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s the cost widespr2z2d method at the pres-
ent tize, embodies so many cozplex processes whick depend both on the steel
-tself znd the characteristics of the zelded struciure, znd on the welding
conditions, z=ong Gther things, that thus far there is noi even a unified def-

weidabilicy [z:or exenrie, 6597 . ielded siructures of low-alloy

Teels cust, in the vas: majority of <azses, not be subjected to

Lezt treatment for tecknricel or econozic reasons. In this cese
weldability should be understood to :ean'the possibility of obtaining a weld-
.ed Joint which is not inferior, or orly slightly infericr, in strength to the

base 3etzl, =injcan change in the properties of the base metal in the seax
zone, i. e., the zone of thernal zction of the weld, and absence of cracks in

the sezn and sezx zone.

For evaluation of the weldability of steel, methods have now been devel-
oped for 21l-rcund testing of the weld joint, ircluding Getermination of its

tendency toward brittie failure, wnich is now considered comp:zlsory botk at

Loze ané 2%hroad L251, Gﬁg. Methods of high-speed testing (inciucing testing

vith an explosive wave in contact explosion) Dave been widely ceveloped of
late as an additional claracteristic of the strength of a welded joint, par-
ticalarly for steel employed in shiobuilding. For evaluation cf the tendeucy
oI weld ze3zl to ike Jorcation off kot crzcks, matheids have also been develoged
vhich consist in static or dynsmic mechanical action on a specizen while it
is being welded /852].

Of tke criteria referred to adove of zood weldadility cf steel, obtaining
2 weldec joint wnich is not inferior, or very sligntly inferior, in strengin
to the bzse netal, i3 acuieveéd at the present <ize chieflly by "zelding® reth-
ods: selection of the elecirodes, welding cornditions, and the like. hus,

<he zost izgortant criteris of weidability, which are greatiy zffected 37 the

x0L-8597v (1}




" 3 a5y 2 3 sl
s=sosition, aaé tc 2 ceriain extent by the inzie:
in the properiiss Base zetz

of =

ng, and consecuently, the hardenz ility cf she
on of nzrdness incduced by cuenckings
ng of 2 mald zcne in weld heating. In welded
consideral : the cocling rate in tke weld zone or individu-
in it z2y exceed the cooling rzte of the steel In guestiocn,
=nich oartensitic Tegions zay cecur in the weid zone, pariicu-
£ z single-layer sezn. 7This hes in fact been noted Ly a
nuxler of investigzters. failure nay be oovsexrved in steels in wiicn
Sore martensite forms or ir vhich the latter possesses a higher hardness, when
tze welded joint is sutjected to bend iesting.

Tre danger of cccurrence of cclé cratks or residual stresses in the walded
Joint in tkhe szze steel 2lso deperds on the "seclding™ factors oné tay be gre-
vented tc a3 large extenz Oy regulating thez g‘c: exexple, 395. Eosever, &

the occurrence of colé cracks zné resicdual strezses is played

trexnsiorzations in the sieel in the process of cooiiang after
by the tecperature ranges ir which these transformations take place,
turn is zlsc reiated i a great extent ic the hardensbility of the

steel. 1In pzriiculer, obtaining mariensitic regiong ir the welded joint will

2iso reinforce the residuzl stiresses znd tze danger of occurrance of cracks.

Coarsening of fae grzin in weld Z2atiag Till keve an effect in the sa=e Eirec-
tion, both directly and indirectly, Gue to incresse in the Lardenedility of
the steei. Thus, z2lthough deteriorztion of the prcpertics of the weld zone
and ke formation af colé cracks are, gener2lly sp2aking, deserdined by dife

Terant fzclors, ihese tvo effects most often accozpany each other, under tho




The principle which
from the foregoinz. Indeed, csince we Iust concern

.

ourse.v cizh ik hangs in heréness and oiher cechanical preperties, and

since shis chonge is relsted to the possibility of obiaining periensite an

ihe zome sutjected o heating to & kigh texpersture and subrecuent r2pid cool-

irg, tke part pizyec oy the alloying eiements and cazroonm coniiined in the

sicel in the weldebility rust be the seme as in the case of tuenching of the

3teel.

in she event of full colution of 81l ihe phases ard the Scuat:lon.ot
hocogenedous ustenite, whichk occurs is weiding Zue to the very high heating .
tenpo:ramre, ipe agxizum hcvdress ohtained sfter quenching, or properly speak-
ing thé ksréenctility, sust depend chieflr only on the cx:don content of the
ateel, =hiie the r=-sence of 3lloving elementa in it marely facilitites schieve-
£ons of caxizun harénesy. Tol resilts obiained in s mizbir of studies con-
Zire the fast that ix ihe cas® of wellding %he maximam hirdnsss of the ateel
is c1s0 detlraired oniy by i%s carbon contant. Zhe carbom alco favers increase
in tie asount of martensite, by lowering the critical cosling rate im geedch-
ing.

1t follows that fma the staxipeint of weldability carvom is ove of the
»ost barnftl elezents in Steel. This is the tkizd circamstence in musbex,’
33t th? first ix demyvee of iaporiance, which 2izit3y the possidility ai" using
cerbon 2s a2 sirergtieniig elemcnt inm low-illoy staels not schjocted t6 reline
ing. In these staels; 30 as to Tetain the good vc¢ldadility, the carbon com- - ~
tend is usually 0.001--2.12-,9.15% and sust not excesd 0.20% if it is impos-
sible pxior to zelding to preheat the welded elemenis and after welding to 2 " -
iieve tze siresses and inprove the plastic propsrties by reat trestnent.

The anoyingelenen:s, by lowering the critizal cooling rate, coatribute
0 tome cccurrence of mixtensite in the welding of relatively thnin-walled

HCL-65%/7 (2)




¢k the cocliing is 1 i the z=axicuan thick-
S elezents of low-alloy steels of increaseé sirength encountered
ona, the cosling xate of the sean zane is 30 %o 50 de-
.y =ach luwer than the criticel ccoling rate for carbon
n cavhon coztent. On the other hand, if alloying
2 ccaling rate of 30 to 50 degrees per
“guail 6, Or evenr greater than the critical rate.
2lloying elexent on the weidsdility of steel,
zust be tre grezater, the xore greatiy does thnis
elezent increase tne hardenatviiity of tho stesl [:*:ee &sls0 30§7 « In accoré-
ance witk the value: of tze conversicn factors for rardenability given ﬂnf:ex‘::?
p:';ge 1-61, the least feteriorziion of (ke weldabiliiy of steel should be couced
©y nickel, caprer, :ilicon, while zmangznese, chromiun, and molybdenum should
have the greatest 2 .'ect in this direction {each elerent beirg present in tke
steel separately); iis is confiraed in the main Yy szperiments.
Similar feetors nay be found expericcntally to deternine the quantitative
:ffect of 21loying :iezerts or the weldahility of steel. For.this purpose,
use zay e uade intke first approxization of the Jominy method, which per-
tze i..erreiation betmeen haréness and cooling rate over s wide
rarge, if the deic1dility is to be evealuated only on tis Haszis of increase
in hovizess amd n-t on the basic of change in the mechanical properties. Thus,

for exxzsgie, in or atnéiesl ike end quench :-:tl:o&z was ud fur studyizng

tne eflect of 311;«- n, waagarese, znd chrorium on the weldability of sicel

wish two carbon c: "ent ievels: 0.15-0.17% and 0.21-C.23%. 4 paraiiel study

*33 313d sade of !:¢ incresve in hardness irsediately <n the seam zone and

M collaboratics witk X. V. Petran® and L. P. Kopp.

2;. grooved spec:nen -am L specimen; see page 152) suitsbie for stucy of tke
noréenatility of shllox rarlening ste2ls was used.

MCL-553/V {1~




=aximum haréness is obtazined in the steel zlloyed

minious herdress in the stee) alloyed with s

2
<=

specizens, i. €., 2T verious cooling rates,

cyed simul-

e naée of the voiue of the ideel criticel dizzeter, rhnich ckaracter-
izes hardenat.lity. The greater the ideal criticai diazeter, the worse will
te ke weidability of a Jiven steel, 211 otker conditions beirg equzi. Zhe

éeal critical éiozeter slso nskes zllowvance for tae effect of sach an ipport-
art foetor as rzin size, the elfect being the greater, the sreater is the
srain size, 211 otzer conditions being equal.
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fowe 250, Effect of cilicon, manganese, and chrocjus on
ipcrease in nardiness of sesm zous in steel with 0.i55C
(2) aad 0.22% T (b). (a) Hardoess %, x/om2; (b) con-
tent of eiezent, 3.

It is necasszry, Lowsver, io roaant out once sgain that the jdeal criticel
Gizmeter will characterize onply tke rTobebility of obtainiug cartencite and
21ios for the effoct of tne siloying elexeats sud carbon prociseiy in thnis
directicn. The maxizun vsiue of zariensite hardness, on tke otner haad, is

determined only by the carbom. ZThus, it is scarcely admizsible to establish

¥CL-055/v (1)




5 conversion of nhe so-ca2llec
stigztors attexnpt to co.
azsiznce zhich ecbodies one of the fundezmental €if-
steal of eguzl strength: by low-
obtaining the required strensth

g elezents, we obtain a steel possessing good

one caused by coasulation of <he
e the teopering temperature in sirength-
ning treaizent Is 3 strengthened by precipi-
orior to weldin Suen 2 case is iliustrated in Figuve 251
hardness of which was Sreatly increased
<this reason, the precipita-
strengthening steel of which welded
zerufactured, only then the cozgulation rate of the strengthen-
ané the struzciure percits conducting welding after no -

S o~

nardening after w2iéizg. The stresses in ize seszn 2nd ses=

iso 32 decreaseé Tith such 2 seguexnce Si operations.
ration of the properties in the

entioned arove, cozrseni of the grain. In xclding the

. - I - e =
sean zone reaczaes 1400, in consectence of =hich ihe grain

&izexnsions fox tzzon those found in deterxination

—ain size nuxber, even thozgh the seriod for grain growth in welding
=zy srove shori. As is knosn, ever in surface inéuction heating, £5 has beer
exznple by . A. Xzirsher zné He Vo Viyal:® [39§7, as weil as
. ¥. Zigin f256/, = high heating rate linits growvth of the grain, but
ne laiser coarsens nevertiheless; it is possivle thal this takes pizce to &

n exten: in the cosling process. In welding, on the other hand, the

s zre even nore favorabie for coarsenirg of the grain, siuce in this

3CL- 658/7 (3)
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iures ilan does the lzyer heztzd Jor hec: ireazizent.
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doemas Hy, kefrn?
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d) enachessm, s

Lozering of hardness in ses= zone of precipi-‘
tztior paxdéexirs stacl witk 0.09% C zrd 1.23 Cu througn
czguiztion of hardening phase (X. V. Petrzn®).

(2} z2se cetal; {b) sean cetal; (c) nardness Hy»
::2;(&} gistance froa fusion boundary, mm.

Since sie large grzin zot omly 2ctc in the sane direction as the alioy-
exenls, ircreasing the nardenzbiiity, but also of itself increases the

J ihe steel to irittie failure, the effect of the alloying elexent

snausien.ie grain growthzust be of vital sigmificance for the resiits of

Consegueniiy, such elexents as molyblerun, vanadium, and titanium,
£ro=in of 3he austenite grain, sust froc tiis stendpoint have a
posizive elfect on ihe teldabili'ty of steel. A siziiar effect shouid be exeri-
ed Ty deoxiéation cf stee:i by alunimum axd/or tiiamium. Such a nature of the
eifect cof inese elezerts is, ic fact, observed in the vast majority of cases.
Zozevas, s necessary to séd the orsexvaticn thet at t:e tenperaiures
To zhich steel is Leated in the welding process, even the sieble phoses cherge

s sclution, so shat tke grain wouid have to gres vigorously even in steels

21-855/7 (1)
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coxnizining
1 Y -
o tize £iso plzys a

+ing cozplezely. ZIf =me continue ihe

seens i %e gpsropriszte Sor us, wTith electric induction heat-

nisres: to cite Lere ihe Gata of I. X. Xidin who estabtlished
ciisn rezsing, in conirast so convexnticmal

2né molybdenur cartides in his exper-

then ceriain less stable ores (chroz-

}» but with acceleration of the heating the

tion of the carcides rises.
ke elffect of the ailoying elecents on resicdual siresces and the darger
&f uppecrarnce of liziteé extirely to their effect on tha
arienadility of s ; Ir gparticular, lowerirzg of the nar-
texsite point by ezexts ccntrivutes guit2 a vit to intemsifica-
tion 6f the azé 0 the occurrexnce of cracks. and since iLe msrtien-
extens -ty CAXrion, it is necessary for
a2t xeiding 3teel contain the dinicur saocunt of is.
&aration of xeld heating, *he carbice solution rate =akes
oz extent nal e initiel stracture of the steel in the
sernse ol Gisgersicn ol the cartides apgreciably affects ike position of tke
=azriensile poias. Gkile ke carbides cre highly Gispe-sed im tze izitial
Siructare, tiey disscive xore fully in weld neating. £he more highly concer-
sratec muslenite ollzized zs a result of this is transforzed into partensite

a suiliciently kich cocling rate) at a lower tesperzture, and

crack for=asticn increzses.

3ie Iin ke seu= 30re non-martcnsitic products of austenite Ceco=30si~

*ioz ave odblszired uzen coolirg, it is generaily keld that ithe bigter tkhe sub-

- 4w

sitical lezperature =2t vhick they fors, the s=21lor =311 be the stiresses

xCcL-659/v (3)




aceurring in + of crack forzation. Consequantly, the

—azioz of the zustenite in the pearlite region

+

~ger 2 crack formation decr2ases, since the
tures is iox ond the stresses due fo voluze changes
ercedizte transforzation are s=all-
iy than in mzriensitic transforzation. Hezce steels
=zich inter—edizse aussenite transforzation occurs in the seam zone durirg
+zpiec cooling should possess good weldability.
2he lgxer.ag of the —arteasiie point, just as iowering of the temperatuse
o non-=zrtemsizic cecomposition of the surienite, in its turn also intensifies
she hor=fui effect of the pydrogen entering the seaz zone from the filler met-
2l. Tze =n nisz of crack forzation under the iniluence of the hydrozen is
2pporently ike szce in this csse as upon the formatior of flzkes. Hence, in
zccordarce with 3hat was said in tte chapter om flakes, the hydrogen will be
oTe Teadéily re=oved fron the seam zome of th. welded joint and the danger of
crack forczatior in thi3 case ¥ill be the less, the higher is the teaperature

‘of <he X —>0{ transforaatior.

Tne elezerss contained in the stesl also have s substantisl effect on tke
dz=ges 0of occurrence of kot cracks (which ususlly sppear at tesperatures above
tkat of e begirming of rustenite deccmposition). According to research My
R. 3. Prokhorov [3537, the "technological strength® of the filler metal de-
cresses witk increase in the carbon, suiplur, oxygem, silicorn, copper, and
nickel content of the base metzl. In steelrs zllcyed with mznganess, chkroxiun,
sré colybicruc, on the otker hand, a higlur technological strangth of the
filier =et2l is obsorved. Ste grutcst negative effect is exerted by nickel,
for =zick reasoxn, in the opinion of XK. 5. Prokhorov, steels alloyed with

Sckel aloze sust nrot be recoczernded for welded structures. The harafal effecs

xeL-655/v {2




e coxpenszied by 2lloying the latzer (throusgk coating) =ith
chroziun, Sangenese, gnd
oz-zlloy siTuctiurzl stesl, which must possess various proper-
eously: sirengih, corrosion resisiance, weldability, 2tc., the
11 relatively linited. The alioying possikil-
es zmentioned above are nar-awed even Parthér by recuirezentc of a technc-

¥ econozic. rature. The high cost of certain elexents

2% naterial reserves for their production render it inex-

s Or expedient only to 2 licited .extent, to use thex in low-alloy steels

of hign stireng.h. - i

xCL-659/% (1)




AXD THERMALLY STABLE STEEL

1. BASIC CEARACTERISTICS

loys irtendeé for the manufecture o parts operating under
enperatures for a =zore or less prolonged period
tris chepter. The development of such stesls, ard simul-
c= testing tieir special proporties, has been pro-
very injersively over 3he span of the last 25 to 30 yzars, ir comniec-
tion wiszh the éevelcpzeni of stean powes plants, steas and gas turbines: sa-
=onie syathesizing apperatus, petrolevz refinins equipment, jet materiel,
etc., operasing et high and ever rising tezperasures and pressures. ¥e shall
henceforzk rel~r 1o sicels miich possess a high resistance to plastic iefor-
-::a‘.:ir;n ené fazilure 2t operating temperatures up to 500-550° &3 thereally
stzbie, and to steels capable of resistirg plastic deforzation and fzilure &t
nigter operating temperatures ss hestproof. Steels which possess high re-

sistance to gas corrosicn or scaling at high teuperatures will be referred

to 25 corrosion-resistant. Pinally, we shell tera heat-resistant those
teeis which sizaltzneously possess resistance to gas corrosion and a high
resistance to plastic deforzation and failure at high tenperatnreaz.
Tpe basic requirecentis which may be made, separately or sizm:ltaneously,
teat-resistant and therzally stable steels, depesnding on the duty conditiozs

of the cachine part are:(1) strength, which is characterized by the yield

soint or femsile strergth, in brief tension tests at an elevated or high op-

erating tenperature; (2) cresp recistance; (3) stress-to-rupiure strength,

1.T:’oz- further detzils about the tasic chsracteristics of beztproof and therzal-

1y stzble steels and the cethods cf deterzining these characteristics, see
the work of i. M. Borzdyka [710/ znd Ya. S. Gintsturg [73)/.

2, ccoréing to 50S? 5632-51, heat resistant, thersally stable, and heatproof
steels prcper are combined under the cosoon designation "heatproaf™, ani
steels resisting gas corrosion at high temperatures (heat-proof steels) are
terzed "scale-resistant®,

xCi-652/¥ (2)




i. e., the amourt of siress zhick leads to breakdswn of caterizl under pro-
ogerating temperature; (4) low nozst sen-
in creep repture; (5) fatigue strength at the operating tezmperature;
of the siructure znd properties under prolonged exposure 10

e ané load; (7) resistance to relexation; {8) heat-resistence;

(2) resistance to corrosion; (10) resistance to erosion; (11) resistexce to

therngl 2 (12) cepzbil:ty of demping, or high logaritkzic decranuent
of vidbrations; (13) 2 @efinite codulus of elasticity; {1%4) definite paysical
Fropexiies: & lox therzal expension coefficient, high therzal conductivity
end terperature difinsivity, etc.

Tas sire sth and plesticity a2t high texperatures, as deterained by & 20

-tc Sé-ainnte stresa ruptuze test, play & subordinate part. Eowever, these
charzcteristics acgquire independent ixportance for parts which sre subjected
2o tze action of high teaperatures under lsad for s very brief pariod, or of
ior tecperatures at shich creep has practically no effect e3s yet. at tesper-
atures advove 3M°, no yield strgnsth offset is generzlly %o be detected

% the siress-strain disgran. In these cases yield sireagth is detersired,
i. e., *Ze siress corresponding to the spscified permsnent elongation, aost
freguently 0.2%. Tke yield strength is plotted agsinst the teaperature

cz one disgrea with the creep characteristics for the same steel, in orier
tc deterzine the temperature below wkich calcuistions msy be conducted on
the basis of the yield point walze. This teaperaturs, all other conditions
being equel, depends on the permiesibla cresp rate or total strain. in ex-
2o3le of such a piot is shown in Pigure 201 52:1] for pearlitic 5% chroziuc-
solyblemuz stecl and for austenitic steel of the OXh1SK9 type. It is to be
seen frox the dizgres that up to A~ #25° for the first steel and up to A~
€00° for the second, the value of the stresses corresponding to a creep rase
of 0.1% per 1000 hours exceeds the yield point & 0.25 consegmently, up to

the texperstures irdicated the latter nsy be nsed as a dasis for calenlations

xCi-659/% (2)
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Pigure 301. Clnge in mechanical properties of pearlitic
(2) 2nd s:enitic (b) steel with teaperatures
1 - 0.0 creep; 2 -~ 1000 hours to failure;

3 - 6',}-2; % - elongation & 2% failure; 5 - 0.1%

mff?émss, kdna?'; (%) tsaparature, °c.

/
for these steels. r

i
1f +he steel irinteaded for service under stress over s long period, %o
charecterize its sFangta at high teaperatures it is necesssry to know eitkher

the creep :gsiste;;g c> the value of the siress which leads to failure under

i
lastirg load, Iu H0st frequently bLotk. The creep resisiance is of deciszive

f-




izportance in the evaluztion of z stcel wherever negligidle toral strein is
envisaged for a part over a loag leriod of service, such as 1% in several

or trhe other hend, considersble strain is envisageé for the part

lizinated, the magnitude of the stress =hich leads

£ load =2y prove decisive. This character-

¥, Borzdyke, is designated lorng-tern strexzthk {creep

has been founé by 2 nucber of investigators that the sirass versus
fzilure grzp: pleited in double logarithaic coordinates is a straight
{¥g. 362a) shose angle of inclination to the X-axis depends on the test
tezperetuze (Sig. 302b). Eence it is possible in principle, by extrapolating
-z’aese ii::es, ususlly brought by experinment to 1500-3090 hours, o find the
long-tern strengih, xkick corresponds to periods of temsion of 1C,000 and
100,000 hoursl. Zoxever, only the long-tern strength valnes obtained by ex-
serizent £ay be reserded zs fully reliable, since additional processes Tuch
2s oxiéztion, corrosicm, structural changes, etc., saich favor intercrystal-
lire brittle failure, =&y kave an intense effect in the event of more pre-
| tracted periods; this results in 2 breax in the stress-tice line (Fig. 302c).
Consecuently, bringing the specimen to failure also permits revealing processes
of “extriiilezeni® of tke zaterizl, which in a munber of cases sharply reduce

its plasticity charactieristice -- elongation and contractiorx.

The prizery creep curve, which depicts the increase in rercapent sei with

tize at consiart volues of siress snd seaperature, is shown diegrazsatically
ir Rigure 305. Eence the creep rate v on the rectilinear segzent oi tae surve
bc is ceterczined., Tie rate v e irncreases with increase in ke test tecpersture

zré stress. In cany instarces the total deformation of a specicen in 2 speci-

*Tor 2 proposed core roliable exirsrolation method, see I. A. Oding and V. S.
Sb. tituta zetallurgii AN SSSR *issledovaniya pc sharoprockny= splavax=®
[Sy=po3iuz of tke Institute of Xetallurgy of the icpdesy of Sciences of tke
USS2 ®Hesearch on Heatproof alloys_'_';’. Pablishing Office of tte Academy of
Sciences of %the USSR, p. 32, 1956.
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5 of importence. Such experimental curvcs havipg been
tesperature ené various stress vzlues, the creep lizit is
n cheracterizes guantitatively the resistance of the steel to
& given itexzperaturs. Ia this cese the theoretical or physical creep
represents the maximun stress at which the creep rate 2guals
zero, is very seldoz deternmined. The resistance of sieel to creep is usually
cherecterized by an arbiirery creep strergth, which is the adopted unit siz.ss
resporsidle either for a speciiied creep rate v on & rectilinear seg'_;ent of
itke curve in Pigure 303 ( 6 c)’ or for a specified totzl deforcation in the
course of a definite period of tize ( Jp ). ¥roz the curve in Pigure 303
it is g2iso por-ible io determina the elongation, which corresponds to the

vexding point c.
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Pgure 302. Brezkdown stress versus duratior of its actions
2 224 ¢ - at constant temperature; b - at varicus tem-
peratures;

{3} siressile 6 ): (3) time to failure (In 7).

Cocbired d:.asra:s are freguently plotied for the long-texxz strength and
creep. 2=n exsaple of such a disgraz in logeriilkzic coordinates is shown in
Rigure 305 for chroce-colytdenuz steel. The top line represents the relation-
skip of stress to tize to breakdown. Curves cf creep at various loads are

plotted i tkte lcwer part of Figure 30%. The values of the tize —n the course

£01-£59/7v (2)




froz tke top (=lso &z sirzight line). =Rinzlly, ithe extreze poirnts of the creep
curves dernocte the vaiues of nliizate elongation, whicn decreases with increase

in the curation of actioz of the load. 3By cormecting the points correspsnréing

& Rigare 303. Diagrez of prinsry creep
. s curve.

3 L T £ = const; & = conste )
L (a) elongation, %; (b) tine.
Q N

§

&
y"l’””’””" %

é.,:.a

%o the walues .f uwitirate elongation by a line and extrepoleting the lattex
‘to 10!-),000 kours, we find that for the steel in questicn tke ultimate elonga-
tion drops frcz ~-20% ir 1000 hours te ~s 5% in 100,600 hours. 3y extra-
polzting the upper two lines, we find the iong-tera strexgzth 6'3 corresponc-
ing %o 2 tize of 100,000 hours azd tha stress O'e ceusing a total creep of
1$ 3n 100,0C0 hours. The ratio of these stresses :: gives the zsrgin of
safety at the given teapcrature for the steel in which we are interested.

