Yhe msst widely usen chrorms nickel stesls Iave comparaetively
raticfsctory characteristics of toughtneszs and very high elastic preperties.
- {se> table 2).
Touznness charactaristics ef carozs nickel steels can be comsider~
! sbly izprowed by cold hardening (colc rolling, (76),(77),(7€), drawing, snd
ctaxning in a ¢old state). The 1lixit of strength may be thuz hoightemed te
120 kz/5u:2 for shests or strips sand to 160260 kg/mn? for wire, The yield
roint increazes te 1C0-220 kg/:nz. (2), {76), (78)e Sizultsneously plasctie
oroparties declise and relative slcgcatien falls te 10-1¥R, Yet, colée
cdeforacd sustiezitie chrezse-rickel stscl coaservea a sufficiect roservs of
plraticity to aliow bending, extrusion, acd eveu atwrping ahile raking
various itesss
At rcox temperature sustenitie chroze-niciel steels huve a iowered
Eerxal canductivity, However, &t high tesperatures the Cirrercnce in thorxal

conductivity of auctenitic chrocoezicicl steel, azd of steels of tre ferritie
4 /? =

13
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Pige 39, Tendarcy of 1lbeb stoel

0 intorcryst:lline cerrosiaa
C_’}. cepending aa carbea and tize of
S ¥ !Mlso
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Pige4h. Zcal confuctivily of
Gifferant steels fran tcnperae
ture tosts J=AR3EQ;2-3ikel;

Sestasd with £5 0F; Sesteel
with 17X Cr;5-stoel type 1lt-8;
&= ztael tyTe 25-20,

01:.-

Luatezivie stecls hrve Ligh coafficientas o7 lin.iar exvansiex, wnicu

. ' SEK -

iscressez with the Incrsase of tesperature. (Jig.41).

Auatenite-ferritic gteels have higher
praoperties of tuuzimesg than zarsly ause
tenitic steels (21810 and E161Y), but they
alss have lewered rlasticity a=C a nmeres
sharply expresssd asisetrepy of preper=

ties im Ceforasd, and especislly, i=x

rolled wmaterisls.
Wealded joimts in these )eterisls Lave

greatsr tesugkness: than welded joints in

austenitio steclse

Pige£le Depexdence of the meam
coafficient of axpansien {rea
tecomrstureszleastedl 1XR1ENST;
2~ gtsol tvpa 25-20 witk scaie
Tional Si:Jestenl tyze 25-123
£ectleal EhSXS-gteel £21736-ctsel
En27.
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The existeace 1a tucse sieels of a Qouble-pnuseé stri.cture strusture

Zi3ifarss jts=If us’svorslly Ccuring hot processing by pressure , heot rclliwg,
and espzcially ia droachiwng, pirne stucke (95),(136).

Austenite~ferritic agzable stoels of type 17-7 pocicrarged with
Sitazu . _c 2lorinus, in which curing hsating te 450.550° C, 2 Ssvelepcant

of nigh-dispersica ghases causes a= imcroase of Wugakess, bezgin to be widsly

ugod as a highly *ough and heateendurimg mmteriak iatended to work at tenpe-

ratures not abors 50C° Ce

ins vepertios of thorzal concuctivity and of flustuaticns in veluxs
in austenito-ferritic steels are interzeciats hetwess thore of ferritic and
auxtenitio sicels o Tiae tehevier of thece steals depends upaa tre quantitative
relstiszship of the rhasess

Durivg tte disiatesreiion of austenite ia sustcmitc-cartencite & eels,
® great stsmge of the caeficiant cf lirexr expansien taker plsce. (2).{22)«

TER CFPEITICR ASD PEOPERTIES (2 CHRGEE-NICKEL STEMIS (F TYES 16-8 AND F

IVFX 1B-8 HITE TITANIVE OR XICSIUK

Carsroerickel szesls with ==21] &rhoa couieat {QUe055 C) of brand

~ . - o

Uzhitsd has 2 coxpsrativelr jinitad use, »ainly 2s electrode wire Ior wolce

“rs =

ing stcels of braads 1ELiEEY snd 1¥R18%125. The corrosion resistiance of thase

stccls and their walced juints aencnés 29 a great exteal upoz carvon context,

~1iw




%hLe s:s3 ler the carbes content, the iijiier ths resistauce. Im this case, it

e
ie dest to uso steol With a carbom contenk of 0.07-0.043 C, taking care that
{ze totsl carbonm content im the wslded soax doos not sxceed ¢.CS- 0.063 ©

(fig. 39) -

Sicel 15-3, ¢ven xith a very low carbon conient (0,05-0.06% C) ix
not ucabls for long periods of work at 500-800° g, without its afterchargizg
with tiftaniuz or nicbium, hecause im these conditions it still scquires aa

inclimation tewsrd iInter-crystallire corresien and disintegrates nudokly

.
& under the influence of stz ly aggressive mediurse
l N -
1 AN s e —— Steels with larger carbom coatent,
~
B d
l\'—J
~ tho4is of brands. 1Eh1EE9 and 2KRkERY acquire
="
12,

(™

& vory strong inclimatior tec iaber-crystalline

.
2
. ‘;:‘ ourrezion when they vre subjocted avem te
. ):‘ : transitory hsating {for instamce im weidiagz)
‘ o: ;
Pl - - meiimemeeem———— -4 withim & Tmge of zederate tespsratures,
~ Pig. 42~ Toiiuen.o 02 pose

tiruous prelirisery neating

Grring dffersnt texpsratures Thcrefors, they are used fer the mekiny of
02 tcupored csst chroze sicel

wiia G.,1%% C,19% Or, and 9 &

on corrocion resistance in boil- itess, which by the technulozy of +thair

Ce emas

producticsn 2579 Avl [ubjectea even te modeswmisry

«2€en




Zeatisg mitrin tna raage S moGorztc texuyeratures, ar wrich alse af ter weleiag
are teuperstc for sustenits,
Fig. £2 zrnows Uie influezce Of neatiay durstien at diffTerent
torporstures o tezzering cast sieol 19.% contaimirg N.125 sss iam hoiliwz
655 nitric acid. Texporing at frez S80=12Z00® C resteres corresioc-resistance
of the steol very quiuvklye
Basically, ihs stecls of drands JERIEX9 and 2ELlLYS are used as
‘cold=-hardensd raterisl: for making ijgzht aad lightly teuzh parts of air-plstes,
buses, s¢i0.; whici ars t» be joinad by zpet or roller arc weldiag. (2),(76),
(77),(78) e Chrsco-ranzranese-cickel stoelm of brand KK13GSE4 (£1100) is sise
uscd £or the sane snfozess (2),(79)e
. Ctz=) KhiIGR4 has very seod corresiom resistanse im atxospherie
concitiors s=d ix a mwrber of not vary z2gcresnive mediuma, (79),(20)e
Zhe proporties ef shrerewziciel steels o high terperatures and the
chazgec that procesd ia thex are poiantsd out im articles (81),(82),{63),(8%),(ss),
(86)5(45), ame (%)
Tho moct correct sclution of ths problew eof elicinating inter.
R Jhrarc-niciel siecls of type lb-t with titamium:
{tec) of brand 21823} or with niobiux is s sbarp lowering of carbowr content

-lT=



{com  to 0,93 or =t lasst to J.05:)o Thisz low carbon content is mscesszry

in ardor @o oliminzte corrozicw of tre cutiizg type, which develops aloag
the junction zime of weld =otal aca bess ~otal.{12) asé (118).

Corrosicn rosistance of ztocl JRh1IBEST in nitric acid Jepands te
& greot exteal upon ths coxpogition snd the state of the steel xad upoa tne
corditions of i%3 therxmal ireatsmeat. Steel 1Xh169T has a very low correxiom
recistacce in a hoterollsd state. Thorefore, itess nade from rods sud forginrs

xust be sudjocted te tempsring at 1050° C and cooling in water or im aire(173)e

-

.t

It has becn estzblished that overisating of stesl during therzal
trestreat or Gwing weldisg, imparts to artioles made eof steeX 1XbLoONIZ an
izcl.‘x:a.t.ion tomapd imterecr;rtasllire corresiozy espacially when the corres-
cordexce of titznium and carbon =ontents 15 on the lower limit ascerding te
the formuia of GR2 (All-Union Stunsard) 6132-58, (&)

A stabilirzicg anuealiayz, consisting of a two-hour heating at 870-50G° C,
wan spplied to hoterolled steel, eliminates in the rajority of cages;, the terdeuocy
toward ix'ator-cryst:‘.l'lins correszioz, but it desr »et al ways securs highf corrosisne

redstanoe in mitric zcide Temporinz at, from 1050° ¢, and 2-hour Lesting at

E7C° ¢ vrocuscs battor resuliz bocause this Goes net iorart te steel aay

jzcl juatioz torerd intor~crystalline corrosiex s=d secures nigh corrosion~

-es:tzncs o mitric aci€, ovez x=zgio aftor the heatimgs »t 6500 C for ? houvrse {tsb.8)

-1Hes
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Fige 43s Iaflucace of the ratie

Sitesiux to carboa and hzat~treatinz on the

of the comtsnt of

inter-

Crystallire corresjor of ckrozo-rickel steol 16-8;

(2) nardening with 930° ¢ in water {b) Iardenimg wita

96C° € in air (v) hardsaing with 1080° C ju wster

(g) nardeaing +with 1080° ¢ ig aire
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titanijuc ox corrosion resistsmse of za=ple
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o= layers of different thicknessex I-Loss of

woight curizng first 100 nours, tested ims boilinmg

505, « II~ During 3hs sscond 100 hours
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It tay %e~n aglablished t22T fac eéajdtiex o titaniws t: - -8

ol

stoela ozerts a dztrivatsl ialivence oa the corrosion-resnistzuse of wcidad

serrs o In coxporisoa with 16-8 stocl coalaimimz 0,055 C, s corrceione

rezietaace of weldod joimts. of 12-6 stasl with litawiux bacewes ccrsiderably

usrze with iacreare of shneet thickxess. {(fig.23 snd 44).

-- Iz articie (£7) it is po>imted cut

: toat aluzimua , which usually is met

i controllea by chaxioal azalyeis, exerts: |
grest imfluezee when the content of

chrexium in the ateck incresses and the
Fige4S. Influence of Lluzixum cone

teat 3o LETSNST ztecl or rate of

corzevioa in 636 boiling mitric content of njckel decreasess (£iz.45)
3€id; & = 15,3} Cr ox=d 127 M1.0,67%

Tiz 3-13.2% Cr,11x Xi0.92% Tiz

Ve 19685 Cr,10,55 i, 2,55 Tiz It haa ba=3 esteblished that
G ZO.Sﬁ pt;lo:%r; ;igoo-ﬁo;‘ o 8

the =ore ferrite thoro is in steel 15538%9T, the loxer its corrasien~-resiztaxse

iz diff'ereat wajuss. The aore ferrite taere is in tie stesl, the greaior is

tho dilfereass balwcen tho verisnery mad the middle of a zoms szd the zresier

T

the gifforeace of caztonts im these caris ¢f the zoue.

)




?iGs 45, Infiuence of aluxinu= contest in IXhiNIT steel oa rate of

* sorrogion in 653 boiling aitric acid: & 18.3% Cr and 127 ¥i, 0.67% Ti:

3 - lgoa Cr. 11% 31. 0.525 Tiz Vol9.8i cr' 10.5’. 3i, 0.55’ Iis

G~ 20,5% Tk Cr, 10.,4% ¥i, 0,607 7%

JOrdinate: Rate of corrosion (=/yr)




nen ths cistribuiioa of w2 Ferritic co=rozent in tune steel mwas
suflficlieatly uniorz, no cifforenceos in cerresicn-rasistaxce of 0iffereuwt
zozeg of 1thlEHIT stcel in atiric 2cid, srd in = nuxber of other .mciuss
wore cotected. (124). Ia this cass no difference nanifests itself Lzitesn
t2e ¢orrosiom-rosistasse 0f pusely austeaitic steel and of sustezite~
fesrite steol. {2), (324)

Ho coznectior abatsoever cavls De established in the >tsel betwses
the inclinatiea torard imter-crystaliinze cerrozisx aad thks gquantity of tho

~chese comporsnt (1-21%).

In cases rhers parts are intancded to work at high tezparatures in
correrivaly-agirossive mediLms or whea they, ai'ter work at higi tecperaturss,
are subjocted _1» the actios of suck rediusx , the content ef titami's gmd
niediur in the stesl must be suflivieatly high (138) in relatioa to carnea, ]
The properties of thnro ste=1s are elucidated in cetail ia articie {176).
CExUIUN-J¥ICAFL STEEL F TYF: 18-12 WITH :OLYBLENLA

re acdition of chraze-nicrel steels of typesl-8, 18-12, aad 16-13

with nelybeasuc incrasras thedr corrslssai~:istanse im a sumbor of chexically

apcreszive spaiv=z; ia diiured svlphuric acid, i» solutions of sulphate alkaii

use€ in the péper<makizz iasuetry, ia selutiors of calciux hypeckloricde, etoe

-22e
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inen the cistribuatioz of U forritic comrozert in the steel was

-

sulriciently unitors, no ciffsrencos ja corresion-rasistamse of aifferent

zozeg 0f LZhIEZHNWD -tsel 3in nitric acid, szd in a niaber of other wmsciuss

ware catected. {(1Z4). Ia this caze nmo difference nanifests iiself Ieiween

tae sorrosiox-rosistesce of purely austeaitic stesl axd of austenite-~

forrite zteel. (2), {228)

Ko ocvonnection xhatsoever cavid be established ie the steel betxees
the inclimatien toward inter-crystalline cerreciex and the quantity of tho
~rhase coapoxext (1-21%)e
t In cases wrerc parts sre intended 4o work at high tesperatures in
corresively-agsressive nediuss or whea they, after work at high terperatures,
are subjocted to the actios 2f suck rediusx , the comtent ef titamiwr gad
niebiuc in the steel must be sufficiently higa (138) in relation to carvese.
The propertics of thasns steals ars elucidated in cetail inm article (126).
CERUZILM-XICAEL STEEL & TYiz 18-12 ®iTh iOLYBLENLK
The asdition of chraze-xnicrel steels of typesid-8, 16-12, sad 16-13
with melybdeci {Zirasfer {aeir coricm od-recistanse ia a auabsr of chexicslly
s gressive ==citxg: ia diluted svlphuris aoid, im solutioms of sulgkate alkali
uscé in the piperemaxicz iasueiry, ir selutions of calciur hyporkleride, etoe

=220




Tre scaiticn of rolyboenus TO thcse sztosls xise izcreases tnoir heat-

exdurazcc prupertieg, whick wro utilizod in gas turbine azd other izstalla-

Chronec-nickel =zclvbéecuz stcels of type 1€-12-3 zcquire with a
content of mora than 0,077 carbox a texzdezcy teward imter-crystalliime cor-
rosiex during welding or slow evolixg axd, sspscially, during protrascted

©  heatirz within the rsmge of =oderate tmperatures. ¥inea af'fectsd by aggressive
wedics thoss stecls sr2 very quickly cestroyed by imter-crystalline corrosisme
In such cases it is expedient tp ure cl':rcm-nickcl-:.o]ybdem steels (with
accitions of titenium) of brazds Xhid¥12:27 and Xnk6dl2lST.

By itself, adGing molybceau= to chro=se-micrel steeis cdeccresseg the
tendensy toward inter-crystallime cerresiex %o a certaim extant, but seb

corroziea is elicinated cocpletely scd omly whem the carbom ceatost is very

srail {up to Ce05¥)e The conditicms uncer waick chrozs-zickel-molybiszun
stecls scquire & sufficisxtly cozplets rasistance te inter-cryetalline

corrasion =re poimtec out in artivle (70). Jt is r= increase in the cusatity

S il SACTIRIEW , SO

of the ferritic phese ia Lthose stocls that irc.easez tieoir ranizlasss te

jrter-crystalilice corrasiozs

fable Y 5495 tae currosion rosisiazice of coryse-zickelezslycceci=

-l
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tne wulyncezics conoat in Tive 1o-lZ steed with U.035 € woes.

not oxceed Z j5, thea hoilin,; nitric acid coes 2st orosuce an: groat de-
siructien, aotwitnstanaizg tte orescance of tho ferrita coxnczent in the
gtorl, (70).

A large =clyddenu= conteat, ovep witi high content of nickel,
sharply cscresses ths corrosion-rssistazce of the steel im boiling nitrie -
acid.. This is explaizable by the fcrzatioaz ef taeCf-phass, waick cumtains
a large quantity of xolybndenus, (fig.s5)-(126),(130),

<hs corrosion resistazce of x=stal, welded on to chrominc-njckels

rolyvbisnun stesl cepends upsn the cuantity of ferrite in the structurse

aca toe conaitions of heal treatmeate

The hast resistance was shoxa by

- stecl sazples aftor their tecosring Cor

tustonite frox 1055® C, or sarter stabile
izing at 845° C. A heating of zice=l at

a texpersture oZ/A650% C consicerahly
Fir.d.Inliunnen of wolyboonus
contopt ¢f strel tyce 19-8 and Crcreaseg 453 COTICEioteresiztszss of
ivelZ O corrogicqa~resintanos
in £5p DOiling pitric acid and

< iz as scididice solution of weldzd joints. Whom particles of ths :
coarer vitriol with sulprurie
’Cjé.

~—~e . = -
% -nh3sd e carbides zre Jocsted alorr

-25 -



Fage 508 of tue origiaal

FiG. 462z Influence of molytienun conteat of steel types 19-S and i9-12 om

cor-osion-resiatmce in 65% boiling nitric scid and in an acidified solutiom

ol copper xitxaiX vitriol with sulphuric acid.

ordinates rate of corrosiom  (==/yr)
abscissaz £ Xo

fi=st curve to left: stesk Steel Xh1SUY

seoond curve fro= lofts  EEXNOOGL —imitisogugbact
Gu30y + Ha504 <

third curve from lefts Steel XEIIAZ (658 N0y )




.2 st ~faces of craias in the caspe of nighly cisgers

. = < - <

9uzl unbrogiean roreatiozs,

Tie -1dsé juints nave low corrveios resisizace, (129)
Cozrulation of Cl-particles incresses t.he currosiea recistanve of
chrozs-nictel-molybirnun stacle
Accorcing to article (129) it im boticr when the comtent of forrite
: in the metal. of welced soxns sozawhat sxcceds l-4 G,

in cases whers the gteel is intended for worl at high tempsratures,

tle caneration of L-~ohase {s uxascsairsble. The best resulis z#re sthces 2
G P

=tecel Fporn a3 type 16-13«3, which Zvz & z=ller conient of chirozs sand 2
isightaasd content of nickel., L4Vimg Liteajum anid niohiux 1o chroze-nickel-.
wolybdoniwa stesk resuvas the tendency tuxard latar-cryrtallics corcosion,
Thich 31 cora &3 3 rezult of Faxting st molaraie L. Ocratasese Tha tnadeacy
cf thiz stael to the forzation of “ -phase incresdany «ith wn iascrease of

titanfu: »n.S 2jodbiun conizat, (72)

mantity " Territs wiiich is vnzs i.r..)omnt,/ for slisiyetine nat. ._.r,,._-‘,.{sg_)




TIE QUIPGSITION XID BAJriy:

(&)
2]

Z3 &

TYPE 23-13 {£1313) STIZL

Thic

ranc of steol has an increcased resistance to oxicdation: at high
temzeratures (up to 500+100Q° C). Tho steel is usually usad for =akiag
highetsaperature oxidation-rssistant parts for furnace fittingse Tue
zschanical properties of stecl 23-12 are close to the propsrifex of type

18-8 steel. Protracted heating at 550° -« 750° C echrittles the stool ia

coasegquonco of ferrits evolutiem, frCau which, in {ira,

~phase iz developode

Aftes 2,000 hours of heatiag at 6007 C the izpact strength of the stesl

draops frem 21 0 0.8 - 1.6 kz/oz®, (48]

CONT=AT AMND PROTERTISS & CRUES-HICAEL SIESLS O TYYS 23-13, 25-20.

Thess stools kave a couparatively staxble austeaitic structure, hizh
resistznce to corrogion by gas acd satisfactoly techooly jicel propsriiess
It r=uss bo noted inat this ctoel is sczezhat hard;r 40 vald thaag gre (i2sls
of typo 13-8. The heateszurizg @opertiss as thesas stesls copund te 2 grest
oxtent upoz graia size and raoa ths condifions <o therzal trestmoats The

large zrain in ctecl 25-2Q izparis To it zr-:;tgi- hegt on

Sxiuraage, vut lorer

slacticitye (43)

1)



———

Iz pructice tis stzel is used = ter temgsriag at from 1100° ¢

anG covling in wier or oile

Steol 23«13 is used widely as 2 high-texmperature oxidatioa-reosistant
cutesizl for heated pipes andé jot wpparxtusex. Stesl 23-18 with a carbon
conteat oave 0,05 wad @ th lzrge graix asquires a2 tendensy toward intsr-
crystailice corresiom after being heatod at texperatures of 600-800° C,
and ‘diaiatsgr;tos thea affected by highly aggressive xmediums, (84) Hoatw

inzg t0 higher temperatures does not causs this phenoxenoxe

COMPGSITICE AXD PROPRTISS (P CHXMMENIDESL STEEL OF TYPE 25-20
TITH ADDITIQYS GF 2.5% 5i.

Theso stecls have still greater rosistance to oxidation at high tempe-
ratures, ol 2srecially, iIn st at=osphere of cozbustion products of fuels
wifa az ircressed sulphur contents. In de-oxidizing nediums this steol has’
& highor resistazco 2zaixn st (sveessesssss) in conparisom with coxzonly—
ussd charace-zickol stecls. Tho addition of siiicon, howover, incrzases the
tendency toward evolu¥ion of thelz-phaso awiag proiracted hemiiag #:ich,

%3 is matural, lowers somexhat ths plasiiciyy of tbe stoel, Zepeated heatiag

s - - - s - -
tengersturos of c‘-pha.se aissolutiox slizinates brittlencsae

g

(23)




oo

Cnoee=nllnZh STEcL 1ow25 LITH aulITIud F 2 3 81 {£R1sN2552)

Stzed 18.2¢ te aiceé is usod a8 a heit-rosiztant
=zaterizl for raking strezssd parie, warkiag at tesperatures up to 1,000° ¢
- {Turmaco and boilsr fittinge)e Ia conucction with & pizh aickel cautent ite
) St=cl ia ilasufficicontly rasistant o corrosicm By gas in cozbustion procucts
af fuol with xu increased sulphur contente {13),{2),(22), The steel acquires
a teadency twward inter-crystalline corrdsicm after protracted, rspested
heating at §00-300° C, Hsatesaduring propertiss of the steel are sstis-
factory up to tecperatures of (sess2ss) -e 750° C, The plasticity of stoel
Inigu2532 is lowe (45)
COPCSITI aliD FRGPZRTISS OF STEZL Eh2QH1352
This sissl has a Righ rozisisxco to corromion by gase It is used in
zakiny paris of ovens and furnace fittings « In its zeuteoncduring prc =rties
tals stoel is closo o stcel of type 13-8, dut nas lower plasticitye (4€)

THE CulPTSITION £5D PRUPERTIES OF CERILS-NICKEL STEEL OF

IYFE 14-12 1078 /X ADDITIOR F TUXGSTEN 4D XOLYBDIXNUM

Stael 1¥n14%1232 (S1257) This steel was intended for raking hizh-
sressure voilers workiag at tesperatures up te 500° C. Itc Zoat-enaurisg :

(29)



&n essential wafect of steol 1Xn2413322 is its t
erystalliae corrosion, Cases oo rasid cecozposition as a consequencs
interecrystalline corrosion huwve ceex motad in wrziag conaitions of nigh-
Frossure Soiler instullztionse

AT the prosont tims this steel is repiaced by sleel SIZSTT, wkich has
L9 ieadeacy toward inturecrystalline corrosiom and is distinguished oy a
sufficiently hizh heat-ondursace. {151)
COLNT2MT AXD COLPUSITIOY oOF CEREE-NITEL-CEPER-X OGN SOV ACID-MESISTANT

Thoso stecls usually have an izcreased coantent of nickel with 8 or 164

Cre Thesoe stesls caxe into ssgocially widespread use after tao war. Tadle 1

=2IS
=

gives ths chiczical conteat of stocls that am corsosidn-resistant in suiphurie

aad hydrocaloric acidse (9),(13),{12}.

Stzels i typo 16-25-420-30u shoxw aigh cerrosion~resictence
#ad heightoned torperatursa. The loss of weizht at 105° ¢ 1n
of sulghuric acid 2ces ot sxceed 1 /2 per hour,

caleulzted into Tz
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£oOn 4

AT Serperciure Telow €00 the Sepin of corrosion does not exceed 0.1 m=/fyr.

Fic. L7 shows ctunges in the corrosion-resistence or thxree stecls of this
{yoe in sulshuric ecid, at 50 end 100°C, decerding upon the concentraiion of tre
acid (9).

Chroree-nickel.rolybdemm steels belang to the susisnitic class and possess
t3ch prozerties of tougimess cnd plasticity (see table 2).

Prozerties of touglmess may be irproved by cold plestic deformation of tke
stceis. Cold deformation chemges only siightly the corrosione-resistance of steel
16-28<k o (##x¥x) in sulpluric acid of different concentrations {5, 10, and 205,
This shows the possibility cf making perts oy cold deform=tion, and of simmltanc-
cusly incressing the toughness of tre steel welds well, but welded Joiats not-
withstonding very smell cechon content snd even =2ditions of titeniim sorxtires
ccquire a tendenmcy toward inter-crystallire corrosion. Therefore, items r==de
of steels 1333 and T1530 mast ke subjected to thermzl treatsexnt a;fter welding,

or to quick sooling dwriag welding {313).

1

Steels of iype 0=35-h-k-h ond 8-32.L-%-k investigeted ty tre autror of

2

this exrtisle, deserve stecicl notice (see steels no. ¥EEEEXE® end 17 in teble 1.)

watrout chrooe or with ¢ low chronium conten% (&%) they khave no Inclinstion
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Fepmane v [y vm meavmepmi T T AT - 3 e, P A I o e - - -3 =
Sowmxd interecryeiniiine corrcsion, wnd ore hishly resisiant o corrosion in

suldpnuric acié @iluled 5 - S 2t tomporatwre up tc 80 - 30090, T =ust t

~}

roted 2l @ hishor corrcsion resistonce in sulphlipric acid is showm by elloys

bosed on nicxel vith molybdem cmf silicon (Eost=lioy B #53r%) (110), (211), .

(122}, (31%), ard ferrolite (10), (56), === (65). &Alloys Serrosilic with

—ls

olybdemz (1F15) and Eesteliory B clso have hiph resistence in hySrochloric

ecié. ({ig. =),

-
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Fig. 7. Tee fnflvence of sulphwric zcid concentreiion upcn corrosion
resistence of steels 21530, F1533 and F1E29.
A) (zozer moris of diegrems): At 100°C
b) (icwer parts of dlagram<) et 86°C
Cve 1: for 30 nows
2: Zor 100 kours
3: for 200 mours
grasrate: gfi por huwr ‘
£5scisss: Conceniraiioa of 22&-'13 vy ‘
. =

o\
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sion resistince of 21lo3s Zestalloy 3 ard € in swipmoric

hydrochloric zcids of déifferent strenzsins

;

Oréinotes: Rzic of corrosion, in = ter year.

bscissc:  (first omd sccond): Concentration of EoSOy.

i

(tniré): Concentrotion of =C1.
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secistanes to deformetion anmd éestruction wder 2 .iimlieveous sction of

Zeomeratures ond stress. Foreover, zeat-enguring faterials must
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(44

éestruction by corrosion caused by the influence of Zot, end sometires
azgressive £asces.

Therefore, heat-erduring mzterials rmst be et the seme tine also hisa-
temerature oxidation resistont.

Tne besic clesses of heat-erdéuring steels and alloys {in the order of
irncrecsing reat-erdurance) sre:

1) Crroze-silicen end chrome-silicon-m=olybderum steels of ihe perlite
cless (silchrones);

2} Bighly ctroosus steels of sexi-ferritic end ferritic clasces;

3) Cnroze-niczel eandi ckhro—e-zongarese complexly 2llcyed steels of
the custeritic class;

%) Alloys oa the tesis of nickel, titeniuw, cctelt, chro=c end
=olyciens.
CEQIE-STLICON AT CEROIE-STLICOR-MILYSALY ST==1IS OF T2 T=SLIiT= CIASS

{€Tit=RCES).
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Silchrozes are used SoINLY SO DD LNGaHC ZnC €FLRUSe VALVeLS 01

frecior ord sutorotile engines (tedle 11).

Tze criticzl poinis of silciromes are very hign; temerirg tesperatures
renge from 550 Lo 1iG5¥C.

Ammealing efter tespering is done ot 700-£000C to obtain e sorbitic

3.

'Y K}

structire with hordéress of ERC =25

Silchroxmes zre very sensitive even to sz=11 fiuctuations in the conditions
of ther=el wresttxni. Thls moy couse considarovle arittleness and, specificelly,
the treaking of veolves et work. A high content of silicon ernd chro=e incresscs
the terdency towerd btritilemess fron amreaiing (fiz. 59). An edditior of
=ol7bdemun soxewhct decresses this britileness and the terdency towzrd grain
grovinh during teating,

A positive influence cn decrease of oritilcepess of silchromes epseors

also on nickel and tungsiten. Tee toperties of silchromes dwring high teswerc-
tare zre $liustrated in toXles 12-15 end in fig. 50 x4 1.

The 21loying of velve steecls simlteneously with cioome end silicom is

+

éore ==inly to Increase hign-tecmerature oxidation resistence. Txe join

¢
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Tze Ixfluchice of emealsng texrerature upon the resildence of
silcirozes (M. ¥. Pridontsev). After emneeling: slow cooling
with {re furnece

Coc—zosition of silchromes:
1) o.k5c, 2.28 si, 9.07% cr, 0.315 0.

2) oksc, 2.755s1, 8.1k cr, 0.39% o,
3) o.k58c, 2,73 s1, 10.23% Cr.

B) okgc, 3.65s1, 8.02% cr.
Oratnnte: kpfes

Abscissz: Tosoeratne °c

Fesistonce o crect of sicel 19SSy {£7307)
. —




Fig. 52. Teasile strengih of stecl 210524 (ZI107).

Oréinate; Iinit, in z;/:::e

Abscisca: Time wmtil destruction, in bowrs

‘I‘:.".;lc 12: xecherical Progeriies of Silchrome derk Xh0S2 (Short Tirme
Testing for Bpansion)
1) Fest tesperatures in °%C
2) Limit of Gwebility (3 in m/ed)
3) Limit of propertiopelity (71 TS in XG/cd)

%) 2zpansioz In %

5) Contractiar in S
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Test temperetie, In
N e s N e o f 2
8) sixess {or sirain) m gx/=
7} Rxbe of creep, in 9 for 10D howss

8) Gererel Gefor=ation, in =/=

-

; Zadble 15. Kochonicel properties of Steel Enl3HT7S2 at increased tecperatices.
(shori-tize test for tenstle strengix)

1) Test tesperature, in %0

2) Tensile strength, in kefrd

3) Zest tecperatwre, in %

) Teasile sirencih, im kel

. 5) EZote: frmexling at e10°% (&aring 5 hows); cooiing ot a ot
o 1607 zer howr, Durther cooling witk tre fznece
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i, specilicoily, of fefomtoniily, Tie silicon content, as & ruie, Gogs ot

-~ .,

- e — ek % T - S T aetata 2 O o -
exceed 2.5=37. TS mu5t bo 2350 Zept in =ind thot, i with £-870 of Cr ike

Y

i silicon comtent wili exceed 3.5, the steel i1l become ferritic and none
toushonenle Ty metihods of Themmd Trexiteni. This must be iteken into eccount
_ —_ . TZon grocessing cirgre-silicon siecis, the mechanicel properiies of vhich,

In senexal, gre not Digh.
: Tre folloving steels ere used (2) ebrozd for m=Xing welvess.
.1) Steel camteinmdng 0.65C, 1.33 51, 0.80 M1, 5.09 CR, 9.55 ¥
(averoge content). Tie steel hes good resisbtmuce 4o crecp at 550-550°C
2 (tadle 15). Towever, it cxidizes comeretively ouickly at tcoerstures
sbove 706°C. It is used only for intzke and cxhoust velves of eutonobiles

end for velves of low-powercd ovietion motor. After te~pering at from 953°%C

@ Shi et ttume | 16 wamanar et Poau ) Y 1 Susees i ame @0

o ) < <
in ol ard axmesling =i 7R0'C, ike steel, ot 20°C, hos the fodlowing proserties:

2 o
71223 point of O X5/, cimgetion of 20%; nerrowing of cross-section AP
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beicw Thot of the stecl ==xtianed coove. EBowever, iU Bes &n increascdé hiqih-
tecperete oxidation Tesistanece (2t w Yo £20-33097). Tis ther—s1l  treat-ent.

-k




Fig. 32. T=e inTivence of chroxiun omA silicon conient upon hish-termersiure

oxidalion Tesistmnee of irom in werisus 2iospheres.

1) 3iacix 2) 1n blest furnoce gos 3) ir iMwxrpetin- s

e lines on the éiagren correspond to a high-teoporzture corrosion

resis‘amceoflgmnperh‘zperhmm, for 120 hours.

Te Ixlucnee of clpoxlan =nd silicon contemt wpen Rich-tesmerciuse

o=igation resisicnce of stecl rected in 2ir

5.5 to 35 5%; 2) 240 35 8:

wss o weisal, in g 5—? ser hour, for 120 Zowrs

Thro=ics candent, n 4

=

<b5-
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Tadle 175 Zusistinoe o Creed o7 vuive sitocl {3558 - 5 0r - 2.0 )
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1) Test temeroTure, In O

P Y Y

3) $recs of X5 Jor 300 nows

et
1) 3a3e of creep 10797 per howr

Ze=nening in ofl 2% frox= 1950°C, axmealing ot 855°C, cooling in oil or water
Tor soxe decsease oi britileness froo errealing. Its methkenical properiies

et 20% cve: g =9 1‘-8/312, é 10 = 255, In short-tine tests for tensile
strength ot 609°%C (vith rote of deformation of 0.7 m ver nimrte) the steel
mE g = 28.% "-/::2. The coefficient of \‘.hcml expension {7 1-3‘5) wes:
within & tesmercire range of 20-200°C 12.6, of 20-200°C 12.9, of 20-630°C 13.k.

P Ty

. 2Onh o .
3) Tor voldves workins at E30-330°C, when 2 speeific brittieness ey conear

chroze~silicon steels, o nickel stecl containing: 92.3: C, 9.25 4L,

b

3.255 £1 (overesc comtent) is recomwrnGed. The Thexmel itreatment of this

s . - - - nnO 2 ZanD - -
Steel ig: lemmering in 0il ot Iroz GE0C, cmmedling at 633°C. The mech :micel
L’
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srozerties o DO wve: €@ = 52 nefmS, O = 8 xof=, 810 - 22,

3 c " . ? U

P : & < = 1 O
¥ = 653 stress coasing ¢reed of 0.1 Jor 1300 howss at 227 € emoumts

to 2.6 I /':2.

L) In nslend, (2) for m¥ing heavily losfed vaives of avietion nctors

on eustenitic steel is used, vhich contains on the averepes 0.425 €, 1.3% Si,
135 Or, 139 ©i, 2.53 ¥ (corresponding ascroxizately io steel EIHQ or

hrmlenky2g). Te thermel trectment includes normelization at Zrom 950°C

tl-;e rochandesl proverties ot 20°C are: og = 83 ksl'zne, 510 = 313%; stress
cousing a creep reto of 1070 per how et 650°C 1s 12.6 kg/ml, at 700°C

6.9 kc/mz, ot 750% L.7 kg/::'.!a. The coefficlent of therral expansion

(z 10°6) 1a within teperature renges: 20-200°C ... 17.3; Wc ... 18.3;
20-600°C ... 1B.9; 20-700%C ... 19.1; 20-800°C ... 19.2.

The neeessity_of imroving the mechenical properties of vaive stecls
dezonds & more caplicated composition and also the use of austenite cless
steels for roXing velves. {Tebie 17) Especislly effective for incressing
tougimess and heat-cndirence of velve stesls is 2lloying with coobalt
{tedle 18). Sesildes, the use of 2 steel {4) containing zrourd 8% C32,

~ 353 end ~ 25 T with 0.2-0.1% C is reporied. Toughening of thts
stecl resuiis Tra eging of the fexritic bese, which generates cerpides

7=




~ sas
[050 Bc 1o coplimn y

v e - oage s & e .w 4 - -
cn rC SooseTTiss o valive stcel used in Lo =N

- - - - T d - 3
Srericil composition {oooreze), in

11N 14
~ —

Machunical sroleriies

-yl Ly
0UES O TEIYAS

L
S?

N = 0
Szoll-io2d vuives for forz et temperatres we o 830°C
e ns = w20
Fedswz-load vaives for work at texperebtures up to TOOC

(o}
Feavy-lo2d velves for vork at teoperatures wp to 800 C

o Tyne :"‘2808 ard an interretallic copound of Type :-‘ezﬁ. Tests of
heat-endicing properties show thet the steel can te used not only for
vaives, but alsc in boilem=xing for lomgs service at temperciwres uwp to

volves of chrore-silicon and chrameagilicomarmanisfadancm

steeis it st ve tozen into accomnt that these materiels nave o tendency

towcré intensive Gecmrbonizotion frexm the suwwface wien Zeated ts termperw

&AT : A, = ~ v N o ~ ..
Limes 6° their therl ircatmeonts. TRhis reduces har@ness ané CAUFSS e

wis
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annearinee on swrloeds of o lar e~ roined Sewmdor

-t

es of vulve maXin~ I mmist De born {n =ing,

'

. o
that valves ==d

5 mée of silichroze must be securely vonded with sieliite, vhich is

Tee influence ol cobalt wpon the properties of valwve steels
et nign temperetires

Lo 1) Coemiczd compesition (awversse), in 3
L]

- 2) I.iuitoftensﬁestrengthin‘g/mamshort-ﬁmtes—tsat
) tezpera‘.:xn'as:!noc

" ) Zze sflchromes nsed in o combry are satisfestorily weldchle-sver
Ll ] ‘
witk steiiite, Tooming = sufficientiy solid bond with a somerhzt coorse-

o

-t craired scriensitic structure, vhich ooy de izorored by thermel treatment.




A T he niTrigad loror o silchromns Zns no chorp Tronsitrion To the
bzce zefal 2nd chows no exesssive ritileness (the structure of ihe leyer
[ 4 consisis of sordite =2nd nitrides).

.~z -~ ; -~ . = e o) S
. Uafer confitions of service ot asgh terperatuwres (500-8007C) 2 thermel

britileness apoecrs in silchromes, waich are steels of rerlite cless, as it
2150 apoears in sox=e austenitic steels.
e decresse of resilience, vkich determines thermal brittleness, is
sczetires accerpomied By chenges in pilasticity end tousimess. The dasic
factors, which deteraine the cppeerance and degree of ther=mal britilceness
‘ are terrerabtwre and darction of reating end also the chemical co-position
of the steel. Tce stress opplied 2lso exerts zreat infinence. .

ZEICGHELY CARRTUS STEEIS OF STMI-FZTTIC AFD FEEITIC CIaSS

Tze chenical composition =ndé the exemplary intended use of the

¢
' Dymdamentel brands of SRy ciromouas steels utilized iIn o indusiry

ere given on zoges 3kE-3%60. Besically, steels comtaining arownd 125 Cr

are used. N

L ]
In steel IEAl3 during reating ooliymorcthic chanzes toke dlece. Txis =
- ..
[ 3

m=ies it 3ossidle Yo =oAlfy ke prozertles of the steel to & comporatively

crext exuvent oY opnliying &itlerent congftions cf thermel treatment.

-35- .




N tpat YT s e e et i
S steel 1303 is wsuelly cudjscted o toz-

et : . -
LU0 L0 WTOINZ YWD o

reslins within o temeratire rance of k00-500°C oy ceuse serious tritileness.
Characteristics of creep =2nd of tougamess of steel IXM3 after to=-

Dering at 1030-1050°C o3 ammaciing 2t 750°C ave ziven In Sig. 5% and 55.
Af%er tompering and ennoaling at 650-709°C tke yield point with =

Stretch of 1f for 16,000 howrs chatts to: et 5%0°C to 8.k kgfms, et

595 to 3.5, ot 650 to0 1.5, at T00 to 1.0 Xg/fas.

g, 5%. Secistance to crecs 6f stoel IThl3.

Criinzte: Yield point, in infet

Mpscisse: Sfaox
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Yoriuins conditions of sterm Tibine vanes {pulsing sTrone of ztoam

% apporatuses) roouires o hich 1inid of fatfzue in stecls
113 and 413, 25 3% foliows fron Eoto in toole 19, comiled according t:
reouwlts osteined by varicus investiseiors, tre limdt of fatigue elfler suiteble
Toored treaiz=ont cowimts ot roo tomerature to approximately halfl the

=oatinie of teasile sivenzth.

Fig. 55. Tenstle strengih of steel IXH3.
Oxdinate: Limit, in xal.—.aa
sbscisse: Eours
Icnends froa Yop o botica: 1) (noiched), 2) (c=lculeted),

3) {s0%1), &) (ncteked), 35) (s=ooth)

e infiuvcace of work cavirocxnt (stean or water) causes & lowering
of e fatirue 1imit {corrosional fatizue), vhick 15 especieldy shar: whan
oo Tmenttent o touimess, feo insteonce cmmecling, Zize boon apslied

{suie 20).
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Lecordins fo éate civen Ty I. T. driavises, (22) orocessing vitk

rollers (sxxrfcee cold Imvdenins) zZeishiterc coasicercvly the fatigue 1imit
of stecl 33n13, cezpecially msiicecible in ke testing off noiched carmles
£ic, 56): Similer resudss oxc osioined in cese of nitridirs {fir. 57).

e letter trectent causes on essextiol increzse of vears-resistonce

ez, 55. Charzes in itte faticue Fig. 57. Changes in the fatizue
lirit of stecl 15K13 in dcpendence % of ndirides (1) end not nitrided
woa test temeratre (bese 107). (2) sooth szoles of stecl L3 in
1} sowoin rolies, Fesendence upc teperature of test

2} sooth, (322 107 Cycles).

3} =notekes, .

2
%)} =olles en3 noicked Orcinete: Iimis, in kofrm™

s 2

OrSinate: I3, in Torm Abscisse: Tenerature, °

(v

s hens T loywmre, o"

£ izse: Teoseratre, ©

=2 inlucnce of veriction in the mreder of cycles uypon faticue resisiones

Iis shm in toRle 21,
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Cahlia 23, Choxactorisiics o7 comrosionel fatisue of Riskly chromous

s 12, 5% O )

~ -
SESC2 (Yeas vy ~Zegs I

Stc:‘:s.niairinsvesselatﬁoc

Stez= at ~toosgnoric presmme =2 109°%C

Steam wler pressure of 3.6 st=. =t 150°C
- - Stean wnScr pressure of 112 st ot 15%C
Steon upder srescure of 160 atn. ot 370°C

Corzrosion cuarint oze wecx in moist steeaz »isxed with
2ir of roo teerctre

’ 2} T=tzue Licit in ""/:-12

3) 2eaxis: Proreriies olfier tecpering end armealing ot
.0 !ﬂ:—’n < m_ m:




] ~e 3 P D meme, Tamd -
Tonle 2., Chxmges in foliue liit o
- ER . H o~
wpon T Losiz of e
b ] fopeds e e S on
- Coe VOISO, I o
e Y ke £ 2
2) Toissue 1i=$i, in krfo<
-
3) Soooth socplec k)

Sasis k197 cycles

Zasis 107 oysles

S gteel 13313 in evenience
- I
TS \

2acis 20° cycles

mewsen it

Tre most izporiont tecimolozical proverty of stecl IXR3 is itc

selisfectory veldability. Afler welding 2 theemel {restwent is necessax:

cecording to specifications: hesting to TE0-T80°C @uring 2 kowrs, slow

tezperanures froa 1&3-13?3“3 wit

-
wisa
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SRS cengicoronle min-sTowsi: oty
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F 2 e amey oD - = I
cires iz moU rationnd, becouse iU

- .-
sroduces ritilensccos,

Fig. 58. Imfluence of irectksont duration won echanical, proportics
of stcel =13

Ordinzte: (soncvixt illcsinle)

Abscissc: nors

Thercfore, if in cansecucnce of ihe torpering of some s=lting obatckes
of sicel 2813 (hawing 2 chrose ood carbon content of the wover linit)
2 paxrt of 2 cxxbides is conscIved, NO rerested sorpering ot afgher

“ez=acs cs shoulé te done, Z2e Influcnce of kealing &oation woon the

rocheticel prozertics of Sype 2713 stecl ot 20°C is chowm in Trg. S8,

Too resulis of stort-tinme fosts for temsile strengix ot high tesperoivres

civen in fiz. 39 (iveaiment: normelizstion et 1050-1020°C, cnmealing

at T20-70°C).

.
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Pig. . ZResisiance to creep of stecl
a3,
Ordinate: Limit, in Xgfmo

Abscissa: % per howr

Zhe 1inits of toucaness ond creed of steel 2Xhl3 at temperatures

of k50-590°% =c given in fig. € =nd G1.

Stecls 33h13 ard EXM13, Tecouse of considercile cerbon content,

ore c=xcole of acguiring afier termors- “axdness with ¢ beirkicred
corrasion resisiance. STece mroperties deter=ine 4the bosic use of those
stedls o5 = =ierial for items (xwng ithen tools) intended to work with
T2Ar In sgrressive mdims. The necessity of =

of & cansidershiz quaniily of coxBides meies 1t esvedicat 4o Increase
termering tompereture {0 1053-1300%C. Turing thic ro considersble sroin

-58-




crouth is ouserved LG of the infiuence of cxcessive coxdides. Ipoh

~=

heminess (3 e = k5 - Tier lovering tomerature o

2, . -z . . P
209-3027C. e Influcnee ol the fwraltion of heoling upon recnomicel

fron 1050°C exd amrecled 2t

Scezuce of mstcole stuctures produced in ccascguence of theerel
trociment, stecis 3XM13 oné 083 ore alspst never used for axticles
interded for ong service ot higch tooperstices. Sven steel I3
caxtainins Jess coroon them stecl 1513, shows after terpering in oid

S 02090 3 cxmenling ot §75°C, = very quick loss of touskmess

iesoesaticres chove 300VC.