The reliadility of tke zaterial in service is also freguently characterized

&

-

oy the retio -
5:

Nzrerous zccelerated cethods of de i the characteristics of ateells

LT3 1 TR

resistance tc creep, proposed and used °-o a certzin extent thus far. chiefly
5y foreign investigators, =2zy guite ris;'.tlz te regarded as rot sufficiently

ascurate fof. 730/. Iz edditicn, the apcelerated test mcthois, as hss already

v

been poinied out. do not take inic accoant processes which develop very slox-

¥ in the steel, and these processes na;: bave serious consequences. Zvern the
icag~%terz herdness =etkcd, very tenptin%-:hcme of its rapidity, is nc ex-
ceptior in this resgect. Ievertheless,‘}‘i-n +he laboratory testing of heat-
prcof 2llars 2. A. Bochvar considers it;f;ouible to make a tentative qualite-

tive selection of experizental slloys oi the basis of the results of ceasure-

ﬁu»’h cm!u' -
e ¥

ot
(-]
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zent of their hzrdness., However, siloys possessing high long-terz strengts:

velues still canmot 1z reconzended as heatproof elloys without a check by t)}e
.

tension —eihod, since ihe long-ierm hardness is not effected by cexrtain feaig

ures of ihe structural corndition of the 2lloys, primarily the condition of
tke grzin boundaries /lel#;;cf. also 7197 . TUse is sleo rpade for tentative qual-

izetive selection of experizmentel alloys of the centrifugal bend tast method

develoged by I. I. Kornilov [3607.
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Pigure 30k. Co=Xined diegran (of long-ters stremgth and
creep) in logarithzic coordinates for a chromium-
mckel-nol;(bdennn steel with 0.42% C, 0.69% ¥n, 0.2

0.72% Cr, 1.84% oKl 0.34% Xo, quenched from 950
and tenpered at 675° (L. Ye. Li‘ber:.an).
0 - :.ntercrystall:.ne re; A - failure at
480°%; B - 1% creep at 480°; C - elcngation at

fanlnre,
ag siress, kg/:: (v) elongation, %;
tice, hours.
It skouid be noted that even in the case of testing by direct sethods

end sufficient length of the test period, the values determined of the lorg-

ter= ultirzte strength of the same 2lloy zay vary over a2 wide rarge, not only
in differeat count*zes, tut also in one laboratory with spaciiens froa differ-
ent pells 2rd even from one nelil [§26 et al./. These fluctuations zre also
affzected by the error of the fest itself and tke high sensitivity of the

crharacteristics deterzined to the zelting procedéure, further treatzernt of the
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acticr by the medium, ané random defects which may play
tbe part of rotches, etc. This nust de itaker into account nzrticulariy rhe;x
results cbtaired by different investigsaiors. ’
in the circumsiance .thei the elastic strainm of & part
ceused by 2 definite stress changes to plastic strain, 3his leaéing to spon-
taceous loeering of the siress. This effect is of particular inportence for
z steel f~oxz whick fastening paris such as holts are manufaciured, since when
<he stress is lowered, ihe elasiic shoriening ensuring firzress of tihe cor-
responding comnection is relieved. Relaxation kzs much in comzon with crecpe.
Eence bein effects are occasionelly considered identical, and it is ever pro-
Eeikod of iestirg creep andé vice versa.
1astic deforzation in relaxastion is considered by
soze as ecuel to thke creep rate, wnile others contest this thesis. However,
this is 2 special ouestion. Insofzr as our topic is cemcerzzd it 1s necessary
10 note tke circuzstance that fzc fron all alloys wbich resist creep well

alsc possass righ relaxation ckaracteristics [Ef. 7197 .

-~

Tre fatigue strengtz at nigh tecperatures is an important characteristic

for pzrts in service under alterrating stresses. At high temperatures the
right-kand segment of the fatigue curve, 23 nay be seen from the schexzatic in
Figure 305, becozes sloping instesd of horizontal. In consequence of this,
the fatigue licit decreases with increase in the number of cycles; =or_e¢;ver,
its decrezse is the greater, the higher is the operating temgerature. Iis
va2lue should thus be deternined and indicated for a svecified nunber of re-
vercals, and a fairly high munber shonld te adopted. The high-temperature
fztigue 1linit in sgooth specimens is usually higher than the lizits of cresp

and long-term strength, with the length of the test period roughly identical

[71(_)7. In tkis case, consequently, failare ensues earlier under the effect

¢ creep then under the effect of fatijme. This is apparently due to the

Tact thet the fatigne effects ere determized chiefly by intrsgramuiar processes




and creep chiefly Ty processes

spot™ a2t nigh tenmperatures.

irreversibl, the enerzy of vibrations;

2 bysteresis loop). Altkough the sig-

velic ductility of steel for tie service of perts has not

ascertaines (witha the exception of rescmsuce conditions),
e assuzed that of two steels heving sn identical fatigue
tke higher cyclic ductility w=ill te the tatler onel.
3s usuzily detercined as the ratio of the values of
strength 07 z roiched specinen and of a saooth speci-

t =ust te borne iz zind kere that deteroinetion of these characteris-
tics ty extrapolation rzy leed to erroneous comclusions, since in certzin
Saterizis noich semsitivity is intensified in the course of tize ani the iines
demotirg ihe dependence of the droakirg stress on the lergtk of the test per-

od (Fig. 302) for 2 smooth and = notched specizen pay intersect. Nany high-
iy heaiproof z2iloys zre sensitive to skewing, znd their long-téra strengih de-

reeses greatly even in tne event of 5 5iignt skew angle of the specimen
(1.5% ef. [f8277).

hignly important characteristic of thermally stable and keatproof

i5 the sizbility of ineir siructure and properties under the prolonged

of tengerature znd foszd. Instability may de the result of warious pro-
cesses iakirg plece in the ste2l at elevated or high operating tezperatures.
.Certain of thec are accelerated under the gction cf & load. Sach nrocesses
include, for exex=ple in pearlitic steels, graphitizaticxn, sprercidizirg cof
cerbides, cLange in the composition of the carbvide pghase and ssiid solution

due to diffusive redisiribution of the glloying elexzents tetween ikex, snd

i
=
=z

[r:_r 17 nrther 3etails concerning c¢yclic ductility and its sigrificance, cf.
357/«
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In high-chroziun steels these axe

the so-called &75-degree brittleness, and in susten-
1

zrecipitation froz the solid soiution of carbides, nitrides, zet-
of -phase, & phese, and other phases. The

- -

e steel is establisted by proionged holding of

subsecuernt Cetermination of its structurs ané properties.

—

Rigure 305. Diagraa of fatigue cuxve
2t roon (1) and nigh (2) temper-
: ature.

e e et s e e e e e

B {2) stress; (b) logariika of
7

A mzber of cycles.
—— £0257sp s Y5TR3 oSS

e HULLAM enue e’
-

Of the physical prorerties, together with pigh ther=sl conductivity and

tezperature diffusivity, a therzaliy sizble and keatprcof steel zust for zany

_greas of application possess 3 low iherdal expansion coefficient. For exazple,
Sor turbine &isks in the event of a low theraal expansion of the steel, nol
orly is tkerz less chesge in ike clesrance at different tenper‘tnré service
conditions, tut there is also & decrease in the tezpsrature stresses oaccurring
in them. A lox ther=al expansion coefficient, togeiher with the other yroper~
ties, is of no l2s8s inporiance for increasing the rssistance of the slloys to
the occurrence of thercal fatigue cracks /of. 732 et al./. i musber of
grticles whick are subjected to sbrrpt teaperature change:s in service are

fragquertly rendered-unserviceable for precissly this reasca.

%CL-659/7 {2)




2. 1 0YING SLEMEXTES IK BEZAT-BESISTANT
Y STABLE STEELS.

Tre effect of eglloying elezents on the resistance of steel fo plastic de~
formation z=d fai.‘-.- re at high tenperatures and on its corrosion-resistance
(zesistance to scaling) obeys verious iuzs. Hence we shell discuss separately
their effect in both principal éirections.

L. ©IZB 20iZ 0P LLLOYING AND OTEZR FACTCRS IN IRCREAS-
IXG TE= CORIOSIOL-2SSISTANCE AND TESRMLL STASILITY OF SPEEL.

Gereral Principles

Zhe resistance of 2lleys %to plastic deforzatior and faijure at high tea-
ceratures is deterzined basiczlly by the sane physical and paysicc-cheaical
factors as at room temperature. These factors are the type (the interxelation
of the varions types) and strergth of the intercioxic bond and the structure
of tke 23ioy.

In particular, there are at the present time zany grounds for assu=ing

neitker lowering of the rupture siress under the proionged sction of

(lorg-ter= strength) nor creep constitute pkenosexa peculiar only to

ign operaiing In & mmnber of projects with the most varied

neterizls, boih non-setellic and rcetallic, lowering of the strength at rcoz
tenperaturs with incresse in the pericd of action of the load has been estab-
iisned. It has teenr dezonsirated [‘3197 that the cependence of the time 2o

failere C on stress in seni-logarithaic coordinates is depicted with sufli-

cient accuracy by a straizght line zrod described by tie stateaent of cq_nalityl

-dE . -
T = 2e s wnere % ard of are constants, Of is the angle oI slope of ihe

-

‘Phe exzeriments of S. K. Zlmrkov and §. Ye. Tomashevskiy /510/ have shesn
that upon change in tke duration o tks test (durability) by evean 10 orders,

this expression is confizzmed betiter for bota non-xetals ard metads than th

expression T=B6 ™ usually adopted, tut that it is s particular case (for
2 definite range c¢f wvalues of & ), of a nore gereral vrinciple which has not
as 7={ veen establishz=d.

2CL-655/7 {2)
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iine. It may be seen for polystyrene {polyzer of styrolene) froz Figure JUo
that with decresse in temgperature the tirze dependernce of strength veries
regularly and 2t sufficiently low texperatures =ay becoze gifficult of datec-

iion. The texperature depenéence of the Ticze is described by the expres-

sion
£

shere 3 is & constert déepending on the natuve of the caterial axd £ represents
the activaiicn ezergy of tze process leading to fatlure, which onergy decreas-
&5 ¥iixz irncrezse iz the stress.
is re have 2lready noted (Ecssian p. 209), these data perzit the as-

sz.‘.:p:i.on {hat the srocess of breskdoan proceeds via gradual local rapture of
the interatomic bonds; this rupiure is possible becaunse of the inhomogeneity
of tke materia2l and éistribation of tke stresses, fluctuetions of the energy
of ine thexzel vibtrations of the ato=s ard strength of the interato=ic dord,
and in the case of zetzls 21s0 25 a result of slips in plastic deforzetion.
%is is atiested %o t0 a certain extent by the static diatritution fourd by

S. Y. Ziur¥ov znd others /5107 of the curabdility or longevity, i. e., the

tize to faiiure, and tre irreversibiiity of the process, which consists ir

the circussiance that tbe totzl éurability scarcely changes in the event of
inter—ediste rencyal of loaé snd protra~ied "rest” of the specizens.

If =& proceed on the tasis of this reascning, we sy assuze that tbe
ugetivation™ energy 2 is directiy releted to the bonding emergy; in conse-
quencze of whickh it decrezses witk increase in siress. Eeunce the tize depen-
éeace of the sirezgth 3tk respect to guantity must be deternined in approxi-
=ztion 3y the hoZologous teaperature. ZTkis iemperature for polystyrere -
193°, at =hich tke strepgth still decresses faintly with increase in the per-
icd of lozé apdlication (Fig. 306) -- is greater tkan 0.27_ {tze absolute

scftening point). Por steel, on the oiher bhand, room teaperature is still

ECL-853/¥ (2]




less thaxz 0.27 cependence of strengib

is observeé nere only ai eleveted ané rign tenmperaiures.

t is obviosus tha:t tte creep rate is also deterninped by the hozologous
texrerziure. In soch metzls es lezd, for shish rooz texperature corre3ponds
o N0.5'Z‘ze1 L the creep occurs sven at ithis teopersture at a consideratle

In the czse of stresses exceeding tke yield point, on

ke other nand, cousiderabls aresp 2zs teen observed zt roca tezperature in

steels as w2l a nunser of studies.

‘“‘

\

Ky

Bpewn Jo paspyuenva (1aT)

™
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B) Hs=paretnue, xzynn

Pigure 306. Tize to fziiure versus stress at various tea-
serztures for ;oly_styre:e. . 2
- (2) tize to failure (In 7°); (b) stress, kg/mx".

Hozever, th: festures ¥hick are contribtuted by high teaperature snd whick
#ill zenifest thamselves the core the longer mast the part marufactured froc
the zlloy bz in service ara of enorzous importance for tre heat-resistance of
—eteis and nmeta. 21loys.

The zecherisn of plastic deforzatiorn, and herce also tnat of creep, ray
chornge a2t 2 i teaperature. Maxmy Soviet aré foreign investigators nave cem-
onstrated by ¢xpericent o> have suggested that plestic deforzstion is accox-
plisheé by v..dous zechanisss Jcf. £72, 828, et al./, wbich are urmally sab-
divided into hree groups [71§7. Exanining it frca a zore general signdzcint,

ze z=ay dezl u.th two basic groups of processes, those of shear gnd diffasion.
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long sgo,

&S wes saggested 1
~orpaors bodies. The relation beiween

the verious =echarisns end ureep
no want of assusptions

A2 SN,

Iffesicn zeck

re is

The erxperizental data

stzilished, alithough the
T 3.7
xho hold thet the {ora of
difference of tkhe effects of
dras cortradictory corclusicns oa the

Teguently
sTrocess on strengthening a1é of the rezsen

£E f 2 Ziven
evertheless Te assuzed that one or another plasticity necherisa
depenéing on tke operating temzecature, nzrmitude of siress,
erztures veilos ~~0..7_ .. , shear
meit

es atcve 0.3 to 0.5T_ 7 when the diffu-
plas:icity begin o

Tre jart playad by the

zction of load., 4t

Sredozinate. : texmperatux
bie, diffusion nechanisss of
2s cizpared to the

—echzniscs
e tecc-es conside
operzte, znéd even to predizinate at definite stresses.
rate of 2igstic feformotion
of diffusion

x&1
-

sign ra:

diffusion cechaniscs of plesticity wxill ve the greater,
the cevelonient

sheazr zeckaniszs, tke sza2ll.r pre the siress end
-%ize is reguired for
it has been deconstrated /7167 tk:t under conditions

{creed}, sizce considerabd’

srocasses. Irp particuaiasr

“of relatively s=21l sires: : znd low creep rate, the mecnani:z of grain cdis-

placezent predczinates. !

In the boundary (:':ni scrystallize) layer, éiffusior pr:reeds £t 2 zuck
fence in ths e*.'c:-.t: of pra.ozinance of dif-

nigher

mechanisxs ol plas: ity, plastic deforzation Saevelops chiefly in tke
strangtnened in ordsxr 1o @ C'ezse the resistance of the allc: -to creeg. The

raie than witkin :I‘;: grain.
gra>" ; and prizarily the grain boundari:s oust ke

Toundery izyer of the
L

fusion
g§ra.- -cundaries under Qifferent cond “:icns of defcr=z-
tion ha2s been confirzed b° aperizent in 2 muzter of studie periicularly

differing role of the

inaps of ziuxinm, s asisting of zonocrystals in sediion and several
24 :

Tith sze

xCL-E£33/7 (2)




nepted while unier

o high tezperature on ihe long-terz

the presence of two branches o2 tae.

tims.creep dizgram, i. €., & break
ich occurs saitcr & certain siress per-
In saying tkis, =e thus prcceed oa
. a2bove thet in gemersl lowering of
of action of load is a prirciple In-
herent in 211 zat tezperature, wniie raising the teaper-

zture ozly rerders it —ore pronounceé (Fig. 306). Hexce, the left-hanéd branchk

of the éizgraz, even ed ieaperature, =gy be ascribed to gradual
loczl rupture of the irterztonic Tonds.

Zhe brezkdosn zlopg the right-hzné branch of the logarithaic line is in-
tercrystzalline in the vast zmajority of cases axzd upon microscopic inspection
2ppears 25 the resul:t of genmerstion zné develop=ent of cracks. Eence the
bypothesis zdvanced 3y S- T. Kiskkin fof. 5il, 6227, according. to xhich the
senesztion 2xd developzen:t of cracks ere the cause of lowering of the strergth
oxé slosticity of a2iloys working under load at nigh teaperatures, zpresss

=ore cerszin then oiker nysolheses, rogardless oif whatl causes the cccurrence

of tze initial cracks. It tas alsc teen dezomstrated ﬁ1§7 that allowarce

or susceptibility %o dsmcge, i. e., Jor the cheracteristic orpoaite %o the
resistance of en slloy £o the sccurrence of initial cracks, at least in the
case of intercrysizllire faiiure in the process of long application of loac at
rigrn texperature, =ay result in a gquzlitative a.rranse:en;. of the z=aterials te-
ing evaluzteé otkher than thst bosed solely on the allowance for their resiste

ance 0 total treaxdoman.

3
"1t 2 very hZizh kcaologous temperature, it is possidle tkat & brezk zey not

T2 detected in the event of short duratica of loed appiication sxd 3 con~
ventional exgerizent.
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iline failure zlong the Tight-hend brench of the lire
curs a3 2 ¥ lox ssresses and loang period of lozd ap-
ation, the czuses ol initial cracks are usually sought in this case
Ifusion processes. =037 widespread hypoiheses are based on the “hole"
treory of cifiusion developed Uy Ya. I. Frankel', The aunikor these hypo-
neses hold shatl the cracks are the result eitrer of é&iffus vacezcies,
wkich are present and develop in itkhe process of work, toward the grain boun-
¢ary, where they gether in "colonies® [Ji4/ or of éisplacezent of extant cnd

coniimucusly nascent "fusicn foci”, wtich are taken to xean disordered atoxzs,

e "vacancy® tozard the grain bounderies {which are more favor-

eratures, with reszect tc energy). xnere they coeg-

iz=portant accessory, and sozetizes even decisive, czuses of the
origiration a2né develogzzent of crecks, ené in the finel znalysis btrittle fail-
ure, even in ke opinion of the zuthors of the hypotkeses referred to, =ay be
processes waick occeur at the operating te—gerature and lead to the for=aticn
= the grain boundaries of grhocas which lower the tear resistance. IT the
hase is situated pricerily inside the grain zlong ihe siip

dlanes, 25 vazs observed, for exemple, ir 2 nickel ailloy xhile teing tesied for
fatigue 2t 750° /7177, it also facilitates transcrystaliine fzilure.

In our opinion, however, if we proceed on the basis of the hypothéses
concerning the decisive role of diffusior of vecancies, it is difficult to ex-
2iain xky heating 2% the sene tecperature without load, even for a zuch longer
veTiod of tize, fails to result in diffusion of tke vacancies toxard the grain
Scurdsries, shere, upon subsecuent application of lozd, they stould jcrediate-
1y zeniiist thezselves as cracks. On the other hand, intercrystalline failu—e

observed in the n2in even 2%t iemperatures 2t whick diffusicn Irocesses can

no pert, or at very mgh Seaperctures tat in a vericd so short shot it

e insufficient for diffusicn of the vacancies ani their gathering in

xcL-659/v (2)




colonies.
2 pro=izent paxt resistance oz_?

astic deforzzzion zndé failure &t 2s 8t —ediux end low, tem-

-ordered structure of the boundery of the grainms, in

zkose ceatrzl poriion if azpproaches the "azsorpbous" struciure. In comsaguence

2s was suggested as long ago zs tke uarter of this ceantury

i - - P < - - = &
f=7. 825/ 2né discussed in grezter detail on fRussias/ peges 72 and 215, the

sogies —ust 10 a2 iarge extent ve inheremt iIn it.
ilowing properiies iypical of asorrthous zateriels are of interest
1y tos neatproof alloys.

Gependence on tize of itheir capebility of deforzation. De-
foxrzation iz T is accoexplishied through viscous f{low and cccurs unider very
sz21l loads, evern their ozn weighi, if the loads aci over a fairly lengthy
period of time. It is of irterest to note that Ya. I. Frenkel! [31§7 adzitied

of existsauie of wiascous flox even in crystals in the event of
exirezely szall spalling Jorces axé a very long period of their actionm.
2. 2 zuch Tore abrupt change in their properties with change in teagpez-
@ than in the case of crystiziline Inz the capsbil-
deforzelion by means of wviscous flow is greztiyr increased, while the
¢z it of the tize factor decreases sharply with rise in texperature,
tezperatures pezr the erd of softerning, ihe effect of tire is ciffi-
that the lenzih of the period during anich the =etal
is under lczé pleys a decisive part Lere, in conne:iior with the first fea-
ture of the boundery leyer of the greins as an "acorpnons™ substence. Slip
mecnzaiszs of plastic deforzation in the grein Fredoninate aiors the left-hand
branck of the line in Figure 302c, i.e., with 2 reiatively skort reriod o losd

action (this period ey be the longer, tae lcrer is the teaperature). EHexnce
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failure occurs 2 tine, for the gererzl reasons referred to sbcve, ihrousd
grzduel loczl Tupture of tze interatozic bonds end is insracrystalline irp
rature. %he T this case decreases rith tize cue to the pre-
Coxinzrce of karcening over sofiening, &5 in ordinary "semi-herdening®. ®ith
decrezse in the stress and incresse irn the pericd of its applicesticn, deforza-
fior begin to predcainste.
finally to tough fractiure,
yers, no: the grzains. he grains thezselves zre scarce-
underge slight defor-ztion in this case, while the de-
cisive poriicn of the final deformation of the specizen is the result of sep-
arazion of the greins., The creep, conseguently, sbculé aroceeé at an irncreas-
‘in- Tate in the seconé stege 2nd pass to the thiré stage relatively early,
ie 2rez of the boundary leyer decrezses with tice {sozething of tke
"neck™ is ferzed), znd the trze siress rises, as is ovserved for
€ ugon tke elorzgation of z locelly teated glass stick or plate. It is
t0 ve seen frox the sche=matic in Figure 7 tkhat the separation of the grains

s -

=ust 2130 be gccozpexnied by dicpiace-ent of the latter slong the be boundar-

<he so-called intercrystaliire plasticity,

~

iassified by X. 2. Odirpg ["115] axong the peripheral processes of plastic de-

leaéirg role ir stresses ceusing lox creep rates.

Ize zuthors of the hypciaeses of sze decisive role of vecancy &iffusion

cit2 25 highly inportant proof of tkes [cf. 71&7 tke closeness of the activa-

tion ernergy vciues for faiiu:e srocesses {or for the steady creep stazge} and
self-@iffusion in intercrysizlliire failure. 2rus, for exazple. for gluniruc
<he activation energy of faiiure is sbout &0 kcal/=ole, and the activation

ezergy of self-diffusion about 3§ kcp.l/z:ole; Tor platinuz they ere 70 snd 75

tcal/cole Tespectively. We, on the other hsrd, are inclired to see confirmation
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ailure cechanisx suggested b : 2 clcseness, estzblished by ex~

serizent Jor relatively pure zetals fof. 8§30 et 2i./, of the values oI the

- e

&y for breszkcown and creep ip the event of intercrysiail

ziures. The point is that in e=orpnous vodies, which

the centrel porticns zrd voundasy -~ayers
czl zaiure of drezkdowrn ané plastic flow
Eence tze veltes of zctivation energy for bresgk-
ions in which botk processes occur
ry layer, zust be close as well. In

n, rovever, waen plastic defor-ation re-

s ckiefly Irosz slip processes, the astivation energy for creep must te

2 sz2iler tzex thet for breskdozp. It is to be seen from Tezble 66, taken
chae work of S. X. Zruxzkov and P. P. Sanfirova [5197 and pertaining to
that, for example for the sace zaterials ziumirnum
enersgy for creep in this case is actuzally 3 to0
reakdown. The latter is
in the case of intercrystzlline fracture, zné near the
tiisetion erergy, the szsic characterisiics of the bonding energy. <This is
2ble, since ihe bonding emergy in the &rain is much greater
lzyer. This is confirzed, for exazple, by ti. h:v‘x.: €Tapor-
bounderies upon heating in vacuo, ete. As to the .zctiva-
of self-éiffusion, in boin int tracrystelline and intercrystallire
ures 211 cuthors cite for it values found for ihe case of diffusion in tke
Ferce it is szaller in the case of intrzcrystalline breakdown then the
activation exergy of breakdosn (Tzble BS), veing 0.6 to 0.7 of the value of
the sudiizaztion ernergy, wnile in the cese of intercrystalline breakdown it is

founé to ve zear the activation energy for breakdown and creep Leczuse the

iztter zre sza2ller, 2lthough it is apparently rot &irectly related to thez.




|
|

S - emey oy v .- 5 Sir-ed
The bregzkdosn mechanisz proposed by us at &l tecperatures is coniirzec

v resulis pudlished by

icrec surlace of 352
ir vecuo. The pro-
opinion, of gradual "seperation” of the grains is to
n this study in the i + Cu alloys, and the final

is illustrated by the photozicrographs presented by

cY

2inos: exiirely to separsiion of the grainps.

Figure 3507. izgrz= of “"separaticn™
of greins in different stages
of loading 2t hign tenperature:
1 -~ initial ccrndition;
2 - interoediate conditionjand
5 - breakdomn.