Sze Influsmce of the éurolicn of Zecting at 500, 552 and
&50°C upon mechanicsl wroperties of ciesl of tyoe 3¥n13
2t room temroratwre. Treatnent: normalizing froa 1000°C,
armealingy ot &m°c.

Griinnte: ot too clexx

Abscissa: Eowrs

So, tke yield zoint with a streteh of 155 per year (8760 bours)

at 20°C coounts to 55 kgfeml, 2t 150°C to 51.5 kgfat, at 280°C to

51.5 kgfms, ot 650°C to 9.91 kgfz, at 785°C o 0.32 mgfemt.

Shori~-tizez tesis for tensile styength elso show & steady ond
3ntensive lovering of_ Tougrress in propertic: to Increasing tesperatwre
(f1g. 83).

Steels Thl7, =235 and £328 are used, in sn overwkelming mmjority
oI cases, 25 corrosian-resistart materisls tecause they hove wvery lovw

touzhress ot Zigh terperciwres (rig. &4, §5). The cxirn defect irn the

sieels of Jhesc aronds I thelr HZigh dritileness and lov technoisnicsl
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TTOLCIWils ~ (oL oTioLs
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stecic with 17-335 O =ve very inclined tovaré srain-gr

kich lexzds to @ chirp Gecline of Iensile strenaik.

Fiz. 63. Caapges in tke mschop- Fig. . Resulis of short-time tests for

ical properties of stecl Zzhl3 tensile strergth of steel ZE17 =t keifht-
%ith incressing terzerztices of ened teomerstures (Eulypin).

tests for tensile strerzth. 4T terperztures of 700-1200°C the sam-le
Troal=cat: normlizirz froxm tosted for resilience vy impect GG rot
1560%, awresiing at €50°C treck (curve =)

abscissz: Tezoerztice, % Aoscissas %




.. Pig. 65. Results of short-time tests for tensile strength of type
Kh25 steel at heightened terperatures (Kulygin).
At temperatures cf 800-1200°C the saaple tested for re-
silience (impact strength) did mot breek.

Abscissa: °C

mmammmuuumammm_um
by additionmal alioying vith nitrogsm snd aiso with nickel, copper and
titanivm,

During recent years a mmber of investigations were mele, the
purpose of vhich was to improve the nroperties of highly chromous sieels
at heightened temperatures. The attention given to steels of this tyve,
motvithstanding the existance of move hest.:osiztont sastenitic stedds,
is expiainadie, Tirst by the comparstive inexpensiveness of chromous
steels and secondly by lesser werping during ihe work of items =aée ol

-8~
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thex, in consequence of better heat-conductivily and o sm:ller cocricicnt

of thermal =»xpension.

Fig. 66. Tensile strength of steel ET800 at 560°C
Ordinate: Iimit, in kg/em®

Abscissa: Howrs

The following brands of cosplexly alloyed chromium steels heve

found application in nationcl industrys

Steel 71800, containing: 9.1-0.17%C, £ 0.5% S1, 0.8.1.3% %,
10-12% Cr, 0.6-0.9% 16, 0.2-0.4% v, 0.%-0.75 ¥b, 0.5-1.0% 3i. The mechai-

jcel properties of the steel are given in tabie 22, while data conterning

toughmess at 580°C are given in fig. £6.
_63-




Stecl £1802: 0.1:-0.18; C, 0.17-0.37% si, 0.6-1.05 ¥p, 11-13% Cr,

0.5-1.07 Ki, 0.7=2.0% ¥, 0.4-0.55 ko, 0.15-0.3% V. The steel is subjccted
eitker to tempering in oil or to normelizing at from 3000 to 1050'C ard =
final anrealing at 680-700°C during 2-10 howrs. Data concerning toughmess
are given in fig. 67. The steel is used at temperatures up to 580°C.

Table 22, Mecbaniczl properties of steel EI800 (in short-time tests
of expension)

1) Properties of steel

2) Iinit of durability §, in kgfm®

Linit of flov &5 1in kg/m®

Lenghtening & . in %
Cross-section of contraction ¢ in %
Shock tougtness c“mm/uz
Yesperature of tests 1n °C




o

Steel EI756: 0.1-0.155 C, 16.5-12.5% Cr, 1.5-2.2% %, 0.58-0.% 15,
0.2-0.3% ¥, 0.2-0.353 Si, 0.6-0.8% .

Steel ET757: 0.3-0.15% C, 1C.5-12.%5 Cr, 3.7-%.33% ¥, 0.6-0.&) 1,
0.2-G.3% V, 56.2-0.35% Si, 0.6-0.8% Mn. The resulss of teciing stecls
ZI755 an EITST for toagimess at 600°C are given in £3g. 68 (20).

A%t the Ianingrad Metal Wcrks it was estabiishec (11) that stecls
with 124 Cr and additions of 0.6f Mo + 0.3% Vand 15 W + 0.3 V have the
highest heat endurance, hign stability of structure, and low sencibility
%0 stress concentrations, vhich makes it possible to recommend the= as
materials for long-life twrbine vanes ani other perts, workinz st tex-
peratures of wp to 550-55°C. At 550°C the stipulated yield point of
thess steels corresponding to a creep speed of 10”2 per hour is egusl
%0 8.5-9.5 mg/mC. (fhe upper 1imit corresponds to steel with 0.63 1o

+0.3%5V.)

Fig. 68. Continusd durebility of steel Ei757 {curve 1) snl Zi756
{Cxzve 2) at 500°2
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i 125 clroxizz: steels with =G2itions <f tolyddemum or =clyblemc: wil

vancdfun a33 niobimi are used =lso sbroza (fig. &9).
The 2lloying of hignly carcoous s3oei with aluainua or slunlvc: and

. wlybdrm cuoes a substantiul change in steel structure.

Fig. . iimits of tansile stremgth Rig. 70. The influence of alwnimm end
offmmmmmﬂm— olytdenmm wpon resistance to crecp and
steels in a test duwrstion of 1000 tersile rtrength of 13} chrome steel,

hours. containiaog:
Carve 1: 0.1% 2, 11.9; - 13.55 C%,
Qrdinate: Limit in kgfiw® 2: 0.1% ¢, 11.5 - 13.53 ¢,
o 2.1 - 0.35 &A1, 0.55 0
Abscissa: C
Ordinate: Limits of strength, of
creep, tn Xgfw
. . %
Mrkings at curves: ugper: lim:t o
¢ stren-t:
lower: lix=it of
i cree)
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Therrfore, if steel containing 0.15) C &nd 11.5 - 13.55 Cr is teopervoie Jor

mrtensite after coolirg in oil froa te=peratures of 1009-1050°C, the slloying
of this steel with 0.1 - 0.3% Al or 0.1 - 0.3% Al and 0.55 }o ctuses 2 purely
ferritic structure, and the steel hes ro transmutations wvithin the vhole rane
of temperatures from roca temperature to that of melting point. Such 2 stable
structure of lighly alloysd chrome-molybdenum-alumminun ferrite, secures

heichtened torrosion-resistance and also better heat endurence st tewmperatces
wp to 500°C vhen no intetsive re-crystallizstion is cbserved. Deta concerning
resistance to creep are given in fig. 70.

Tt sbhould be especially noted that steel of the ‘ype mentioned hes 2
mmmmawm(a.m‘),uehue_muﬂnn
temperature Terges as follows: from 20 tc 100°C 9.3; 20 - 200°C 19.9; 20 - 300°C
11.3; 20 - %00°C 11.5; 20 - 500°C 12.0; 20 - 500°C 12.1.

During investization of the structure and properties of steel with
12% Cr moaifisd with various e2iitioms, it vas estsdlished {12) st
1) additions of nichium increcse tounglmess and resistance o creep,

2) additions of titanimm lover hest resistance comsidersbly,
3) mwmﬁmum,

%) an Increasg of caxbom content fram 0.17 te 0.2335 lowers resistance io crecp.

”,
.::?Q
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Besides, there ere reports cf the use of cest 125 cixrcee steel of the

follcwing trands: {The contents given are of batches investigated):

0.15% C, 0.k9% Mo, 11.3% Cr, 0.%95 M, 0.05% 51, O.T% V, 0.1k3 ¥b.

0.16% C, 0.55% ¥o, 13.5% Cr, 0.55 ¥, 0.18% s1, C.60% V.

¥ 5B

0.17% C, 1.01% Mo, 11.3% Cr, 0.49% My, 0.155 Si, 0.69% V.

The tensile strength of these steels at 650°C is given in tabie 23.
... TDble 23. Tensile strength of cast 12% Clromous steel of soms brands
) at 650%
1) 3xend of steel 2) State (or condition) of ssaples

{a) Cast
Aftar thermal trestmsnt

{b) CcCast
After tharmal treatmsnt

(¢} cast
After thermml trestment

3) Limit of temsile streczth, in kg/m -
%) Belative elongation at treeking moment, in %

5) Time in hors




It must be noted that cast 122 hishly chrocous steels with additisns
of 2.5 of molybderum, N.5% of venadiuwm, 1.5% of tungster and 0.4% of titaniu
beve fond use in tha making of such stressed perts of sutomobile ges tarbines
as working vanes end discs. A further improvement of the composition of steels
bas 1sad to sm adiition of 0.01 - 0.0% o boron. This addition proved to be
20 effective for increesing hest-resis’ 'nce at §00-650°C that 13 2icame possibile
t0 forge the siloying with vemsdium (13). Case ferriti: fecro-alumimm alloys
wwumnmmmﬁnm"mm.

Bwee alloys lave & high resistance to corrosion Dy gases but & ssall
hoat reaistance. They <xe wsed for making cass bodiec of 01l spray Linmers,
directing vamss snd similewr perts wrking st kigh tasCerstwres but wmder small
atresses.

Alloying with xdckel is videly weed for 1pToving heat-resistance of

hghly clramocs steals.

Tms, if aaly 1.5-2% K1 is slddel to stesl of type Xh27, the resistence
10 cresp increesss more than 1.5 times (table ). )

The adiition of =ickel to sast highly coromous stesls provel %o be
especially effective. The cimracieristics of cieesp and temrile strength of

suoch stesls ars givem in takle 25.
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Teble 2. The inlluence of nickel upon the resisionce to crecp of
sy clrorcus type En27 steel that is being deformed

1} Test teperatwre, n%; ' 2) Suress in kc/:n2 that causes;

3) 3n steedl Xk27 (a) 135 of elomzation in 10,000 hours,
~ {5) destruction in 1000 hours;

%) in steel ¥W27 plus L.7% H1  (a) 1S of elonzation in 10,000 hos,
(b) 1% of elongation in 100,000 hours.

le

Tabls 25. The influsnce of nickel wpon resistance to creep and tensile
strengtl of cast highly chromous steel of typs Ko7

1) Composition of stesl In%; 2) Stress in kg/am® causing s speed of
creesp of 10°% ver hour at tempersture in °C;
3) Temsile streugth in kgfw st tesperatwre in °c; %)  howrs.
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It must be especially noted that ir cormectton with the =1loying of

hicghly chromous steels with various elemenis, incluwding such austenite-forming

clememts as nickel, meny branis of austenite-ferrite steels Leve come into use.
Austanile-Territe steelis have girzter Leat-resistance than highly

cliromous ferrite ani semi-ferrite steels. The basic qualificestion required

of austemite-ferrite sieels is stadility of structure. Changes ia the mrop-

erties of soow sustanite-ferrits steels at room temperature in dependence

upun their structure are shown in f3g. 71. Their temsile strength at 600°C
is given in fig. 72.

Considersble brittlencss, called hrittleness at 175°C, develops ic
highly ciromous steels of the ferrite snd sustemite-ferrite classes with a
heating to 450-500°C. Tiis trittleness mractically precindes the use of thece
materials for saking stressed parts. The usual microscopic examimatioms do
meﬂcmmmtydmtbmeotthwdtm;
sreat trittleness, and, thus, of pointing out a way towerd its elimtnation.

Barlier 1% vas suprosed that the ewirittlement of highly chromons

stecls d;c-%o":)\ns cornected with an ovolution of & -phese, natch usw=lly

aovelops at 700-800°C. I% 1s Inowun to generste in sllioys comtaining ower 320




Cr during heating to a te=gerature ringe of 700-80-3°c. sut investigeticns

~o2v une processes of cmhrittlerent 2t ~ ‘jc{)oc

have shown (13}, (i5), {16)

end at 700-800°C are independent of each other. This 1s vorrsborated by date

given in fig. 73 and in tcble 26, Thus, the cause of brittleness at ~ 550°C

is evidently conditioned by somethinr different from ¢ -phase develowoent,

which vas cons®dered to be the cacse before.

It wes sh a 1n work {17), that brittleness in highly clromous ferrite

Mstﬂfchmm:mn&&wdammsc,

es was camonly believed earlier, but also wita & possible process of arrencs-

mit regulation within the nexd solutiom.

Propertiss of chrome-
nickel steels with different
stractaxre.

Linite of creen od

)mk&/a:

nickel, in ¢
¢ (3) - territe,
M - j=Tlensite,
- eustenite

Pig. 72. Teusile strencth in steel of
type Xh28 with &ifferent carbon ad
nickel contemts at GX°C {according o VIT).

2 2

Ordinate: Limtt of stremgth, in o=

Abscisse: Quantity cf austenmite in
the stractice, iz G.




rig. 73. The influmce of tesperatwre and durstiom of heating upon
the hardness of chromous steel cortiiming 16-50% Cr.

legeais, from top: 1) Heating dwation 10C dours,
2) Eestizg &oration 1000 bours.

The same comclusion was reached by Beerleven sad:-Fabrizius, {18) who
investigated the Influence of heating duratiom at ¥75°C upon megritic wroperties
of ferro-chromous steels containing 23.3-66% Cr.

The complicated character of transformation in higniy clomous alloys
w2s =1so estabiished in the recent work of Poosy and Bastiem {31). Alloys of

greet purity contaiming froa 15.08 to 75.8% of chrone were stadfed. It wes

found, that ir alloys contaixing S0% Cr thres differemt processcs may procceed

33




witkout a chenge of concelitration, or mare precisely, without diffusion te
corsiderable distances:

a) magnetic transformrtion at the teaperature of Curie point;

b) trensformatior in ¢ -hard solution, comuscted with the process of
arrapeement 2 dlsarrangesent;

c) phasic tramafarmatim a g2 o.

Teble 26. Mechanical properties of steel 1XKhlON9 at heightened temperatures

1) test tesperatwe, in °C. 2) Limit of cresp in kefm’
with . spesd of creep
3) Zlongation at ruptwre mommt a) of 0.12% for 1000 Mours,
{in short-time <ests) ix %. D) of 0.015 for 100 houre.

CEROME-NICKES, AND CERGME-MANGARESE COMPLEILY AILOYED STEELS
OF ZRE AUSTEATTIC CIASS

A cherecteristic peonliarity of these steels is the stobiiity of
custenitic structure, sZeagthened by dispersing emissions of different
ohmses at Mgh temperatures. In the majority of sustenitic hoat-resistant

steels such a2 structure is produced by special thermml treat=ent.
<~




Toe therrmal treatment of heat-resistent steels of the eustenitic class
is based on the process of oging oversatwrated hard solutions in connection
with the formation of carbides, cerbor-nitrides and intermetallic compounds.

Ageability is determined by variable solubility of the second component
B in the herd solution T (fig. 7h). The vhole quantity of component 3 con-
tained in the alloy is dissolved in the hard solution auring bheating to
tempering temperature. Then this condition is L£ixsd by guick cooling.

B The processes that will prcceed in the oversaturated haxd soiution
w]11 be those comected with transition to a firmsr, mor> stable state.
These xre the rocesses of aging.

mthdemhm at the

Tegiming, within tie framework of the overseturated bhard solution, ac

accariiavion of B atons takes place in definite arcas of the crystal lattice.

The second stage of the process is the formation of a new (rystal lattice
+hich 1s specifically natursl to the phase Qat develons. Jowever, the
1attice of the phuse ramiins crystallographically cloce tc the 2attice of
itbe hard soluticn. (A so-crlled coheremt commection of lettices is ohserved.}
he third stege is ihe bLreeking mway of the Ialtices Irem each other z=nd e
Zarmetion of independent, very dirversive pariicles of the phase {or passe

;xr:iclesf. e fourth sicge 35 the emlargement (coegulatziom) of vhese porticles.
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A1l the stager enurerated proceed in time and with temperature and
soretizes coincide. The higher the temperature of sgingz, the shorter the
beating duration mast be to attain the objective assigned to a stage.

The trocess of aging is characterized dy changes in hardness and

touglxress. The coherent comnection of two different lattices, and, also

the fall-ou% nf very dispersive s=cond-phase particles leads to a sharply

increased resistamce to plastic deformation and to an increase of hardness.
Howerer, if the first three stages.of the process load to toughening of tiae
alloy (%0 a so-called dispersive lerdening), then the fourth stage (coegulation

of dispersive particles) is commected with a drop in hardness. (Fig. 75).




COMPOSITICN AlD FROPERTIES OF EEAT-RESISTANT STEELS OF THE
AUSTIIITIC £L

The properiies of eustenitic steclt of type i8-8 at heightened tem~

peretures may be characterized by data give {n fig. 76-31 wnd in +altle 26.

Fig. 76. Limits of creep and sirength Pig. T7. Influence of test temperature
in steel of type 21BN upon the mechanical propertics
of type 1Xn18H9 steel
1 - tensile strength for 1000 hoars;
2 - tensile strength for 10,000 howrs; Ordinate: Iimit of » OF creep
3 - speed of cresp 19°5% per howr; in xgfm, 45, ¥, in
% - speed of creep 10-1% per howr. £, resilience, in kg/cn’.

0,

Ordinate: Iixit of strangth, ol (H

creep :l:nkg/m2

%

Abscissas
With an increass of the extemt of alloying the servica characteristics
of austenitic steels &lso increase. This is comected both with the toushening

of the basic hard sustsnite solution with a slowing down of diffusion processes

T~




in 1t and with an irprovezent of structural stability. The latter is especielly
1sporiout because steel of type 18-8 1s nearly on the border of tke two-phese
(or dcuble phased) zone, and because, with Geep cooling, a martensitic trans-
formatise takes place in the steel, as is showm by the curves in fig. T7. Tre
beneficial influence of titaniux is especially conspicuousiy illustrated by

dats of fig. 82.

Fig. 78. Limits of tensile strength of steel 1XKh18x9T

a) heating to 1050-1100°C, cooling in air, smmealing at 700°C duwring 20 h.
b) bhesting to 1050-1100°C, cooling in air,

Oriinste: Limit of strength, in kgfmS

hours

An iacrease of carbon content in type 18-8 steel must be considered
irrational becszuse it increases btrittlemess of the steol in consequence of
heating fo Xigk temperatwres (fig. 83) vhem carbides are intensively evolved

2urirg a long period of tixe.




Pig. 79, Linit of creep in steel
I8P 1 - tezpering at frex
1350°%C in weter (translation
1iterel, cooling in watler is
probebly meant); 2 - texpering
at 1050°C, eair.

Ordinate: Iinmit of creep,
1n xgfe

Abscissa: Rote of creep, ¢ per
howr

Pg. £0. Idnits of creep and strengih
in steel of type KM1SM1IB: 1 - temsile

strength for 1000 hours; 2 - tensiie
strength for 10,000 hours; 3 - rate ol
creep 10'6,3 ver hour; L ~ speed of creep
10~7¢ per hour.

Ordinate: Lirit of creep, of strengih,
2
in xgfe='

o

Abscisse: C

In order to ecomomize on molyodemm, e chrome-nickel eusteritic steel

elloyed with tungsten wes proposed. The yielé point, ceusing an elongetion of

106 per howr for steel comtedning °.35% C, 1.8% Si, 8.0% 71, 18.05 Cr end

3.5%, (fllegitle) at 550°C is 13.3 kgfm®, at 600 - 7.1, at 60 - 5.4, et

700 - 3.6, 2t T50°C ~ 2.8 kgh=C.

Turther Lmmrovesment of heat-endwwing vropervies of eustenitic iuvpe

18-8 steels, in comection with their corplex elloying with some elexent:

end elsc with an incresse in the conient of the besic elexments - chro=iwm

exnd nickel.




Tig. 51. Timits of crees and Pig. 82. Tie influence of titaniuz upon

strength in type KmEI2XRT steel of iype i8-8 at nigh terperatures
stecl. > - Tensile strength of short-tize tests for extension.
for 1000 hours; 2 - tensile 1 - steel witn 1687 Cr, 8% Ti plus Ti;
s th for 10,000 hours; 2 - steel with 184 Cr, & Hi.
. 3 --1imit of creep with & speed
>f 1004 per howr; L - witn a Ordinete: Linit of creep, of ,
speed of creep 10~1¢ per hour. in xgfot
Ordinate: +s of creep, of Abscissa: °C

2
strength, in xg/m

o
Arscissa: C

Pig. 83. Echrittlement of type 18-8 steei with different contents ol
carbon in conseguence of vrolonzed heatinss at high tesperatures

- D2

3 - steel with 0.06% C, 9.2% ni, 185 .r, tempering et 2roz 385°C, cooling
in weter;
5 - steel with 0.13% C, 0.0% ¥, 18.25 Cr, torpering at from 1150°C, coolins
in water;
-as ~ - - - - O -
3 - steel with 0.18% C, 8.9% 11, 17.8% Cr, tespering at fro= 1150 C, coolin:

(2]
in wator. Ordinate: , in zgf=" Abscisse: Zours
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In consicering this grouwp of evstenitic heat-resistent sieeis we
shell &well on the following brends:

Chrome-niskel-molyséemm steel of type 18-1%-2-1 coateins: ez,

0.9-1.5% ¥n, 0.7-1.2% Si, 160-1G% Cr, 150-17.0% N1, 2.0-2.65 ¥p, 0.5-1.3% ¥o.
e therml treatzant consists of tergering et froo 1100-115’.)°c in water.

¥echanjical properties at neigntered temperatures are given in tedle 27.

. . Tabls 27. ts of tensile strength and cresp in steel of type 18-1k-2-1
1) Test tesperatwre in °C 2) Iimit of tensile strength in kef="

with e test Guration ir hours .

3) Iimit of cresp with o <reep of 1% for 300 hours, in kg/ma

2>

Steel ZI572 conteins: 0.23-0.3% C, 0.3-0.83 Si, 0.75-1.55 =

1.0-1.5% ¥, 16-20% Cr, 8-10% Wi, 1-1.5% ¥o. 0.5-0.83 b, 0.2-0.5% ¢

s 2l

Trree vorinnts of thermel treatmeni are recccmended: 1) Tempering at

1.150-11800(:, cooling in water, eging et 800°C durinz 15 mours.

8-
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2) Tempering at 1350-1180°C, cosiing in water, eging 2t T30 C dwsing -1l ho.rs.

s < oa= (o] e s O o . .
e=pering ei 1150-1180°C, cooling in water, eging at TOO € é&wing 15 hoos.

)
S
=)

‘fne characteristics of creep a2ng of tensile strength of steel =ZI572 exre given

in Tig. &% end 85. “Te steel is used in building Diped boilers et workins

O, - O, - ~ -
texperathures of wp to 600 C, more seldon of w 1o 650°C, because 2t the laiter

- e QO .
tempercture and especielly at 700-800 C & formation of o -phese end of

exprittiesent comested with it is observegd.

Stesl 165k is used for reldng pipe-lines in conterporary boiier

instellations. Toe steel conteins: 0.07-0.12%2 C, < 0.65 Si, 1-25% M,

13-15% Cr, 1L-17% ni, 0.9-1.35 Hb. Troerral treatment: tempering et froz

11k0-1160°C with cooiing in water. Data concerning tensile sirenzch epd

creep {fiz. B5) show that pipes —ede of this steel may de used ci temperaiures

o= &00-610°C.

Steel ZT595 is a2 —odificetion of EIfS%. A great kesi-resistence is

echieved in it torough an increase of nickel content ani edditionsl ellorying

with tungsten. Tree composition of the steel: 0.7-0.12% C, £ 0. ¥ S&, 1-25

in, 13-15% Cr, 18-20% ni, 2-2.75% %, 0.9-1.3% ¥b. Teopering is et frox

11%0-1160°C, cooling in water. Tre linits of temsile strength and crecp

are given In fig. 87. Pipes =ede of this steel can wvork at 650-700°C.
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Fig. 8. Iimit of creep in steel EI5T2: &) at 550°C;  3) &t 650°C

Oriinate: 1imit of creep Abscissa: rTate of creep, in % der hour. -

®ig. 8,?. Iixits of tensile sirength im steel EZIS5T72:

e) at 580°% b) at 650°¢C c) et 760°C '
- Ordirate: 1linm.t of strength, in kg,’x::z

Abscissa: howrs
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S0z 2oove-mentioned Ttrenids of austenitic ¢k

of ¢tyoe 1} only improves its corrosion resisience, dut elso irparts to

steel higher Zeat exfurance wnder conditions of cyclic tesperatwre routines.

Such e Tenaficial inflnsnce of niobim: was esteblishied in the worx of Beléwin

{20) durinz testing of type 18-8 steel with ¢y lic tespersture chenges froxm

200 o 7oo°c erd with fuctustions of tire periods &t maxirm zrd rdpimem

tempershres froz 6 to 12 bhowr's.

For mory years elreedy work bhss been conducted in the £ield of replecing
nickel by manganese in steels of type 18-8. During ihe process of such
investigations ard elso in conseguence of se=i-industrial tests it
established, that, elthough xengonese is anslogous to nickel, the =2ngenese
sustentic is less stoble than thet of nickel. After prolonged keztings at
nign {emperatures the —engoncese austenite deco—poses with a formation of
a -phese. In order to oblzin e stable sustenitic structure with tke replzcement

of nickel Dy mangenese, such 2 sirong eustenite-forming element suth es nitroon

m=ist De supplesenterily edded to the steel coxpasition.




Fig. 86, 1imit of femsile sirencth Tig. B87. Limits of temsile sirencih
for 100,000 nowrs end 1imit of 15 for 109,630 howrs erd of 1$ of creep
of creep for 103,000 kours in steel for 109,000 howrs in steel TI605 at

ZIS6% at gifferent tecmeretures. differert temperatures.

1irft of creep, of rdinate: 14mit of strength, kg -

N . 2
strength, in rgh=
°c Abscisse: °C
There are reports of introductions ixto indusiry (2) of & steel

cantaining ~ 0.1 C, ~17.5% Cr, ~0.4S 5. A test for extension

at roox terperature »as shown thet in the snnealel state the steel hos a tencile

sirength of S 1'8/:::2, e yield point of & kg/me- end en elougation of %00, Thre

rechenicel properiies of this chroms-rmengenese steel subjected to cold plastic
deformation with & rolling shrinkese of 55 ere close o ihe mechanicel properties
of chrcme-nickel steel of type 18-8 subjected %o cold plestic deformation with
2 roiiing shrinkege oi 25%.

Witk 2 deformation extent eguai to 353% the steel has a yield point of
srowrd 130 kg/::e with en clongetion of 6. A test for extension et heishierec

temperatizes cerried out on stenderd somples 12.8 == in dipmeier hes showm, thn

.




On - s . - . . .
<o 760°C the tensile sirensih smd yield 2oint In thz new steel ere td -ler

-—le sella

-
hﬂ:l.

trose of rusi-rreol TiyTe

is o the samo order es thei in other steels of iype i8-8, while at higrer
temperatires it drcps sharpiy. ‘The corrosion resistence of serples of this
steel was stuiled in boiling 557 solution of nitric acid, ik boiling 55 nitrs
ccid eni et 0°%C in e %% sclution of sulpmuric ecid. From the tesis carried
cut -i.t is possivle to conclude that the corrosion resistance of chrose-mensenese
stcal is closs o that of steels 4 type Xnl17 end KM1IENGT.
Toe gastenite in Type 18-8 steels cannot te considered as completely

gicbie. With cooling oeiow 0% polymorpbous trensformation tekes plece with

= formation of en oversatureteé a -phese elong ihe *¥EX%EX mechenism @ -hard
sclution {of martensite). Cold deforcetion coniributes most stronsiy to
mariensitic trensforzetion of chroze-nickel esustenite of steel 18-E. hier the
irfinenss of siresses {ron coid hardening ths transformeticn proceeds vwithin
tze usunl terperature range {150-250°C). The co=bined infliuence of cold
nexdening =md deep cooling ooy ceause e tromsition of the whole chro—e-niciol
austenite into martensite. In corseguence of such treat—ent the heoréness and

touchness of the steel increzses considersdiy =t room temperature, ond hoot

3 <02
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=
=

— 2
.. s A
=2
. ezdu=ance increnses at tezoeratures ol us fo 450°C {fig. SC). A% bigher te-w >
s
. S .
. S peratures heat—eniurance dosps in csinection wita tkne annealing of zarteasit 7'--
L Jr= -;- ” - 7 ..‘
and partisl re-ciysteilization. .7
? -
) :;' Latsly, in connecfion 1tz the devaioazent of & npucber of specisl =achirg- ?’__:
RN
- taildinz drancass, the nooenclsture of czst paris mads of ordified type 18-8
) steel bas cousideradly imcreeged, Tobls 28 zives (he composition of fome oronds 3.
.. of this type of steel. It slso gives data on heat resistance et 550°C.
. s i Teble 28. (hesicel composation and tensile stresgth of cest chrome-nicikel
sustenitic stesls of sore brands
e : N 1) 3Brand of steel: 2) Chesical cozcosition of invaestigsted sxmeliing
k!
tatches, i & 3) Dimit of temsile strength in xgfmc® at €509C during howres
. e 4) Relstive eloszation in § at the 1limit of Sensils sirength at 850°¢ for hourss
N I .
72N “C,'G‘T‘
- l‘. :
- " LA
L > 4 .. _ 0
> o
s -
\
. - I
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is it waB alressy =eantiozed, one of the mazns of incTecsizg host-eniurnnge

of las basic 2iezenie - chrone

€,
1]
Q
13
o
1]
t
"

of ouetenitic stasls {3 iscreasizg in
opd nickal, shil® kSeping to the gezeral tendency cf coaplax alloying.

' Y

enrose-nickel stesls of types 20-25, 20w20, 17-37 and 11-38.  (The first
it &

figave is tha content of chraxe, ths second - of nicikel.)

The characteristice of the resistance of (hese steels 10 crsep ars given ia
fig. 89; the tansile strangta of steel 23-23 - iz fig. 23. Eowvrer, stnels
with -a high content of nickel ani especieily cof chrozg are intlined toward
ezbrittlenert in consegusnce of proicnged hZestings st hige tesperatures and
the action of ntresses. ZXRvidently, the sain czuse of Sritizexess ia chroze-
nicikel steels with high chrocium content ie the forcstion-of ¢ -'phase. *aich
has the property to disscive Mo, ¥, Al, B4 and othere within a rather wide
TEDZE,

In tze production of cest tyss 20-25 steel a2diticns of tpre snd rsrs-
sarth slezsnts (Ce, Zo, B2 ozd others) are atilicsl. anis increxsse plosticity
ant tensility, izproves fiowsbiiity oné Reighlers resisiance to scaling (ur to
1050°C). At tezperatuzes =3ove 1iC0P5 additions of Tars-sert: cisceals, oo its
sontTery, L0wer sceling resizience {22;.

Tha £241t10D 4o iFoe Z0<25 sisel of around 2% of silicon {IM1352552)

B35
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slresdy mestioned, one of t2e means of incTer3irg hest~ea'uarTRnce
2nitis steels i2 increpsins the content of the Paaic elezents - chrowe
and nickel, »hils keepizg to ithe geaeral tendency of coxplex alleyl=gs

ehrome-rnickel stesls of types 20-25, 25-20, 1737 axd 11-36.  (The Iirst

2igure is the context of chrome, the secoad - of pickel.)
The characteristizs of the resistance of these steels to sreep ass given in

fig. 59; ths tensils strsusth of stsel 23-13 = in fig. 90. Eowsver, steels

=itk s bigh ccetent of anickel and sgpsecislly of chrozs are inflined toward

eabrittlenent in consequence of droiocged hestings at bigh taaperatuies sxd
the action of stresscs. 3vicenily. the msin causs of drittlexess in chrome~
niskel stesls aiih hign chromium content is the formation-of ¢ -_phau. which
has the property to dissoive Mo, ¥, A, X1 ard others within a rather side
TAnEs.

Ir tha production of csst tyOT 20-25 ete2l siditions of rare sud rare-
earth alecexts {(Ce, Z=, ¥ ond otiers) are utilirsd. This increases placticity
and teasility, improves fiowability nnd heizhtens Tesistancs to scaling {up o

5% tazperaturas above :100°C edditions of rare-sarth sieceals. (1 the
coatrary, icwsr sc&dlag résisionca 2)e

Fhe sidizisn to tyus 20-23 steel of arsund 2% of silicon (sh313E2552)




iciresses keat-endursnce u. to 1000-2100%C.

is comparatively lox (fig. 9i).

2ig. 83« Limits of tensile strength

(1} acd of cres; {2) in steel of
type 16-8 at 4309C. Preliminary

treptzent 5 soSios:  ©6ld Lasdene

izg ty volling with a comression

Ordinate:

sxteat of 40X at 76°C. iUppsr curve

Cross~cutl samplces; lower cirve -

longiteding]l saxzoles.

Ordinats: 1limit of strength,
in xpfoR
Absciess {on too}: Rate of creep,

a4

P TST ST

(2t tottom): hcurs

Fig. 89,

Bovaver nCat-sndurazce of tha steel

Creep 1izit of chrome-nicice]l

austenitic stexle of type 20-25 at 10~5/n

(1). of tyne 25-2C {2), of 17-37 (3),
il 6f 13~35 {(4).

limit of créep, in kg/mP

Abscissa: 9¢




T Fig- 90. 7DTensile strength of steel ¥h23M3: 1) &t 550°C; -2) at £0u°C:
IR 3) a. §350°¢C; 4) at 700°%
- Oxinats: 1imit of siremgth Abocissat  hours
5 .
f )
Joe
) ¥ig. 9l. Licits of creep for different suzzary (or totsl) deforcation
. of steel Knl8Xe552 (Ye3S)e )
a) at 600°C; b) 859%; c) ot 7200°%
v
Ordinates: 1limit of creep, in kgfmne
e
’ Atscisss: lhouss
T Lagendss  233iiuciiun




Steel $Zx14K1472Y (Z169) conteirs: 0.4-0.5% 2, 0.3-0.8% Si, not over 0.7% ¥z,

, not over 0.03% 5, ot over 0.03% P, 13-15% Cr, 13-i5% i, 0.25-0.4% wo, .

2.0-2.75% ¥. The properties at room temperaturc are:
8} after heeting to 820-850°C suring 2 hours and cooling in air:

G52 T2 xefoP, o > 40 kgfaf 5 158, ¥ 2 358 a <4 mfed?.

Jig. S2. Changec in strerngth of Fig. 93. Changes in plastic characteo

steel 4Zh14N1572K after terpering
for large and sxall grains, ac-
coxding to resulis of short-tice
tests for extension. 1 - tezper-
ing texpersture 118G°C, 1srge
grain; 2 = texpering tecpera-
furw 21509C, s=s11 grain.

Ordircate: 1i=it of »

Abscissa:s Sc

istics in lsrge .nd smpll-grained steal
of type 14-14-2 (4XN14N14V2K) luring

LA
short-tits tests fo: extension. '
1 = Tecpering terperature 1100°C, szall _
)
grain; 2 - texpering texyesaturs 1130°¢C, o
1]
large grain. .
‘.
K3
-
~4




v ’”~
?) after tameTin: st frac N7C-120090 000l in- dn woteme = o0 -I--c'
: K < --g 22 =z IS C Zg=

v

35 =355, « n 210 kgfcz®. Sozetices teapering {8 {oliowad by agink at
75C°C during 5 hours.

Changes in toughness, sccording ic results of hot short-tims tests for
extension after tempering for teth large and smell graizs, are shown in fig. 2.
Changes in properties ¢f plesticity sre shomn in fig. S3.

Cozbined data concerning yield point and tensile strength of steel 4Xh14W14T2M

st different test texpsratures are given in fig. 94 azd 5.

Tig. S&. 3ate of creep in steel Qn14M4VAX at 600-7000C
Ordinate: 1imit of creep, in kg/me?
Abscissa: hours
Becxuse of corparatively bigh carbon conteat, steel of type 4Xhi4%14V2Y
hes significant tezdercy toma>d aging, in which the forzation of cardidie
phases during heating vroceeds f£0r a lang tima. Rimnltamasme Infiuezcs 52

hig: stresses and tezperatures durizg work service leads to great structursl




instability, connected with a drop of aect-resistant properties. Toerefors in

cases when stesl c¢f type 4Xhi4K1SV2Y is intended for zakinz paris waich are to
work &t high tesgeraturss unier conditions regquiring very long life, the coze
position of the steel is codified in such a xay as %o incresse siructural
stability and to decrease the tendency for aging.

4 Gefinite, long-lasting effect wxas achieved by the introduction into tke

steel of 0.8-1.0% ¥b (A. M» Borsiyra) and of titeniua {steel EI123) which Jojutly

forma carbides so>ludle with difficulty in austenite at usual tecpering texpsratures.

Tnera’ore the guantity of carbon, which can fora carbides during work, is de-
creased. An imoroveseat of stability in steql 4Xh14X14T2M can be attained by
decreasing czrton content. This was done in steel 1Xh14¥I4R2X (BI257), the
carbon content of which does not exceed 0.15%.

Steel XEI257 hes founi widespread uss for meking Smortant parts of toilers
and turbines of high parsmeters.

The mechanical properties of steel 1Xbl4X14V2M at high texpezatures are

shown in fi‘o 96 axd 97.

Pig. 95, Tensile strength of steel 4Zh14N14VeM (EI69) at 600-7000C
Ordicate: 1inmit of strength, in kg/mz Adbscissa: hours -

«93-~




‘ Pig. 96. Limits of tensile streagth of stael 1XnISHM4TRK (XI257) at 550-700°C

Ordinate: Limit of strepgth, in kgf=f Abscisss: hours

. For a atill greater izprovezent of stracturel stadility in steal 14~14 2
simitaneous decrease of carton content and an addition of 8 strong cerbide-
forzing element is soametizes carried out. Zhus, sted 1Th14E14TUT was created,
(Its compositiont < 0.155 C, < 2.8% 51, < 0.7% in, 13-15% Cr, 13-15% i,

2-2.75% ¥, 0,45-0.6% Xo,~~ 0.5% 2i.)

- Tig. 97. Resistance to creep of 7ig. 98. Rezistance to creep of steel
. - sieci iEni4i4VCHE (»31co7) ai ITRAEMATAS {31257 win titamius) at
68083000 600-5509¢ .

Ordipate; Lixmit of creep, Ordinate: 1imit of creep, in kg/==
in xgfc=® Abscissa: spssd of creep, %/hcur
Absgisas: Sgeed of creep, #fhmr

~3%=



This steel ie subjected to zorzalizing fros 1100°C ard egiag
10 hours. Eeat-resistant progerties of steel 31257 vith titanius
fig. S8 and 93.

Oar induetrisl works produce stili anolher variant of steel 14-14-2 called
trecd Xnl4¥147S (£1240) containing: 0.4-0.5% G, 2.7=3.3% 51,< 0.7% kn (illeg.)

-15% Cr, 13-14% X,~ 0.5% M, 2.0-2.8% N

Fig. 99. Tersile rtrength of steel 1Kh14XNI4T2MY (EI257 with titanium) at 600-650°¢
Ordinate: 1init of strength, in kg/m®

Abscissa: hours

After ther. - ireatzeat consisting of hesting to 820-850°C {during

(i11eg) 5 to 2 hours dapenling on corzs-section) and cooling in air, the
steel has setisfactory tensile strength at tecperatures ~ 5S50°C (tadle 29)

and good Tesistance to corrosion up to 2000°C.




Taovie 25. Licits of teansile strecgth of steel of ty:se Zh14M14VS

1) Test tezperature in °¢; 2) Constent siress in kgfmz wzich causes

destruction sfter tks following tice ixn hours

Chroms-ni cksl-molytdenus steel of typs 16-25-6 (corresponiing to brand

21395’ according to MPTU 2352-49). It contaizs: < 0.12f C, 1.0-2.0% kn,
0.51.0% 81, up tc 0.02% S, up to 0.03f P, 15.0-17.56 Cr, 24.0-27.0% ¥i,
5.5+7.0% Mo, 0.1-0.25 Z,,.

The ratiomal alloying of the steel determines its high hcat-?uutancc
together with great structursl stability, which mskes it possidle to recocrend

steel 16-25-6 (BI355) for coniitions of very long service (23). The stability

of structure is ezharced also by tne corplex cosxsition of the strengthening

phass in the steel, »hich, accerding to ocur investigations, is only sligntly
irclined toward coasguiation and has carbto-nitridic character. Ths Zsrzula of
ths strengthsning shass of alsdd 3IS55 ia: (7w, Jijp, (do, Trig, (CF)e Tne

grsatest influencs uzon hardress increass in the stesl after sging is sxerted

Tw cardon end rolybdezuz.




The machanicel prooerties of steel TI3S5 after varicus treatzents are given
in fig. 100 - 104.

The developrmeat of the tendency ¢c increass tas nickel conteat in steel
together xitn a simultanesus addition of carbide-formirg elexents has led to the
creation of a pmunber of drards of heat resistant stsels xith g high nickel con-
teat. Arong thes the following have found use in our hons {nlustry.

Btes] BI424: 0.1-0.188 C, 0.4-0.9% $i, 0.4-0.5% in, 14-16% Cr, 28-32% Xi,

] 1;5-2.1.)’ 2i. The thermal treatment incluiss tespering at from 1200°C with coolirg
in water snd sging at 700°C during 48 hours. The stesl has s satisfactory heat-

resistarce at temperstures of 700-750°C (fig. 103 and 106).

¥ig. 100. Resulis of tests for Tig. 101. Results of test for tensile

tensile strength of type 16-25-6 strangth of stesl 16-25-6

stsd tsmpersd at fiom 120090, i - teaueTing ai frow 1200°C, coid .
Test tezperstures: 1 - 650°C: hardening to 20% an? ssins at 700080,

3« 70000; 3~ 75°C; & - 820°C. test texperaturs 700°C; 2 - texpering
at Zroz 1200°C and sging at 700°C, test
Ordipate: 1lirit of strength = *
tezpsraturs 700°C; 3 -« tempering at fros
1200PC, cold hardenics to 20% apa eging

at 8000C, test tecperature £00°C;

Abscissa: hours

«S§7=



Tig. 101 (cozntimed). 4 - tempering at

Ordizate: 1icit of strenzik, in ¥gfza?

Fig. 102. Lixit of fatigae at room

ard high temperatures of tyvpe
16-25=-6 atsel after teporing at
from 120000, cold hardening to 20%
and aging at 300°C during 15 hours.
a) test texperature 800°C, (illeg)

equal 18.0 ka/ma; b) test ten-

fato
Xg/=2; ) text te=seraturs 630°C,

peraturs 700°C, 0 23.5

6  =28.5xg/m?; d) test tam-
fat

perature 20 G, 0 -3 kg/::..z.

1init of fat.
xg/ =f

mi=ber of cycles,

Oxdinate: S

Alscissa:
=illions.

fron 1200°C arf aging at 300°C.

Atszissa: hcurs.

Tige 103, Limit of fatigae at roonm
terpsrature and at high tezosratures of
tyne 16-25-5 stesl after texpering at
from 1200°C, cold hardening to 20% azi
aging at 700°C during 50 kours.
8) test tecperature 700°C, ; = 27.0
xg/m=C; D) test tearaturs éo"c.

. T 28.5kg/m®P; ¢) test temeratare

2000.61:35kg/-_.';2.

g

Ortizate: fatigue =it , ia xg/e

Abscissa: nuzmbsr of cycles, milliona.




Fige 104. Creraclteris=ics of cree Fig. 105 Resistance to creep of steel
in steel 15-25-5 at 550-8209C BI424 at £50-700°C

Oréizate: 1limit of fatigns, kgfm Ordinate: 1limit of cresp, xg/m®

. A&bscizsar Zate of oresp, # per Bour.  Abscisss: 3psed of creep, § per hour.

Tig. 106. 7Tsnsile sirength of steel BI424 at §00°C (temperating st 1200°g,
cooling in water), and at 700°C (temperiog and agzing)

Ordirate: 1izdt of strength, kg/m® Abscissa: houre.

Eowever, because of a great capacity for aging the steel is zot usable unler

conditions of lona-life service (as i: has a low plasticity after prolsaged

heatings at 650-7000C).




Pigs 107. Tecsila stresgth of steel 312 at 570-650°¢C

1 - szooth sazples; 2 = sanples with a corner notch.

_Ordinate: 1imit of strongth, kg/a=f Abscissar bours.

.-

Fig. 108. BResistancs to creep of steel EIQ2

Oxdinste: 1limit of creep, xg/m=f Abscissa: % psr hour.

Pig. 105. 7Tensile strenzth of alloy 2I692 st 650°C

Ordinate: 1imit of etrength, z/= Abscissas tours




Steel Zig12: <0.12% €, 0.25-0.5% Si, 1-2f ¥n, 2.8-3.2¢ ¥, 14-16% Cr,
34-35% 51, 1.1-1.4% Ti. After temoering at froz 1i509C witk cooling in wster,
the stzel is sudjected to doutle gging:

2) at 740-7609C éuring 10 hours,

b) at 700-710°C during 25-50 hours.

Ths 12idts of tensile strength and crsep of steel ZIGL2 are given in fig.