Stowz in Pigare 506 are ceriain nicrostructures froa the work of Vad and
Rashinger _/_55;_7, in =nhich specizens of 99.98% pure zlunipun, after prelizinery
8-5% coid deforzation, tére suadjected to tension at various texperatures and

the s:iox deforzation in Pigure 308 coxrespcnds 0 an elonga-
sur ané tke repid deformation to 1G% per cinute). In the
authors' work these photograghs zre given perallel to X-ray pzotograpbs as
arool of the Jorzetion of a "suistrusture®, i. e., breaking up of the grains
iato dlocks, cells zhose dizensions increzse with rice in teuperature and re-
weticn of the rate of deformation. Te present these photographs of specicens

r have undergore brezkdéo¥n in order o point out tie thickeaing
-4
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iazyers,

Teine-
FRAES- 4

lgtter resn
texperature ané reduction of the rate
esorcation at 500° (Pig. 5082} yields spproxinately

In the case of

voal/mole

2tion emergy for brezkiown (its value obizined 3y ex-
o zern siTress); = tkat for seli-diifusion {vased on ref-

that for the stezéy stzge of creep {2zsed on reference

2
£ W« T

nhiization energy. de neve entered the Z for Pl.

in the toundary layer r¥as observed in the

study by =. 8. . Ya2kuiovich ‘_?I}J rentioned z2bovey, in a
specizen of 53.63 onsisting of oze crystel in section ané 2
2 10 hours under z stress of 0.14E

< et 550-5 . ver monocrystal wires U.1 ¢z in diaceter aié

L. - . . " amy = = o .
2 desigm lengtk of atous & o=, afisr 282.5 hours et 9107 an eiozgation of

¢.005 ¢ under a2 siress of G.0015% kg/:azz ené 0.001 <o under = siress of

s 2 ez . <
0.C0116 a:gj::: zzre ortzined, while with the sazme polycrystailine wire under

- - - = - 9

ke saze condiiions, the slongotion under & siress of 0.00128 kgfz=" amcunted
= [ Py e 85 - S0 - -

to 0.056 e= /852/. The &ifference cay b2 ascribeé to viscous fiow of ke

bsundary lzyers of the polycrystalline wire. This z1s0 apparentiy explains

the 5 times greater Gecrezse in density witk tire snd earlier { A, 5 tices)

srezrence of the third creep stege in wolyeoystalilire zluminuc at 250° and
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unéer O = 2.2 kg, '2::2, otserved by Xhensen ené Giller L’E:‘. 622
¢ 2 monocrysizi uncder tae saze conditions.
-here ¥as a perticularly apprecizble denrease iz density in the third creep
In our opinioz this is due %0 the circuzeience thet the separation of
Speors o be a crack On tke section. In reality, however,
of the grains, in conirast o zbrupiion, iz still
and interzediate sizges
formetiorn of 2
that up t0 2 certain stage of loading

T0 “hezl" such dazages, im coatrast to the

glages causes by rupture of ibe interatomic bonds. In this apoerently lies

ine essance increase in plasticiiy ==nd ductility owing %o heat treaizent

the periocd of its se-vice is exceed-
ané o interzediate heat ireatzent ezployed a2t var-
ious siages of tke hezsing of 2 ssecicen under ioad.
Fatigue fraciure, even 2t tigh texperatures, generally, i. 2. in the ak-
f2cvors, pessas along tne grein, appzrentiy because
of the cycle during which the specimzen is sub-
+0 apalicetion lo2é of ore sigm is inadecuate tc cause viscous flow
boundery layer of the grain. For this reason the breakdosn process oc-
curs nere as a resuli of plastic deformatiorn in acesrdance with slip :gp'han-
szs and of local rapture of the interatesic bornds in tre graiz. 3ut at high
éxgeraiures the general tize dependence of ihe sirength has & greater efizct,
in ccnseguence of which the right-hané segment of the horizontel line is irans-
forzed into a sleping sirzight line {=is. 305), i. e., the ffatigue }izit™ is

lowereé =itk increszse in the nucber of cycles.

#ith rise in (honologous) teamversture, tke behavior of the beundaxry leyer
of the grains is affected, in cur ovinion, by & szcond iypical Drogerty of

zorphous todies; the sharp incresse in their capability of plastic fiow, in
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Thus, 2%t
lezds o approxzimerely lae saxe
{Pig. 308d}. Repid
elds z partisularly
*nhe work referred tc
a1.0ys up to faiiure rours, bdut the tex-

2 .
7 tne siress 6.7 ¥gfe=". On the

reérziure zas o5 i. e., 2d¢+" 0.6 N
eit

23

zniiovsxeya anf otier [5335] observed in the 30XnMA steel a

relaxation in tke event of crelicinary creep under a siress cf

. o - .
perzture of about O.#Tza.' N {5c0°C}, while the

astic é.loxm uT obizineé by preliminery short-tize extension at

trhe sgme texmperaiure, scarcely nad en effect on the relaxsticn rate. ZTkis in-
S the zuihors to Infer a difference betwseen the nmechanism of creep axnd
that of oxdinery piastic cdefor—ation. AZipparently, in conseguence cf the great

e

o the time facior at this texperaiure, in the case of creep the defor-

n w2s accuculated chiefly tkrougk viscous flow of the boundery layers of

zse of oreiiminary shori-iize extension, On tae other

the plastic Qefor=aticn »2s cue only to a slip mechenis= within tke

- 3w

rains., Consecueatly, the authors apparently vere dealing in reality with

&ifferent meczzanisss of the process.

- s
3

Iz is to ve noted in tlis concection that the concept of +he so-called

"ecuiconesiva™ texperaiure, esbove which failure is :intergrystalliine ia natuxe
t is irensorysteiline, is generail> spezking, deveid of mzen-

are indicaticns ir tpe liierature Jcf. 71&-7 tzez the ecuicohesive

is not constaznt, tat rather depends or the siress and creep rale.

the one Zaund, in the event of a very short lcad azplication even

nigh {ezperature, ii is possidle to obtein initracrystalline fracius

fo= exanpie, it weo desonsizsied in an olé study by Dzrefiris [c—:‘. 8‘“27

e, 0.92

els? & CODIET wire was tough fractured along tle grain
i’




& stress of 1.75 xg/on? in 5 seconds ané exhibited = trittle failure
=02 ir. 60 seconds. (n the

vent o a very long exposure to0 stress, it is %0 be ex-

ure —gy be iIntercrysielline even at moderate teaperstures

0. & £)- It would have been possible to confirp this thesis with ex-

“meit

b -

21 fzeis es well, put ze refrain froz dcing so, beccuse in almost all
such exomples eveilable thus far there is no certainty that giéiticnel factors
Tésponciblie for 2 change in ipe conditien and properties of tke toundary lsyer,
woulé not heve beer refiacted Zher eby.

S$:111 anotker highly important fessure contributed by & high operating
*e-perature lies in the fact ihat the tendency of the alloy to achieve ther=o-
87 hersugon pe realized, ihis leading in a2 nuober of cases to
alloyt!s resistance to craep and breakdoxm. 2rzs, for example,
3y precipitation herdening torough annealing at a temperature
th2 operating tecperature, coagulation of the strengthening phase, its
rs2 solution, or furiker precipitation of it frox tke supersaturated solid
solution may ceccur in the process of service. In alloys hardened by cold worke
g, ihe process of restituticn or recrystallization may occur at the operat-
ng texperature. In 2lloys ip xhich metastable cartiies were precipitated as
2 result of kardening, diffusion of the e;eunts froa the solid solutionr to
the cerbide phzse up to the forsetion of stable carbides, as weli as snherozd-
izing of tke carbdides, grapaitization, etc., =8y occur at ike ozerating tes-
zerzaiure. In the case of leng exposure io the effect of temperature, processe
&s —— wbhich in certsin instances are stili unknosn -- 2ay take piace in the
sclid solution iiself and csuse e consideratle stability of the latter. Tze
siTeésses created in the alioy by the effective losd £y intensify such pro-
cesses.
ZZe enucerated hignlyr iaportant featuves of the effect produced by hign

o3eraling texperature zlso deter=ire the reculiarities of tke alloying
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et
tion o their proposed duty, i. e., operating tecperature, stress, and lengil
of sexvice.

etzls {21iov hzse) zné sincle-phase 2iloys

Zhe interatczic boné of the _airix z—etel cust possess e zigh streagih.
Por neevproof zlloys, as it Ffollexws fron the prisuzed role of the gain boun~
%2 have éiscussed, it is znécessary in addition to find seans wnich
he order of atomic arrangezent in tze bourdary lay-
st of phzses xith very strong interatoric bonds, or
both sizul’mmeousrty. The strengih of the interatczic bond =sy in the first
.:-o::gh épprozi::a:icn e cheracierized ty the nelting te=perature. The latter
foxr reatproof 2lloys is 2lso an isrortant independent characteristic, inas-
zuch 2s it detercines the upper texperature limit zhich an alloy may it gen-
erzl withstend. 3at in additior, the higher the zelting {ezperature of ihe al-
1oys tkz lower the hcoologous temperainre to which a given operating teapera-
ture corresponts. Hence for service at high texperatures use iz z:de of gl-
Zoys based on ircn, nickel, and cobalt, while for service a2t very high tezper-
ziures 21107s tzsed or chrexi-z, =olybierun, which are even core his'n—:eltingl

and kave a grezier intsratonic toné sirength, are being developed.

Zre interatozic boné sirength apparently also deternines chiefly tife dif-

ferent heat-resisisznce of steel with an of ard ¥ lattice. According to ozr
assumptions (page 215), resistance to icw plastic deforzation, and herce to
‘creep as well, is deterzined principally b> the intersctioz of isns 3In %he
=etellic bond, waich interaction is tks grester, the largzer tha zumber of un-
Sazired ele~trons 1T 2toz, and decreases zith imcrease in the interatozic
¢istence. The forces of this cocponent of the metallic bonméd in o ironm sre

zuch greater thez in yx  iror {see psge 3%), this being evidenced by the grester

*Fne kigh-z=elting poirt is nevertireleas only a recessary, »at rot aiwsys suaf-
ficient, fector.
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tner=zal exgansion ine leiter. The rete of éiffusion end welf-

g¢iffusion, on the oil 3 ceterzired by ke full strengih of tze cet-

tord, wkich is greater im ¥ iron, as is attested to s cartain exsent

Sreater nodulus of elasticity than the O iron. ilso zssociated xith
2 lower rzte of self-siffusion is ithe higher racrystzllization tempderature
. zs compaved to & iron, this being of independent positive signifi-
tke sianépoint of heat-resistamce. MNoreover, the response of Y
sorx hardenming is gr..ier than tkat of of iron. Finally, the order-
ness of the aicmic arrangeczent in thc grain boundary layer is also, eppar-
y §reszter for the ¥ iron than for the of iron, as we assure this to
te evidenced by the bekavior of sustenitic steels upon deformation ané fajil-
ure in the regior of =oderate and low texperatures.
at reletively low oseraiing texperatures, up to 0.5 - 0.#’23 elt®
ferritic or peariitic steels possess a highe> creep vesistance so long as
s1i3s xechenisns of plastic deforz=ztion predozminete. At higter texperatures,
zzen diffuzsion plasticity =echariszs begin to prevail, the austenitic steels
2 greater creep resistance. Fearlitic-ferritic-zartensitic steels may
be enployed as therzai”y sizble steels. For heatproof steels ani giioys,
on tke other hané, use skouid be zade of austenitic steels or alloys based on
other zatrices with a ¥ lattice suck as nickel and cobait.
in 23loys, tke roie of ike interatozic bonds is irn the =ajority of czses
cznouilaged by siructural fectors. In a more direst fora, it is sanifésteé
irn tke solid solutions, altrough evex in them other factors still make thes-
seives feit, in particunler dislorticzs of the crys:isl lattice of the solvext
oy the ato=s of {Ze solule elezent. With ore and the saze solvent, the inten~
sificatiop of iox interaclion csused by increase in the muxber of unpaired
electrons per a2ion stould lezd to am increase, to one extent or anoiher, of
creep resistance if botk slip and diffusior zechanisas cf piasticity predo=s-

nate.
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Po tkis zay ped the fact that a nuxber of nighly icm-
‘cortznt elezents increesse the creep resistznce of single-phase glloys tased
3 i niskei T E +i+anit ten /834 aluninup, erd chroz=-
or Iron a2nd nickei. Thus, iron, titanius, tungsien rif s Siull ’
iux ._/-':5‘5'7 increase the heat-resistance of nickel; nangenese, & low content of
- > - - - - 1 +
¢hroziuz, and, to the greatest externt, meclybdenuxz increase the creep resisiance
ircn. The effect of moiybdemn= nay de seen from Figure 308 [E3§7 : in whick
given the value of siress causing feilure or creep a2t a rate of 0.1, 0.5,

ané 1% per 100 hLours =t 6509. Sungsten has the sare effect on the creep re-

sistence of iron. As it :may te seen Ifrom Figure 17, in which the ionization

// Pigure 309. Effect of molybderum
/‘ on resistance of Fe-¥o alloys
p - to failure 2nd creep at 650 :

7% A - failure; @ -~ 1% creep in
*zéfrz/ 100 hours; x - 0.5% saxe;
:,/( 0 - 0.1% saze; 2

(a) stress ¢ , kg/xa

L ¥ & & » 2
My %

potentials of ircn and zickel when they are solvents are marked with crosses,
211l these elexents zust add an electron from the iron or nickel, increasing
the naxzber of nnpaired electrons per atom in their lattice and intensifying
The interactiorn of the ions. Increszse in the strength of the intera‘.‘onig:.
tord in the nickel latlice when it is allioyed separately with chroziua, alua-
irur, or titanium, has also been established by experinent [5357. The sane
is true of chrouium and asnganese when irom is alloyed with ikea. Silicon
2lso auguents ihe creep resistance of irop, although it reduces the strength
of the intoratozic bond in the latter (see /Russian/ page 37). We are in-
ciined to a2scribe this circumstznce, as well as the incresse by silicon of the
yield point of iron at ~com temparsture (see [i:usitg page 223), to the fact

that it introcuces into the alloy an appreciable share of ike covalent bond,
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to plastic defor=ation, even
Lenperaiures.
Tnen steel is sudjecied to loadé under conditions in wzhich slip mechan-
of plestic deforzation predozinate, elevation of the recrystallization
lezpersiure iy ihe 2lloying elezent eéxerts a positive effect on the creep Tre-

data of Ta-omenn citeé texow, whnich have in the =ain Teen con-

elezents in this direction.

Content of ele-  Iieciro- 27 hCr 4Co 45i 2o 1¥
zent, 4 {2tozic) iytic Fe

Recrysialliza-~

~ioz to—pera 520 620 702 650 600 750 760

"
vall vianl

iure, C.

Insofar as concentration of the so0lid soluntion is coacerned, it has been
decoznstrated in a3 nusber of studies by I. I. Kornilor and oikers itkst in boi
dinery and zors conplex so0iid solutions, with increese in the content of the’
elenent the heat resistance, which wes deterczined by the centr_:ifngr.l zethod,
increased uxtil —axizmun solubility of the elesent in the 2iioy Dase was

a2t tke giver texmperature and decreased upon transition to the diphase

The for=stion of the chemicel coapound is accozpanied by singular

on the cozposition-heat-resistance diagran. AS an exanple we skow in

310 [5327 the change in keat resistance at 8000, characterized by the

trzzmsverse deflectior, of nickei-chroxiun alloys with changing chromium cone

tent, 23 coxpared to a portion of the structaral diagraa of the Xi - Cr system.
In reality, however, it is to be expected that the effect of the solid

solutior conposition on the creep resistance will not be, or st sny rate will

Iar froz= ziwoys be, well-Gafined and that it -mst iiself vary in relati

to tke Test or sexvice conditions of tke alloy: tecperature, Guration, siress,

zs well as iz relation to the distribution of the given elezent in the grain
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izyer. ZIn more recen

838/ nave also confirze

elezent optirum froz the standpoint o stance, =ey de either

~zgter than, or egual to, or less than in ihe base,

cepending or the test te-perature. The exanple shoan in Figure 511, which 1S

it shows the ef-

bzsed on sheir investigations, n2y serve as en illusiration.

fect of tizeniunm neat resistance of 2)loys of nickel with 20 Cr et

variozs temperatures 2s agzinst the solubility line of titenius in this base.

The 3ize to achievezen: of a sag of 3 and 5 == in testing by the centrifugal

z=ethcd served 2s the characteristic of aeat resistance in this case.

n tke sirepgik cf the interatonic bord in the solid solution

o certzin elezents shonld 21so lead to increzse in the lozg-sers

ike 2ilcy éue %o the higher itear resistence value. We shzll note

oniy that a subsiantial izcrease in the long-ter:a streangth ozing {0 weakenirg

of tke diffusion processes =ay be achieved even wnen tke interactiion of the

ions is irtensified. Tzas, nolyddemuz 21so increzses the long-terz strength

o iron =—ore intensely tkan do other elezents. according to tke deta of re-

cent investigatices [6&':7 s tungster, if its content is expressec in atozic

sercenisge, is just es effective 2s =olytiéenmu=, while venadius szloxe, if dis-

On toe otker

znéd, To increase trne long-itern strength by incressirng the tear resistance,

soived in tze iron, scarcely affects its iong-tersm strength.

+ is necessary chiefly to sirengthen tze basic cozponents cof ihe getezllic

toné. Tzis can be ackieved (as with the conventioral sirmctural sizels) 40 a

iesser extent By =2lloying arné to a muck grezter extent by means of the strzc-
wural fzctor ané type of lattice. It is zpperent, in particmlzr, that steels
ané zlloys with 2 Y lattice for this reason 21so have higher vaiues of long-

terz strengin, znd not zerely those of creep resistance at a high temperature

then do steels with an o lattice.
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ntaraton:c in-
teraciion of < 1 =hen oizer elezents are present
n the zlioy is responsible Zor the Jaci that it is nostly the
zuliicozgonens sclid soluticns that even a2t high teoperatures, are 20re intense-
1¥ strengihened than if . is —ost skarply revealed in 3Ixhe case
of smorz-terz lozd application (see Tedle 87 /i23/). But the isteraction of

ihe elezents has cizdle effec: on betk the long-term strength axé the

< - a2 = - - . a7 15 S
crees resistance. ZTrus it has deen dezonstrated [58":/ that pearlitic steel

s e o oae . . o -
consaining i.35% Mo sizultenecusly bas at 650 a higher long~tera

strergih than ste2l conzaining 5.23 Xo or 3.3% V separetely. The interaction
tungsten znd colybienmucz in pearlitic steel cugnents the crezep resistance,

wnile scarcely increacing the lorg-term strazgth as egainst the total strenmgth.

1555 t.x’ 7 !
——— o
————

: g—:
- Pig. 310. Effect of chromiuz= on the
1333 T ':xeag resistznce of Xi-Cr z2lloys at

€00 =
239 1 - 15 nours; 2 - 10 hourss
”‘S\‘ 3 - 5 hours; & - 1 hour;
\. £ (a} Pezperature, 2¢;

\ i () Trznsverse deflection,

E zm; {c) Cr, % (by weignt)
s
l'\\\\
1ANY
|
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To increazse the creep resistance a2nd long-ters strength when tke latter
is exhzusted in conseguernce of intercrystaliine fajlure, it is extrezely iz~
poriant to increase ize streagih of the interatozic boré criefly in ize bous-
gzry layer of the grzin. Owing to this, the distritution of tke zlloying
elezexnts, 2s well as of the icpurities between the grair and its boundavy lay-
er acguires even grezter icportance as it applies to kheatproof alioys %than it
tas for steels for other parposes. Tne Tole of this factor is heightered wita

eievatior of tke opersgting temperature a=d decrease in tre creep rste, i.e.,
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igure 3

« Effect of titaniur on
the fire resistance of nickel
elloys with 203 Cr et various
tex-peratures:

1 - solubility line of titaniun
after 245-hour annezl; Z - maxi-
puzs solubility line after pro-

tracted holding; 5 - boundaries
T region of greatest heat re-

sistance; & - alloys of z=axizun
neat resistance;

{(a) Tecperature, °C.

Zable &7

Strengtk of Xickel-Zased Solid Solutions at Various Tezmperatures

b
ssemegeseese
P Ti) ceeee

eseseccscsccs

* Dote ottained iy extrazolation.

e 2% s0n ommn

-

witz decrease in tie effective stress anéd increase in %the Guration of the ser-

vice of thz =1loy Ider lsad. ¥e have zlready noted on seversl occasiors that

ke vast mzjority -L the slloying elezents, as cany facts now force us io 2d-

%; is contaired ;n rnuch greater guertity in the boundary lsyer of the grain

tkan in ‘ue centex und volume of the grain, the difference iucreasing with e~

crezse in the fola sercentage of the elezent in the alloy. BRence when sev-

eral or zsny elexe. ., particalarly trose which intensify eaca other's eifect

=CL-659/v (2)




nirocduced sicultzneously into an 2lloy
obzain zbove all 3 grain boundary lay-
and is highly heat resistant.
=zodern most highly hest resistant alloys

in operztion have 2 basic mass coansisting of a

~
Q

(s

Rigure 3i2. Change in creep resisc-
ance of iron elloy with 25% Cr
uson being alloyed with nickel.

(2) creep iimit, kgf=xn2;
(b) se==a phase, %; (<) alpha
paase, %.

N,

wﬂﬂtc?m aeasyrecmyaeient

In hetexogeneous zlloys the structural factor =2y prove to be the dooi

izt Nt

ant one. However, the sivenrgtin of the interatomic bondé plays a very inportant

part even here, both indirectly and directly. If the secondé these has lass

sirong interatozic bonds than the basic solid solution, as its guantity in
loy is increased, the strength of the alloy will decrease. PRigura 312
serve 2s an exaaple; it is to be seen froz= it thet with increase in

the nickel content in zn iron 2lioy witz 25% Cr, whick increase is acccapaniad

by rise in 3ke guaniity of the gam—a pkase 2nd a correspording decrease ir the

antily of tke a2lpha phase, the increase in tke creep limit at 500 and 700°

S practically rectilineer. Zence when ferritizing eiemen®s such as titaniuc,
=olybleruz, fungsten, etc., are dissolved in an gustenitic basge, their positive

2C1-658/7 (2)




eflect on il ance whern conteined in 2 ce sercentage may
cease znd subseguen:tly be replaced Gy 2 negative effect :n consecuerce ol the
apsegrance 6 the aiphz phase.
*Cc their
niczel, manganese, ané ciker elezenis fzvoring the
=ne effect cf the zddéitionzl elezent on
nereased in trne slloy.
e resistance of an 21loy is zlso affected negatively by The pres~
ave 2 iox interatozic boné strengtk and low
tesperaiure ezr resistance velues. Such pazses have & particular-
st if they are situzted predozinanily elong the grain voundaries
ction points of demérites fef. 8357/. Prevention, or 2t least re-
cuction, of the probaviiity o¢f suck harzful "pounéary™ phases zay be eczieved
2 bdurden =a2terials, Jor iror ané nickel based aziloys --
their content pricazrily of lead, antizony, tin, and sul-
tle effect is geired by =elting or pouring in vacko, 2nd
oth. Pigure 3i5 ﬁ:f. 55§7 iilustrates an exacple of the sub-
increase in tke 100-zour long-terz uitinete strength ol a high-ailoy
pickel due to z=eliing in vacuo.
however, tke second shase has stronger irteraiczic Sonds and a bigher
tanperature tpan tke tasic soiid solution,it ray, conversely, im;:ease
the Zezt resisiznce of the elicy. 2ccerding to 2. E. 3Bochvar [U#»] hetarogen-
zation of tre sixucturs cdue to such phases zay serve &s zn effective cethod
cf increasing the Zeat resistance of elloys exployed as cast. 1t cannot be
used in ceforcsble alloys, siace the pacses split up and pass through processes

of cosgriztion egzd ssheroidization. It is highly inportsnt nerse, however, tzat

1

E. V. Pridertsev aund . V. Sstulia. Ste1?! [Stesl/, ¥o. T, 1957, p. 6363
=f. aisc J9i€/.
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tut even decrease
isn begins to play the dozinant role.
e negative =5fwct, ceused by the “solution” mecaanisa of
ne Trocess, ove affect of heterogemization was observed, for
in a copger-based alloy /377/.
phases which increzse the heat
layers by the izpur
cartzin elerents iniroduc 3 uantities. Trus, for exarple,
of §.05% doubled its neat
pethod), while with an
£ one percent the heat resisiznce of the aluminuxz
res tripled or guacdrupied, zpperently cdue o precipitation of thne Fe515 on tae
é-zin boundaries aznd beilween ihe branches of the derdrites [53‘_]7. In certzain
sart is, apparenily, played by the adéition of insignificant
soron, but still cmany tizes greater thazn the gquantity of it in-

tructurzl steels to increase tneir hardezability. As is to be

o=t

a=d 25% ¥i, the Zoizl deforcztion decreases greatly upor introduction into it

of up to 0.1-0.13% 3 and ircreases egain only wits increase in the latser.

Precisely this circunsience permits the assumption that ihe positive ef-

I Doroh on the neat resistance of steel cozes as the result of the forma-
ty it in tkhe grain bourdary layer of a new phase, gnd not as z resuit of
tering the sclid solution. According to our iheory (see [Russia_a7 3p.23
& 187}, ire boros, teing in 2 solié solution, just 2s carbon, roduces the
iznlerzlonic dond sirengih ané consecuently should not increas: the heaz re-
Prosvirin and others [6327 found, by tie vecoun ther:z
icrosiructure investigation, tkat in the austenitic steel referred

ez 1T contains wp o U.12% B, a phase is detectea along ike grain
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tney essuze 10 de 2 selid soluiion of doron in austerite.
2nd, are inciined %o consider this phase as chronius poride.
stzznce of the lztier favors such s» assumptiorn. In fact, &3
froz Figure 35% below, the heat resistance of ckroniun boride
eat resistance of a chromivu based 2l-
4+ is the carcziuz boride which,
beirnz located
resigtance of 1 vith bororn. .
Fhe most izportaat pihases capable of increzsing the heat resistgnce and
tnerzai stzbiliiy of 2lloys based on irom, nickel, a2nd codbait are metallic

compounds and ¢ rbides. In this connecticn it is necessary tc discuss in

sozerLai greater detzil the par: played by carbon. Being in the solid solu-

tion {in ibe zustenite) amd decreasing the strength of the interatcmic bond,

W
A
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.
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Rigure 313. Zifect of zelting cethod Figarze 214. Effect of boron on de-
on the nhezt resistzuce of nickel- forzation of specixzens of -
based 2lioys (il ix Table 9€); m%xzs sicel in 1600 hours at 2
1 - celting in vacto; 2 - zelting 708° amd siTess of <= & kgfa=":

in ozen imrnace; (2) deformation ir 1600 hours,

(2) 10G-2cur iong-term ulti- %.

czte strength, xg/mn2; (b)

tecperaturs, C.
ca~bon lorers the Leat resistance irn the event diffusiocn plasticity mechanisas
predozinate, dut may raise it if slip mechanisas predozineve. Thus, with a
snort service life, high stress, zrd moderate igor iy :tures, even dissolveld

earbon (in zustenite) will incTease the heat resistance. At high and very
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texperatures, on the oiner %

lowered by cassolved carbon, as

tound in the cerbides depend not only
tempersture, but also on the coz-
their resistance, on tke shape, éda-
PLus, for exa=pie, increase
czrbon conteat froa 0.13% o G.L58 increased the creep resistaunce of
£p1LHILT2N sustenitic steel st 500° and 600°, tut only ~10% /852/. Only

entire array of factors, insofzr a2s this is feas-

czrdhon on .:.c heat resistance and therzal stability of steel.

ane . - s 1
gu.: ,15 [622] ilinstrates the cosbined effect of carbon and nitrogex

{niirogen exeris an effect in the ssme direction as cerbon, but a faintexr one)
cn the tize to fazilure z2nd creep rate of a steel of the £hl8X9 type at var-
ious tecperaturas and Stresses. 2Pricr to testing, the steels were guenched
froz 1220° in wzter. %2he decrease in the tice to failure and the increase in
The creep rate up o0 a certain cerbon content at test texperaiures of 650 and
?000, vaen éiffusion plasticity cechanisns predominate, z=ay te ascribed tc the
act thet 2 ceriazin zoount of carbon in the base in guestion is preserved in
the s0lié solution (cf. Pig. 566), decreasirg the interatozic bond strength.
¥ith 2 higrer content, the carbern is precipitated froza the soliéd zolution in
ihe fora of dispersed carbides, increasing the heat resistence. Ee-ce the
xtent of lowe: ing of the heat resistance by the dissolved cavrdon is intensi-

ieg with rise in texpersture znd with decrease in the stress, xhen ‘here ic

l-:.-"he nitrogen coniext incressed froz 0.G05% in stzel with G.001% C %0 G.U5%
in steels with 0.i2 to 0.1&5 C.
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of carbon and nitroger on the
reep rate (b} of austenitic
&t varicus temperatures and

5 - 1% kpfas® 2t 650°

P2 . e

5-35 ks/::‘-az at 540

6 - 25 xgfo=" a 540°

(s) tins to failure, hours; (t) cacbor + nitro-
gea, %; {¢) oinirus creep rate, %/hour.

& greeler developzeni of diffusisn processes. A% o lower stress the effective-

= of activn of the carbides zlso wezkens, andé -ore cardoxz is reguired %o

increaze the heat resistauce. The great zegetive effect of the dissolved car-

Dol =)

» indicetes that tke grzin bcundery lsyers, xhich dlay a decis-
ive part iIn this case, are rhighly enriched with carbor. At 5"&30 slip plasti-
predozinete, in conseguence of whick the carton constantiy in-
esistarce; Lowxever, at 2 lower stress the dissolved cartoa
neregase the (ice to fsiiure even et this texpersture, and aven re-
duces it scoexhat. It shouid be noted that the authors of 522_7 » fro= which

2gure 515 is texen, etteapt o exzlein the mimiznes in Figure 3158 ani the

Saxizucg in Fgure 315b b the strenglhening effect of a special forx of




decreases Iroz ~- 35%

ir ¢

5

in dourndaries.

zenifested

cozplex, =ore steble cardides are yres-
e steel, of the ®solurion" plasticity cecharisz
ert zt the operating tesgersiures, end their

the hezt resistense is found 0 be more effective. Zhas,
for caroon Steel

be seem froz Figure 316 /7127 that
Ed

s Zith incresse in tke carbor content froz
s 22€ hance in the accunt of carbides as well, the time to fail-
ecreases, while chrozius cerbides in steel of the zhl6N9
increase the tize to fzilure. It is true that in the steel of
tFre ihe carbides zere disgersad and, apparently, situated along

Bai there wma2s n5 such difference ir the cerbon steels
Jor cen ore zscribe the lower fire resistance of the steel

<o lowered teer resistance zs against che

since it Yailed at a =uch greater elongation than the latier.

Pigure 316. Deforzation of specizens
cf carbon steel witk i.25% {1}
snd l.ésji' C (2) teateé in vacuo
at 650 uzcer a stress of O=
8.9 ¥g/ca>.

(a.g elonsaticn, 1, %;
b} fsilure; {c)} tice, Lours.

[ 7]

¢ G, re

-l)’b

Sdnvnen,

pecriitic and =aritexnsitic steels shich contain no

ng bighly stable carbide phases, the resistazce of the carbides

&9



0 weaken

Hence the incrazsed carton consent of such

The tnercal s
e carbon content only ia the ewveani cf a shors service life, end
ven: of prolonged aczion of 2 lozd. Infavorable situaticn of
2 =z es xzy serve asv an additio cause of
5 srbon, this leading to preze-
brittle inmtercrystalline fzilure. The iaztter was cuserved ixn experi-

of steels with &.5% Cr, 0.40% acd 0.68% € first

Strenzinenin

follozs Iroz the foregoing that the tasic zethod of obieirirg heat-
ther=zlly stzble steels and allcys {Sased on other zetais) consists

in strengthening the solid solution through alloying, (depending on what ithe

service con ons o the zlloy are i9 ve, either zrisarily of the boundary

he grains thezselves) 2md in eresting
ng definite conditions. Subseguent sirengt
cax: e zchieved dasicelly throug: the conventioznal itreatzent
azréening {for steels of itha peariite and cartersite class), precipitation
heréenirng, Or work baréenirg. However, the feculiarity -- and under certain
scrvice conéiticns of an alioy the very advisediliily —- of ezplcying & given
hzréeniag trastzent are the fact that at high tecrersiures, 2s has al-
rezdy teen poirted cut, izes tendeacy of the 21loy tosward tkherzodynans:c balance
it i to rarden 21loys witk a skort sexwvice 1il
Zigh lozd eni a2t -oderate texperatures by creating & nore

straciure in thex. Iz alloys intended for lengthy servise under

or 2% higk texpera.ures, oxn tre ciler kard, it is necgcssary in

£0:1-639/7 {2)




@en norazlized

=0 .
Tegarés the shori-tize sirengik values. ai 425 they are

2lso practically eguivalent xiza respect to creep resistance. However, at a

texzpered steels ere fzr inferior to norzal-

are ex=zloyed 2s the strengthening phases
in strengthening recipitation nardering, shick is ezployed for the
=2jerity of the modern teaivroof chroze-nickel austenitic steels and nickei-
based 211lcys. It is nighly izporiant Lere, particularly for alloys intended

oT parss Titk 2 lengihy service iife, that tne strengthening phase possess

nigh resistance io cozgulation, wkich deterzines the softering ¢ an 2licy at
ike operzting tecperaziure. As vas Pointed out during the discussion of the gen-

effect of 21ioying elecents, a2nd of zethods of assuring the red-hardness
< high-speed steel, the resisiznce of the carbide or zetsllic compound %0 co-
aguiztior is the grezter, the higner is ike interatozic bord strength in tke

tiice of tre basic solid soiution eré of ke strengthening phese itself.

Zorzver, ceriain cerbides peve interatoxic tonds of such kigh strength that
tkhey are not changed to soiution upon querching, even from very high tespera-
Tures. Zrheir digh resisiarnce o coagulation cen, of ssurse, not be used. It is
found edévantsgeous in trnis case (see [Rnsszan] P» 198) to inirocéuce in;o tre
cooposition of tke z2lloy, and accordingly that cf tkhe carbije, an a2ddéiticanal
eiezent snich lozmers 2tcxic bond strength, this making it rossivlie o
change tke cardide in solution 23 still =ceptedle cuenching tezperziures, gi-
Thcugh the resistance of tha carbide o coasulation is therebyr icwered.

Tre interzetzallic phases carable of causing the effect of Frecipitation

iron-pickel 21loys, aickei, axd nickei-based alioys are forzed,

HCL-658/% (2)




these slioys of 2
titaniun, niobiux, zirconiuz, verylliuc,
for exzmple, z2re used for sirenglhening

type by precipitatien kaerdenizg. The X1
shases, etc., aye 2iso usad in peciproof 2lloys.
hase znd hence the one the most wicely used at the
% forzed upon sizultaneous iniroduction of titanium and
loys 2lso ziloyed with chro=iuc (principally with tke ainm of
creasing tke fire resistance). Tais strengtbening of ’phe.se, =nich is pre-
tion of the soiié solution of 2 nickel-chroaiun-titar-
21" oy az=z¢é which comiains, in zdditjon to nickel, 14% Ti, 2% ii,
end 23 Cr, 2s has been estavlished expericentally by G. V. Kurdyuaov end
otzers /3337, has very strong interstonic bozds. These investigators found a
great interatomic tond strength in the latiice of the soiid solution 6= nickel
20.13% Cr, 2.486% i, 0.6% Al, ané 1.9% Pe, this strength being cue to the
titexiun, eiusizunn, anéd chrosiun, tke cocbined effect of
cz resulis in a greater increase ir the interatozic bond strength than in
tke correspondirg pinmary soiid soluiions. Tre d' phase conseguently possess
resistance to coagulstion, tkis imparting to the alloy & high stability

sofienirg. 3Bat certair elecenis =ay lcwer ike resistance of this phase,

a2né azccordingly tre reat resistance of the s2lloy, by virtue of the fact that

tkhey either extrzet fro= it e portion of the titaniusz (carbon forming FiC) or
tkecselves beco=e pzrt of it (zansanese)l.

& certein cuantity of the carbides is slways presernt in austenitic steels,
s xell z2s in rickel and coteli-tasec heatproof steels, even in the event of a

rortext of the forzer. Herce in such allors one mast apserently

h gt least pariizl hardening cwing to the carbide prase,

and G. V. Estulin. Stalt, ¥o. T, 1957, p. 636.
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either sizuitaneously with the process of precipitation rardening

nter—etzliic pheses or independently. However, if the carbices
2 besic strenginening phase, an increased anount of carton

L) is irtroduced irto the alloy. The co=position of the cexbid

ihe atomic ratio of tkhe carbide-for=ing ele-

resiproof slloys comtain z large anount of

'

in thex is cr23c5’ in wnich the atozs of otker

dissolved by substitution. ther alloying elecents irtro-
=xith the ain of hardenirg the solid solution or of
ng intermetzilic phase are st the sase tize ususlly cer-
:zents as weli, for exsnple, tungsten, niobium, solybdemuz,
In this case carbides whose base is comprised by tkese ele-
discovered in the siloy. Firaiiy, an important part is also
tze niitrogen contained in ihese alloys, which replaces a poriion of
the cerbon atozs in the lattice of the carvides, which are thus carbonitride
phases [t-:f. 785, 6%1, etcy.
411 tkhese Thases possess a very strorg interatozic bond, while the elie-

g thena reinforce considerably the interatomic bond ir the solid
solution. Zence they are converted to solution at very high tezmperatures and
£232 Iro= solution giso at high teaperatures, over 500 to 6000, end in the
600 to 650° range in a mezter of 2lloys, and slowly coagulate. IS i3 a.;i.vis-
2dle to sudbject serts —ade of suck 2lloys ard intended for lasting service to
axnezl alfler guenching, at a2 tecperature 100 to 120 or 150° righer than the
ozereting tenperaiure. On the other kand, it is better fo sudject ports with
3 saors service lifg, particalarly thos2 in service st hig: temcperatures, only
t0 guexnchking, {rom z lecperature at =xhich the carbide phzses esre lizbie to
éissoive. In tais case the carbides will be precipitated froz the solid scliu-

tion cdirectly at ithe cperzting teaperatare under a stress the action of which

2ast intensify this process, and coaguiation of the carbides goes not kave
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ic occur. Tae creep resistznce of the alloy will thus be higher.
torne in =~iné, Lowever, that sore inteasive precipitazion of
event of service of the elloy under stress zlso leads io noTe
ecbrittlezent of the grain boundsries, along which the carbides are
sizuzted. Thas it is to be seen I{roz Tabie 86 ﬁ-’ig for a 3tcel
C, 13.8% Cr, 1%, 2 0.76% Yo, ané 2.43% ¥, that after 1GO-mour
Ser load tke plasticity cparzcteristics and the resistarce
2t rooa temzeraiure heve lowered, while the resistance to plastic
nas increased to a cuch grester extent than after tae se=e heating

lozd.
o= TPable 68
ical Properties of 169 Sieel at 20° Under Various Conditions
°‘b Sk Nature of
S ,% f’% Pailure

%90.2

kg/c=? | xgf==? vafus?

Quencaing Ifroz .
11807 (initiad 37.2 79.2 170.1 6.2 Plastic, along
cordition) grain

Eeatingl, after °
cuenching, st 2C0
for 130 2ours and

S = & kgfc=2 { 3:11_;:1;,) along
grain bour-
daries.

Eeatingl, 2fter °
guexnching, at ECO
for 100 hcurs, but ’
#ith no siress { 50.0 137.0
52.6 131.0

)
“Px0 specinens ireated.

Cextain Leztproof austenitic stesls, most frequently those iniended for
the nmamufacture of turbdine disks, are additionally strengthesed by work hard-
ening, which is usually imparted tc the forged piece by the parily kot zeikod,
i. e., 2t an eleveted teaperature, tut one located beneath the Tecrystailiza-

tion temzerature. Tae basic condition of reteatior of the strengthening effect

Sk




the process of service lies in tke circucstance 7
trLe operating texperaiure mu. H hen the recrystalliczation tentersiure
for the given steel. fThe duration of action of texzpersture slsc bas az ef-
Sect on soltening 2 work-hardened cetal. Thus, Jor exacple, in work-herdered

hours rardness was still fuliy retaired, and
zas rexacved after 1000 nours; =zt 520° +ke hexdness was fully rexzoved after
little 2s 162 hours /B%2/. Conseguently, the longer tke service life of
the greater rcust be the difference betseen the recrystallization
texperaiure znd the operatisg tamperature.

ec>ystallization teagerature is zmuch higker for ga=c=a iron than it

so that for austenitic steel,

even itk zoderate degrees of reduction, it is 800 to 620° Ef. 78}7. ané for
cexrtain high-alloy steels it is around 9‘.’.’00 L;f. #}7. The recrystailization
rate in austenitic steels is aiso low. Thus, favorable conditions are pres-

eusienitic steels frox the standpoint of therzal sofiening for the
use of work hardering as a zethod of increasing the fire resistance, particu-
iarly with relatively sligh: degrees of reduction, of the ordcr of 120%¥., It
is reported /752/ that for e steel with 16% Cr, 13% ¥i, 2% Xo, 1% Xb, and

0.155 K fron vhich a steaz-turbine disk was canufactured, the hardening eifect

of seni-hardening with s subsequent 10% recducticn was stiil fully retained

after tessing 2t 600° under stress for 30,000 hours. Extrapolation to
100,000 nhcurs yields for thic steel in the hardened state without cold working
2 lorg-terz ulticate strength velue of 9 kg/'nz, sad 15 kg/n:.z for work-haré-
exed steel. Thread cutiing has a sudbstantial effect for ausienitic bolts at
czeratirg tezperatures up to 650° [?52_'7.

Ecowever, the possibilities of using the xerdanirg effec: of cold working
are linited not only by the thermal scftering of the raterial, but also ¥ the

fact tzet cold work, in intemsifying the Giffusicn mobility of the atoms at
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high temperaiures, apparantly sccelerates ihe process of feilure with tize !
and the processes resuliing in ecbritilezent of the grain bounderies in steels l
in whica these preocesses zzy occur. Zhus, in investigations by S. T. RKishkin
and otkers [ef. 622, 7607, with a nickel-based sllcy with 20% Cr, 2.53 Ti,
and 0.75% 21, under the effect of prelizinary work hardening by 103 extension
trength at 700° dropped from %2 to N
recrystallizeticn temperature of tais al-
e bypotkesis concerning such an effect of cold-working

is correct, i there zust 21so exist a certain optirmum degree of work hard-

ening for a given -aterial, given operating temperature, and period of ser-
vice, up to which the long-ters strength will rise as agains:t tke state not
affected by cold working, ené then will begin to drop. Data are to be found
iz the literature, for example for work-hardened copper [81@7 s which actually
perzit the inference of such a tendercy. The positive effect of coid working
22y also be replaced by a negative one in the evert of application of too
higz 3 wo~king stress. -

Yention should bte made ir conclusion of the effect of the grein size on
heat resistance. It follows from what has been stated abcut the role of the
bourdary layer of the grains in processes determining the heat resistance
characteristics, that under conditions in which diffasion plasticity cechanisss
predcainate a coerse grain rust have = $5itive effect on the heat resi_s-‘.ance
of zetals ard alloys. This is confirzed by numersus observations and exzeri-
Seats. Thus, for exeapie, it was noted very long ago [5227 that & fine-grained
tungsten wire in electric ircardescent lanps flows at the operating teapera-
ture and fails under the influence of itz omn weigkt much more rapidly than
does a coarse-grzined one. & substantial increase in the creep licit of aus-
tenitic steel with coarsening of its grain has also been observed [5367.

Ir solvirg the problems of the optimux grair size, it is necessary alsc

to reckon xith the effect of this factor in other directions, as well as with
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its irdirect effect ihrough other processes, whick may ve both positive o

=, for exeaple, coarsening s5f the grein ieads sisuitareously to
- . s b 3ma
2 sharp &rop in ol i ip the hot comdition, although the plasticiiy in

crezses at rooz texperature. .

TZE ROLE OP ALLOYING 4D UPZER PACTURS IN INCREASIKG TEE CO2-
20SI0X BESISTANCE (SCALS-RSSISTANCES) OF STEEL -

ceneral prauciples

21ioy %o tke action of various gaseous xzedia (ga_s corrosion) at bigh
teczeraiures. A particular cese, vut ikhe one the most fruguently encountered
in praciice ené herce the most ioportant one, is the process of oxidation at
higy :-enperatures. ghe resistence of steel to gas corrosion is afiectsd by a
rasber of fectors. the nost importent of which are the coaposition of the med-
juz, the tenpersiu-e and periodicity of iis change, the duration of the hold-
ing pericd, the gas {low rate, the cordition of the surface of the zetal or
2licy, end tha cocposition of the latiis.

cpe relztive position of metals with respect to thelir resistsnce =ay

change in éifferent medie snd at different teaperatures. Certain metals and
aliorys corrode rapidiy and fail in specific media in consequence of the Icr=a-

tion of certain cozpounds, which in turn cay either exert a direct harzful ef-

fect or loxer the resistance of the z2lloy by changing its cosposition. Trus,

fc> exanple, in zlliocys sllcyed with chromiux, when heated in a carburizing
zedin=, carbides ere forzed, snid nitrides upcn heating in a mediun of ritro-
sen. A portion of the chromiuz i0 hereupon bound and tke basic m2ss of the
r—.l?.oy is inpoverished with respect to ckresium. Sulphar dioride st certain
tecperstures hes the grestest effect on nickel, 2 lesser effect on cobalt,
iror, end turgsien, a2nid a very siight effect on cbroaiuz and coppe~. The low
resistence of nickel is explzined by the fact that the Xi_ S, cozpound foros

. 372
with pickel 2 eutectic which hss a meiting point of 635°.
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ifide nas 2 greater effect than sulphur dioxide. 4&s has Seen
rusber of studies, z2llors of ircn with chro=iuz and nickel iz sul-~
de becoze unsizoie =zt texmperatures above 1;000, ard in hydrogen sul-
£zperaiures ziove 3000. Tnis is explained by the fact that in
prese:ace of o=rgen leads to the foriation of an oxide filx
surfzce of the metal from interaciion with sulphur. This
krpo-nesis is confir=ed by procuciion studies ﬁ75J7 in wkick it wes found that
chrcze-nickel austenitic steels in an oxidizing =mediuz protects
r froz the action of the sulgkur dicxide contaired in the gases.
Zence ihe use of 2iloys ziloyed witb nickel at high tecperatures in zedia
ontaining sulphur counpounds is not to de reccm=ended. However, with the zed-
p vo C.1% S, chroze-nickel ailoys have a resistance which is
cizn’ly high _[:176_7 « Tne intrxoduciion of silicon irto chroze-nickel
ncreases ikhe resistence of the latter in a sulphurons zediuz J776/. Con-

to expectations, nickel-basei alloys of the Kichroxze type are found to be

zediun f775 et al./. ) ]

tudies cade ir recent yesrs of tke corrosicn of steeis and giloys in ithe
synthetic coc=tustion products of fuel of various types and grades with refex-
wace Lo gas turbines have showm [‘,_'76_7 thet vranadium contained in fuel nas a
great adverse effect. Being coaverted in the form of vanadius pertoxide into
ash wiich is carried alorg by the {iox of gases, it cortributes to the éor-
rosion feilure of heatproof alloys, particmiarly tnose slipyed witn colybienuw,

oi whickh gas turbire parts, inciuding the venes, are nide. Irncrease in the

azount of sodium suifate in the a2sh containing ?205 at texperatures atove 8§0°

reduces its barzicl effect. She mechanise of the effect produced vy vanadiun
pentoxidée has not yet been estzblished. Ir particular, an hypctresis is sd-

vanced to the effect Thal vanzdluz coapounds, which have a low nmelting point,
coatribute when in the iiguid paase to treskdown of the protective film form=-

ing on the steel or 2110y. Tais may be the reason for the haraful effect of
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vazredium, wnich is containet in the &ilo; 5 corrousion
it 2ny rzte, one of the —etvhods of dizinishing the corrosive ac~
" & zediun comisining a vanadiuz cocpound is introduction into the fual
*nLich elevate the melting point of the ask, pariticuisrly calciunm
cocpoux=cs,
here are no salphur or other hermful cozmpounds preseant in the fuel
the cxidatior rate increases sith increase in itheir con-
ree oxrygen. The oxidation of sieel occurs in dry cxygen &t a rate
rel tizes more rapid iken oxidatior ir éry sir, and usuaily more rapidly
of carbon dioxice than in air snd oxygen. Oxidation proceeds at
2n even faster e in weter vapcer. .
fncrease in the gas flow razte intensifies the oxidation only up to a def-
inite value of the latter. The flow rate subsequently ceases to hsve an ef-
fect, probebly b=cause incresse in trhe azount ol gas coning in contact with
the heated zetal is offset by decrease ir the period of this contsct.

Trke oxidation rate of metals and alloys znd the effect of tenperature on

it ere cdeterxmined ty the fact tha% this is a diffusion process. Moreover,
¥ of occurrernce of twu-way diffusion have been dexonsirated:
that of atocs, or, as sore assume, of ions ¢f the petal througr the layer of

scale toward the outer surface of the article, and counter-diffusicn of oxy-

gen ai10as or ions towzrd the metal-uxide interface. Diffusion of ithe atons

of the nmetal vhrough tke scaie predonirates in the case of oxidatioz of iron

and its elicys. Oxygen diffusion [‘3527 piays the dozinant role in the oxida-
- vion of nickel end chroziuam.

Rurmerocus studies, varticularly thoze of V. I. Arkharov aand his assoc-
iztes /452, ’550] show that the éiffusion permeability aczd, cczordingly, the
vrotective prereriies of the scale erc determined by the crystallsgrarhic type
of its lastice, and Jfor identical types of lsttice, by ike crystallographic

of the latter: iis apecing, mucber of vacarncies, etc.
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attice of the oxide phase zust

2lloys: increase in the bord forces
ezads 3 faszion nrocesses. All these factors kay change
~oth under the effect of dation conditions and &s & result of elloying.
Tre cooposition and ice are deternined basically

composition of tke

-

vy “he zetai-oxygen pdhase &iagran ané
zediuz, since the chexicel conditions of oxide forzation =sy vary for differ-
€nt =edia. Thus, the scale whick foras on iron when the latier is heated in
vapor, consists of

ers: an inver cae of wustite Fe0, a center onc ¢f zagnetite ?es-ﬁ,*,

ster ove of nezatite Fe,0g f550/. Upon heating iz water vapor or
czrbon dioxide, on the other hand, the scale on the iron cornsists of oniy two
lzyers, wustite and negnetite. Hezatite is not for—ed in this case, since
irhe disseciation pressure cf this oxide is greater then the partial cressure
of ihe oxygen forzed as a result of dissociation of the wmater vapors or car-
bon 4isxide [753, e 5_?7. The scale on nickel, according to the data of most
studies, cousists of the oxide KiO slore. There is no doubt aboui this, at
eny rate, &t itenperatures above 1100°.