107 ond 103c The stesl is used for zaking turdizs vazes working at temperaturss

of 650-680°C.

Steel P3622: < 0.08% C, up to 1.0% Kz, up to 0.5 8i, 14.5-16% Cr, 36-38%
¥, 2.3-3.0% ¥, 2.3-3.0f Mo, 1.2-1.4% 7i. The properties of the alloy, according
to data of A. M. Borsdyk, are given in tatle 30 and in fig. 109 and 110.

Eigh heat-resistant properties are possessed by chroms-nickel-zangenese
steels alditionslly slloyed with wvanadiun, molyblemum, tungsten and other elecexnts.
In our country steels of this type are successfully developed ty ¥. ¥. Xhimushiia
with his collsborators.

It is rational to carry out the alloying of chrome~czanganess sustenitic
steels with elsTents with elemsnts that would counteract tne irpairing influence
of canganese upon soze technologicsl properties anl sliao upon the formation of

o -phase, and would, at the same tize, securs an increase of heat-resistsace

thx:oag:n Joint alloyicg.




nicxel-mengenese stecls used in our beme indmeties that nsve teen adciticnslly
alloyed, in s number of cases, with tungsten, molybdemin, vensdium or silicon.

Steel of tyve 2Zn13E3G9. AccomRing to date by Zuyev, =nd others, the steel

Fig. 110. Easistance to creen of alloy XI652 a2t 650°C
Ordinster 1limit of cresn, ks/ms@ Abscissa: rate of creep, 4 ver bour
As amny investigations have shown, & partial replacerent of manganese xith
nickei (5-8%) is very effsctive.
The addition of nickel prozotes the obtaining of stable sustenite, decreases
the tendency of ths steel t5 lose some of its static end dynemic teasility in
consequence of repested heatings, snd increases resistance to corrosion by zases.
. Below are given characteristics of the proverties of some austenitic chroce-
has the following mechanicel properties afier aursaling at 850-900°(: I

~a & — Aerema o L Ve te Ane Ana
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Mechanicel properties:

Tensile strength 6" An kgf=x?

Zlongation g c» ing
¥arrowing of crossesection , in %
Besilience & _ | in kgfcoP

H

Zardness y

Table 30. Mecharical groperties of steel 21892 st room and heigatened temperatures

1) Properties:

2)

Linit of strengtn, ia kgfm®

Lizit of cree, in xg/mf
Rongetion, in 4
Earrowing of cross-section, in %
Besillience, in kg/cnP after 2500 hours of heating at 700°¢
Tensile stremzth in kg/=P for a time duration of hourss 1000, 10,000, 1,C00,000
Limit of cresp {yield point) in kg/m for a creep rate of 10~%¢/hcur
10" 4/hour

Test texperature in °¢C..




Steel of tygce 4IHLBHSGS (Thia steel was used, in its tize, ac s subatitute

for the core expensive nighly aiczelic steel of troe 4Xh14X14T2M for makinz valvee

of poverful engiznes.) It contains: 0.2-0.4% o ané 0.8-1.5% ¥ {2I0). It is

usually sudjected to anzealing at 85005 during 2 hours. Af%er this %t has the

foilowing mechanical properties:

Test tecperature, SC 700 8C0 S00

Mechanical vroperties:

. Tensile streagth o ¢’ in ‘:a’n::.a 28 18 g
) Zlongation P 5 in ¢ 40 45 86
Xarrowing of cross-section ¢ , in § & 65 S0
Besiliexce O kgfcx? 7 8 16

Stecl of tyoe 4Xh14X3GS, coataining 0.4-0.8% o and 1.4-1.8% v (E1310),

us subjected to treatment for dispersion hardening: Tezpering at -from 1160-1200°¢
with cooling in water.or in air, end aging at 8000C. After this treatment the
steel has a high yield point. Tith a deforzation sresd of 0.2% for 100 nours
it is: at 500°C 24.5 kg/zm , at 600°C 20.0, at 700°¢ 12.5, at &30°C 7.8 zg/==.

* Date conce-nirg tensiie sirengih are given in tabtle 3.

2. P. Iimushkin peints out, that the heateresistance of steel TIZBS {as

- el e —— = .e .=\ - - - .
5135 of =asy other a3loys Tsssl on 1T0L and nickel) Grops snarply waen the

structure contairs great disparity in grain sizes. Tais ususliy occars shen




S TS

of teneile sirea il

ece

Sezpering at 11959C plus 23ing at 7006°C

Texpering at from 1150°C plus aging at &00°C
Test lemperctuve im °C

Lirite of tepsile strength in zg/ce® Zor a tics in hours

in a plece of work {or in an iten being mﬂé) scoe voluxes sre deforced to the

critical degree during forging or stazping. %hen, during a satsequent heating
to 2 high tezpsrature for tezperizg, "thess volumes gt a large-zrained structure.
Tnen itexs teing zado, or samhles with variously-gized zrzins in the
struciure, 278 subjected to streases st nigh texptratures, the voiuces of szelle
grained siructure, xaich nave lescer Leat resistenc? and zrester piasticity,
leferz easily. Trerefore the voluczes of large-grained structure znd eligat

plasticity (that éo mot deforz as mach) Tust bsar a large load. Tris caused

predoture craczing elong grain lizits.

-105-




I4 we8 estatilsnzd,
Junctione of lrrg gmeller creizs, -nd
in sroportion io the uatfommity or dispariiy of gralmsizes.
SC¥2 SOMESTIC BEIGHLY E24T-AISISTANT AUSTIHITIC STIILS US™

§ HUT0R TCILDLING

Chrozo-canzsnese-nickel siesl of orand 23431. {aiverage content: 0.338%5 C,

12% Cr, 8% i, B X3, 1.3% ¥, 1.15 do, 035 ¥b.) This steel has Zound use ia

makizng tardice discs of the zost varied dircensisns weighing from 50 to 500 kg

and with diszeters of up to one ceter, It is also used for bani rings {Joining
the disks), deflector shields, ladyrinth pacrings, and re-enforcing details.

Tige 111-113 show ckanges in cechanical propsriies of sieel 31481 in de-
pesdence upon 28t tsxperatures. Tae data given ars for sazrtnies witk a hardness
{along the diazeter of the izoression) of 3.3 axd 3.55 ms. A haxdar steel,
that resulis fTom agirg at €50-7(0%C, has grest tougness It s lowered and
unstabls heagt rasistacce because of a2 s8nsitiversss of ths stzel i notchirg
2t ®oTxing temeratures {650°C). This is corroborated Ly tests of szooth azd
notenad samlee axd tests of disks on sower~prolucing cachices,

e Ly

In oaier 1o Gecrease tne seasiliveness v woici:iag a oGNS aging =6

proposed {first aging at £50°C durizng 15 boure snd a seconmi aging at 780-300°%¢




Zuring 10-15 Dours)s Such treatizent secured a good heat-resistence ond
durabiiity of tre disks at work, empecially alozxg the rirm.

In order to raise the 1izit of strongth and the yield scint of 4ite zaterisl
at the mmbd of ize dick, §t is recommended that the xuole disk Ye sabjected to
the first aging end tbex to do the seconi agirg et 800SC only along the rim of
the disk in crder te soften it.

Zhere are furthsr possibilities of economiging on nickel in steel 3I4S1
7 nd:acing ite content to 5%, ard nlss bty excluding niobica fros the com-
position of the steel through the use of purer iron in szeiting, Zrand EI734
stsel has practically the ssze propesties (fig. 114) as brand 21481 steel, ami

it is recomzended for a nuzber of parts working at high texperatures (Lands,

tolts, cotter pins ard disks).

Chroms-nickel-titaniun steel of brapd 21655 is used for making turdine

disxs, poreresd {or etressed) parts of iurbine vanes, couwpling rings, shafts, )

paris of bell cwoaths. Chszxbers of final coxbtustion =ade of steel EIG93 worked

fully satisfactorily at workieg tecperatures up %o 8G09S. Toe raising of

morcins temnearaturaz {n the ccrorsesar bromzshé Zorkk the ugs of this atsa for

vaaes and disze of shaft comprescors in s28 turbire instaliations.




Fig. 111. Tne dependence of the oechen~
“ical properiies of steel ZI431 upon ten-
perature. Snort-tizs tests for tensile
strength. The steel i3 processed for a
hardness dozn S 3.2 o= {Tne stesl is

susceptible %o notching.)

Left ordinntes , i3 kg to =2
Right ordinate: "9, in kg to =
Abscissa: Texzpersturs in decrses C.

At curves frozm top to bottaz.

In its heateexduring

Fig. 112. 7ihe depexdence of the cechsne

ical properties of steel TI4S1 uoon tece
perature. Shori-time tests for tensile
strecgth. The steel is processed for a
hordness .., = 3.55 =x. (The steel is
not susceptiils to rotching.)

2

Left ordinate: s 10 %3 to =5

Rizat ordinate: 2, in kg to =P

Abscisss: ZTszpesrature, in degrees C.

propesties, steel of Srand EIS9% is very clase to tﬁc

nickel alloy of Yrand EI437B, eguivalent to alloy 14374 (see page 745) a3 s

oze of the st hest-enduring stesls ssong iron~itased allors.

The finetuation of hestocziuognc

th test texperatrres in fig. 115.

speriies o Drang II1636 steel is shoen

At 300 to 530CC this steel is gomextar




Tige 113. Zimits of stress runture sirenzth of steel RI461 (processed for a

hardness of do:n Z 3.55) at €00 io 750°C

Left ordinate: =it of tensile strengtk, in kg to x*

- Abscissa: hours

{nferior to alloy BI4373, =hile at 700 to 750°C it is very close to the leiter.
Iz comparison with steel ¥I4581, steel of trand 31656 has grester hente

endurance and is, therefore, recozcarded for =axing =ost stressed turbine discs.

chanicsel oroperties of steel XTI?3% II556 sa=oles at higk tecceratures.
upon tezperature. Short-tize tests Therzel treatz2at: temerizg at froz=

for tensile strength. 11509C {cooling in air and aging at 700
$o0 750°C during 15 tours).




. Fig. 11¢.{coztinued) ‘Fig. 115, (continued)
Left oxdineter ¥g to oz Ieft sriipate: Limits, in X3 to =2, of
Right oxdirste: 3, iu Xg to == 6, ¥ iné
Rizht ordinpte: I, in X5 to m®

Abscissa: Tezperaturs, decrees C.

In producing stcal T1556 spsciel attection is given to the presesce iz the
inzredients of raterial batches, sspecislly rion, of injuricus siziztures - lead,
-¢in, asticony, biszuth end others, the content of shich must be minimal. 3Borea
kas 2 very zreat influsence upon beat-eniursnce propdrtles, as may be seen fron
the cozparison of data given in tadle 32.

The part pleyed vy alunimum is 1ot yet definitively ascertained, tut it is

estabtlisked, that in objects of swall cruss-sections high heatesaduring properties

are obtained wotb ®hen using steel with szall sluzinus content (0.10%) and shen
using steel ¥ith z heightened sluminun content {0.80%).

Elgh hest-sniurance properties of stesl EISSS are obtained after corresporiiog
thermal processing, consisting of terpering at tecseraturss of fro= 1100-1202°C
and sutssquent aging at 700-800°C. Tae thicker the cross-section ol tae object,
the kigher the tezperature of texrering 2nd aging sust be. Yor s=sll cro3s-

sections {with diazeters of not over 80 =) gocd Tesalts are oblained after tex-




Table 32. Iofliuence of Bomo2 on tensiie strerpzth of sisel 21836 (Seat treatxzent:

te—pering at 1100°9C, vooling in air, eging at 7009C, in crucidle 16

krs, cooling in air
¥o. of m2lt 2) fTesting te=perature in °C
6 in xg/of 5) Tize to destruction (in hours)
sin % & Yimg

894-1 {xithout B) 8) Cszlculated content 9) rot destroyed

pering in cpen air at 1100 ¢ 1150°C, and for iarger cross-sectisns, after tem-
pering in air at 1150 to 11809C. In the first case agicg during 16 hours at
F5FC is sufficient, while in the second case 1t is necessary to raise tie tez-

perature of sging up to 750-300°C. The higher the content of titanium ard

aluxinzz in the steel, the CLigher its capacity for harderirg during aging sithin
the range of moderate tumperatures, and t¥e 1lo=8r ihé plasticity of the steed
aftsT sging. The steel has xipimun toughmess and hardness in the texserzd stete
bszinning at texperatures of 1100 to 1200°C. Durinz the process of heating
te=oered steel within s tecpersture range froz 45C to 600°C a variation of hardness

is observed (fig. 116).




Fig. 116, Changes in hardness of steel 1536 in dependencs upon te=perature
and the duration of aging
Bight ordinste: Hardness Abscissa: Rkours

2hs properties of stesl ZI636 at 20°C are givez in tabls 33.
Steel ZI636 welds completely satisfactorily, but requires ths observance of '
specisl wslding conditions. Best of ail it is forged and welded in a state of
baving besn tecpered for smusteaiticity (tezpsring in air at from 1100°C). Sad-
sequently the parts for wslding ars subjected to aging at 700 to 750°C during 5
to 16 hours in order to hejghten their heat-eniurance and toughzess. During spot
and mller welding s higher pressurs of slectrodes is necessary, shile dnrin;.
argon~arc welding a steadinsess of welding condition is iniispszsidla to avoid
tho appearance of defects (cracizs}, as it is haxd to w2id thes over., Stesl

ETAARL, anntaining 2.4 +2 274 9% on3 C.0024 3 o w1th 1owerse aluminus coDe

tant, welds bettcr: By carmual welding the steaei walis well.



Sozic bignly duratle sustericic steels used atroad.

Steel Rex 78 < 0.12% €, < 1.0% un, < 1.0% S, 17 to 18.5% i, 13 to
14.5% Cr, 3.5 to 4.5% Cu, 3.5 to 4.5% Yo, 0.5 to0 1.0 21, ~ 0.255 ¥, is used
for disks and venes of gas turbines. The steel is tempered at from 1050°C

{with air cooling} and subjected to doutle aging:

a) at 800°C during 3 nours, coolirng in air;

b) at 6009C curing 48 hours, cooling in sir.

Zsdle 33. MNechanical propsrties of steel 21636 at room tezperaturs.

1) Soeltings: &) sceltel in an induction furnace (6 smeltings),
) smelted in arc furnace (7 smeltings),
¢) soelted in arc furnace (15 smaltings),

d) arc furnace (3 soeltings).

2) IKini of sezi-finished product: a) o4, 32 == in disaeter, rod 26 mx
in diszeter,
b) forgings, 9 == in dim=ater,
¢) forgicss, 90 = in dism.,
4) forgings, 90 =m in 3ian,
e) forging -
3) Conditions of therzal trestment: a) Teperizg at froz 11009¢ (during
2 hours), cocling io air, azircs during 16 koars in air,
b) TFe—perizg at froc 11309C (during 2 hoars), cooling inm air, aging
at 700°C during 16 hours, cooling in &ir. Zespering at fro= 1100°C
(daring 2 kours), coolimg ia 2ir, aging at ?50°C during 15 houss,

cooling in air,
=113~
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Table 33. (Comtimued). ¢

£

c) Temperiag at from 1130-12009¢ (during 2 HEwrs), ccoling ia air, eging

&t ?00°C during 16 hours, coolling ia air. Tezpering 2t from 1150-12000¢
{during 2 koursj, cooiing in air, 82ing at 7500C curing 16 hours, cooling in air,
d) operirg at from 1130°¢ {during 3~5 houre), cooling in air, aging at 700%¢
during is hours, cooling 1n aiy. Tezpering at from 11309¢C (durisg 5 hours},
cooling in water, aging at 2009C during 16 hours, cooling 32 2ir,

®) Texpering at from 115000 (during 2-3 hours), cooling in water, aging at

750°C during 10-16 hours, coolirg in air.

4) Accorind to 4ass o2 Tlectrostesl ard YN




Tte Leai-eniurance properties are illuctrated by graphs in fig. 117.
Steel 135 ¥, Mo: 0.C8% C, 8 to 10% ui, 18 to 22% Cr, 0.2 to 0.5% ¥z,
(i1leg) =1.5% 7, 0.2 t5 0.4 X%, 0.2 t¢ C.65 21, is usad in £as turbin? cone

stractioh. The steel is subjected to terpering ir mater st from 1100°¢ sx2

tc aging at 650°C curing 4 hours, or to hot harzer hardening with sudsaquent

2ging et 650°C during 4 hours. 7The latler treatment is used more often. The

heat-endurance propsrties after tbis trestzent ere shown in fig. 118.

Stesd 19-9 DLt 0.25 %o C.36% C, B to 10% Xi, 128 to 22§ Cr, 1.0 to 1.5¢ &,
(121ezidle) 0.6f ¥, 0.2 to 0.6% Ti. Tne calculatsd curves for a texperature
of 730 C after two variaats of thermal treatment (a - sexi-hot hazmer hardening
aad aging at 730°C and b « tespering at from 1200°C and aging at 7:_;o°c) are
pressnted in fig. ii%.

Steel c-18-B (ir comrosition it is close to stesl 2I434): OC.4%¢cC, 1:” ¥,
135% Cr, 104 Co, (illezible) .55 Mo, 3% T, 35 5. Data concerning the rnilta'ncc
to creep within the limits of tensils sirangth of the steel at tezperatures of
600 to S00°C are presented in fig. 120. The fatigue 1izit of the stesl is stown
in fig. 121.

Stesl Waltimat X1561 0.02 &2 ®» ¥, 2 to 2§ cr, 18.5

to 22.0% Co, (Iilegitle) .5 to 3.56 Y, 2 to 35 W, 0.75 to 1.75§ ¥b, 0.1 to 0.2¢%

Kz. The characterictics to tensile strength and of resistance to creep are

presented in fig. 122. -i15-




Pig. 117. 7Tane linits 2f creer and of 742 118. lixzits of crey and of texsile
- - temsiie strength of stesl 53y3-78, strengih ¢ steel 19-9% Mo,

1 = rate of creep 0.2% for 300 howrs; 3 - fate of creep 10754 hous;

2 = rate of creep 0.2% for 1000 hours; 2 - rcte of cree 10~74'hour;

3 = tensils sirsngth for 1000 hours. 3 - toceile sirensth ror 100D hours;

4 « t2zaije streaglh for 10,000 nours.
Leoft ordicate: 1limit of orsep, of

tensile strengid, Oriinste; ZLieiis of creep, strengih,
in kg w ™, inkg o e

Abscissat Tezpersture, °C Abscissst Texpersture, 3¢

Steel Discalloy: J.05% C, 251 3%, 13< or, 3¢ %0, 0.5¢ 71. 0.2% Ax.

Therme] treatment: Lestiang £ 1083%¢, cas:iing with the furmess or ig 243,

sging at 7300C curivg 20 hours. Calcula3ed curves for &TC2C sre #£15%n in

£i7. 123. The walues of durabls strerets ZrE rssistubee to crean ara Ziven

in flg. 124.




Fige 119, Calculseted curves of sllioy Pig. i2C. The limits of creep and duradle

15=5 7L for a tsuperature of 730°C strengih for stéei §~15-B

&) Afier cemi-tot nasxmer hardening Speed of creep: 1) 0.1 after 300 hours;
ard aging at 730°C 2’ G.24 a?ter 1000 bours;

b) Afisr texpering ot frou 1z0AP% 3} G.1% aiter 200D hours
azd aging at 7°C Duradle stresdhs 23 after 0 houre;

Tizuros a2t the curves signify total 5) after 1C05 hours;

strstch {or summary slangatica) 6} aftes 10,000 hscvs

Abovs VErLioan Sotumm  of T4zaress Above vertical colum: of figurss: k3 to e

2w

Tist 1 kg to . Fizares at bottom: Tempsrature, in °C
Pigures #t bottons hcu.r_: .
Lsgerds, from top to Bottiss

Testraction; Jad 2tage of creep;

32 staje of creep; Desiruclion.




Fig. 321 Limits of fatigue for stesl G-18-B

Above verticsl column of figures: xg/m®

Figures below: Xumber of cycles.

- -

Tig. 122. Limits of durabls ttrenztk {a) and of creep (b) for steel E-155

Above vert. col.: kgfrz® Pigures st Dottom: hours
Lesgead: Spsed of cresn, $/hous

Fig. 123. Calculated curves ol steel Discalloy fer 8509C. Figures st curves

denoie elongzation

Ordizate: Lizit, in zg to a=f Abscissa: hours

Legsnds From tep: 1) 3rd stage of cresp; 2) destruction
-118-




Hg. 124. Iimits of creep ard duratle streagih for Discalloy steel
a) durable stremgth: - b) Craep limit
Atove vert. col.: lka/mo2 T eurez at bottox: hours

—

- Legendt Bate of créep

Steel A-286: up to 0.08% C, 24 to 28% X%, 13,5 to 16% r, 1.0 to 1.58 X,

{illezible) .5 %o 2.25% P4, 2% 51, 0.3% V. Thermsl treatment: tempering at

from 1000°C, coolirg in water, 2ging at 720°C during 16 hours. Characteristics

of resistance to creep and of %tensile strengin are given in fig. 125.

Steel 8-590: 0.5% C, 20% Xi, 20% Cr, 204 Co, 4% ¥o, 4% ¥, 43 ¥t. Themrel
treatzent: tezpering at froz 1200°C in oil or in air, aging at 7802C Zuring
16 houra.

Thne resulis of testing ttis gtesl for tensile strengt: anl creep are given

in fig. 126.

Attempts were szde to improve the properties of the steel by ediitiorn to it

vanadiuvz and nitzogen. Howevsr, these elexents irnpsired hes'eeniurance. 7The




Fig. 3125, Limits of creep aad of durable strengih for steel ie256
a - durable strengin; b - creep licis.

Atove vert. col.: xgfox” Tigures at bottom: hours

Legsndi 3Xate of creep

Tige 126+ Limits of creep an? of Zuradle strength of stezl S-53)

2 = durable streazth; b - creéep limit.
Abtove vart. col.: xgfe=f Tigures at bottozm:

Legend: 3Rate of creep

Antivdusticon 2f titeninm inta shranasnictalesn’alietunzsten steel of tyne

SMMELVUE WMy vaAVAE vVa

$-550 proved to s very effective. The data obtained after tezpering at

fron 1100°C and sging at 200°C uring 24 hours are stowa in tacle 34.




Teble 34. Yechenicel propsrifes of si2el S-

1) Content of 73, in % 2) Limit of resilience, in kgfm®

&

3) Tice untii destruction under = 25 kgfm® at 70000

Steei Hh¥: 0.4 C, 3.43% ¥n, 0.50% si, 9.5% 1, 19% ¢r, 34 P. The

ootimx (or best) conditions of the eteells thermal treatment: tezpering in
oil 2t from 1035°C and szing at 750%¢C curing 15 aours. An increase of tezosring
tezerature was felloved by ar incre-se of éurebility ant s decregse of plasticity.
Tao hetiness of stesl HXY after texpering 1 oil is Eac = 33. Tae mechanics}
propsriies of ihe steel are aremented in table 35.