The oxidatiox rate ir the initiel stage, when the thickness of the scale
is still very slight, is determined by the rate a2t which the chemical resction
itself proceeds. After a certain period, when the process has becone s_‘.-ea.dy,
its rate is deterzined by diffusicn of tke zetal or oxygen through the layer
of sczle. In this stage, whick is the most icporiant one for practical par-
roses, the process of growith of the entire scale and its irdividual layers

onforzs (occa.sionally with slignt deviations) to a parabolic curve, i. e.,
s greatly retarded in the course of time. As an exazple, Figure 317 (V. I.

rikkonirov et 2l. ﬁ3§7) shows the rectilinear depercence of thick=sss scuared

- . - . < < (] -
on tize for each layer of a sczle on irom keated iz air et 600°. It 2lso fol-

lows thai the proportion of tle thicknesses of the indiviénal layers of the
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consists net only in a general ipcreese in
th increase in the rate of diffusion of
the zetel or oxygen, but 2lso in modification of the compositior and struc-
ture ¢ the scale znd the proportien of the thickresses of its individuel lay-

in Pigure 316 (V. I. Fiknocirov et al.

, since tze latzer is ihercodynazically unsisble at these
zecperatures. The anouant of wustite grows sharply above 5‘15° due to decrease
the zmount of mzgnetite 2r3 hematite, and adbsve 700 to 750° tpe thickness
;he.::ustite layer coczprises 94 to G5% of the thicknese of the eriire scale.
is zgrees satisfectoriliy witk the iron-oxygen phase disgram. In conforzity
itk the latter, a second phise, secondary nagnetite, is detected in wustite
hserved afier cooling of th- specizen. It was also estzblished radiographic-
& zucder of »rojects by V. I. Arkharov et al. ES_Z] thet in the outer
isyer of the scele there ari:es a texture (112) oK -Fe 05 i (210) :-‘esc#.'l
to ke outer surface in tbe ‘intercediate® temperature range of 600 to 6000.
Lbove S00 to 10000, toies texfire is repleced by the "high-temperature"” tex-

ture (111) o(-Fe, 0. J)} (100) ’330“1 to tke outer surface. The texture reor-
4

2
ierntation texperature rises w.th increasec holding time. According to their

date, the hecatite in the surg:e zone of the scale coatains, in ihe initial

stege of oxidation, sn excess _irr.nber of o#'gen ators implented ir the inter-

stices { " ), as egainst stiichiozetric !—’e203. "mring the subseguent stages
ef oxicéation its lattice cherges into one vith vacant points, the vacancies
reseining 2t the sites of the irwm ions (hematite ” oy,

Tnis aiso deter=zines the kinatics of cxidation of iron £t varicus tex-

vres sn¢ lengths of the test perisd, £8 shown in Pigure 319 ,{55,2]. Witk
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Pigure 517. Grouth of inéividgal lgy-
ers of sczle on iron =2t 600 in a=-
bient air.
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e wustite phese, which is a substitutional solid solution
ciercy of iron atozs (see page 63), froz being faint {below 5CC to
- ~nn®
tse oxidation becozes codersse ip ithe "intermediazte” staze (600 te 00 ),

ané then intenss {above 300 to 10000), the latiter condéitior baing due 30 the
lattice of the hematite o . The temperature at which trend of
curve changes (Fig. 319) is the higher, the shorter is the hoiding
£o frae points sere detected in the lettice of the HiJ oxide. EHence,
zsizp of nickel atoms through {he oxide layer 3s icpeded. And sirce
déiffusicn of oxygen atoms through this layer proceeds slowly, oxidation of

riczel is pore éifficuit than that of iron.

Figure 3i8. Chexnge in compcsitica
of scele ¢n ircn versns hecting
tezperature in acbieat sir.

{2) sc2ie cczpociiion, ¥;
(v) iemperature, °C.

&
Locmep cxanumsr, %

fo—.
s e T
S8 K2 Try e £ Lyr
. T

Periodic pbrupt iemserature changes accelerate the oxidation rrocess.

and fscilitatirg local fuilure of ths leyer. This circumsiance is of ike
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st izpertance for aigh resistence glloys rroz which :
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Zigare 319. 1Increase ir weight of araco iron specizers
versus teaserature for varicus hulding periodss

8 - 20 pin; b - 2 keurs; ¢ ~ 12 hours;

{a) =eight increase, =, caz; (b) teczperature, °c.

Eflect cf eiloying elecents snd iaspurities

Tze roie oJ alloying 2ieaexts consists prizarily in their acdifying the
coopositice and structure of the scale anu ihe interatoxic bord forces in it,
end conseguertly also the kinetics of the process of steel or alloy oxidatiom.

hus, for exaxple, according to studies by V. V. Ipatiyev et al. ['-133 s Do 597 ’
irdnciion peridd is observed wrer chroasuz steel is oxidized in air, . e.,
or & certain period the oxidation rate is verzy low zrd prcoceeds pasatoliczily
¥ith tize only after this pericd. is cay e seen froc= Pigure 520, based om
treir data for a steel witk 0.15% C cnd 12.65% Cr, tke length of the incuta-
tion pericié fecrseses with elevstion of the heating teapersture. The saze is

kserved uzon incresse in the oxyger coxntent in the saseous mixiure. ¥Fitk &
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o period upon oxidation in a2iTr
21, nicroscopic, eand
the ox-de 3205,
its content ir sieel (35.5% Or ver-
steel), is forzed on tke surface of the steel in ike course
zeriod. Diffusicn proceeds zt g very low rete through this
iz, in consecuerce o whick oxidatior rracticaliy cozes ts a hell by ihe

owinel, Pecr 0&_, whick Zizs a higher peraeabilitly

2

bsecuently formed. The incresse in the szount of

phese cccesioned by the cdecline of tke 2205 whase, 3s well zs the

crezse in irte azount of :-‘e,‘,(:3 in the outer layer through Gif~
ron, leacs 10 increase in the serzeadility of tke scaie. ZThis
correszonds o the seccnd sizge of the process, wher tke oxidzatisn rate con-
forzs to the parebciic lawx. |
Toe sa=e studies {»ith steel with ~~6X Cr) Geconstrated ithat tke cuter
sexrt of tze sczle on carcsiun steel; as or irom, consists. of three iayers:
an cuter nev I, hezetite; II, =agrelite; and IiI, wistite. $ne wastiic layer
is fciiowed 5y an inrer layer, IV, sdjcining the zetsl which consists of chrese
sciznel 3‘50- Cr 203 2nd wustite. TZe chroxium is corcentrated orly iz thiz in.
ner layexr of the scsiz and is absent froex its outer "iron™ lsyers. <IThnis is
exsleinred 3y tke very low rate of diffusion of ckrozivn through the sca-le zs
censzred witk iron diffusion. It is conseguently essuced that the cuter isw-
ers of the scaie are Jorsed chiefly ithrough diffusisn of Sthe ircn thiucgh it,
»nile tke inrer lagsr, Ihich contzizs a1l the ckromiuz, is foined thromg:
countexr c¢iffusion ef the oxygen frox the gaseous seditm. Ir tke stzge wheéa
the proc=ss fslicws 2 paradolic curve, ihe interrslstior ¢f tke :hicknessec
I the individuel layers of ire sczle, as on iron, reasire constant witk re-
szecst to tize, tut varies with change in teaperaturs. in effest i exerted

[ od "

tere by 2iloying slezenis, in this instance czroniun, on the ircrm-oxygen okase
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tizces s—ziler ther under the se=e conditions in irom.

-

peneiratle layer of chrone
Tte wusiize layer, anc the locaticm of the
2nd ihe hezatite, rather than beiweer ine =2t~
e, are zctuaily corcucive to tze zauch higher cerrosion re-
hroze steel ascoapzred To iron apé cerroz steel. Moreover., 2s

Tecently been feconstrzied [-'"62_/ 2 the preserce of chroxiun inm the oxide

N R i e = - . . 1
nereasses tie interatec=ic bond forces in the latiter.

30 be seex fro= Tatle 69 /5517 that not oriy chro=ium, tat zery
ing elezents zs well, are concentrated in tie inner layer of scgie
ing the zeizi, this zpozrently teing etiritutabie to the low rate of
ffasion as cozpared wit:z the iron a2tozs (ine presence of 2 cext
ke z2ilcying eiezexts in the outer leyers, according ic tze Lypo-
- ¥. I328'yev end others, is explaizeéd by inaccurate sesérstion
scaie loyers 3p stuéy of tkeir cocpesition). However, fer fscn every
2illoyicg elezent is easing ihe corrosicn resistance of =teel.
zeet tze following basic reguirecents.
fozzel Ly the eiexent cust be sirong and dexse.
necessary {or this mupose; as ¥2 knew, thet the =clecular woiune of
oxids be greater tuzn the ztozic vcluze of the zetsl for =zhick 1t wes forzed,

this excurnting tc the izeguality

1
- 2 true that this wes esteblished xith syntvetic hecal:te, while the hexz-

)

ite layer on cartze sieel conlaizg no ckroziuz. It sy e assuced, however,
bzt ype chrooiun izmcrecces the inleratonic Tornd forces in the latiice of the
spizel pbzse s well.
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c2zl¢ in she zZ=:3llis stete; the Texzairing elezenls zra2
of oxides.

is for=es oz iron or steel ¥ chromiun, the oxides of
ave a dexnsiity and zolecuiar weight neer trosa of iron axides. Chroo-
Ty a2lunizus 2=d silison.
recuiresent consisss in tke 2ircumcience that the ITee ererzy
tke =21loying eiezexnt oxide zmusi te zTeater ikan the Iree enex~
of irom oxides. Ia this cas® ke I{im ¥iil consist sredcz-
nznily T entirely of the oxide of tie clezent in guestion. L larze nusler

- -

oi elezents, including ckrozfucm, aiuminus, exd zilxcon, reet this reguirecent.

Fzus, chroziuz, ziumimusm, 2nd silicon e2re the dest suiled as alloying

elezznis ¥2ich increzsc the corrosion resiatance of 3teel. In fact, 23 =37
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3/. Zer era=zle,

zae greater, the higher is the heating texperature of ke
enricied by one of .hese elexzenis at the expense of ike iror, in
lasting service tecperaturas tae content of the allioy-
difference in concentrations belween
<he conten: of tkhe elezent is
loy then in tke center. Trus, im 2 tin-
hazzirz 2% 1350° for 50 hours, a 0.763
tze outer lzyer of a specizen 20 — in
draneter =8 compared to its center (1£.51% and 13.73%) [55§7. 2 sizilar ef-
fec: is observeu =ith terzary 2lloys of iron =itk chroziuc znd a2luainun.
£ 21} the reguirecents referreé o zbove xhich an 2licying eiecent must
r ordes. to increase tre Jire resisizace of steei, its effect on the coz-
tion, st e, axd properties of the scale is apparently the decisive

one. Xany elezexnts for mhich the cordition of forzation of 2 dense oxide

£ilx ig zel éo not increcse the corrosion resistance of steei, anéd cextain of

taen ev elezents. for exenple, are wanadiuz, colvodents,

tungsten, and foron. Phis is exslained Ty the specific properties of their

Zre volatile oxides c¢f molybdenum not only disrupt the ccntinui".x of
co for=s on the steel zllcyed by tiea but, comizg izm contact with
the surfzce of otzer corrosicn-resistant steels, In joint neating, fox in-
stance, also desiroy tte oxide film of the iatter. Tre sxide filz=s on steels
lozed with veanediur are easily {usidle. The oxide of wanzdin= apparentiy

gissolves ke oxicas of other zetzls, tkis contrituting to lowering of ike
corrosion resistance.

a» 21lloying elexent gs npickel, on the other hand, increases the

corrosion resistance of stee)l, 2t any rate in the case of oxidaticrn iz a
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l Figure 320. Buraiion of incutation
o = - s - - o,n a - -
{induction) period for 1Enl3 steel
versus tenperature. Air net dried.

I 2
{2) weignt increasse, 2g/ca’;
[ PR (2) tize {1z 7).
i

ty
O
)

~8..

.

Y 3
*y
‘E
’

&
fputec, mefem?

5 115 7 .. 3
pYoperes(tgT)

8 Z2y bt seen froz= Figure 322 {v=sed on researca oy Y. ¥V,
/133, ». €0/, in shich tha values of tae oxidation rate com-
plotted againsi ihe cozpssition for binary iron-nickel 21-
icys, the greates: increase in tkhe corrosion Tesistance of the latter occurs
2 content is raised to 20 to 25%. 2 study of tae scale on these
211i0ys zes shozn thet the thickmess e sustite layer decresses upon the zd-
€ition of nickel, and +his iayer is zhsent togetker from the scale wken :the

2iloy contains 23§ Ei.

Figure 32i. Eifect of alumirun (2)
angé cxroziuc (3) on %ke corrosior
resistance of iron alloys at var-
ious texperztures:
l-lShcnrsa‘.soo;
2t 1000°%; 3 - 5 hours
% -« 2 hours at 3.2000;

(2} weigat increase, g/ca‘,
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tionclly insreases the corrcsion resistiance of steel allored

=g eusteritic steels. Trhe exiexnt o ithe effect cf

i on the corrosion recistence increases with elevailion of

T2bvle GO.
2=ounis of Nickel 2egrnireé to EZnsure Satisfactory
k4

Corrosion Resistance z: Yerious Temperatures

. o
Chroniun ¥inizum z=ouzi of nickel, %, at temperatures, C, 0f
Conzent, .

= abn

in extent of corrosion nci exceeding 2.5 :n/yea.r bes been adodted as ihe
critericn of sztisfzctory corrosicn resistence.

4 ¥ . . B - . . .

The corrosion Tresistarce is lorered sczewhat with 20 to 50% Ni.

* % - -
?ne corrosion resistance is lorered sc=zexhat with 20 to L£0% XNi.

to be seen frox Tzbie 90 [5‘#:7 » which pertains to industrial steels
containing 0.35 tc G.%20% €; uwp o 1,23 Si, and 0.8% U'n, wscer the steel cen-
tairs sore than 20%F Cr, ithe ninimux azcant of nickel reeded tc assure satise
factory co-rosion resisizrce even ot }.200° does not exceed 8 to G®. Of great
interest is the fact thet when the ailoy contains over 50X Ni, i. e., in
nickel-bzsed zllcys, even less than 12% Cr is .snfficient, ané when it con-
tains over E0F even gs little ac 10% Cr, %o ensure satisfactory corrosion

- o - . . - R s s
resistarnce at 1230 . Tais fact, on which the corrosion resistance of Fichroczes,

ezloys of the Nitonic type, elc., is based, is escrided to the forzation or

tke surfzce of the alloy of ar oxiée fila consisting of spizel NiD- Crzﬁs.
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rotesctive properiiec on Toth

consectenily fer Iroz zlwzays possible

¢se steels for chromiux-nickel ones s heat-
2% carornius-mangznese szustenite is even

t0 cxroniux-nickel austaniie with Trespect To0 corrosion resistence.
ordinary innpurities “ave 2z negative effect on the corrosion resistance

for exezple, cozzercial nickel oxidizes zuch zore ravidly
ithaex does pure risxsl, Znnealing of nickel ir vacuo, which resmlts ip addéi-

ticnal recoval of the impurities froxm it, eppreciably reduces its oxidation

rate [T71/. ..rbon 2rnd oxygen ere zerticalarly heraful in steels. Tre ex-

is not 2ltogetker txifcrm in different steels, this de-

sexding chiefly or the forz ia which they a&re prescnt ia the latiler. In por-
*icular, carton scarcely impairs the corrosion resistance of steel if it is
éissoived in the desic mass of ferrite or sustenite. 3y being present in
steel in ike carbides, on the oiker nand, carbon lowers the corrosion resist-
ance of steel focr <wo basiz regsons: (1) due to the fact that it binds a gTeat-
er or lesser zzount of the basic eiloying element, generally chro=ius, raking
the basic =ass poor in ite latter, and {2) due to the fact trat the Iesence
¢f a ceaxbide phase renders the structure of the steel inhomogeneous. Intensi-
fication of the irhoaogeneity of the structure is apparently also the chief
czuse of the harzful effect of tke oxrgen, since impoveriskcent of tle basic
Sass iz certain siloying elezents (sluainma, silicru, ckromiun, etc.} bound

ihe oxygen can scarcely play a vital part, due to the insignificant guan-

o the bound elezeat. Zhe inhozogeneity of the structure of the steel is
intensifiea, cn the other hand, whena tke oxides of such elezents as have prac-
ticelly no eifect on the corrosion resistance of the steel ere zresent in it.

Zhe effect of the carvonm éue to the first cause zuet naturally be tke

lesser, tke nore there is of the active 2lloying elexent in the sieel. XNever—
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Pigure 3522, Bffect of nickel on the
corrosion resistznce of Fe-Ni
2lloys at 40 2z 8 =cdium Of
air. _

(a) oxidatior rate corstant, =.

Konemaning ¢ nppotnn esucacnus, &

theless, the negetive eifect of the carvor is comsideradle even in this case,
zs is to be seen, for exsmple, ‘ro= Rigure 323 [‘;5_3_7 for a2 glloy with 23% Cr
) and 5;§ 2}, zhich was subjected to ocxicdation at 1200° for 240 hours. Toe
Teigrt lcsses corresponding accorédipg to this diagram %o a dzfinile carbon con-~
teat are cne, of cozzrse., %o tbe %total effect of the cerbon. Herce the intro-
cuction into steel of 2 smore ecergetic carbide-forming elezent than chropiuz,
titenium, reduces the neraful effect of the carbsn but cannot eliminate

chis effect entirely, siace the role of the carbides persists as a factor ixn-

creasing tze innozogereity of the siructure of the alloy.

Figure 323. =Zffect of carbtor on the . ‘k'
corrcsion-resistance of an iron 21~
loy with 25% Cr amd 5% £l. Eeating
at 12867 for 24 hours. .

{e) ¥eight loss, 3/22.

i £
s m
. &%
She coxrosion resistance of steel apparently cepends little on whether

it is ferritic cr suslenmitic at the opsrating tesmparature. Conzeguently, the
effect referred to atove ¢ alloying elsments and impurities applies basically
ooin to fexr~itic and tc suslenitic steel. Inr particular, itke effect of car-

Tor tecones neZayive inm gistenitic 2twel as well xhen it is contained in an
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ZountT such that
Seen converted 10
Szerating iexperaiure.
We shall not deal nere w e positive eifect of very saell a23ditions

o certzin rzre clezents oz corrosion resistzuce, since this efiect is appar-

ently due chiafly to tke speciiic gosditions of ssrvice of the heating ele-
Tse bas begur in recent Jears of metamics or cerzets as keat-resistont
=zterizls for z nuster of rarts. BKHence it is interestirg to note that the
—echanisa of oxidation of suck zaterials as higa temperatures and the condi-
tions wkhich cet;araiz:e their corrosion resistance are fupdanentally the sace
25 Sor steels and 23ii6ys. Their oxidation rete as well is deterzined by aif-
fusion of the ions of <the zetal and oxygen and of tke carbon atons through an
filz, in consequence of which the composition and structure of the fila
2 decisive part.
Thus, with a2 ce-zei based on titaniun carbides end containing 20% Ce [éf.
the oxide film forzei upon oxidation im the 600 to 2000 temperature
range consists of tx0 layers: the outcr layer consgists of coso#, or Cod, ie-

sending on tize temperature, while the inner layer consists oi* ratile ('2:’.02)

with inclusions of metallic codalt. The coapounde Col'ioz and Coz?iOk are also

forzed at 1100° 2s the result of reactions between tha two layers. Upon addi=
tion of tungsien cerbilde in a guantity suck that the oxide forzed, ‘i'Os, is coa-
pletely dissolved in ratile, tze diffusion rate oS the iolis, and accoréingly
tne oxidation rate, are reduced. I the quantity of the ?05 forzed exceeds the
liniss of it.s soludbility in ratile, then c:.‘:‘ios, COz‘Ei.O#. ané ::oroq 2presr in
the oxide filn in additior to the Co0 and i‘ioz. Tais izpedes difiusion, ap-
pzrently, tecause of increase in tne ructer of phzse boundsries, and addéiticn-

aily increases the corrosion resistarce., VWith an even grester quantiiy of tae

tungsien carbide, when the oxide film contains free %0 ¢+ the corrosion resist-
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irops upor the acddition

antity of the added chrom-

the chromium oxide forming in the scale ex-
of solubility in rutile is the fire resisiance incressed due
TUpon the z2dditior of tantzlun and nichium carbides
cf sczle after heating at 1000° for 75 hours
solid solution (%i, Ta, ¥b, 00)02 of

e content of the tantalum znd niobium carbides of 5 to

10%, the scale consists of Col and (3%, Ta, Kb, 00)02, and with an even great-

ex content oniy of (Pi, Ta, ¥%, 00)02.
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TESRWALLY STABLE AND EE:T
R MOST IMPORTINT CEARACTIRISY

The variety of ihe reguirements set for therzelly stable end keazproof

cateria:s hes led to the development of steels and alloys of various Iypes
corressoné to zore or less concrete service conditions of articles,

chielly to 2 definite range of service tenperatures, duraticn of load applica-
tion, 2néd =zgniinde of the lsiier. Pearlitic and ferritic-zartensitic steels
a2re ecplcyed as tzerzaily stable steels up to a teaperature of arcuad 5500-
is heatprooi maierials, i. e., &t service temperatures sbove 5500, use is
nade, deperding on the service corditions, eiiher of asustenitic steels
nickel. znd cobalt-based ailoys. 3licys based on chrozium, molybdeauz, ond
oiher kigh-zelting petzls have been developed in part, and are undergoirg
intensive developzent, for the highest service temperatures. Finally, for a
nuxber of cachine paris use is zade to a certain exten: of special materials,
elso undergoing developzeni, whickt consist of zixtures of various ckexzical

cozpounds and —etals and xhich are manufactured by the method of coz=psciing

an¢ sintering; they are thus terced metanics or cerzets.

4. PRABLI?IC AKD FZRRITIC-MARTENSITIC THERKALLY SPABLZ STSELS

Pearlitic steels

Pearlitic steels are less heatpyroof than the sustenitic ones, tat c_i.iffcr
favorably {roc tke latter in their lower ther:al expension coefficient. higher
trerzal conductivity, better technological properties (particularly, better
tot deforzadilily and machirability by cutting), higher notch-impact vaiue,
the possidbility of modification of tneir Froperties over a3 wide range by Leas
treatrment end the use of magnetic control methods, and thei- lswer cost.

Lasting service at texperaturas up to 550° Say cause the foilowing highly
izportant processes in pearliti: steels: spheroidizing, csagulation, end

caznge in tbe cozposiiion of the carbides, ané hence in that of tae solis
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sroceszes of sphexoidizing and coaguiztion oi the car-
iong exposure of the steel to service tezpera~-
stress. Th2 ei‘;‘e-ct of the stress, waich is
L'gi:)] , is explaired by acceleration of the dif-
prelizinary colé working greatly facilitates
on and coagalation of carbides [-;#57 These processes lead
10 sofiening ol the steel, both the shori-tera strengtk characteristics at
rooz and elevateéd texperatures snd tkhe creep resistance being lowered. Tiae
reocrt that il.. hardness of Si579 stee: (Teble 91), froa which thick-walied
';ipes z-‘c: byérogenztior plants neé been nanufactured, éroppeé from.280 to
160 'z"B after service for %0 o 50 ihousand hours at 550° and a pressure of
300 o 760 a2tz gives an idea cf ihe possible extent of such softening. With
szecizens of this steel water-guencned {roa 2100° s the ultizzte sirenzth at
rooz erature dropzed froz 140 to 1CO kb/x::z after temperirg at 550° for
3060 hours [Slfé_/—. The piasticity ané iapact ductility are hereupon generally
increased to a greater or lesser extent.
The process of spheroidizirg and coagulgticn of the carbides during ser-

vice of & part can be greatly reduced by short-term= holding of the part at a

texperature 100 to 120° higher than the service temperature. This is txe

s02l of stabilizing treatment of itherzslly steble steel. Data sre given in
he literature froa which it is ¢c be inferred that neatirg of steel at 650°
5 hours renders it stable against spheroidization at 1{-50‘= for 106 thous-

i ncurs, and tkat holdirg of around 10 hours at 650° is eguivalent %o 100
thousand nuvars at a service tecperature of 500°. Ecsever, these ésta f2i1 to
*2zllox for the accelerating effect of the service stresses. The carbide-force
irg =lloying elezeats introduceé into steel witk the aim of rsising its therzal

stebilily 2lso retard tke processes of spheroidizing snd coagulation by increas-
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siTengta
Tar been devoted 10 the
steel which ar-e tribdution of the alloying elezents del sex ihe
guring the service of the pard, i, ss3
ce achieved upon pre.inin-
experio the reducticn of, say,
on in the event of service for tems oi Lhous-
=2y bz substexn L91_7 Hence much siudy is
the zizetics of these processes.
therzodsymexzic talance in a steel cay lead to the
cn dering protracted service of the steel at elevated
shitizatiozn is observed the cost frecuentiy in the welded
joinis of high-pressure steas scnéucting pipes. The appearance of graphite,
zhich kas 2 low sirength zud is crrstallochenicaily btozndé only weakiy to
=3y lead both ic sofienizng of the sseel end to premature trittle
At ome tize, certain investigators coasidered graphitization o be
of the causes of discontinmity of the siraight lirne or the logarithzic siress -
size %o failure diagran {Figare 302c¢).
Stuéy of shis effect [B17 et al./ has sheen that tZe probability and ex-
shitization are influnencesd %y the mathod of deoxidation of the
ition and heet treatcent, as well as by the stresses and work
The tx0 last-naced factors coniritnie to graphilizetion apgarextly
accelerate achievezent ¢f & state which is interzegiste wxith re-

¢ eguilibrjus, i. e., coagulation of the carbidzs, since coarse carbdides

ra2sistent (o graepiaitization tzan fize snec. Trzs, far excmple, it

en ¢ezonstrated [Sfi»y that iz the event of concideradle creep the grsphite

orzed does not have a round shape tat less favorzoie elopgated end rsdial
ores., Apparexily aisc relatezd to the accalerating effect of siresses is she
sircuzsiance tkal graphitizetion proceeds more reediiy in welded joinis. Iemce
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o ot oyt

od Is prolcorged heaziing of i a tenppersiure sozesbat high-
ize zurcose
cuzt of 0.02% or
Howvever, Ske¢ ine
increases ike tendency of the stesl toward
teen zade 10 c¢ozrest this circuzsisnce to ab-
10 2r incressed rTote of spneroidization and co-
uenzl content in steel,
As is to ©e
Zence it is recozzended %hat the ezcuns
¢er to reduce the danger of £Taphit-
cation.
farban steel possesses the greatest teandency toward grarhitization. 9f
io0ying elecents, zclytdesur ras an 2voreciebie retardirg effect. Zhus,
of carbon steel &aghitization is usually observed at service
s ond In those of steel containing 0.5% ¥o, above GEGT.

{ chroziua is =uch grezier; shen present in am exoust s

~235 it cozpensales for ihe naxzful effect of an increzsed exocunz

4 sizuitanecus centent in the steei of about
0.5% Cr effactively pravenis grernitizatise undar :pe cozaitisas
Fractice xxich keve been studied thus far.
it of iong service s e¢levated tezzeratures, therzaily siadble
=37 accrire 2 britileress waick ascordirg to i. . Zorziyka's

Sgesticn za7y Be terzed therzel krittleness. Sxo tvses of therael brisiie-

ess are disiinguished, Exitiieness of the firs: ¢ype comsists in a sharp

P2es Guctility of ke steel (aore eccurately, iz elevaiicn of
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criiical sezperature of Lrluilieness)y as

Zrersel
tinetics of its devalczzent do rot éiffer irox
Zinetics iogp: T rev ser drittleness. Alloring ele-
skey éo teszper dritiiencss. These
ir a nucber of other zanifestztions,
sherzel ané reversivie tesmper Lrit-
the developmesit of t:erzal britiieress ic
icad canxoi 2lier this thesis. according (o
zcerning ihe nature of thermai bristlezess {see p. 280 zné
Ze esoribad 36 tee fact ihet plastic deforcmetion 2ccelerztes
shese in the toundaxry lazyer of tke grein. Ia fect, it
that oxnly such stasic siressas as
&re czzzbie ¢f cous
zent of ther=al t2e other kand, il lcading causes no sib-
ssazmtizl =350 hus 1o effect oz the process of exirii-
theszzi britlileness is zanifessed in sieva-~
of stegl exritileczent. The desger of fail-
oI = paxt under izmedizte effect of ike service tesperzture dse 0 therzal
tlezess of the first tyse —er e iznored, hcwaver.

Therzaa brittlensss of the second iyge consisis in e sharp drop chiefly

cisngatica end redustion ip srez 98 t2e steel a5 2 result of sroionged kezs-

er lcal. Zence 2. . 2ors¢rka proposes f7i9/ ket britilaness of ihis

Sritileness® to distirgnish it froz ther=al
bhe d¢signates as "izpecot briitleress™.

T trittlecess of this syze 2e cselied
in 3zzact éuelxlity (Fis. 32%) 2né ultizaze

ECi-€59/7 (2)




o 11 se 0t PYP

tiis

srocecses rLlcen couge intercrysie

- s D &-
stress-:iize 1

v iesc an extent

-

sire2s. TFhe nptare of these prosesses
+o tzeir naziure ¥2ve éiscusseé on
= ther—el {ané te=zpexr)

T the

{0 2 cexrlain

c:iiity can te restored by reat treaizent oxé

izprovesant in D) tocghress is also actieved Ty ap~
in &ifF

ztzent in different st zges of heating under loadé. zZut if ke

zeated under o2& ir excess of z cdefinite periocd, teat treat-

izproves either tke impact ductility or thie otkzer progperties;

for=2tion of ..ze cracks in i1i2 zaterials.

zdle to designate therzezl britsleness of

k2 secondé tygze a2s "irr tieness™.

-

b

—
i
)as:g I T 20
‘ -

anwnalUitl

2=

~

< c
t éuetility as 20 o .h:-o..;n:-n;&e‘
2iter “o’onzed lcaé zzpiicetion 22
6'-: 30 xgf==2 { \H tel? zrd Vellinger)

(2) 2. ke/sas (b) amsation of
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the cccurrance of craczs 2long tae

th nry
ireatmens e=-
s In the szeel, o5 weil 28 freguently
To 2 consiierable extent Ty €ll
e grostest effect in sleels

1bie tkermal britilexnzss.

o, miatfea?

ExBzacpmremeims eopgrenzs  DERRIETe oS €
e

Sigzgre= of elfect of preiixminery load applica-
Tt 300" on izpact dresility 2t 200 of steel sexnsi-
- s = - - - - % - -
2) zzd orly siightly sensitive {3) to exiriisle-
I - fractuved specimen; 2 - 2fter ioad applicatien
2_ . - 2
2t £ = 10 kg/=="; 5 - szme at 6 = 20 ¥xg/=";
= 2 . 2
- saze at 6= 36 kgf=="; 5 - szze as 6:-’¥Okg‘/:=; -

{a) 2., ‘:;:/c:z; {%) éuzastion of loai applicztion.

Tze dipggres=, Torrowed fre= Ta end 2ikTaxd [éh?._? 2rd skoxn in Figuve 325,

¢Z change 3In impact éuctility versus curation ¢f iced apzlicatior 2% verious

texperastures {or steels szich highiy ané oxnly slighily sensitive to rever-~

siblie ther—z: Trittiezess percits th2 essusmpiion thet for tre fozzer {erroziuc~

steels in pariicular) the chief casce of the sherp éroy iz

5 aitexr prolcnged lcad zpplicziion & 2= elevalied texperature

325) is reversivle therzal brit:leness, ihe developzent of xxich is
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sensitive 1o reversible
inTercrysieliine Sfeiluse
is neveTthaless zccompznied Ly only
terature iz the event of pro-
S T2y be ascrided To twd cir-
eu=stances. Qs - Zans =3 oux essuspiion {/Russiaz/ p. 508),
cracks in the

» texes pliace

tize during Proiszged ioad apy ion 2zl elevated texper-
crezse &% rocz lexzeralure. It is
rze zatT ; L3 increases =S a result of skase precesses, tui it is
tesrerziure, since ine &rains thezseives sczrcely
nferse Cefcrsatign. i
in consequence of ikbe éifferent nature of the S¥d {yses of therzal brittie-
212o¥izng elexorzs ame other fzeisrs 225 exert a different effect on tiheipx
Iz particuiarw, irreversible txarmgz}
s 23zeresily in consecyuence
Eexce the seneilivicy of stzel to
dritslezess dscrezses xen it is 2lloyed with elexenis ®hich Teise i
FI=s, zccording o Serizip obsexvaliions silicon az»d alusinu-
ezt resisiance is Provably «lsc one
§4 Cr are iesg sen izive
2ness ané that this effect is mard@dy cbservod

e ® &

Shroze steels. %Itk tha Zeal resistance frzctically identical, ske sensitivity

ol & st2el 0 jrreversilie ther=2) Britileness =us?, &S 8 rule, e reduced

-l
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S eéiézents

sredozinzte,

t6zic ©tong a2né o

L

2 h Y - - -
fncluda =plybienuz,

venzéiux,

tze =ost Imporiant progerties cf the prin-

itic exmé fer-itic-partensitic steels employed in

ix

e constructioz =2y e foumg in the reler~

912, 761, e: a._/ Carton sieels,

€ 3008 iechzmological proze

ToleS5,

superzeater piges up
Tl e

- =n0
to 525 o0 850, oc-
iorally np to 3207

» 3GSSEss z nu-ter

Z¢ sy nsthing cf

Zeas

Tesisionce and gorTesicn

sre prone 0 grashit-
zznifested cnielly in the seaz zone of welded joirts. Zrey
cz2l zg;ang an nerzal pritslisness.
the 152;

$.5% Yo ené varying zmounis of carion; are ihe less: zlioyed of tke ziloy
stesls. XHoiybdenun steels possess 2 higher creen resistenca ené grezter cor-
Tosion Tes ce than 0 carion steels 2nd eTe ROt sensitive to ikermel bris-
tigezess. they ave 2} zotT Iire resistant and ave s:zill -raze io

=J=ever,

In corditicns of

saryice 2t 3007 andé a2teve trey aze

23 the iic zr.-mxuc Te-
focizcte zxnd tZze rafers on

De 370




ith chromiuz, =8 previously pointeéd out,
the sa=e tize increases the corrosion resist-
—olyvdenun steel withoat carczius.

p of peexrlitic thermally stable steels are steels al-

ten, anéd titaniun.

snum, piogium, vangdium, tungs
S certain of thzse steels is givex in Tadle 91i. an
consent, is accozpanied by 3 rise ir the hest resist-
corrosion resistance of these steels. Tze Znh3d steel {Tavle 91} is
ezi-fezt-resistant. respect to therzel stebilisy,
t0 creep resistance, 2 steel with
entage of the cither elezeris, suck ac the
cely inferior (o five-pezcent chroziuvz
bie 91) possesses a higr relexetion Te~

is ecployesf for fastening parts with a

tny serv:ce iife at texzuersiures un to 506°. Iz is scenrdingily recszzendad

texgered 2t 630 to 650° 7736/. The EIiSh stoel {Zable G1), which
acreased axmsuns 0f rolybéezas znd niobiua, pussesses ad-
s2zpilisy up o 550°. The 21551 stael {Tatie S1}, whkich con-
ns5 less oolybfemun Lus sxhich is a28céitiornaliy ellozed witk vanpdimm, is
eguivalert to the EI45E grzde at snch texmperatures.
the teginning of the casgplew, the peariitic therzsiiy
a nucber of advaniazes, Tt 2 lower teat resistence,
2ze3. Eeonce an isporiant direciion of subsecuent resesrzca

€ Gevelopment Gf steels sosssssing a higk hest rasistance

Y - sorns - - -
Sec. f sie, I. L. Mizkin 208 ¥. I. Soloncuts. Hetaliovaderiye i ob-
dotcilography and ihe Trlstzent of Xetmls/, So. 2, 1957,
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ga-czroziux sicels £nd 258% Cr {ir :ke
brancs X213, X223, ¥h239, 1a28) are eaployed chiefiy where
ir Ligh co.rosion stance ané heet resistsnce nmey be utilized. ¥ith
Te¢spect TO ther=sl stebrlity, particularly creep» resistance, they are infer-

low-21107 steels: the creep strengtk of the 2Ehl3 steel érops scarply

Py ) . . - kg
307, 23¢ thet of the 3 stesl over more sc. The 3Xhl3 aré 4Eml5

steels zre e=ployed ciiefly for springs, particulssiy for flat sealiing
in stsz= turbines In serv:ice for longz pericd a2t temperalures up O
stairnliess twelive-parcesnt saromius steels are widely
e 0 steax bize vare: for ogeratior 3t teapdraiires
Pnis is favored dy :iheir high resistance tc corxrosion ard Scale
500é tschnological properties, and 33gkh techaniczl properties Ixn
conéition. in a2dditional izportant rropersy of .nesz 3teels zp-
cuestion is their great capzbility of damping
ns (aigh daaping ratio), slthough this progerty was not taken

wher the steels were introduced for this purrose, since it was

nor=2lly zigk €axping ra2tio ig interent in ferrozagrnetic metals

g:'.—s..-eec steel has Leen re-c:'.:e..uea for thr cenufacture of springs
=g service at 570° [7%2] (it is accasioneiiy also espioved
for service al lerzeratures up o 500%). >2osizive re-
ded by 2 test heat steel with 0.3% C, 2.1% Cr, 33 Yo,
{..ost..ove cortinued on tage &7)

86




This is explzined by the
by stresses
the cirection of
eresis occurs ugon vibration.
o zre propori_onal %0
t0 be seen froz Piguve 326
¥s whicn possess higrh znd rel gh residus ¢ p val and
+ tke
is a2lloyed with chrozium. However: &
possesses 2 relatively high daoping ratio
n Fgure 326, see [Russizn/
tendency is 21lso observed irn steel wher it coatains about 12% Cr, as
from Pigure 327 15—7@7 , ¥unere this property is expressed as "spec-
c 3a=ping tendency™, whick is of the energy lost per cycle to tke
UMD eReXyy ver period. eievation of ithe service texmperature, as is
to 22 seen froz the exa=ple given in Pigure 328 ﬁ627 for 1Knl3 steel, the
Ttenuztion ratio decreases, this being due to a drop in zagnetosiriciion.
e Doint it has low values, since the domains disappear and the
becozes paramagnetic.
was estzblished long before ithe ®ar tket the creep resisiance of
twelve-nercent chrozium steel &t temgeraztures above RCO —ey be apsreciasly
ased 1 z tional introduction into it of about 3% ¥ or up to 2% ko.

Zxterncive of a2éditional alloying of tmelve-percent chrcsiucm steel

{Zootnote comtinued froz p. 86

{21725 steel}. L creck of specizens fres ar incustrizl heat have dexonsirated
the _sui%edility of tkhis steel for fiatil sprirngs for service at 1-:-70° ané even 2t
5GO°. This steel kazs 2lso exaidited {cf. Hetaliovederniye i ooravotkez cetzi-
iov, No. 12, 1558, D. i7) ::. hizh relaxation resistence at 3C0 to 550° ard has
been recoz=cxded for the fastening serts of stean turbines with high znd extir
»igh siean sarameters. Steels have racently been developed (SI612, ..167;, tke

23765 23icy; T. X. Yolkove, Metzllovedeniye i onrabot..a metaliov, Xo. 6, 195¢,
3. 21} for springs desigmed for sexrvice at 5895 and &40°.

.i\-.l'\')gl ¥ {2) s7
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Figure 326. Ceradility of pure binary and ternary ferro-
=2gunetic z2lioys of iron, cobzlt, rickel, and chrooiucz,
of demping vibrations.

various elexzents ras tbeen conducied during the posi-wmar years with the
of expandéing the texzperature Tange of possible utilizetion of ferritic-~
iz piace of azustenitic steels a: tezperatures up to 550-
steels of this typc shich have been put to indusirisl use
e given in Table 91 (steels 10 - 14). .It cay be seen from the iable that
the average carton conten* iz these steels does no: exceed 0.15 to 0.20%.
Tze c-eep resistance drops in tke event of 2 higher carbon conten:i. Steel
i% (7gdle 91) =hich is exployed for &es turbine vanes and éisks, has the great-
2sT heat resistznce et 600° ang with a service life of up to 1000 hours. Ecw-
ever, ike industriel exzployment of such steels ig haapered ir certair fields
{zhe checicel industry and stzers) by the fact that they are ruch inferior to
azusilenisic steels &s regards weldability.

teels xith G-135 $o 0.22% £ end 12% Cr additicrally alloyed either wizh

0.6% 2o ané 0.3% ¥ or wis 1% ¥ and 0.3 V have beea reccnzended in the Soviet

Unicn for turbine vanas aud other Eaxts with a service texperature 45p to 550to

e sy
. .

XCL -655/7 {2)
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steels, with their

. ae

witkout additiorzl al-

the values of thie most

™
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Pigure 327. Effect of caremius
sontent of steel on its cag-
ability of attemuating viltra-
iions.

[ (2} specific atteruation

Rl capabilZiiy pes period. 3

1 (o) xg/ma2,
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Pensnan cnzcodwotms a paryromunt 3@ st2ucd, b
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sortant physical propesi:es, particularly the zagnitude of the ds=ping ratilo
2%t teaperatures of 20 to 550%. Steais of similer cosrosition (the EITH7,
748) have beel. reco:nendeél far parts decigm2@ for 3ervics ir nower plaats
h & stean temperature et the inlet of 565 to 600°,
Pigure 329, which is tased on the data of Soviet research [743/ illus-

trates the effact of tisgniun, niobium, exd tungsien on criep resistans!: at

£00° of a steel :he :':t:::x of shick contains 0.10 %0 0.15% C,; 0 *o 12% Cr,

0.6 to 0.8 Mo, 2nd 0.2 t¢, 0.2% ¥, Witk a Ligher vanadium content, as this

sane Tesearck n=s shown, the heat resistanze of high-chromiua steel drops,
in contres: to that of icw-£iloy sieel. It is %0 be seen {zoa Pigure 3529 that
titaninn is nst effective and that niobiux %as a positive effect; Tutl that

the creer rate drops the most shoxply in the event of a content of about «+% ¥.

4. S. Ginzbarg. Metallcvedeniya i cbrabotks zetaiicv, Xo. 5. 19556, p. 47

xeL-G59/v {2)
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Pigure 328. Crange in vibration zt-
tenuatasn ratio of iknl3 steel
¥ith elevation of te=zperature.

L

{z) a2tternation ratio $-10 3

(b) stress &, kg/mz.
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ith this tungsien content the sieel aiso possesses the greatesi iong-tera
strenglh and preserves satisfactory Piesticity and impset cuctility valaes
a2fter very long exposure to higk tezperature. Eence the autuors recdzczend
=0 steels cozprising the za2irix referred to 2tove, additionally szllored with
4% @ (21757 steel) and 2% ¥ (1756 steel), rfor incustrial testing as a rater-
2zl for steasz turbine veres or service at 55G %o 600°. A steel additicrally
zlloyed with 4% ¥ and C.4% K. si: ~-tzneously Lsas a sozemhat higher heat-
resistance, but this sieel has alz-ost exclusively a ferritic Structure a2nd a
ilow izpact dmetility, With Tespect 0 its terdency toward the developzent of
riitleness during proiracted teating, the SI757 steel must 2lsc e izferior
to the ZI756 steel.

4 steel conditionally designated 15Kh12VAF (EI€02) and additionally con-
taining 0.8 to 0.9% W, avout 0.5% Yo, znd 0.2% V, besides 12 to 15% Cr is
Tecczzended in anciker study fll#f] for extensive service at 550 to 600° as 2
=aterial for the vznes cf steam z2nd gas turbdbires, céisks, etc. A steel desiz-
mated 15Xpi2k? into which C.6% ¥o and 0.2% V are introduced kas lower proper-

ties. It is trhus intended for service gt lowes tesperatures than the firs:

Cerizir nepative features are inkerent in highechroziua steels. One of

these consists of the fect tzat steels whick axe ferritic with respect o

ECi~653/v (2) 90
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Figore 52%. Zifect of titaninz, niobiun,
and Tungsien on the creed *esistancg_
of & steel ritk 0.10 o G.15% C, b

to 12% Cr, 0.0 ..ooo 6% o, and
0.2 %0 C.33 ¥V 2t 6060
e} Creep rate, %/ houre1G -3,
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Their cironiuxz ané carben comtent heve an exir ezely coarse prizery grein and
zTe highly prone 10 coarseping of the grair in the srocess of tkeir service,
&% Texperaiures above th2 recrystzllizetion point, it mot being possible to
Teline by heat treatzent the coarse &rain in them. A& coarse primery
Srein is also bserved Ifreguentiy iz pzrtially ferritic nign-chrozius steels.
Zffective refizenent of tkegrain of an ingot or cestings of such steels
is achieved upon the introductioz into imen of a szall cuantity of nitrogen
{usualiy ef nitrateé ferrochroziun) or titanins, calciusm, ené certain other
elerents. The addition ¢f = few hundredias of ome perceat cf titeniu= or
venadius has no eflect on pricary crysteilizatior f103/. as desonstrated by

- N. Svechnikov zrné ¥. S. difercva [55§7, ke introduction of

%0 1.5%) nas
in effect sufficient for practical purposes is schieved by
2 introduciicr of titzniuz in the steel in an azourt up to 0.1 to 0.1i5%,
az ever detler effect by simultaneous blowing cown of the rcetal pnor to
tapzizg xith comzercielly pure ni:r:;sen or with air [‘77;7 . )

Eowever, different elecants, inciuding niirogen, refine the grain chief-

N . - < es.s 1
J OR =uen the zcuring tecperature is not too nigh. This creates serious

Gifficultizs in the manufacture of rolded castings froz hzghochrozz.un steels,

l-E-he noun..g tecperature ®2s mot indicated ir the stuéy by Svechmikov gnd
£1fercve 2nd zpparently wes rot taker into account. Eence it is prossidbie
tzat in realitiy tkhe arrangezent of the eiezents according tc the efiective-
ness of itreir ecit zon on relfiriag the grain in a cesting differs sozexhat fro=
t=z2t odlained by thex. -

XCL-659/v (2)




sugerhezted for detter ze =oid, tke more
shezseliv wné nitrogen. =’ait§h
zzal>r
Ze 1o introduce into hrigh-chrozium steels elenents
= ipcreased centexmt of siiicon, whkich also
rec: resistznce, is useful in thic resgect. It cust be borme
l:con coniributes 10 zppearance of ihe o(-phase:
of the grain to groxtk in high-chroainz steel
nign service ccording to research by the author audé Ya. .
sorecizbly xnen as iittle as a few hundredths

2f one percent o finely crusked chacotte is introduced in the
Cr eré 5% Al witkout additions, coarse
zre Zorzed at 1160° even after tso-hour holding, end in tae eveat of
oléing for 3% nours or over the entire specizen consisted of two o inree
in tke sa=e zlloy with an sézixture of 0.05%5 V, large crystais ap-
sezred ozlF ugon nolding for 52 hours. 7. E. Svechnikov and X. S. alferova
givide the elezents studied by thex /558/ into three srouzs: (1) those whick
srain groxzk {in = steel witk 28% Cr): niobiun, tantzlusz, ti-
tzcgen {2) thoce which reterd graia growth only at texperatures
vzozdius and zolytéerun; (3) elecents wkick kave uno efiect onm
ir ozinicn titariun, niobium, and tantslu- have thne greatess effect be-
ndezerndent sizbdbie carbides xhich are dissoived ir the cexent-
Zhen the steel is heated telorw 12000, nitroger retarés grain ,;:or‘.li e~
cr=ztion of disgersed nitrides, axd sbove 1200° zecause of the

arance o 2 iarge guentily of the gezna phase. An ad=ixsure of the oxides

‘enere zre ézt2, norever (D. 2. Ocesskiy and V. ¥. VYozdvizhenskiy, Metallov-
edaniye i odrztotks zetaliov, No. 9, 1957, b. £2), indicating that the in-
trogxction of ap o 28 Ri sicultaneously witk 0.2% X into Ki2S steel icpecdes
grzin growil zné coniriiutes to achievezent of a favorstie weld joint siruc-
tare.
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of rare;er.rt‘h elexantz has “eon used in England in recent yesrs with the aim
of reducing grain g.-ovtiz ff’.’g].

A second negative prorerty of high-chroaium steels &s the high sritical
britileness tenperature, whick causes & low impast ductilily at rooa texmper-
ature. The impast ductility of these sicels drops sharply starting at 18 to
20%, at their norzel content of 0.15 tc 0.20% C, this usualiy being sscribed
to the Zerritic structure ¢ ° coarse grain. A substaatiel riss in ths ducti-
lity of conventicnal selt sieels is achieved Ly the introduction of sbout 0U.i5%
¥ into thes. BResearchk i rscent years [_’é}§7 haz shown, howsver, ithat melt-
ing in vacuo yields s far gremter effect. ic may be seen from Figure 330
[851_7, for sceels melted in vacto the critical britileness tempersture drops
from 65° with 12% Cr to-230° with 25% Or (Pig. 230s). Zhe impact strain at
roomn terperature is at the maxisum with 26X, but still retaivs high values up -
to 535% Cr (Pig. 330b). Zor the sake of cospsrison we point out that for s
steel witk 25% Cr of the conventionai melt, the izpsct strainm is about 5 foote
pounds {a, <1 kga/ca’). Certain investigators escribe the drop in the brit-
tleness texrperature tc decreass in ths carbon and ritrogen conte.nt and ke
rise in the sbzolute impact dnctiiity vsines to decreass in the’contest of €xy=:
gen (oxides). Accordizg to the data of the sutdors of /8517, in orier to obe
tain the properties ahowr in Pigure 330, the total purcentage of carber end )
nitrogsn in a steel with 25% Cr aust not exceed 0.035%, and 0.05%% iz a ateel

th 16% Cr. It is interesting to note that the &eain of stesls zeited in
vacuo is nv.oral tixes as coarss ss that of induitriai steela. This coafirss
once again the fact that tke lov-hardiness phases [orsed in the bonndu:y lsyer
of the grain by harmfui impurities havs a msch greatesr sffect on the cold
shortness then the coarse grain itself. Dut the effect of s coarse grain on

conventional melt steel is, of course, negative.