4 cotserison of tensile strengths for 103 srs LGO0 hours as rxell as of the

yield pointa, waich ceusss ex slongation of 1f curing 10,000 Lours, for some of

the above~mentioned highly 2lloycd sustenitis stesls is Ziven in {iz. 127 o 120,

~



Tig. 127. Cozparisor of values of tensile strength for 100 hours ¢f a

. cunber of hignly 2lleyed austensitic stsels

1-58«816; 2 - A-296; 3 - Discalloy; 4 = S590; 5 - F-155; 6 =« 15-25-6;
7 - 13-9 L.

Ordinete: Limit of strength, in kg to m<

Abscissa: Texpsraturs, °C

Tig. 128. Comparison of the values of tengile strengih for 1000 hours of a

musber of branis if hizhly slloysd austenitic s*eels .

1~ S-815; 2 - 4=25& 3 - Discalloy; 4 - S=550; 5 - F=i35; 5~ 1&525-¢;
7-13-8 03

Ordizate: Ii=it of strepgth, 4n =g to

Atscissa: Teperatare, 9C




}‘ig..lzse Comzarison of the values of cr2ep 1izit which ceuses an elonzation
o2 1% for 1C.000 hours {0.00014 per hour) for a mzter of tracis

of highly alloyed austenitic steels

1l - A-295; 2 - Ditcslloy; 3 - S590; 4 - S816; 5« 3155 6= 15-25-5;
7-13%-5 311

Ordipste: Limit of creep, in kg to ==2

issa; TZezperature, OC

Table 35. Mechanicei oropsrties of steel S at bign tezceratures. (Zermal

treatzent: teperating at irox 109302 durizng 0.5 hours, cooling in 0il, agisg

st 7680°C during 16 kours, eo9iirg in eir. Herdness at 20°C Eac = 33.




tecserature in °C 3 of streagth, in igfot
Lizit of creep in xgf=® 4) Relative elongation {or strstching), in $
Relative narrowing (or coatraction) of crcss-section, in %

Limit of Seneile strenzih, for i00 hours, for 1000 hours.

E2AT-RESISPISG ALIOYS ON X0N-TZRROUS RASIS

Alloys on the basis o2 nickel. 4illoys of tyos Eastalloy are used in three

variants:
s} EHastalloy i: 004 to 0.15% €, 18 to 22% ¥s, 18 to 22% ¥o, 0.8% Si,

the rezainier teing nickel;
Eastalloy 5t up to 0.12% C, 4 to 7% e, 26 to 303 do, 0.5% kn, 0.2% Si,
0.3% v, the rezainier teing niccel;

¢ va 15 ¢

Hastalloy C: up to Uei5h &, ie5 to i7.55 O1, 4.5 ¢ 75 73, 25 s

-
v ave sy
3,75 to 5.25% ¥, the rezairder teing nickel.
These alloys are veed Toth in a2 cast azd in a forged forz. EHoxever, the cast
forn gives a higher level of heat-eniuracce jroperties. Forging is doaé ®iluis
a8 temoerature renge of froo 1230 to 1000°C. Tae alloys =ay ve sadjected o

treat=eat for discersional herdening; tecpering teginaizg ‘at tecperatures of

1180-12209C, coolins in ®ater or iz air and aging et 850°C during 16 hours. Tae

results of suortetiss tests of forged samiles of Hestalloys B end € at rods rad .

niga tesperatures ere presented in table 36. The lixmics of tensile strength of

for,ed alloy. Hestallcy 3 arepiven in table 37, z=ile the co=.ined rescits of




ghort-time tesis for stretchizg, texsile strengin end creep of cest slioys of

Zsstalloyas &, 3B asre showa in tables 33 ~nd 38,

7atle 38, VNechanicsl sroderties of elioys Eastalloy 3 and €

{teats for shert~tine stiretching)

1) Eastalloy B: Test texperature iz °C; Limit of strength, in kg/

2
==
2) Hostalloy C: Test temperature, in °C; Limit of eirexgik, =

Relative elongoticn, in 7.
3) 3Sote: Therzal treatzent of Eostelloy 5: aumeslinz at 1180°%

£ Bestalloy C: anzealins at 1200°C

Tatlie 37. Tensile strergia of ailoy Eestslloy 3

1) Test te—gerature, in °¢  2) Licits of teansile strensth in wgf==F
with the foliowing duration of test iz hours  3) Bote: Therzel trestzent

2 sooslssy  hasting £a 117090, cooling in sir, azing at $25°C during 72 hours.

VA Wehnsiaw > —— == =




Talle 33. Uechanical oroerties sf cast elioss Eastrliln 3r22 €

1) Alloy Z) Shorit-tize tesis Jor extensiszn: (a) Test tex:ergture, in OO

{5) Li=it of stresgth, ia kxgf=F,

{c) =Relative elonzstion (or stretch) in %
Daet tererature, in 7C

Lizit of temsile streagth, in zzfz==2, xith a test duratica in hours

2able 39. Creg characteristics of cast alloy Hastalloy © in a test durstion

of 500 nours




1) Test tezsers‘ure, ia °C

Z, Processing: (8) After cesting, () Same, (c) aifter casting - aging
s at 370°C during 16 nours, (&) Saze.
- 3) Magnitude of tenslon in kg/=®

4) Initisl daforzetion

5) Creep rste in % per 1600 hour

6) Total deformation in ¢

An alloy, Hastalloy X , which is & substitute for Hastslloys A, B. ond €,

" was develcped recently. 3zae cocnosition of Hastalloy X ist 0.15% C, 2235 Cr,
9% o, 24% Te, the remainmier teing nicksl. Tae alley contains a decreased
quantity of 2ifficulty obtainpatle alloyirg elezents. EHowever, notwithstanding
this, it has safficient Leat erdurence and hignetemperature oxidation resistaczcs,

waich mekes it possible to use it for caking carts of coobtustion chexsbers for

vactive otors.

Alloy XA-22%, waich contains 26 to 2335 Cr, 4 to 6% ¥, 11 to 185 Yo, ~ 0.5%

MXn, ~ 1.55 51, the rezainder being nickel, is slso used in the USi as sheet

=aterisl for coxtustion chasvers. Tais alloy haos good Tesistance to oxilation

up to 1200°C and gock heat-endurarce 2lso. The stress causing destruction of a
saple after 160 hours at 9359C is aqual %0 3.54 kz to == and

— =

t3 0.7 Xz to =f. For 100D hours st 365°C 1% is ecual to 2.32 kg %o ==%, at

12009¢ to 0.35 kg to mF.



Pig. 130. Toe results of higa-tezperature tesis for fetigue end creep
of ejloy Inconel W
1 ~ the lipit of fetigue for 10 (illeg) cycles et roon tezpersture,
fet, = 36.2 kg/x:::.g; 2 - 1ird% of stress vith a creep rate of 1% for
10 howrs

Ordinate: 1limit of creep, in :r.g/m2

Abscissa: Temperature, °c

Mg, 131, ts of creep end of tensile strength of alloy Incenel X

1 - tensile strengtk for 100 hows; 2 - tensile strength for 1000 bours;
3 - speed of creep 10’6$/hmn'; % - speed of creep 10~ 14 /hour for 100 hours.

2oy Inconel W3 0.05% C, 1k% Cr, 6% Fe, 2.5F 7L, 0.6% A1, the

rezainder being nickel. This elloy, like 2311 elloys besed on nickel, must

heve a very lov sulphur content (< 0.01%). Ther=al trestment of the elloy:

-128-




tempering at froz 1150°C (Guring 2 to b kours) , cooling in weter, aging at
850°c during 2k hours. Resistence to creep end to destruction through fetigue
et high tecperatures is shown in fig. 130. The ts of tensile strength are
given in teble LO.

Adloy Incorel X has approxinately the following chemical ctomposition:

w to 0.08% C, 1% to 15f Cr, 5 to 9% Fe, 0.7 to 1.2¢ Kb, 2.25 to 2.75% T4,

0.7% #n, 0.1% Si, 9.7% A1. The following conditions of thermal treatment

are recormended: tempering at from 13150°C during 2 to & bours, cooling in air;

thanthaﬁ.rstagi.ngat850°0d1n'ingahhcm-sandasoccndagmgat7oo°c

during 20 hours. Ths alloy has sufficiently high vroperties of durabdbility
vhen heated (fig. 131). The characteristics of the rastistance of alloy Inconel

X to destruction through fatigue at high texperatures are given in table 43.

Teble 0. Lirmits of temsile strength of alloy Inconel W

1) Texperaturs, in ¢ 2) Iintt of tensile strength in kg/mm with a
tast dvvation In howee

' — s




Tgble 41. Fetigue iimit of elloy Incenel X et heightened tcoperstures

. o - .- .
1) Tect tecpverature, in C 2) Limit of fetigue it Xg .":::2 wist the

mter of cycles

Allor Refrectelloy 26 contains on trhe aversge: 0.03% C, 184 Cr, 0%

Co, (illegibtle) % Ce, 3% Mo, 3% Ti, 0.6% Mn, 1.0 Si, 0.2% Al, the remainder
Teing nickei. Thermal treatment comsists of tecpering et from 1150°C, cooling
in veter znd in air, and eging at 730°C éuring 20 howrs for herdness H = 250
= 30. The results of tests for tensile strengtl end cresp at temperatures

®c are rra2sensed in figoce 132,

of £50 to {illegthie)
alioy #-252: 0.17% C, 19% Cr, 10% Co, 1 to 2% Fe, 11% Mo, 2.3% Ti,

the remminder being nickel. Trermal treetent: dterpering st from 1060 to

1079°C Guring & houre, siow cooling witn ths furmece to S50°C, thes in air.

Termahla cdwavacth o ~aa Pleomywma 192 D Fom .
Arae AT G - ———y — e . A a D A TaD WL e teare s AL] VLStLA L

A%

elloys YNimonic 82 and 5-816 - see fig. 13%.




Fig. 132, Limits: 1 - of creep ig. 133. Tensile sirengtk of alloy

{rate of creep 0,2% Tor k50 hours); 5
2 - of temsile streagii: for 100
hours for eiloy Sefrectalloy 26 Ordinate: imit of strength, in kg/mi
Ordinate: 1limits of creep, of Abscisse: hours
-7 spirength, iz kg/r::;a
Abscissa: Texperatura, °C
Some of iths best heat-enduring a2lioys on nickel beses are the alloys

of type Eawnic, besed on nickel and chrone, in-the propertion of 80 to 20.

A rational alloving of this composition with {titaniun and elumimm at the

expense of nickel has resulted efter eppropriste tiermal treatment in e
sharp increase of heest-enduring properties.

Tre infiuence of ititesium o»d aliwcdnus vpon heat-enduring properties
of the nickel-chroma bases is well fllustrated by the curves of fig. 135.
Doponding wpon the dogres of olloping with fthe former, ar well oo with other

elezents {cobal%, molyodenmum, tungsten) heat-enduring oroperties crenge

considerebly, & fact which hes given e besic reason for cresting & series

L]
of allioys of




O

¥imonic 75: 0.08% to 0.13% C, 18 to 21% Cr, wp %o 5% Fe, C.2 to 0.6%

o

up to 1.0% Si, the remminder being nickel. Taermel trestment:

terpering at fron 1270°C cooling in weter. In consegquence of the tempering a
prectically wmiforn large-greined structure c¢f the harc solution based on
nickel is fixed. Due fo the spell titaniun content the elloy Nimonic 75

nas lcw temsile strength at high temperature (tsble k2). The alloy is easily

deformed, welds well and has high resistence to oxidation. This determines

itz; use as sheet materiel out of which perts of heating pipes en3 cozbustion
charbers for reactive rmotors are made. In recent time 2 multileyer materiel
15 used (the Pnglish cell it "sandwich materiel™) which concists of a sheet
of copper rolled hetween two sheets of slloy Nimonic 75. In these conditions
beat conductivity s inproved end the dursbility of parts is increesed.
Tiironic 80: up to 0.06% C, 19 o 224 Cr, up to 1% Fe, 2.2 to 2.8 Ti,

up to 0.35% ¥n, wp to 0.65% Si, 0.5 to 0.95% A2, the remeinier being nickel.
Taermal treatment: tezpering at from 1080°C éwring 8 hours, cooling in
water or ia eir, aging at 700°C during 16 hours.

Nimonic 804 has ¢ composition almosi anaicgous to that of Nimonic 80,

tut itz content of alimimim and titanitm corz- »

s to tke upper linmit




}¥-252 in comperisor with alloys of 2lloys of type 87 Wi - 204 Cr, with
- Rizonic 80 and S-816 at high ten~ different contents of titaniwm apd
peretures; 1 - Kioonic 80; 2 - 816; alvimm. Magnituide of constant stress
3 - k=252 6 = 37 kg/ma; tezperature 650°C
Ord i »e t, in kg/m2 at 108
cycles

Abscissa: Terperature, °c

(~2.8% 71 and up %0 1.0% A1). The therral treatment of aJJ.oy-Rimnic 80a
does not differ froo the trestment of the preceding alloy. The resulits of
tests of alloys Ximonic 80 and Nimouic 80A for creep ard tensile strength ere
presented in figuxes 136 - 139.

Kimonic 90 contains uwp to 0.1% C, 18 to 21% Cr, 15 to 20% Co, lest

=1, 0.8 to 1.2% Al. The corditions of .nermal

then 1.0% Fe, 2.0 %o 2.87

treatnent are ths same es for eilor Himonic 80. Data concerning %ests for

tensile strength end for creep end given in figures 140 end 1s1.

Pig. 135, Fetigus strength of alloy  Fig. 135. The results of tests for creep
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Teble 42. Mechsnicel progerties ¢ elloy Inconic heightened tezperatures

s .. 0O - .
1) Skori-time extension. {2) Test tarperatwre, in C, (b) 1imit of strengih,

2 : ~ 2
in kgf=", (c} nominel 1:imit of creep, in kg/=". (4) Slongetion {or
2

stretch) iz 9. 2) Creep lixit in xg/r=° wiik er elongetion of 0.1% for
300 howrs at test terperatures in °%

The characteristics of the resistance to destruction through fatigue
=t roor snd heightened te=peratures for alloys Limonic £0, Nimonic 80A end
Toxonic 90 are given in teble k3. The cozparatively high fatigue character-
istics of elloy Kuonic 90 give & besis for meking specialized mechine

buiiding out of this alloy spiral springs which work successfully at high

texperaures.
Niconic 95 ic sim”er to &lloF Niinomic 90. However, it has higher
hazt-enduring properties in consequence of some increese of titaniwm end

2 nd o 3 1 &d av) -
alvnimm comtont fum 40 3,02 D om3 1,57 A1), Ths

ailoy Xwwnic 65 somevhatl differs from the trasizent of otner elloys of

the Kuwonic type end provides for 2 doubre tempering:

313%
~313%-
13




Pig. 1306, Creep choracteristics
¢ elloy Rimeric 80: 1 - Creep
C.2% £ 100 Tows; 2 - creep
0,2% for 1000 hours; 2 -~ creep
0.2% for 5000 howrs; & - cresp
0.2% for 10,000 hours.

° 7 . Ordinate: %+ of crecp,
in kg/m2
Abscisea: Texperature, °c

l
l Pig. 138. Creep characteristics

of alloy Jiwoonic 80%: 1 - creep
0.2% for 300 hours; 2 - creed

0.2% for 1000 bowrs; 3 - sreep
0.2% for 5000 hours; 5 - creep

N ! Samn TN NAAN ncven
v.‘.'; - ‘v,wv N wi wr

o _a ——— - T o,
s vy  Aas

- -
Vivznuc g ity a4

xgf=f

Te—perature,

Abscisse:

Mg. 137. Tensile strergtr of alloy
Fimonic &C.

ordipate: limit of strangth, in kg/m”

Abscissa: hours

At curves (fxom top to bottom): 300
bours, 1600 bours, 5)0 hours,
10,000 bours.

Tg. 139. Tensile strength of alicy
¥ironic 80A: 1 - for 300 bowrs;

2 ~ for 1000 bours: 3 ~ for 5000 howrs;
% < 2cr 10,020 hours.

tae Vit of shrength, in ';:g!r.::2

rnmnlore. Coavwnavatiora ol‘

———y -




Fig. 350. Cvesp chevacieristics Fig. 1%, Temsilc sivongth of =llcy
of alloy mezxcnic 90:- 1 - creep Rizonic 90: 1 - for 300 hours;

0.2% for 300 bours; 2 - creep 2 -« £ 1000 Bewrs; 3 - for 5200 bours
0.2¢ for 3000 howrs; 3 - v 2€D

0,25 for 5000 bours. Ordinate: 1linit of strergth,

in g/t

Ordinate: Creep limit, in kgfme

O,
sbscissa: T : , % Abscissa: Termperature, C

Table %3, Ckarecteristics of fatigue sirength of Fumonic itype alloys at
Too= and keigotened temeratures
1) AYloy: FKinonic 80, 80A, 90

2) 1imit of fatigue in }:gf..-.:a for £0.10 {i1lagible) cycles at te—peratures
o
in C:




0 R
tezmereture of 1200 C during 1 to 2 bours,

cooling in air;

b) second tewpering: from 1000°C Guring 6 to 8 bowrs, cooling in

The finel cperation is the ususl eging et 700°C during 16 rowrs.
The Droperties of alloy Nimonic 95 after therre] treatment ere given in

tebies kb and k5.
Teble k. Mechanicel properties of alloy Kuornic G5 at high terperatures
according to deta of shori-tire tests for extension {cr stretch)
at high Te—peratures

1) Test tecperature, in °C;  2) Limit of strength, in kefei;

3) Fominal 1imit of creep 0.1%, in kg/m; &) Relative elongatior,
in $; 5) relative narroving of cross-sectiom, in #; G&F #oduius of
resilience 3.10%, in xgfm®




Hizonic 100 has ithe coxposition: ~ 0.3 t 10 %o 12% Cr,
Lo 6hal, 5.5% 5 Fe, 18 to 20% Co, the
rezainder being nickel. It kas higher heai-enduring properties {table %9)
then Himomic 65, vwhich makes it possible to use items made out of it et
higher tecperctures (higher by 30°C) then items made of elloy Numonic 95.

if the following conditfons of testing be eccepted for corparison: siress 7.5

kz to ::2 end the tire perfod imiil éestruction of not less than 100 kbours,

then samples of alloy Liimonic 80A epdure this test al a tezperature not a‘t'mve
870°%, vhile sazples of alloy Nimonic 90 stand it at 900°C, of alloy Rimenic
95 - at 920°C, of =lloy Kinonic 100 - at 950°C. The restlts of tests for
short-tine tensile stremgin end for fatigue at high texperatures of alloy
Finonic 1030 are given in ichbles L7 and k8. The cozparison of tensile
strengths for & pariod of 100 howrs for alloys of nimomic type (80, 80a,
90, 95 and 100) is shown in figure 1k2, .
Changes in 2lloys of type Kimonic have quite a coxpliceted charzcter
end can be studied only by means of very fine methods of Soentgen {I-rey)
investigetion {Tu. A. Segrietskiy). During recent yeers Beily hos carried out

en electronic-=icroscopic investigation of alloys of tke liimonic t5pe, using

speciel ==thods of preparing the swiaces of the object erd btuddble (2lwinc -

-138-
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Fig. k2. Cozparisom of iensile strengths of allave of +5oc M=onic
{80, 804, S0, 95 and 109) for 100 nours.
Ordtnate: 1imit of strength, in kg/ol

Abscissa: Temperature, °c

aluzinum oxide) replicas. The existence of very £ind dispersions of the
second phase was esteblisned. The size of second-phase particles weas found.
So, after (illegible) hours of eging at 800°C the nuxinal magnitude of

dispersions azounted to 0.05 rx.

Teble §7. Results of short-tire tests for stretching of 2lloy Nimonic
100 at nigh tecperatures.

1) Test tezperatime, fn °C; 2) Tieid poimt (0.1%) 0.1, in kgl

3) Limit of strengtn, in kg/="; b} elongetion (or stretch) in 4

5) Rxroving of cross-sectionm, in %; 6) }odulus of resilience 2.103 1z kg/zz




Teble 48, Resulis of testc for Tatlinue (forsicn with berding) of elloy
Nimonic 130 et hish tempeoreiures

1) Test tezperetire, In °; 2) Siress (or strain), in kg,"::.z;

3) destruction fro= the mu=ber of cycies 1‘.5.106 (100 hours);

L) Temperatire, in °C; 5) Strein (or stress) in kg/r:e;

6) TDestruction Zroz the nusher of cycles

During the stuiy of the influence of aging conditions wpon the aversge
size (cr magnituda) of these dispersions it was shown thet for 211 invesiigeted
branis of alloys of the Kimxmicx type the nozinal average aianet;r of secord-
phase particles grows exporentially with the change of aging temperature between
750 and 875°C and that 3% grous mich rore slowly with & change of éuration at

constent te—perature. The guentity of dispersions (the muder of perticles io

an ere2 unit of the polished micro-section) decreases lireally, but ficiently

fest with en eging tepereture of froa 700 to 800°C.

- . — o - .. L. o
Doiwve: 050 eui $30 C il decrease proceeds siower, walle above ¥ U
the particles of the second prace disappesr corpletely {going into the hard

solution).




that elloys resist creep bettier in proporiion to the
cdecrease of tre averere distence between paxrticles of the secynd phese.

An investigetion of tke influence of pliestic deformation, wnich was
mede on serpies subjecied to 3G0 hours of eging at 90000 end to coxpression
wnder pressure of & tors tc the square ca hms disclosed (epart from lines of
elip and somo polyginizatios in the mastsr dls {or
glip cross tke dispersions and thei, in dispersions coherent with the matrix

{or die), slivoing takes plece cvor tha sams planes. 1in this case the dis-

persions to not block the slip lines.

RATIONALLY FPRODUCZY EEAT-TODURING AND HIGE-TRMTEPATIRE
OXIDATION-RISTSTART ALLOYS BASED O RICKEL

Alloys BIk37, =Th37A crd 23k378. Owr industry produces chrome-nickel-

titarimm alloys of type 20-T7-2.5 to which are given inZex identification
m=bers 21437, TIL37A and E74373. Alloy ZIL3TA is smelted out of purer
mixture materisis th=n is slloy EIk37 ani therefors has greater hoet-

eniurance. Alloy EI4373 conteins edditionslly 0.005 to C.008% of boron.

Alloy Eik37 has its moxim tensile strength after heving been

tezpered at a tempereture of frox 1080°C end eged at 700°¢ dwrinz iR hm

(£ig. 143). An increase as well as e decrease of tecpering te—perature

leeds to 2 sherp lowering of durable sirengtn.

-1k2-




Fig. 143, Tee in®luence of termpering terperature upon the tensile strength
of elloy £1k37, Sefore thc test the samples were subjected to
eging at 760°C during 16 bowrs.

50%, 5 = &35 knf=t; 2 - TR°C, ¢ = 36 kgfem-; 3 - 800°C, O= 20

xgfl; b - 8%%, 0 =15 kg/=t

3
o=

Ordinate: Time until destruction, in howrs

Abscigse: Teopsrature, C

: Alloy STk37 kes the folleowing ckerecteristic petuliarity: if the
21107 aged ot = tesperature to 700°C is heated to a higher te—perature (800
or 900°C), it loses a considerable amount of time strength. Hovever by sub-
sequent heating to a temperature of 700°C its mechenicel proporties are
rractically restored in full, that is & return of properiies takes place.