Hence any factor favoring coarssning of the grain must 8 prevented witk

especial care in high-chromiua stesls. Such fectors include above all too high

NCL-659/v {2) 93




sexperature for rolling (ztove 11(}00) ané tecperaiure at the end
of roliing {atove £50°} fof. 855/. Trus, with thickt sheets of high-chroziun
steels one cen sbtain 2 relatively firme grain (sizes & - 5), an elongation of
over 20% (wiin the Xh257 2nd 3h28 steele), 2nd am impzct ductility of over
c=? (with the Z325F steel), if the rolling of the slabs is conducted
28¢-:000° zo 720-806° range with air cooling cf the sheets, and the
sneets ~ed ic pigh tenperesture anneal in the pile at 760 to 780°

Sor 12 = to wazter-quenching sheet by sneet froz the sz

Texrerziure.”
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&

3
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Pigure 530. fect of chromium on eritical brittlezess tempera-
sire (2) and impact duetility at 20° (b) of Pe-Cr allors
zelted in wvacuo. i o
(1) icpact strain, foot-pounds; (2) test texperature, C.
£ third serious dissdvaniage inherent in Ligh-chromium steels contain-

2g over 153 Cr, 25 %cll as ip heat-resiatant Pe-Cr-al 2lioys lies in tre
bet if ihey kave been expcsed at 400 to 550° for a long period, they
becoze brittle after cooling to rooa tezperature: their impact ductility and
Flasticity f2l1 2imcst to zero. In a steel with 273 Cr, brittleness Gevelops
holdizng for an hous st 475° and it tecozes conpletely tritile afier

o> 30 zours. 2‘nis' phenonenon, which is terzzd "575-degree brittle-

2 .‘.'l. 3353‘::07’ ?o‘ 4&. Zi}aaan, Yo Lo miin’ s. ?o m’ Z. Io &ntipov,
E. Zal'kove, sad S. 2. Kupryakhins. Stai! /Steel/,Nc. 6, 1957, p. 555.
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acconntn
Sox severzl
The resistivicy, coercive force, =2
2r5c considerabie ©
7 2né corrodes =azy tinmes zore ra
cozposiiion. Tre process causing E75-degree
e properties of tze siteel sre restorea

200 ces s - s <
630 with subsecuent repié coolinmg. If

- T L .
~serziures adove 830 , in oréer tc prevent “en-

o as 2=pC s
ses slowly thnrougz the 400 to 530 range curing

seriodic coolin cted 2t on accelerated rate.
Additional alloying of ferrochrozius ziloys s=ith other eieczenis such
on, silicen, titeniuv=, =nickiuz, etc., S0es not Tezken the procass
in these zlloys. The elezents waich forz siztie car-
es even intensify this effect sozewhat, appzrently because the

soluiion contzins =ore ckrezius in this case. Only nickel, a2né esseciel-

P g
-

—ar we

eifect. Thus, xrhen ~~ 3% n is intro-

is returded and the a=cunt of caroziuc te-

nich Is zcco-pznied 3y eievation of

@itk 175 Cr ané 2784 Cr after coid piastic deforzation ané

érop iz its icgpact

soee trit ;e:zess. despite Ihe nu=erous studies

o - - - = - -~ - =
Jox exo=plef kas net yet teenr ascerizined. ZThe nature of the modi-




T tne proseriies of il Teel mii sgempant , Zppor-
solxtion.
;

Certain irvesti-

ntradicted, nowever, D7

nganese and nickel, zlso
forzziion of the sigma phase.
= accelerates forzation of the sigea
ihe develozzent of britileness at #7; . The
gaiors conciude that the sutnicroscopic phase precipitated
T2ick is rich in chroziux. The kypo-
a E‘esc:' coz=position. The sigza
T2 the phose of unknowmn cosposition, was zisoc observed
intensively work nardened steel with 274 Cr.
eness whick ocsurs iz kigh-chromius steels in

ting in the 600 to £00° is sc tually re-
forzazion of wili be treated in greater
- o PV R L celen s €53
n of suste zeatyroci steels ({Bussienf p. 560).

-
va

izporinnce for prazcticzl turpose has beer de-

frocius stainless steel of the 2X:15 type. As .has

a2iready beex (see =g. 327}, this steel Dossesses a nigh dacding

rztio. XHowaver, 25 2 result of lengsay service, specificaliy 12,000 hours st
sexzeraure of oo =inth stzge, in which the effect wmas
detacied), the Gax=sing ratio €rcps sharply, this leading to fzflure of <he

ecuent air cooling, the dzapirg

2 R R
Egf==%, an¢ &t z stmess of 25.3

65/. The autiors ascrive this phenomenon

% Lardening occurs in the individual srains in the pro-

S5




ize sigze phzse;

1 32% . r, even in the evert of service for 12,000 kours.

vanes stuéied by the euthors, the impact ductilizy wmas great~

¢{;:> 0 xg/==2, cﬁ’.> 70 xg/=2, & >18%, ané

nis phenomenor reghires Juriher siudy.

=il "

Zre silchrozes. i. e., steelis glloyed with chroziun ané silicen,

segoze widespread in 21l counizies 25 ezt recistant and therczlly stadle

3

loyeé wizn chrozium, silicom, znd zluzizus {ihe sichrozals),
21s0 recoc=encéec at one %tize in
Eorever, the siichrozzls, xhich have 2 cozplex cemposition,
resistznce zlong with their relatively high heat rasisi-
t=ue o the chromium-aluminus steels, rhich are thus exe
28 heat resistznt high-resistivity z2lloys foxr heater elexents.
certain use is made 2t the prasent tize in the Soviet
7 of the Enl27nS steel, with 1.2 10 2.9% Si and 1.0 to 1.8% a1,
resistznt steel ud <o 900 ander reduced iozé. A& se::i«-ferrittic
0.06 <0 C.2% C. 5% Cr,; 1.5% Si, and 0.S% 21 is also used.
has been ceconstrated in recent studies ;763/, hovever, that the

zeztarool cuality ol 2 steel 3 5% Cr and 5% Al oy be greatly incressed

oy adéivionzl alloyirg with tanteluz, its very high corrosicn resistance be-
ing retzined. the introducticn into such steel of 5% Ta rzises the

iC0-pour long-t ‘a2t 1268° froz 9.7 to 2.2 ’-.:g/.“.:2 2né the introcuc-
tion of i0% T2 e ~h ks/:-‘-z. Zeplacezent of 38 iantaluz by rio-

biux reduced the long-terz strangtih to ~2 kg/::z, butl the creep resistance

#CL-659/7 {2}




orospects Jor indusirial use £s zeatdroci slloys 2t itenper-

recensly deen &iscovered for ferrcajuzinuz 2l-

2te strength up to 675°, and en alloy

to <his sieel, Nolytdenuzm is less effec-

iz oihers, Tul zccording o available inforzation

86/ & fer-cus 2llor wiih 1&% 21 zné 5,3% Yo melied inm vacuo is employed

(unéer the neze “term xnol®”) zs z corrocion resistent zilcy at temceratures up
20 128C . The suseriority of ferrozlumizuz 2lioys over steel alloyed with

resistance to tze action of zedia containing

sulzhuzs, Tezor: f 6L/ of successful service of taese alloys

& cyzniding furraces.
chromiuc content usuaily ranges froz 6 $o 10-13%.
f introcacing it de to increase
be suck that
ture and its capadility of being hardened
teparing. The cardon content of the silchromes (except for
=hick is not subjecied e cuenching and tempering) ranges

froz 9.35 o 0.5-0.6%, sozetizes even up o 1%, for the sace purpose. The

n increas:ipg the short-lerm sirength is espesially pre-

erdain siichrozes in the azouant of 0.5

2CL-653/7 (2)




However,

fhe silchrocaes Xhod,

e: Uniozn {GG3T 5632-51}-

- o ., s Y ~y .. T = - -
Zn53%, zna ZL2432Y zre used In the SOV

steeis sre espooyed chiefiy for the bleeding velves ol internzl coztustion =

= o . erapa .t e
engines cperziing at tezperaiures uz o 730 t¢ 80G . The Xhi0S32 steei 1s 0%

¥
[}
&
b
0
o]
B
b
3
2]
[}

e - . . . == o -
suizzble Sor lengtay service 2t 35C o0 600 . Ius creer res

Ters sirength aiso &rep sharply a2t lecperatures adove

560°.

it =2y b2 expioyed fer fastexing

2d 1o tiis ze=perszure fei. 75

s =zs dezonsirated oxn [énssiag/ P. 513, czusienitic steels possess det-

ter neainprool guzlities then steels with a ferritic zairix. Zowever, any

zustenitic steels cannos utilized zs hesi-resistant steels cdue to the fact

izat their other prozertias co mei =eet ihe recuirecents set. Thus, pare-

niczel zustenite sossesses 2 low heat resistance, pure-sZanganese austexnite 3

low neat-Tesistance an@ corrosion resistance, poor —echirability by culting

tcols, etc. Srne princizel alloying elezent chich, éependéing on its propor-

tion, imperts ez incressed or high

1y

2at resistence, ever in azustenitic steels,

is chromiu=, the effect of mhaick is illustraied ty wey of zn exempie in Fig-

e

ure 351 Z§6§7. Zence 211 hea: resistant gac=z alloys conteixn 2 certsin

zz=ount of chro=iu=.

x of fexrrous 2lloys =ust contzin chroziunm {iz

2o emount which is the greater, the higrner, chiefly, is ike hZeat Tresistance

reguirel of the &lloy) ané nickel zndfor —onganese. ¥ith incresse in the
2s

teen astadlishedé 3y 2z nunder of siudies, tkere is zn

increzse inm the shori-termz strength. The creep —esisitznce, 0n iké other hand




Moreover,

itk osher elexenis.

Zowever, this problex calls fox

properties of the sieel.

niczel recuirecd Tor obtaining an zusienitic structure de~

trze stesl's contexzt of chronius zné adéiticnel elloying elszents in-
£ the heatproof cuelity or corrosion

izarovi
steel iz an zzount of up to 16 to 17%, chroz-

ne giz cf
of an zustenitic

<a ik
contzined in 2
nerisutes greatly to achieverent

This is in our opin-

cozsined witk nickel co

s usu
eratozic interazciicn, the possible nasure OF

in = higher percentage, the chro=iun
ustrazeé by the

rasult of 2 cozdlex
k]
e

252 L

=rLicz vas ciscussed
ch is based on the data of variocus inves-
ferxitizing

e T e oy

izpecdes actiavesen:

€iagren of
nt and the zzount of the additional

et

The cZro=ius o
the chroniun 2re plotsed 2loug the oxis ol abscissze,
case to obiaip exstenite withocut

~ent eguivalent ¢

ckel reguired

the 2xis of ordirates. Xolybiemn is
gse illusirated 3y Figure 335.

xaick contain less than 0.07

cunt cf ni

he 2
3

s 2nd 16-23-5,7
T set ¢f figores designates ihe chromiun
content, axnd the thiré the molyb-

ez ¢f symdols, the fir
content © e steel, the second the nickel
genuz <O iz pescent values.
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Figure. 353-.
the corTos

Teniti

of nickel g a per-
{2} 2nd of chrono-
Oon the creep re-
niuz-nickel austen-

~
<
-
as

e INCTT258, &Y

ezperature, C.

-,

, 2
9, kgfwm"-

for

ecessaTy

trhe latter. Tne contents of

by the empirical re=lationship

26% Cr ané 0.3% C tre zimimus

it eguals 1i%.
szz=e direction as carbon. Thug, for exan-
7 J dezonstrate that ir 2 s:teel con-
cuired for odizining ar austenitic sTruc-
nitrogen conlent, dut only i3% when 0.2 tc 0.25%

wced into the steel. 5ilisy of replacing = porsion

The possi

HCL-658/7




¢f the niczel by nitrogern nas zisc wesn eStzblished in 2 nuier of fored
~ nrucéucticn date. The plusticity
ol steel in proionged sension tests, s dezonsiraied WY resecrch in Tecent

s iowered nc zore by nitrogen ihan

o
1]

iriroduced int. certein hezst-resioiant austenitic steels. When the steel 1S
1o% in czrben, the effect of the Latiter is sczmeiizes ccnsidered to be equiva-

igat to thaei of nitrogen and e chznge in 2 given property of tre stezl is

15255
\ 1%
T— 4

Z

Y 7
N Agomenac Petrrs
\ ,}/%Vé
¥ ///,://J/ A

A

-J £
2 ‘39% ’*_.,.,_—/’1 2
Nk

22

5

\
\ 4
\ . i
3
\
AN

N 2%

&
L)
el
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{z) 2usteni austenite pius cartensite; (c) marten-
site zlus troosdite; (&) ferrite plus pearlite.

o= i5i

Ze nuzerous studies of the possibility of replacang nickel in the zus-
tenitic mairix by =anganese kave shoan that chromius-pickel 2né chroniuzm-
—zngenese selvices are approximately equivalext, at least whes other elexents

are a2dcditionally introduced into the steel. The studies of &. Y. Borzéykz
4

chrooium-nonganese steel containing 20 to 23% of the slpha thase is inferior

"

itk respect o Leatproof cualisies to single-phzse chroziune-nickel steel.

xcn-65977 (2)




evealed ocre clzarly alier

recuired for obisining an esustenitic

<ec

zzount of zmangzanese
enitic structure is highly dependent
e a=ourt of cerbor in a steel contain-

chreziuz zccguires zn austeniti
steells cardon contens. 34!

~r e
-

s 36 obtain & monophase zusienitic

th 0.3 to 0.4% C znd 18% Cr, it is
ohe ei-

¥n into tze steel for this
direction z2s thet of carbon in chrcxius-
szeel. Wnen zitrogen is in-

ine sexe
austenitic siructure stabie

-

0.5%,

zengazese steel, just as it is ix chrosiuc-nickel

trgitcee in 2n anouns exceedin & pocngcphase
cniuz-nanganese

the sase =2y Te obiaired in

nx steel when the latter con-

is introduced,
, ané 2.0 to 2.5% Yo [fef. 873, 165/.

Structural diagra= for

Pigure 53k,
chrcoziun. panganese-nickel steelis.
(a) pinizua eagunt of ¥z %0 Ob-
teir. austenite, F. .

ial replpce=ent
ri 2 sigble

ng =ustenile is facilitated in the even: of zarxt

of nickel by mangzrese.
io steel ailoyed simmitareously wit“ chroxzium 2md nickel

austenitic st

UCL-655/%




she siructurzl éizgraz give

wda <o

the =inizu= aocunt

tossessas an
I zengemese ecuiveiexnt

un conten:, 2s is shown Sy o

zzngznese and nickel contexn:
T erroziux (over en is introduced into the steel. This is <o’
given in Figure 335 [19:._7 for chroziu=-

.20 10 0.12% C znd 0.05 to 0.15% X air cooled

. . . = s I
Zegting for i3 =inutes 2t 1575 .

Shevalve steels contzinirg 0.37 ¢ 0.453 €, 1.4 to 1.8% 5i, 12 to 138
5.58 Cx, eng 2.0 t0 2..% T or 2.5 to 3.03% io, developed in our
2% oze size [Ezé /s 2nd the Nodern EikEl steel, wzich contains om the
i2.5% Cr, 6.5% &% ¥i, 2s well o5 1.25% Mo, 1.4% V, G.6%5 Xd
an exemr.e o5 neaz-resistant steels witk a chroxziua
x in place of a chro-ium-nickel zatrix. £ steel
desigrated as "chrsoadur® ané containing on the averzge 12.3% Cr, 18% 2
and 0.25% X <a2s proposed during the wxar in Gerzany [t.:z‘. £1-:’:9. teels
/566, 695/ in zhich mickel is tartially replaced
steeis comtaining 16 to 12% Cr, zbaut 2% Si, 4 %o
7 32 to 2% ¥n (ke exzct zsount of mangzrese depends on
content in conforzity with the &iagran of Pigurc 33%), as well as
those copizizning over 15% Cr. Ixncressingly grester attention has been devoled

£ late, 30tk here z2né 2brosd, L6 steels with 2 chroxium-zanganese-nickel

shich contain over 15% C= (sce also [: 'ssiag Se 609.

Hezever, chrenium-ngngarese zustenite is irnferior to chrozium-nickel

=ith Tespect to corrosisa resisiance. Xoreover, it possesses

aa
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=ith

o1 the curves Ge
S
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335-
o

-0 to 0.22¥%
3

s
{e} austenite

S

."“ -

czuse of This shortconing

P ]

-~

orief pericd of service. H

a reéuced

corzosicn

-

cular, in .~ 16-25-8 low-carben

—_—
Dius

stenitics sieels, in coensatuence of which they

2iy s=21 zzount of

Structurzl &izgren Jor chroziun-zangamnese- nickel steels
ané 0.08 to 0,138 H.
b3

The figures
e the nickel contens,s
Zerrize; (T} mmstenite.

of chroziux-nengenese and ghroniuc-manzc-

are suiizble chielf-

tergst in this comneciion is %he use of

3
-

e T0 chiain gusienite in chroziuz-
e-rickel steel {the latter wiih

r 15% Cr, this increzses ihe
saxruon,

Gsring orolongzé Ze

chrgoiun-nickei-zolytderun stee

———

_.‘_C‘!ussi:.pj P. 387) 30 repirce 10% nicks: iy &5

we Ihat in cteels contzining nitrogen the developzent
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2iz o Izproving tie Zeziproof prozeriies. Titaniuc aznd niodbiuz 2t the szze

in practice of

s less con~

e

szliicon, singe 2luminu= lgmers the cTress resistonce sczexihat and

Siiicon =2iso increzsas the dyamnic

stenizic steei, toth a2t rocxz tezperature and el texzgeratures -3

z2Zes it an essecizlly effective adnixture in steels of ize

sczetizes intro cocnpinztion with titan-

iv= {oS. Pztle %) in order io imte=sify she terdexmcey towsxé precipitation

z
=g &ue to the cesplex of pizse. ¥imelly, the introduciion of sz2ll

aéditions ¢f rere earih eiecents in ths foxz of cozplex zlloying elezents or

oxides in asf&it

110

¢ ¢ an izmcreazsed 2=ount of canganese, into z=ustenitic steels

s> the zuspose ol inproving ithe technmological srogerties, chiefily the ceforzm-

23ility in tke Lot state, has Tegun in resext years

In the pdéiziopz® ziloying of hiei-vesistant mustamitic steels, 25 well

=8 2iloys w®izh ather Zases, the prizciple substzntizsed z2bove of initroducing

- -

uantities s teen ad-

in receat years, nerticularly for Ihe

surzose of iIzpriving the heeisrool gqualities ol the sieels.

—— .

Tz car%ox content of h2et-resistant austernitic steels is uszzlly de-

rzinad By e zmethed by which zxiicles 2re camufzciured {roz thex.

e
3
X
]
(14

ferz=ptie steaels the carion content nmorzzally foes ros exceed $.2H, and

L2L-65%/V {2}



contant ziso increased

e Zectproof cuelities a2mé the corrosion resistence

szorigominss at-resisizant austeritic steels

shoricozing:

—enESe

T zustenizic

as

&
¥ 888 8

&

tter reatlproof guslities than peari~
27 ihe saze tize possess a nu—ber of
tkeir loxw therzel conductivity erd high
Zozever, e therzal condéuctivity of austen-

increases with ele-

~
= IT0Z rigure

tze differerce in the therzal corductivisy

is szosctred out to 2 greater or lesser

Pigure 336. Chenge in ther=g) con-

cactivity of various steels
vita texzperature.

(2) Zrer=21 copéuctivity,

caifca <, sec -%; (b) Tezzer-
2ture, C.

Tentonpolodneemy, konfes-con
1)
8

ECL-85977 {2)

T is Trather 2
thi

5 opparentiy being explaired, as

ef 2z low zelling eutectic. Steels wiih




-~
=2irix zre free &i

50 o 5000 range,
2 zigh tezperaiure

ceiid soluticr, ané ihis cause 2 sharp €rop in
the steél, zccospanied by imtercrystal-
£ these phasas zlong the srain

greatly lower ine keatprool

sccurs in the pro-
T secvice of T 2te these pIocesses.

In steel contzining no addizional the developzent of brittle-

in
= prosTrazctec hezting —azy e cue 0 ine precipitetion of tke (Cx, ?e)25
66 chro=iv= co-bides. In steels consaining other carbide-forming elezents,

Sive rise eitker To the cardides of the corresponcing elie-

suck an eifect zay
—euts or 30 2 ckroxiux= cardide of ne 3:'.23 tyre ir xzich other elezents are

¢issoived. Thus, for exz=ple in the XnikX1LV2X steel this cerbide is of ide

-
co=pesitien (Cr, Pe, &, :-.-'.0)23(:5 L89§7. Phe danger of sccurrence of brittle-

of this sype incresses with iIncrezse in the coriorn content of the steel,
57 /6257 by tze change in impact ductility
teaiing period a% 6500 in 2 steel of ite 18-8
¢iflerenc entages of cazrbon. Increase in the zzoount of czrbides
izyer due O 2%sorpiion by thez oi ihe carton in the event: of
ngeé h2ziing ol the stecl at tezgeratures above 700 in 2 cexrpurizing
to drop in plasticity and dustility, %Fhe crod in ine
of IhiFN1IEV2M steel in rotched znd tmmoicked specizens ver-
cezerter lzyer is shewr a2s an exampie in Figure 538 [55_@7 -
zrdening, the sgzecizens were cuenched ifrcz 1100° 2né thon

ice coctides

Zor 5 hours for the puruose of precipitaztior of
sointion. stenitic steels containing nc other 2iexents,

for exz=3le the = 3%15, a2re only sligrtly carcurized. O the

»es -530/" !,)
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T2y £ 19 2 2 51372 SrpFz
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nznge in haréness, impact duciility, ané agnetic

&2 - G
in s

steel ¢ tnhe i8-8 type Tith different percexniages of car-

o
aon:
1l -~ steel 2 - steel wita 0.07% C;

5 - steel
{2) & 1
(&)

zdeitiongl 2iloying elezents, noiyddernun czuses the greatest increase in tke

iz 2ticn; sitemiuz kas & fzinter effect, ané nio-

Tendency toward sur
" Biun an even fazinter o fééitionei 2iloying witlh silicon greatly recuces
the tenuenty =oTaT uxization
Coronitride phases as well srecipitated in sieel contoining an in-
crexsed zmeount of nitrogexn wahen it is heated a2dove 550;', this lezding to an

z&éizional ircresse in s. Figere 339 /823] shcws as an exesple tkhe

——

- _ o
& seé=parature after guencahing fros 1200

el-nclybdenun steel with no nitrogen ané with
recipitated in this steel which at &

. P . o .
holéirg (5 nours) et 700 o £00° kas

(C,K)S, a2nd which zfter protracted nolding

complex phase (?e,hii)z(lzo,Cr)#(c,F)

to the .iztz of [522/ s the zmetaliic cozpourd Fe, o ard a




nd o
-

16-25-6 steel rith nitrogen, tesides the

teoperaiure andé iengir of the heating per-

Cxr C, =re precipi~
2> 6 ?