The properties of elloy TI437a are given in fig. 14k, These properties
are somevhat higher tran those of alloy EIU3T.

Testing of alloy EI437A for creep hes shown that the residusl de-
formation after 100 howrs et e tecperature of 700°C and a stress for sirain)

SI2S- (v e

of 30 kg to =i fluctustes within the limits of 0.063 to 0.211% in dependsnce

‘8

upon the herdness of the smeliings (or smelting batches).

-31§3-
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Alloy ET437A has higher end —ore constant cherecteristics of foiipue
S

resiscence lwan 2lloy =T437. Almost in all cases tte fetigue limit of alloy

£IL37A exceeds 35 kg to -

Tre properties of the most widely used alloy =rk373 (with & small

addition of boron) ere given in fig. 145 to ko,

Pig. 144, Chenges in the mechanical Fig. 1k5. Meckanical properties of elloy
properties of alloy Z(E37A vith

=1%378 et high temperatures, ¢ 100 and
incresses in terperstures of shori- 0 10D - tensile strength fer 100 ang

“ize tests for eicngation 1000 hours,
Ordinate: in kgfm?, limdts of Ordinate: Linmit, in kgfm®
Abscisse: Termperatures, °c Abscisse: Texperatire, %




have shown, that the eddition %o 2lloys of type Eil37 of smail quantities
of boron lead to great strenglhening of grain lirdts. Tne trensition from
transcrystalline to intercrystalline breaks comes, when the test i{s of
iong duration, in alloy ET437 at 450°C and in alley EIL3TR approximately at
0%, Tncese cf o shori-Uims tensiie strain, these termerature 1limits of
transition fron destruction ecross the grains to dsstruction along the edges

of grains amount for alloys ZI437 end BI43TB correspondingly to ~~ 700 and

~-850°C. Hence comes ke greater heat-endurance of alloy EI:37TB (fig. 150).

Fig. 146. Tensile strength of alloy ZI¥3TB
Ordinete: limtt of strength, in kghwd
Abscissa: hours

T eme—d o 3
2w

W5t bS Goied thel ailoys of iype xiksy, like all other austeniiic
glloys, asre to e great extent susceptible to harmer herdening, ard can herden

to a considerable degree even in mechanical processing on machines (surfece

jmpect hardening).
~145-

As investigations by . I. Bulygin, £. P, Trusova and P. M. Sileverstova




Fig. ]_h?: Crosn sirves o _-..oy

ET437B at test temperature of
650%. 1- 0= 50 kgfer;

2 T, 2541, 3P Mo, 72 W, 0005l x, 3T T

of alloy 231617 is attained as & result of

. Tus nigeest level of heat-endurence

i - e - 2= :h?kg/me; 3-6=15
2 ; 2
kgfm®; % - o= 40 kgfm
5 - 0= 30 kgfe®
Ordirate: limit or 4§,
in %
Abscissa: Liurs
Because surface irpact hardening increases the diffusionai rooility
¢f atoms and elso, probably, contributes
cdexro-cracks, the conditions of pechanical processing rmst be so adjusted as
Yo reduce Yo the ninimm the swrface cold hardening of venes mede of alloys
or type Y37 while they ere being rade on machines.
Alloy ZI617 has the following composition: 0.80% C, 15% fr, 5.0% 75

Fig. 148. Creep curves of alloy EI437B
st test temperature of 700°C
1- 0 =keigha’s 2- o=bhokgf=;
3- 0 =35xg/me. k- o= 30 kgim
5- ¢ =25 kgfe

Ordinate: limitor 6 , in §

Abscissa: bowrs

‘o the formation on the surface of

~p S0y

the foliowing thermal treatment:



Fig. 149, Creep curves of alloy Fig. 150. Tensile strength of alloys

" ZT43TB at tast tempersture of 800°C  EIL3T (1) and RIN3TB (2)
1-0320kgfmt; 2-0=18
kg/z.-.nz; 3-0=15 kg/m2 Crdinate: 1imit of strength, in kg/m2

Crdinate: § % Abscisse: hours

Abscissa: howrs
first tempering - heating to 1200°C (dwring 2 hours), ccoling
terpering - heating to 1050°C during % hours, cooling in air;
auring 16 hours, cooling in air.

An investigation of the influence of temperatures upon the properties

of alloy SI617 mede it possible to esteblish thet the dissolution of excessive
phas2s begins a%$ teperatiures cbove 1000°C. The influence of i, conditions of
tharral treatment upon tensile stremcth is characterized b s 3iszran on

fipare 131.




Fig. 15i. Tree influence of thermel treatment wpon the temsiie strength
of alloy EI61T. Thermel treairent: (from left to right) a) - texpering
"% from 2200°C during 2 Lowrs, cooling ia #ir; b) - texpering at fron
1200°C during 2 howrs, cooling in eir, eging at 500°C &ming 15 bours;

c) - first tecpering et froz 1200°C during 2 howrs, cooling in air, second
terpering et 1050°C during & bowrs, cooling in air; d&) - first tempering
at frea 1200% during 2 hours, cooling in air, second terpering at 105000
during & hows, cooling in eir, aging at 800°C dwring 16 howrs.

1 - test et 700°C, o= k5 kgfm®; 2 - test at 800°C, = 25 xgfml;
3 - tast at 650°C, 0 = 20 kgfomo. :

Ordinate: Time, in hours

Abscissa: Thermal trectments ea), b), ¢} ani d)

The properties of alloy ZI6LT =t high tezperatures are shown in
f£ig. 352 to 155.

The alloy hes some susceptibility to notching at 700°C, while et
800°C and sbove the suscepvibility o notching is sbsext (table &%).

The fetigue 1i=it of elloy FI617 is found by bepding on the basis

”~
of 10.310% cycles on coooth erd on noiched semples and exounts to:

-1%8-




a) for
. 2
Y otog : 3

b) for
30 xgf=".

(s} —
swoth serdles at TCCC to 37

L. (o) . 2
notched sazolec at 700°C to 28 - 3 xg/=",

. 2 o
- 50 xg/=", 8t B00°C to 35

et 800°C %o

Fig. i52. ¥echenical properties of allcy ZIGIT at high texperatures
(11egivle)

Ordirate:

Abscissea:

2
init, in kgl

Te=peratures, °C

Fig. 153. Tensiie strexgth of elloy =IHIT

2
1imit of sirengtihr, in kgfxm®

oS
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Fig. 154, Cresp cwves of zlloy =IEIT eh & test te—persture of 00O

1-02b0zgf’: 2-0x3xg/?; 3-06. 3 xgfmd

E 4

grdinate: § 3

Abscissa: howrs

Fig. 155. Creep cwrvss of alloy =IS1T »t fest termeratre of 800°C

1-9aBight; 2. 5 =Brghkd; 3- 0 =15k

Ordinste: 3 4

Abscissa: Lhowrs
5 23307 is hignly resistant to corrosion ¥y cases.
Wke=n sa=ples exre kept for a long time In ei- et 9}3°c the increase

2
in veight emsunts to 0.955 g/="fvowr, end at 1000°C to 0.56 Eﬁ'—sz-n‘. I
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Fg. 156. Creep cwrves ¢f ailyy Mg, 157. 7emsile sirength of alloy =523
RIAT at test tesgerature of 350°C , 2
2 pod ndme - b
_ aclakg/m‘. 2. 0=17 ks/m‘; Ordirste: 1irét of strength, in zgym

i
3:3:11;:-;:5/:.':\.2; - -(-:11};'5/'!::2.

Avoscissa: hLows
Crdinste: 4 ¢

Ibscissa: Lows

Table 49. Sensitiveness 1o notchirz {or cutiing} or alloy ZIST

1} =Type of sx=ple: {(2) Smootk; (b) Notched; {c) Swmooth; {@) TFotchss;
(e) Soth; () Xotched {or with a cut)

2) Sesulis of tosts for temsile strength: (a) Test te=percture, in °C;
{¢) ¢ iz }:g/znz; {¢] IDesgistence of dixTerent selting datches in
ows (umtil destruction)




kes the composition of 0.08% ¢, 153 Cr, < 5.0% Fe, 2.5

T2, 1.5% A3, 634, 35 Mo, C.C083 B. The alloy hes fouad e iizited usa for
miing working vemes of ges twrbines. At cozmon roo= temperatiures alloy

21593 is close to clior ZI617, but it bes somewhai grester plasticity. At
terperetures of fronm 750 to 800°C ailoy EIS98 has, besides high heet-endurance R
also sulficiently high plasticity and is recozmensed for working within the
renge of these terpsratixes. A% tesperetwres of 550 to $00°C this alloy is

soevnat inferior to =1loy ZI&7 in tcnsile stremgih and resistance to creep.

The curces of tensile strength of alioy £i598 sre presented in figwre 157.

Pig. 158, Mechenical properties of allcy ZIOZ5 et high temperatures
(shor®-tire tests for streiching)

¥arkings at cwmves (froz top): 1) tims 3imit, 2) "B™ dynaxmic




Alloy T:82¢ (Si517 43) The cuanges in the mechenical propertiss of

slloy ZI626 at increassd test tecjerstures are ghown in fig. 158, 2nd the
tensile strength of the sllcy at 700, 300 znd SOO9C is ehown in fig. 159.
The curves of creep and exdurance are given in fig. 160 and 1&.

Froz the corparison of all these Gate it follows that alloy 21826 has
very bigh hest-enduring propertles within a wide range of texperatures.

Alloy 2IEB26 is l-mrde: to deform in 2 hot state than slioys EI617 and
" 214373, btut its deformation is quite possidle, if the mumber of intermediate
staning dies and the numder of heatibgs te increased.

Alloy TZ:17 has the comoosition of 15% Cr, 108 ¥, 13 v, 14 ¥, 3 A1
and 0,008% B« At 600°C and O = 30 xgz/m—® . Its tensile strength is of the
order of 80 to 1& hours. ¥rnen the cortent of sluminuz was incre;sed {to 4%)
it wns €ifficolt to deform the alloy, tut in cast form at S50°C ard 6= 15
kg/== it bad & dursbility of over 100 hours. It is a characteristic peculiarity
of the R1loy, that toth in the cast and in the deformed siate it has, besides
hig: Lest-endurence, =130 a high pilasticity within 32 wide rapge of texseratures.

The limits of icmsile sirenzth of hsat-anduring steels muld ailoya wied

s tmra e - —
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e : Tig. 159. Tensile strengt: of alloy SI825 at 700 - S00°C

Ordinate:r 1imit of strezsth, in kg/=F Adscissa: hours.

Figs 180, Creep curves of allcy XI826 at t=st tecperatures a) B800°C;
b) SCooC

Oxdinste: O § Abscissal hours

-u

b

Fig. i8le The recxits of tesiing scooth sasples of steel RIS25. () soaon
saxies, (H) potched samsles

- Ordinste: 3iilesitle

~15%=

Abscissa: Xasbor of cycles untii destractign




Fig. 162. 7Teasile strength of soce brands of hest-resisting sieels apd alloys

e - used in Coxzestic industry for a durstion of 100 bours
Ordinate: 10 hour 1imis, in zgf=® Absciosa: Tezperatare, °C

At curver (Zfrom top-right to btotton-left): 1) IEIGL7AR (ZI626),
2) RTa37B, IiQ7, 3) X1655, PI437B, 4) 21481, 31437, 21368,
5) 31338, XI3I2, &) I|as

Deforzarie alioys.

Alloy Eefractalloy 70 contaimsr 0.01% C, 21% B4, 20% Cr, 30% Co, 143 T=,

sl ¥a, 4% %, 2% En, 0«37 5i. IThe tharssl ireatment of the alisy condiste of

tesmering at from 1255°C (during 4 hours), cooling ia o1l and sging at 8159C

éuring 24 bours. Tos final hardsess Hyg & 253 = 352. The rescits of testing
Refractalloy 70 for tzasiie siTenglh =nd criep afier thermpl trestzent aTe

preseatsd in fig. i32.




Fig. 163, The limits of strengtk and creep of allsy Refractalicy 70

.1 = strength for 100 hours; Z - strengts for 1000 hours; 3 - limit of creep

with a deforzation speed of 1% for 100 hours; 4 - limit of creep with a

deforzation speed of 1% for 1000 hours.

Ordinate: Lizit of stremgth, in xgfwmf Abscissat Temperature, °C

Alloy 8-816 contains 0.4% C, 20% X1, 195 Cr, 41% Co, 35 ¥, 43 Mo,

43 W, ££ 5b (or b+ 1), 1.55 ¥n, 0.6% Si. The thernal treatzent of the all-

consists of texperizg at fros 1200°C to 1250°C during one hsur, cooling in water, ,

2ging at 780°C duriag 16 hours. Hardness after therzsl trestoent is Ey = 248 - 331.
The results of tests for tensile strength and creep sre given in fig. 165.
Tor alloy S-815 (1ike for zmany other heat-sniuring alloys) a great sas-

ceptitility of beat-ecduring properties %0 ths conditions of thormel treatment,

ang espécially to texpsring texperature, was estadlished. So, the limit of

creep of 2lloy S-816 increases =ith sn inoresse of texpering tecperature from

1130 to 12509C.




Alloy Helness-alley &5 ceatains up %o C.15% G, 9 te 11% Bi, 19 to 21%

Cr, up to 2% Fe, 14 to 165 %, 1 to 2F Yu, 1.0% §i, tha recainder being cotalt.
Toe 8lloy yields to Ceformatinn with great difficulty at texperatures of ike

ordsr of 1200°C. After forging, it must te subjectei wmithout fail to arnealing

at 1050 to 1100°C in order {0 reove inner stresses. Tne thermal treatment con=-
sists of anrealing, ususlly &t 1230°C, nore seldom st 800 to 900°C. The results

of tests for creep of Heiness-alloy 25 are glven in tadls 50.

Fig. 164, Lirize of strength amd cresp of alloy $-816. -
a) tensile strexgth, b) 1imit of creep

Ordinste: Limits of strength, of creep, in kg/ma?




Cast alloys.

Vitellius or S -21 Las zmany moCifications of chemical compositios.
Taersfore telow are given the limiting values sf the coatent ol elezents:
. . 0.2 to 0.35% S, 1.5 to 3.5% ¥i, 25 to 30% Or, up to 2% ?e,4.5 to 6.58 ko,

] (4llegible) .37 uUn, C.67 Si, the resainier bteing cobalt. kost often the
thermml trentment of Vitallium consiets of sging of casiings =% 730 to 87690
during 50 bours for s hgrdness HB‘ ® 65 & 70. iore seldom annealing is done
at 1150 to 12309¢. The rceunits of tests for short-time tensile strangth, creep
and durzble strength are given in tables 51 and 52.

Table 50. Charscteristics of cresp of alloy HA-25

1) Test texperaturs, in ©¢; 2) tests for creep; 3) stress (or straib)
in kg/m®; 4) Speed of creep in § for 1000 hours, Witk a duration
of test in hours .
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Tabie 3.

Mechenical properties of alloy HS-21 (Vitallium) at heightened
texperatures

1) Srort-time %tests for sxtension: 2) Test zemperature, in °C;

3) Trestment condition: (a) Cast, (b) 4ged et 7350C during 50 hours,
(c) Same 4) Linit of strength, in kz/m

5) Limit of creep, in kg/m? 6) Lizit of proporticasiity, ia xg/ m®

7) Relative slongation, in $ 8) Tests for tensile strength

3) Test temperature, ia °C 10) Treatment nondsition: {2) cast;
(%) =2zing at 815°G-dur.i.ns 50 houre; . (c) same.

11) 1imit of elongation strength kg/m=° duration of test 1 hour




Table 52. {reep characteristics of alloy BS-21 (Vitalliunm) at heightened

tasperatures

1) Test temperaturs, in ¢ 2} Treatment condition: (&) cast; (b) aged
(¢} @aged at 815°C during 50 hours;
(d) aged et 370C 2urinz 52 hours: (e) sazs.
2) Strass (or strain), in kg/m? 4) Initial Geformation, in %
5) Rste of crep in § for 1700 hours, in test duratioz of nourd:

6) General deforcation, in 4, for *he pericd in hourss

4lloy &i or HB-23: 0.35 %o 0.5% C, up to 1.5% ¥&, 23 % 29% Cr, uv to

2% Fe, 4 to 73 ¥, 0.3% in, 0.67 Si, tne resainder being cobalt. Taermal treai-
zeut: aging of cestings at 730 to 820°C durfng 50 hours for cbiaining a hasdi-
ncse HX‘.. = 65 <= 70, Msximom harlness Bgﬁ = 32 = 42 1s cbtained as Tesult of
eging at 800°C during 25 heurse. Annesling is doze st 1150 €o 12309C. Ths

mechenical proverties of alloy HS-23 et high terperatures, ottained in consequence

.

of short-tixme anl long tests for tensile sirength, are given io tetiee 53 an? 54,
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Tables 53. Mechanical pronerties of alloy ES-23 (No. €1) at heightened tespematares
1) Short-tims tests for extension (Cuctility) 2) Test temersture, in °C

3) Treatment coniition: (a) cast, (d) eged at 7350C during 50 hcurs, {¢) sarce
4) Iimit of stremgth, in kg/m=2 5j Yield point, in kgfr?

6) Limit of proportionality, in kg/m=®

7} Zlorgation {or stretcaing), in ¥

(1) Comtimuationm of table 53 2) %Tests for tensile ztrength

3) Test tempsrature, °C 4) Processing conditica: {a} csst,
{») eaced st 3325°C Zuring 50 hours, (c) aged at 870°C during 50 bours,
19) saze. 5) Lizit of tensile strensth in kg/m® for a test pericd

in bours.



Table 54. Oreéep charecteristics of alloy ES-23 (Eo. &61)
T} Tesi temparaturs, ip 90 2} trestzent conditism: (a) =ging at 735°¢C

for 5G nours, (b} same,

(c) noging st B159C during SO hours,

{€) sging st 8709C during 5C hours {¢) zaze
3) Stress, in kg 4) Initial deformation, iz §
5) Speed of cretep in £ for 1000 hours, with a duration of test in haurs

§) General defarmation in %, for a time in Lours.

Alloy 6059 or HS-27 contains: 0.35 to 0.5 0, 30 to 38§ Ei, 23 to 29§ Cr,

30 to 2% Co, up to 2§ Fe, 5 to 73 ¥o, 0.5% ¥n, 0.4% 8i. Thermad trestzents

eagiog at 730 to 8§15°C during 24 hours. Eardness B’& = 6 = §7% MNaximcs hardoess
BRC = 26.5 2 30.5 is obtained efter eging at 800CC during 5 hours. Ancsalipg ie
dgne at 31150 to 1230%C. The results of tests for short-tize elongation, tensiie

strength, ant crees are given iz tahles 55 sand 506.

Alloy 422-19 or BES-20 contsing: ©.35 to 0.5 $, 13 to 17$ Ki, 23 to 25%

Cr, 30 t2 32§ Co, w to 2% 7e, S to 7% Mo, 0.5% Mo, 0.4% Si, the recalpder deisng




cobtelt. Tnerzal tremtzent: sging at 815 to S309C duricg 30 hourse The hadness

otained is Ez, = 65 » 72. Kaximn naxdness Hpp = 27 ~ 3€:5 is obtained aftsr

sging at 800°C duricg 5 nours. Anasdling cf the alloy i# dorne at 1150 to 1230°¢.

Da3a concerzing teats for short-tios elongstion, tenzils strength, erd criem

&rs given in tablez 57 axd 58.

Aiioy X -40 or ES-3} centalnss .45 %o 0.6% 2, 9 to 1°€ ¥4, 23 3 258 Cr,

up to 25 Pe, € to oL ¥, C.6% in, 0.7f 81, the recsinier being covalt. Therzel
.“.‘mt::cni: aging st B15 %o 930°C during 50 houvs. Hardzscass in‘ = &8 : 70.
Kasdrun hexdnsss n;.‘ = 28 - 41 1z oMalned after sging at 800YC during 25 hours.
Annealing is 2cps at 1150 to 12309C, Tata corcerning zechsnical properties at
heightensd texzseratvres are srown in tadles 59 and (D

A comparison of Laateresisiaat properties of sore codelt cond n’ckel

alloys may bs zace Dy rsviswing the grapbs 1a fig. i65 ts 162

ALI0YS B SED 02 CARAE
Alloys besed on chrome. particuiarly those dertaimag o the Cystex

chromp=-zpliyil ezum-2r0s, have very high heatesadurarcs and heatersszieicnca

SR e

T2 e =i A
Homswar the B2 t

tisuess oI Shros® snd o alioys on its bases,
poBsibly ip consequence of tie prfsence oF OXysem ar3 sitrogen, sharnly licits

e

the “ee of *hees zmterials foo parts 27 gas tusliznes, tactive xxiors =zd rociels.
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9

Short inme fesis for extemsicn {ductility)

Test texporature, in O
< amD =
z) czse, {b) eged at 735 C awring 50 hours,

4

Y

{e) sa=v, {(d) eged at $25°¢C during 50 bhours,
A Y
i

{e
Limtt of sirengid, fn kgfol
Yielé point, in kgfem®
ifmic of preportionelity, in Q/mz
Relative elongetion in §
Test for temsile strength
Teet terpersture, in °C

i0) Tresizent comdftion: {a) case, (b) exed ut 815°C during 56 bowss,
{c) saze, {€} cast
11} I4mit of temsile strength, in kgfer2 for a test period of bow's




. e Pable 55. Creep c.oracieristics of ailoy E5-27 {%o. 55659)
.. SR . . o
T i B 1) Test terperalwre, C ;
- sz 2) Treatment crzditicm: (=) egirg st 735°C &uring 50 howss, !
- RS {3, sexe, {c} esing at 815°C during 50 bours, (4) same. i
p—— = 2 !
L 3} stress {or siraizn), fn Xg/= :
" ¢ %) pitiel deformation, in %
-
- . .t 5) Speed of creep in ¢ for 1000 mowrs, in z test period of Lowrs
* - R
| : PN 5) gerera] deformsticn in % for & tize ip hours
| o
| N .
; o )
i L '
1 [
) . -
R .
‘ U A
1)
-

in consequence of 2 teightened content of adzixtures, chirome cobtained

by de-oxidation Srow chrvome oxide (for insiante by the alumothermic method)

. -
. K
- camnot L2 comsidered as ussble for the preducticn of heat-eniuring alloys.
Other meihods or cbiaining chvoze are used, in whick the conte=ination by
‘.
. czses is decreasel.
" 3. Te—wx2dutisn of oircme oxifc Witk motcliic colsins or Iydvete of
i .
T calcizm in e —mssive irca crucidle at C07C. The reduced m=mss, obtafnad in
e L
conseguence of ithe re=mclion, is teken out frox the orucidle ardé {- tTeated
~ -~ -~
2 L with eciés 10 rexsve czloirs oxide. The clrome povier that is boing form=ed
:‘ <! T T .
X < - €ortains & scwiat lovered gquertity of oxggen.
. X . e " -




s Tedle 57. Mechanicel properties of elloy ES-30 {Ko. L02-19) et hefgatene
- = tesperetures
2
s %, - 1} Short iixze tecis for extension
’ '::’:“ 2) T%est tespersiwse, °C
- = 3) Tresiment conditian: {a) cest, (b) eging et 735°C during S0 howrs,
. = {c) sexe, (4 eging et 525°%C during 30 hours
- T %} 1imit of sirength, fn kgf=?
. N 5) Yield poins, in kpf—2
) ) S 8) Lixmit of proporticneiity, in 's.,_,'*/Esz
. R 7) Rolative elongation (or stretching), in %
-l ~T.T B} Tesis for tensile sivength
. S 9) Test terperatwre, °C
. T 30) Troatzeni copdition: (a) =ging at 735°C, (b) same,

< e - - Lc) agingatali"r:dm-jzsgiohom‘s_.
be ]
. - 4 11) Timit of tensile strepgth, in kg ", in e test period ot hevrs

L ]
¢ N
3 € -
,"
-®
T >
v -~




Toble 58. Creep cheracteristics ol s loy FS-3C (%20-19)

1) Test tespercture, O

2) Trastment comditicm: (e) cest, {b) eging at TI5°C Guring 50 towrs,
{c) =205t, (&) eging et 735°% &uring 50 nowrs,
(e) esizg ot 815°C awring 50 towrs, (f) same,
{g) =ging at B70°C &Guring SO mowrs, (h) sexe

3} strain {or siress), i kg,/me

LY Imitjel deformetion, in §

5} Speed of treep in'$ for 1000 hours, for the tize in hoiTs

5} Gezerzl &sformsiton, in % for the tize in howrs.

2. Toe de-oxidation {cr redacetion) of chrome chloride, especially
Turified of oxyzem, with meiallic mgnesiun within an cirosphere of kelimm.

Zz-products forzmed dwring ttc rezction ere subii=ated In & Tigh vecuso.

or =22ial ladres wilh

ottainsd

3.

- e T e o Bl

PR T irrb e e SIoms o e t‘...‘m* o -an

fi

L.  Spo vmificaeticn in pySrcgen of &

solaticn caatainicg 250 o 300 gfi

Yolatliization of = speciailiy purified fodtds ol chrome in Fless

Ismant

-——2t

sowler of electrolytic chrome




9
10)

n)

Mechenicel properties ol elloy H5-31 (X-%0) at heightened

terperetures

Sheri-itime tests for extension

. - . o
Test temper=iure, ¢
Treawment conditicn: (a)

(c)
13t of strength, in kgfo

{b) eging at 735°C Gurirg 50 bours,

cast,

GEDS

Yield point, in kgfes?

14t of proportioneiity, in kg/nz2
Reletive elongaticn, in &

Tests for tensile stremgix

Test texperate, °C

Zreatoent conddition: (&) cest, ({b) sauing at T35°C during 50 hours,
{c) szing et 815°%C &xing 50 bours,

{é) aging at 815°C awring 50 bowss,

&=t of vensiie strengih,

{e) cast

in Xg/em® in a test duration of bours.




Ta%ie €0, Crcep cheracteristics of alley ES-3 {Z-0}

. i)
1) Tost temperabwrs, €
2j

Treatment cordition: {e) cest, (%) egimg a3 815°C dwring %0 bouwrs,
A3
2

{c) same, (&} =agins a2t 870°C 2wring 50 howee

3} strain {or stress), ia k,g/':»?

3) Initias deformatiom, in ¢
5) Speed of creep, in $ for 1000 bowrs, for the tire pericd of howurs
6} Gererel 3eforzation; in % for ihe time in howrs.

of crrome oxide and 2.5 to 5.0 g of sulshate at 2 temperatmre of 8G ic 35°C
ard a cureant of 1.19 afens.

The tiree latier methods me¥e if possidie Yo ohiain ciroms of sech
Eigh purity teatl in 2 mber of css3es 1t vecorss deformabie.

For ins snelting of chrome alloys in an 3incrt elxcsphere {vest of =31
in HEinm) an &C NTDece 15 used. the 81ecirose uset 1S of TImEStan covered
vith thorium, IV is Tasieret to e wster-cosled oiectrified holder. The
crucibins of ths fwrmsce is made of mure copper.
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Fig. 165. Lizdts of strecgih for & period of 100 bowrs for some baat-
ot - resistant £licys of nickel and coball

1 - Ixconel X; 2 - Refractellcy 26; S3-K{orm)-25 &-8B-3;
5 ~ ¥-252; 5 - £3-21

Ordinate: 1imit of strength, in gfims

Abscissa: Terperatwre, %

Fig. 165, 1imits of strengin for a dwretiom of 1000 hours foT some heei.
’ resistent 2iioys of cobslt and nickel

1 - Incomsl E; 0 2 - Dofractelz 25 3 - Z25; ELoxa:
- 5 ~ :252; 5 -5-22
i -
< - o
Odirete: L3t of strexgth Abscisss: Serperatnre, C
. .
. - .
o ~3T0-
. ..
o N
>
-
- * s




Pig. 157. Cresp lixit causing wm viemgaticn of 1% for 10,000 bours
{0.0091% per horr) £~ sowd ~chalt and nickel allcys

1 - Iuconel I, Z - Tafractally 26, 3 - ™25, % - g3,

5 - =-95

Ao - - 2
Ordina®e: Crep idmii, in kghx

)

Abovirsas C

Tose are szusicedads of the practical use of aliovs =ontaining
£ Cr, 252 Mo =t 155 Fe, Rit’aastressofmjkgtcnaané & terperaiure
c2 90"; Tie foe uatis the destruction of su alloy of Lis wuigwsition
Zenticnad exceeds 1700 hours. At $0°7 sud o stress {or sivein) of 20 kg

2 . . - . .
o =27 this iine reesures sevelsl himireds of Ioiwss. At sach hirh temershure

55 5130y mvestigelsd lwve 1iniied plesticily: itbe eloagsiion end nerTowing
of cross-section efier mphure a=sunt Yo 3% eech. Tho opizm {or besh)

cosbinatfon of strengin azd pissticitsr 13 obtaired whea the alloy corntains
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< 0.05% C, < 0.2% 3i and traces of 0, erd X,. fs5 tesis chow, s decrease
of gr=in size contributes to &x increase of tensile strength and plasticity,

A csreZul preperation of remplies and, mosh irportanl, ths alloy's
mrrificetior of sardxi-mwes kes e very great cignificanes. If samples of
alloys containing S04 Or; 2,58 ¥ anl i) Fe o9 prepersd with a1l precautions.
tasy have w 100 bo.c 1imit of tensile streisth at 1005°C end 2 stress {or
strain) of 35.4 kg to r=2, Scas physico-meshanicel properties of en ulloy
contairdng €07 Cr, 254 M and 15% Pe a 2 given below.

Tor. 1aniness n & cesl stats is H = 493; at &-°c K, = ¥3; at
700°C B = 396 at 8:c% M = 296; ac 930°C B = 27k. B density 1s 7,

&1 g o . The modiln o normal maoiifency ¥ c‘.t’:.loh kg,’x,a. The averzze
reificient of erxic expansion is:

»3thin the range of &% - 1C°C ... C.i1. o-6 m/= degress
% - 588 ... 7.59.17°8 mjim degrees
2% - 5i5°C ... 7.66.10~¢ mf=n dsgrees

The resuiis of tests of a mrkor of chrome £licys Zor cresr wder
coniiticos OFf corpressicg stresses are presented in JigTres 168 euc 189.

- I analyzing the results nf inese tezis, 1t must be ednitied troat

R . chreexe 2licye, vhsch Reve cecteliriy e migh potextial of usability as &

.
-r




ng. 168. Creep of scma chvome alloys under coxpressing siress of
3 xg/m? at 900°C

1 - 109 Fe, 10% Te;

Abscissa:

Abscissa:

howurs

2 - 10% Fe, 5% Te; 3 - 10% Fe, 15% Ts;
5 - 0% Pe, 284 1a.

2
of scme chroeme elloys urder coapressing stress of 8 kgfoi

hours

Ny

N

- 10% Re, 10% . 5% Ta;
‘1‘:':;-‘?“-; 5.‘-9; 5?-17,

3‘1O$R1 15%1&3;




hizhiy heat-eniwring materiasl, raguire excepticonal care in carrying out the
technologicel operations of smeliing end further processing. Ividentiy, &
change in the composition of these ailoys, the eddition to thair composition,
besides molytdenun end iron, aiso of a niumber of otker elemsnts is completeiy
rationel, It may be considered, thet such a complex slloyirg will leed not
only To en increase of heet-endwring propsrties of ihe chrome alloys, tat also

1o a decrecse of thseir brittlensss.

ALIOYS ON THE BASIS OF TTTANIGM

Iz recent tires the volume of works coﬁcaming te use of titanium
end its ellozs has considerably increaszd. Ir a mxiber of cases ths utmz:zficn
of these alloys is contexplated elso for work at heightened te-uzperatures.

The basic advantsge of titeniun allcys is their smail spscific weight,
vhich delarnires lower cpecific siress during the action of centrifugal forces,
but corsresponds to working condiitiors, for instance, of axy parts of gas
turbines (discs andé vames).

The resuits of short-tize tests of industrially pure titeniim for'

e 2 b

TS0m and R51gkisaed tecpurmiures are givep in iabie Oi.

e s

1M edmmeeabil ok
VASILD I €, i il L4

Figures 170 zand 171 oruseat curves obteined froa desis of ti =

for creep and tensile sirength.




Tatle 61. Mechanical prroperties of pure titentwn, obimined threugh tests

of flat sorxples cut oul fronm annealed sheats

1imit of sirength, in kg/z:::xa

} Relative elongation, in %

N
~

. o
Test tazperaturs, C

R

Yield poini, in i:g/::?
Narrowing of cross-section, in %
Modulus of nondnel resilience B .101*, in kgl

Composite table 62 gives data concerning the durability of alloys

of titcniwn with manganese, alwdmm, fron. chrope, molybdeme or tin when

these alloys are hested. Figiwres 172 and 173 show the limits of durable

strength for nlloys of titaniwm with 3% Al and 5% Cr (< 0.5%5 C), as well

as of the alloy of titeniim with 2.7¢ Cr and 1.3% Fe (€ 0.02% C, 0.5% 0.,

0.0k He). Tensile strength of mors caplicated titantim alioys is presented

in the diagran fig. i7h and in table 63.




increaser heat—endurance u. to 1002-1190%¢. Homaver BCat-2ndurance of thae steel

is comperatively low (fig. 9i)e

2igs 83 Limits of tensile strength Fige 89. Creep 1imit of chrome-nicikel

(1} acd of cres; {2) in steel of austenitic stexle of type 20-25 at 10~5/n
type 16-3 ab 430°C. 2Prelimiusry (1). of tyne 25-2C {2), of 17-37 (3},
troatzant o sammios:  ¢6ld harddue «d 6 1335 {4).

izg by rolling w»itk a comoression
Ordinate: limit 52 creep, ia rg/mP
extent of 4035 at 76°C. Uppsr curve

cross-cut samplcs; lower curve - Abscissa: 9C

longitudinal saxzoles.

Ordinsts: 1limit of strexngth,
in xp/==f

Absciess {on too}: Rate of creep,

V4

P TST Ll

{et tottom): hcurs




Y

properiies of soxe titeaniimz alloys at ks

.
5
B

tecperestures

Composition of ailoy
. o
Test tecperature, C
L .2
1=t fo strengih, in .-':5/::»
g oam 2 . 2
Yieid point, in kg/=
Reletive elongedion, in %
. L 2
¥odulus of pormel resilience, E .10, in kgfm
- 2 . =
Stress in xgf=" csusirg a deformaiion of 1% in 1500 howrs




Fig. 170. Crarecteristics of creep

end sirength of titeniwm at 5%0°C.
Figures at curves deunote elcngation
(01: stretching) in %

Ordinate: 3iilegidie

Abscissa: howrs

Ilegend {et top right) Curve of
strength.

FPig. 172. Strength for the duretion

of 100D hours of a titaniirs: allay

+with 3% Al end 55 Cr {up %o 0.5% C).

Ordinate: 1limit of strergth, in
rg/=°
o

Abscisse:. Temperature, T

Fig. 171.
tecperatures; tests of flat samples.

Ordinate: 4 ‘time

Abecisss: howrs

Pig. 173. Strengtn of titeniim: elloy

- ~d - rd -
containing 2.7 Or, 1.37 F= {up o

0.02% C, 0.5% 0, end 0.0%% 1)

Ordinate: 1imit of etrength, in
2
rgf=

Abscisse: hours

Strength of titeniwm at high



Test Jor strengtih at
scoe compliex aiicvs on
£ titeni=,

7.8 1%, 8.0 %,

3 - 3B.6% Cr, 16.k< ¥, B.0%
specific veight 6.22 kg/c:;
L - k5,08 or, 1655 M0, 8.65 %,
specific veight 6.81 kgfe=d
5 - 32.0% Cr, 16.83% 10, 8.6% %,
specific veight 6.82 kg/ca3
a) illegidble
b) tize until Gestruction
1eft ordinate: bp - specisl time
Rignt ordinate: hours
Abscigsa: serial mizhers of ailoys es comsidered sbove.

Teble 63. Properties of cooplexiy elloyed titeniuz alloss et heightened
terperatures i

1) Content of 2lloying elements
2) Thermel trectment: () eaging et 650°C for one bour, (b) =ging at &35°C
for 3 horrs, (c) eging at 650°C for 1 hour
Tensile strength, in '-'..gf:‘..z ct te—peraturés °c )
Seze for test dwration in bows %
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MOUIDRINIE 0D

Wwitil recent tiz=e molytcemrz wes uscd, besicelly, for —eking incendescext
2lements in speclzal buits, bul edvencer in the tecimoliogy of raking large perts
of molypdemr= by rethods -o:‘ powder meteilurgy omd OF s—eliing in erc-vacuim
furnsces beve mede it possible o raice the question of using molybdemm as a
constructionel rmateriel for raking different stressed partis of machines and
=echanacms. Teking Into eccount the nigh terperatures of molzbiemam's relting
and re-crysteiiization soints, as welil as its high hardness in a hot state,
the use of molybdemm and of alloys based on it, es heat-enfuring reterials
rmst be considered as retionel. FEowever, a copsiderable defect of molybdemm
and of its alloys is their vigorous oxidation at texperatures ebowe 500 to

',”OOOC. Thus, the basic problen determining the possibility of using =olybdenus

and its alloys as a keat-endwring mmterial is-the finding of oethods for
\

v ]
yrovecting then reliedly egeinst _\ozix‘::;ti:n.“
L3 1Y . ‘ 1 .
Taxing into sccoumt the J‘q-z.\rcg;ist_;unce of molybdemrsz and its 211loys
- L]
lﬁ: 3
)

hald
to corrosim by gas, their necxnni"‘ tests et high tespsratbures are carried

ot inctellctionc  In which thc seTple leing tested is 1n e vacum.

The cerrying out of skbori-time lests for tensile strength et hign

tecperatures in a vecinzs bas elrecdy dicclosed thet both prelininary processing




end the method of ob molvecenuz and its eiloys veer en essential
inflvence upon ihe cheracierisi.cs of =act.nical rroperties. Thus, esnnealing
for re-crysteilizetion lowers noticeably ine limits of tensile streagth at
rooa exd heigtiened tesperatures =nd increase piesticity within a temperature

renge of froa 859 to 1200°% (fig. i75j. Even the d@ifference in the conditioms

of clinkering of powdered moiybdemm (in 2 vecum or in hydrogen) exerts a

definite wvence upon mechsnical pruperties. A cozpearison of deformation

curves for rclyodemm serples produced by metkods of powder petallurgy and -
by the method of smelting in a vecwmz furnace is spowvn in fig. 175. ¥hen

the %test teperatwre is lowered, the influence of the nethod of molybdemrz
production upon tze course of deforzation curves monifests itself with special
sherpmess. This gave a basis for cerrying out serisl tests of moiyodemn

for tensile sirength at different temperatures (fig. 177). It twmed out
N .

. - \ -
that the critical temperoituxre of ihe Wrensition of =olyodenia fron 8 ductile

\

o .

1
LS

to a brittle stete (determined b.;:sic:‘.‘\?ay by itbe velues of relative contraction)
‘W
LR

- - ~ - M - - -
15 sufficientiy high, a fect which tast be teken invo account in constructional

Turther tecis nave siso shown ikel the criticei iespereture

+ho speed of deformnifon, the conditions of stress, the size

z=d thoe mrosence of immwrities, Tloce of car®on,




oxygen erd nitrogen, whicxh form
Considerics the fect tha. .. coniizions
and processing strongly infiuence its properiics,
tensile sirength {fig. 178) cre shown in the forzx of cross-hatched zoges of
The lgwer lixdi of 2 zone corrssponis Yo the Ta-crystellized
state of the sarples, the upper limit io the defor—ed state (afier ssttling).
Dats concerming short-tinme tests for temsile sireqgih ani clegp are

mresented in tables &4 ani 65.

A}
®ig. 175. e influence of proliminary pracessing wpon the limit
end elongetion of molytdenuz: =t 'gco: end heightened terperatures

Figures at curves éencfte elozy:-aitig‘n 1;:1 . R
1

i1 - Secples after shortening b}‘(}d:}.;
2 - Saxpies after re-crystallimt*ic‘n.’
1




Fig. 3176. Creep curves for

~nles of —clyodemum produced by the method
of smeltinz in er arc Swmece (1) and by the method of povder metallurgy
{2) Comventionzl syTihcls:

Dots - woper 1lix=it of creep.
CGircietls - lower lixmit of creep. Priangles - linit of strength
- - Sguares - destructica.

Jrdinate: Stress in kgl
Abscisssas

Flcrgstion {or streiching). in #

i\

.3
Pig. 177. Remdte of serial icstd: ""ii Wig. 178. Tensile sirengtir of
af molybiemm for stretching az%;}» bz

solybienmmm at 870-1600°C
i
3

Ordinetes: Limit of strength,
in ‘y:.g/mz

abscissa: howrs




Table S%. Resulis of shori-tize tesis for exten:ion st high terporatures

0t sammples o re-crystellil

) sy -
1) Test temperature, C 2} Hield point, in kg/m
3) 1imit of sirength, in kg/=" %) Fiongeiion, in ¢ —

5) iiarrowing of cross-section, in %

Table 65. Creep of re-crystaliized molybsemm

1) Test tawereture, °C 2) Tiominal stress, in kg,’mz
3} Tixe = Y destxuction, in howe %) inimal speed of creep in mufmm
rer ainute .
5) Tesmerature of test, °C 6) liominal stress, in kg/x:'.'a2
7} Tioe wmtil destruction, in hours  8) Minimel speed of creep, in mafm
per minute ’
9) Test texperatwre, °C 10) Kpxinal stress, in kgfo ‘
11) Time until deetruction, in howrs \12) inizal speed of creep in mfz /
) 13 . i per mizute ‘B
: e .) A

-




1g. 179 shovs the resulis of Tor teasilie strepgth of cest 23lcys of
ciybdenmm vith tifenig, niotim e.d cobsli after their different thorma)
vrosessing. For comparisor ithe liailts of ths valuss o8 tensile sirength of
e olyodeni eve skown in {3e s {iguwre. &s it Tollows form experizsatsl
data, the reticnal e31o¥ing of mulrydderirz leads to a sharp increase of it3
hest-vnduring prope-ties.

A zopearison of the linits of tensile stren(th >f diffecent beat-

endiring metallic alloys and metallo~cerszic meteriais at &0 %o 1100°C

obteined fran 1000 hour tests (fig. 180) sbovs, thot the moiybdemm allaeys
beve the saxizm::z heat-endurence, and thet they may occupy a lesding place
aTOLg &aleTiels for ssrvice at high tespersticee, if or when a method for

tbair relieble protection sgainst corraciszn W Zms is foumad.

Flg. 179, Ruzltc of testing fov tensile strepgth iz e vacum at 870 (s},

~38k.




e, 179 (contim

9% (d) and 4.09“ € (¢} of =clydbdemum alloy with iiteniuz, ntobiuz, venedium
or cobelx. 1303 1 2.5 ,‘, ™, £.32% o, 0.8%% ¥, 0.04% Co, O.6GT$ V
ead 2.5% T4 in the re-crvsicilized siote ere denoted correspordingly with
134tle rhozbuses {or diexnds), iriengies with zpexes up axd down, circlets,
sgveres ong orosees. The filled {or solid) signs correspond to the same
allioys after the fnmner siTesses in then are elinineted,

strepgth, f3 xz,—/z;:z

howrs

Rz, 180, Cuzparison of strength ci'.ﬂ.{‘acteristics for 1000 bours of co=e
kest-resistant moterials at 650-n03°c

.

Crdinete: < of strengtn, ‘.zn

*
[¢]

Atezcicsa: [+ N

Jegends (froz tep to bob «m..) ‘19'.{‘1:: 1) highly alloyed austenitic steels,
2) cast cobalt alloys, 9 3) Steel 18 CR - 8 K.
At right: 1) molyodeaus stesls, ceramic-metals.
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VAGHETIC MATERIALS
N
Depending upon tke magnitude ¢f the i‘:oercive force Ec , magnetic meterial
LI} E
\ Al
are subdivided into m@etic&n% 'isgfﬁ\ e.n's‘i Begneticeliy bard.
I
. .- g 1 *
¥agneticaily soft raterialsihave & coercive force H  of from seve el
) £

oersteds to some thousandth parts of an versted.
£ szall coercive force Hc in accorpanied by large values of magnetic

penetredility iz weak and intermediate fields.
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Vith the sane uaxime= inductions tha locses of hysteresis during
revorsel of megnatish in zagnetically soft materiels ers meny tinss lover

tacre ir maguetically rperd matecisls.

BASIC TYPES OF MAGRETICALLY SOFT MATERIALS AID
THE PRCFERTIES TEOUIRED OF TRa¥

1, Materiais for magnetic czonductors of direct current.

a} A high magnetic inductior in intarmediste and strong megnetic fields
{from tens to hundreds of ocersteds);

D) good machineebility by cutting and preasm'e
2. Materiads for relays of dirsct cinrant and magnetic screens:

a) Eigh magnetic penstrability in weak and intermsdiate fislds (from
mpvizedth parts of =n oersted %c several tems of oersteds); .

b) A smali coercive fo Mesamansofdscmaingtbmmnm
induetion (for relays);

¢) Mechineability by cui:r:mg &Gd T *ﬂiessm'e, in particular dy dending 2

{ox tc) 2 sxal1 radius, k \
3. ¥eterials for magnetic cmﬁ.zctork oF aiternating current {Tor ctres
of trancformers, reiays, oic.) w

2) Snail specific losses a reversal of regnetisz;

b) High megnetic induction in strong fieids {fcx electric machines
end vowor WansIonoErs); .

MCL-722/1




LI

c) High negnetic
thousandth parts of

vensirability in veek and intermediate fields (fron
an oersted to tens of cersteds);

2} A rectanmuler icop of hysieresis {magnetic arplitiers, contact

> fiers, contectless relays; ate,)

9) Good sterpedility (for sheet meterials).
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