L{l and FeZEo rhasese.
 precipitation of the car-
reatipg tearerature to
is 2lso itrue of precipitatior of carbides
Tith no nitrogen). A4 cooparison of 2 amd b of Figure 339 shows that
2vent of a grester lexngih of tke kReating period the inmpact ductility
harply even 2@ 2 lover teaperaturas, tat the effect of niirogen dimir-
ttis zpperently being explained both by the cuantity ané the composi-

i the phases precipitated.
Figure 338. 3Irod in icpact ductility

of Eni&X14V2M steel versus depth
of case-zardened layer:

a2 - unnotched specizens; b -

L1 ]

A

s
-

rotched specizens;
(1) 2, kgn/ca’; (2) depth
of layer, =z.

oy

I hie austenitic steel & vith a2dditionel elecents, obrittleness
a7 2150 deveiop upon prolonged hesz resuit of precipitation of retal-
ic cozpsunds frez the solid solution. An exanple is given ir Table 92 [5227,

hick pertains to =z steel heving 2 relatively stzble scsterite matrix. Ia
increase ir she niobiuz content above tkhe cuantity reguired £
cartoxn iz the cardides (en Xo:C ratio of up :o L0jleads to a
in izpect duetilily in the cuenched state as weil, this being ex-
5 incoxplete solution of the niobium carbides ami the .?esh"na cozpoung
al tze cuenching tempersiure. The heating of cuenched steels at ‘100c adéi.

tionally recuces the izgzet ductiiity tarough precipiteticr of the niobviunm

xC1-839/7 (2)




phase causes an eppreciable deterioration of the
zrently being explained by the great tendency of

i:is phase to coesgulation, e steel contains titariun in en amount ex-

ceedirg that reguired for binding tne carbon, the impact ductility of the

steel drops sharply aiter prolonged heating due %o precipitation of the L"es‘l‘z

a steel w¥itk zn imsufiiciently siable austenitic siructure in ike

=3
event of prolonged neating avove 550° (ef. Pig. 312). Prec: vitetion of ckrom-

Zuz carbides facilitates fornation of the slphs phase in sucn steel. In fact,

¢ is to be seen froz tke diegraz of Pigure 333 that there is a decrease in
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Pigure 559. BEifect of neating after quenching from 1200° on
c.ange in impaet cuctility and bardness of 16-25-6 steel
¥#ith zo nitroger (2) and with A 0.15% nitrogen (1):

2 - heating period of 5 hoars; b - heating pericd of
100 hours;
{3i) izpact éuctility a,, kgn/cnz; (2) quenching;
(3) zeatirg tecperature, °c; {#) harizess, Ry

29131ity of the austenite with decrease im the quantity of chroriua in

32C1-639/7 (2)




goialion, waen chroxmiuz is

u= zxé XNiokiu=m on 3 : Ductility (2t 200z and
ik & 13% Kioafte:
: at 760
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for=z3ion of the 21pha phase. Cornsequently, the prodadility of forzation of the
pha phase must increase wzith incresse in ihe steel's cozteat of Carton cound

in <he chreziux carbides. Tais is coafirmed ty the variation sacen in the

lower graph of Fgure 337 of megnetic saiurstion as a furnction of the length

of the Zozoiing st 6509, as weli as by the czange illusirated by Figure 280

559/ as 2 function of the intensity field of chrozium nickel

steel e 18-8 type xith differenz zercentzges of carbon. It is to be noted

Tezt 2z cextzin guentity of tre sustenite is additiora2lly éeco=posed under the

3CL-655/7 (2)




The guantity

=hzt lower in

the peneabil-

intensity as in any ferrozagnetic
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Pigere 3%0. Chenge irn permeezbility =iih change
in gzgnetic field intensity of steel of the
18-8 type with different percentages of car-
oon zfier water cx.e..cinng ;ron va.r:.ous ten-
peratures: a - 700 $ b~ 800 c -85.3“ s d- 900°
1-016/ C; 2 - 0.22% C; 3-0.5150,

L - 0,275 c,
(1) f«)ganss/oersted; (2) B, ocersteds.

saxizun the absclute valur of wshich is the greater

caxzoxz content of the steel. 2in even grezter guantity of
cardides is zrecipifatesd ot 5000, s their reverse solution alzo begins to

e =mznifested in this case. Eence after heatirg at 860° of a steei contain- -
ing 0.268 €, ihe zerseabi) & Iow and depez-.és oniy slightly on the fieiéd
sirexgth, o=t =itk & conten: of 0.22% 2n3 O. 314 €, tke cuartity of free car-

ides is graater ond the cuantity of cavrbides wkick nave passed into soiution

ZCL-859/7 (2)




fielc in-
re to 8§0°
solution, sd that
°, the concentration of
arovides is fully suf-
10 coxzpensate for ithe Ilect of des, even if ike steel
31% C, ir coxsectence 9f stich 2n0 alybz phase is obitained zné th

is low in 211 cases angé dces %o vary wmithk change in the field

mzy cuasecuerntly Te expecied that an elezent ¥rich forns more stable

ithan does chroziun will recuce tze probabdbility of alpha-phase forma-
precipization of chroziun carbides. This is confirzed by the data
/7,997, fron rhich it may be seen that only in tke event of the

=ost unfzvoraile conbiretion of circuxstances, specificaily 0.32% C and beat-

o . s - - . e s P
&% ECO™, coes steel containing titaniuz rave higher permezbility values.

- - N - o ,. . aqs -
2 szaller carbon conmicnt, even ziter Zeating at €00 {the perzeedility is
low. It is to be noted tkhat iz the event thne steel is heated to very

Tesgeratures (1200 to 1360%), carvon wili be extracted by the intensely

o

2r>ide-Tforning elexent {roc the soiid soiutioh, whereupon the elezent will,
on the contrary, lower the stability of the eveteniie and contribute to forza-
tion of the alpke dhese,

It =2y te conciuded f{rom= cosparison of the cvrves of change in the nag-~

szturation end impact ductility of steels 1 swd 2 ip Figure 337 thet

&

the alrha rhese nas practically no effect cn the icpact ductility.

€ that in the case in cuestion tkis is expizined by the relative-
{avorzbie stare and distrivution of the alpha phese perticles. At any rate,
srecipization of the zlpks prase is m=ore dengerous to ike neatproof craracter~

istics then %o the piasticiiy end ductilily of the steel.

- -C)ll'v (2) n’*




Chexicz) eczpositiion,

+
"

- e s gnma

o

[ad
'}

2I32R

. ¢

[
-2

sharp érop in
< S2n . rap0
cove 350 ¢ &G0 ooy

{

~27 . - ~
35/ shows by zay of

the In23K13 sicel versvs The leng:

gue cxiefly %o the tendexnc;

= ey

Sabili vy

&,

-

The ef

ect

ifuz-nickel steel of the 16-13 tyge,
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2zple. fThe sharp éroyp

or 1060 hours at 700°

trifutes 30 forc

e sha~zest drop in izpzet cue

sigza phace ccours ai Toon temrerati

iy even diractiy at 700°,

in 2 stuéy by 8. V.

2ars in therzally stavie sng ke
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be czused 3y forn

exanpie, the change in the inpact cuci

of

-~
[v23

the igpze: ductility of s

is expiained chiefly

tion of the sigme Daase.

Though to 2 lesser

uctility of the steel after »rolonged heating

a2iion of thke sige=a Dhase. Figure 341

ility at 20° of

h of its heziing period at 500 ang ?500, a

2 a

o thic steel ioward forcatisn of the sigma

the gamza phase zlso coniritutes io formation
wolybderzuc: on tke impzet ductility of skroz-

shorn in Tzble 82, nzy serve as another exe

eels 1-5 gfter keating

by th~ fact thet 2olytdemn con-

T

® is also to e seen from the
tility under the infiunerce of the
Ba

Te.

icpace ductility imcreases Ereat-~
extent then 2%t 20°, This fact
Bstuiin f3577. Since tre signa

aiproof steels, we
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b) Gxedanrcumeusnacmn wap2eds, carss

es 1927-1951 [749/, that in the event of
orosracted heating the 5C0 o §00° range, & hard, brittle, end nonzegnetic
phase is forzeé iz ferrous alloys with &5 to 47% Cr wrich disappears zgain
ugon heating 2bove 950°. S phase bhes since deer detected by nucerous in-
vestigators 1 der varisus reces (3 paase, etz phase, sizma phese, FeCr con-

souné), the cesi : "sig=a phase” veing adopted at the presert tize. The

g

Figure 3%2. Change in hardness of
chroniux steels versus chromium
content afier gucnching and anneal-
ing (sigsa phase zer:at%on):

1 - snnealing at 620 ;

2 - guenching from 11000.
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sae=e designaticn borne by sinilar phases which exist in otkher binary sys-

teas (Fe-¥, Cc-Cr, Co-V, 'Z\’i-v) and in mary ternery cnes. The physicsl nature

bzl

4 the crystalline sizucture of the sigza phase have not yet been srecisely
. Zrzere are expericentsi data [5"{§7 anick perzit the assuzpiion
thzt the sigz=a dhase has a tetragonal lattice, tut thne iattice parazeters and
of tne axes have not yet been delermired. ALccording to other data,
sigza phase lattice ras the following parazeters: a = 8.66; b = 6.21;

= 35.18 ¥X. On the dasis of physical studies of s ferrous 2lloy =itk 52.4%

the aypotnesis has veen advanced ./_7~I>§/ thzt the reccnstruciicr of the crys-

the chauge in properties upon tre transforzation of—3 6§ zre

eiectron transition froz the chroziuc to the 3@ barnd of the iron

116
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s st P

upon interaction of the a2:¢=s of ihesa elezents. There zre 2also hypotheses
Tone T - - . . N . - . -
£857f o0 ize effect thut the sigmz phases Tepresent a coupcunc of the elec-

iron iyse, i. e., tkzir formation is regulzted by an eleciren contentralion,

hich In the cese im guestion ecuals approximately 7. The shepe end rosition

the zig-z phase texperziure curve on secticns of tie ternary Fe-Hi-Ur sys-

tex lezi 19 the copciusion _’:”-:'5-‘7 that this is a2 phase of the “pexrtoellic® iype.

Pornziicn of she sigme nase Is accompanied by the liberation of keat,

increzse in the voluze, and a sharp rise iz he hardness of the siecl. Tine
- - . - - - - - v
letter rmay Ye seen fron Figure 342 J474%/. 2 herdness value cf arocund 1100

2 -
kgf==" nas been Tourné inm the signa phase itseif in terrery Fe-Cr-3i alioys
{T51/. Forma.:om cf the sigma phase is 2iso acconpanied by 2 sharp rise in
eleciric resistence, s 1S Ic be seen frox Figure 343 E?#?. Tpe Curie point

tinzry ané ternary sigea rheses is located gt very lox temperatures, and

v
(2%

]

T rocz tezperalure they are nonferromagnetic. Thus, tke Curie point cf
o1l

the sig=e phace of a fcrrous 2lisy vith 4%6.4% Cr is =110 .
57
o[ TLIL
7 °. P %Y B
| ]
83 >
17y
32 2
] p-/af"_s
2 y 4 Pigure 343. {rkange in resistiviiy of
- 23 7 ,(3 coroziue steels versus chromianm
95 7P conzent after different types of
<5 . heat tre.o.t:u_ent: ° -
2% 1l - anrezling a2t 960 ; 2 - an~
: g neaiing a§ 82G°; 3 - quenching
229 froa 1100V;
759 N \‘ {2) P yzicxcia - cs. ~
25
pe 1) B
12 29 49 v 5063
%
Toe appezrance of the sigca passe, es alirecoy pointed cut, lowers ire -

2lastisity, =nd sarticulcrly ize impact ductility of steei, the extent of tkis

Il’d

Z. Yo Ravitt and P. %. Zeckz, J. of ){e‘-als, Ve 7. 1955’ Xo. 5’ pto 2' p¢569

#2L-659/v {2} 117 -




boundaries.

Texperature is tkis

-

long-ters strengih Is zoprecizbly lowereé only by coarse sigSe phese par-
= o tne ste2l in tke case of trief load £d-

influence of the sig=a phase, but
oos in the event of of 2 lozd fef. 748, 362/. <ous, the
oresence ol the sig £ axd@ dangerous ia neai-

srocl steels iptended for lengthy service.

4

~

Studies of rzcent reexs nave shcrn that formation of the sigma phase oc-
curs :-:-z:o::gh originzticn of micleztion centers arnd their subsecuert growth.
Zze fuxnction nucleation centers is apporently dlayed by highly-dispersed

articies of inter—ediate § phase, upon whose appesrance the impact ductii-

¥ 2lso drops sudstantialliy 682/. Eence, ir conforzity wxith the general

2xs ol pnase transfor=ations, the kinetic curve of sigca phase formation is

-s2epe€. As —ay be seen from the exazple shown in Figare 344, /582/ s

e in the chrcziun content ir binary a2llors froa 24 to 33% the
e of the zinisun which chkarecterizes the duration of the incubation period

cecrezses, an s position is shifted toward the higher temveratures in con-

th céispiacexent of the ecuilitriuc texperature Tye It follows ikhat
the greater the length of tze hezting veriod, tte szeller is the czroniuz con-
+exnt of the steel a2t rhick 2 certain cuartily of the sigzz phese —ay be forzed.
M¥azny investigators keve found tkat the ninimm= guentity of ckroaziuz= in
steel a2t wxaich ike sigme thase cey be formed, the kiretics of its forsation,
the value of the eguilibriuvum fecperature i'g desend on the impuriiies and cor-
steel contains, the presence iz it of additional =lioying eiexzexts.
pilas-ic Jeforcation, oné the corditions of mamuifaciure 2nd treat-

steel.

xCL-£56/% (2)




wemaand o

H
Y]
1]

[ SRR, P,

e

&

"
’

Tean
| s

%}0

pon

w7 5352

”
-‘>).“x"-# AT

~

#

Timetic susve of sig-e phase forcation in steel
fferent percentzges of chroninz.
temcerature, C; {b) tize, nin.; (c) ferrite
s cerdide; (&) ferrite plus carbide prlus sizca
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Fsure 385. 2Begions of existexce of the si nase in a
O -
Pe-C> systes ir the cezse of very pure 2110ys ané 30~
X X >
lonsed exposure of thz latier 10 texgeraltuTes dbelox

590 - [+ -
{2) sezperazture, C; (b) Cr, % (atozicj.

< . - - +n@
For very pure ferrochromjuz elloys snneaied at te=peratures beiox L >41)

faw cTeeks, figure 355 [:159] showss a section of the struet
s o be seen zhat the cigsa phase =ay &pTesr even wilk & con-
For relatively ture terpary iron-chroxius-aickel ailoys
Tor &0D hours, Figure 3562 shows the &i.stri’zmtion, recentiy _1_714_7]
core precise in tic & znd ¥ + O section, of the phase regicans, and

Pigore 3E6b illustrates the regions of existence of the sigoa phese and of its

uCL-5659/% (2) 119
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Figure 366. Distrizution of nhase regions in ternsry
systexs:
2 - ®2-Cr-%ji 2% rcoxz tezperature; b - Fe-Cx-in
&t 6300.
{2) ¢z, % (weigat).
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: -nC = . el
crexistence : ses at 550 for :ternary iron-ciarozmium

-~

zilcys. Eozever, the elfect of the factors raierred to, whish ere

into a2ccouns } : ne 1 is thel the sig2

15% Cr, the equilibriuz tex-
zscordingly = of éissociation, Tanging in
Tze 2ccelerating action of work kharderming zay

ect of certzin other factors cn forzmatior cf the sig=2a

e. Tzus, for exexsple, ﬁag/ » the terzinetion of rollirg at a2 reduced tem-

Tziure accelsreies, znd the ounealing of rolieé blenks retards, tke forza-
ol the sigze stase. sig=a pkase is forzed zuch =ore easily ir rolled

szte steel atl tre sace Lealing texperature.

8

Pigare 3&7. Portion of struciural
diagraz of Fe-Cr 2lloys with
0.08% C; preéefor-ed by coid
working with 95% reduction:

0 - no sig=s shase; ® -~ sigca
paase present.
(2) tesperature, °C.

tH

(¥

&,
Trsrepaingpn, o

&

N

Zke iopurities conlairned in commerciaily pure 2iloys greatly acceierate

>~

tze srocess o Isrnztion of the sigz=2 phoase (see ,fénssisé] De 277). Prosphor-

Sus nas the greziest effect in this respeci. The effec: of carbon is wseaker
of the Izgurities, srobadliy beczuse it can axert its effect in op-

zosite direciions. Tizms, the precipitation of fime czriidas accelersies

xe2-359/7 (2)




consridutes

<re "eifeciive" chro=iun content,

Zence, the effect of carbon, in

—an

oS the sigme phase. Zen

not be 2 regulzr one.

~

ovizg elezents introcuced

istence cf the sigme phese

(=33

iozer caroz=iuz »~& lowmer tec-peraziures, zné accelerstzs
considerabie accelerating effect Is exer

5. 3%8), 2luminum, vensdius, titenium, niobiuz, =olyd-
and tungsten. and nitrogen nave a slight effect. Cexrizin of
elezents seferred 0, sarticulaxly —olybderu= zand turgsien, exert 2 wore

cozmpiex infiuence.

is =iready ncted on p. 278, these elezents shift the ein-

s-uw= on the kinetic cnrve of fors=ztion of the sig-a phase toxard the righer
:e:_sera:u:;zs, ané xizh 2 conient excesding a certair percentage (over ~»5% Xo
2 Pe-Cr 2iloys zré 2 to 3% Xo in Pe-Cr-N¥i alloys), they form the keppa phase,
tze kinetics anc teaperaiure coxnéitions of xthose forzation insuf{ficient
fovoted. It has teen established, cosver Jcf. 586/,
its propercies to the sigoa phese and that its azount

increases with longer exposure to heating; whiie plastic deforzetiom ac-
celerates its forzation. & new phazse, X, noncagaetic and just es britile as
tte sig=a phase, walck presucably represenis a coz=pound of irom xilk tit-aninx
znd zolybdenun, hes tean éiscovered [56?;7 in crromiuz-nickel steels of the
i3-8 type zlloyed simuliznesusiy ¥tk nol:y"ademfn and titaniuc.

The bzsic method of reducing the danger of forzation of the sigse phase

is seclecticn of the proportion of zlloying elezents which easures for ire
™ o

- Ve

steal a sioble zussenitic siructure aré the atsence of the zlpha phase
for=ztion of sig=a phase is scarcely prodasdle in

2hus, ior exex=ple, itk
Steels of tae Xh23X15 and

to 163 Cx 2né 25 to 30% Ei.

-
we

stcels corctalaing 1%
225415 type, on the otker hend, are located sO rear the toundery of Ske gezza

=ci-659/% (2)




and genca + aigza region cn the phase disgram (Pig. 34%6) that tue factors
discussed above cen eesily transfer them to the gamea + sigma region. With
the Xh23K13 steel, this may occur even as a result of fluctuations of <he

‘chremiua and nickel conteni within the iimits of the said brand of steel.

Pigure 348, MNicrostructurs of twe
austenitic ateels:
s - 0.00% C; 0.85% Mn, 3.05% Si,
15.72% Ni, 1.53% A1, 17.0% Cr,
0.6% Ti. X 5003 » - 0.08% C,
G.76% Mn, 0.52% Si, 15.75% Cr,
17.29% ¥i, 2.,12% A1, 0.58% Ti.
I 300, The srrows indicate the
isprints upon messurement of the
uierokariness.

However, this method does no; coapletely prevent the possibility of ob-
_ taining the sigms phase. It kas been fousd in many studies /362 et al./ that
the sigsa phaze may be forsed not only as a result of the A—> Sor x>
o{ —> € transformation, but sls> directly froms the gsame M, slthough
it is forzed more ciowly from the lnttu; than frca the alpha phase. In sddi-
ticn, prolonged heating msy lead to-the forzation of a certain quaamtity of the
slphs phase even in a steel with a stable sastenitic structrre lt—:f. 362 ot d]. -
We shsil point out im conclusion that the o{~> 6 transforaation is re- o~
versible. Conaeguently, a stesl in wiiich the sigma phase has formed msy be
corrected by heating to a temperature above 620° (bimsry Pe-ir slloys) or
above 950° {ternary Fe-Cr-Ki and Pe-Cr-Ma alloys) with subsequent accelerated
cooiing.
A serions defect of many sastemitic heat-resistant (ani stainless) sieels,

¥
.
-
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becozme D9Ssi

such steels by the addizion o

eir oxides /7712, 7153, et 2l./. A co=-

plex concentrete cesignated as “zischzeiall?, the prircipzl cooponent of ¥hich

the grestest use. in aédition To ceriu=, it con-
z2oeriun, 2ré cerizin other elenents. A ruaber

nts permit comsidering the intrcduciion of rare earth elecents as

iarly in mor=ally ziloyed sustenitic steels (25-20,

¢l experize

zezals, tut in tae Joxm of 2 mixture of izneir ox-
s z2nd dlenks is 2iso improved in this case,
tenius-glloyed steels of the Rh1EX9T Tyde.

2xe introduced into the

xtares of their oxices
Their opticuz guantity varies

izdle zfter firzi decxidation of <ne steel.
<0 2.5 kg/ton of the metsl andé is estavlished experinentaliy,

<o 2
depencés on tke congosition of the steel. Ir particaler, this cuap-
=ity cdecreases ¥ith increase in the niczel content of the steel, 2ccoréing

to certzin da2ta. The rsiture of tize effect of trte rare-earth elements has not
yet Seen esiablished, dut the practical effect is very substantial znd mzkes

Dis o incrzase the weight of ihe ingot fcur- or fivefold, as well
0 increzse the yieid of useinl zetal in consecuence of kot forming. Iz
certain sicels, such as the 25-20, they xiden the range of forging teapera-

tares, Thus g the danger of overheating.
oxrt [8627 of the possibilities of izprovirg the heat-

Tzus, in 2 steel of the 25-20 t{ype, introcduciion of the

in the anount of about 2 kgftom increased the 100-hour long-terz

.o - =n? - = - s -
nate sirengiz 2t 6307 by 25%. 4 caromtz-nickel valve steel of the 21-12

exaxgle o the indirect use of rare-earih elerenss. Tais

201-839/% (2)
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roines
wt-rest

ni-Terz

G-

iure, tut greztl

{ the ioproved

certain Soviet

zez2l. The guthors escride the effect .of caiciuz to the fact that it,

Being a2 surisce-active elezent, lovers the surface iension of the c=olien steel

a2ré, U3 t0 a2 cersair rerceaisge, refines the primary crystals in the ingot.

Tne z2édition of cziciu= 2iso incressed the lopg-term strength soaewhat and

-
-~

the investigated steel, wiich contained
3i, ané 6.3% ¥o.
Izprovezent of the technological proserties and the yield of uwseinl zetal

rot deformziion, 2s is illusiratec by studies in recext years /cf. 838/ N

2lso achieved Ty c—eliting of tze steel in wacuo, 2né perticuloriy if the

ing is ziso conducted irn vecuo. Since there is 2lso an appreciable in-
the reat resistant cualities in this case (cf. Pig. 3i3), zmelt-

oresents interesting serspacltives.

c-53¢/5 {2)




£n23%:53, an

Yhen they contain G.3 to 0.%45% C,
ezt~resisiant articies. Tecls addition-

in the axcunt of 2 to 3% with the e2in of increasing

corrosion resistance are resresenteé in the Soviet standard by the

Zn20X3L52, oné ¥a25x%20S2. 3ranés simiiar to certain of

e Salol

Thus, for ezznple, in tae USA the steel 31k

are 2iso expioyed ziroczc.

corressonds 10 the £h25%20S2. Te =2y cite as exomples of steels pdditionzily

:gsten, —olybéenu=, 2nc titaniuz xith the a2in of izproving the
ss, the brands LERIGNMNVRYN, 1ZnlLRILV2E, and KnlEX12XZT, although
irst tzo i3 limited at the present tize. Stecls zdditionally
tungsien, =olydcernin=, titaniuz, ané silicon in-
e ZnlET1ESYY brané with 4% Si ancé the £I1235, —hich cone

3, 2% W, and 1% Ti.

austenitic heat-resistant
oyeé a2l the present tice in US indusiry and the vzlues of iheir

long-ter= strengik f542; see ziso 701, 75%, 75}7. The same tabie gives the

ng duty, see zlso the diviiogropric referenca in the footnote

2 it refers on p. 57C and [f5167.

P
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siloy

through arec

& - -3 Sy - o,
¢l = titzniuz phase,

~odificesion of ithe 16-30 steel mith 1.9 to 2.2%
develogped during the war in Gersmany, where it was used, undéer
ihe venes of gas iurbires of jet 2ir-
t, according to Gersman sources flsg7 tais
steel {though conizinin 2i) ir the forc of an annular JorXging

irength and was founc to de unfit Ior use

for cgeraiicn =t

stea= pressure of 1 t 0 te seen from Figure 349 [8197

nigher perceatage of titaziun anéd an a2dmixture of aluminum, steel
idur® tyze (1% in Tedle 3%), with respect to tne long-term strengih
ue 2t 760° is even sugerior in ike event of 2 brief service life than steel
10, which is zlloyed with cobelt. Iz the event of lengthy service, its strength
zné proves 10 ve lower then that cf the otners.” With respect to
of elongetion 2i long-ter= rupture shorn in Figure 349, this steel
the steels coaparzble to it. 4 do:esticallyl éeveloped
percentage of coroniun and nickel (15-395), but additior-
titaniun zne tungsten {the £I612) nas better prope-rties for
texperatures up ic 6500.
of the sieels listed in Tatle 94 2re strengthened by somi-

- tee:l 9 is strengtaened by precizitatiorn haxdening through &

2.

Drase, Steel % through a2 czrtide shese, znd steel Bz through a2n s
= r 3 =

3ieel 2 or 16-25-6 {Gozestic sieel EI395), czpzble of being strucsur-

-

fef. 58D et alJ, oy be nost effectively strenglhened wkile

yukovich. Xetzilovedeniye i obrzhotka zetezllov, Xo. 12, 1657, Dp.20.

¥CL-655 (3)
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-8 zre used in tae
g

e 2 xnd 10 in Ergland; 11-1% in Serzany (steels
wure introduce %

e TS&;
2fter tze war).

GST.

=0 s e s . <

und 131737, followed 3y deforzation with 20 to 303 reduction 2t a feaser-
26 750°, xhich is relox = 23113 i ¥
-0 i39 , wunich is delow the recrystzilization texgerature of the

% . . QO -
given steel (580 <0 1050 }s 2nd tezpering gt = sf arcund ?000. The

ECL-5659/ Iz {3}




:anganese without datri-

chromiuz-renganese-nickel sus-

zverage 0.37% €, 12.5% Cx, 8.5% ¥n, 3% Xi,

%5 {ihe EI4B1 steel) and used for parsts with a2

L szeel of epproxizately the same cozposition as steel
{:ze EI572 sieel). As =ay be szen froa Table 94,

strengih, this being the result, as with a nuoger of

relztively sz2li quantity of tungsten and

sosusesses 2 high relaxsciion resistance and lox notcn sensi-
ity, But its structure —ust nroi coniain more than 5% ferrite in the form of
i
ine zones within the zustenite greins .
Tadle 9% gives only the long-tera strengih velues for 100 and 1000 hour
pericds. There ure a2s yet nc sufficient deta on the preperties of these
is =itk respest ic long-service life., Of interest are, therefore, ixe

referred to above /7527 on the bekavior after

¢ steels fros zThich responsible turbine parts

-
-

X o
zie at a teagerature of 660 2né stean pressure of
in éizmeter, 180 cm in thickness, ané weighing 6i% kg,
jected tc mork hardening witkr 10% reduction at a tenperature te-

lcs the recrystellizetion point, was forged from a steel (A7 S3) containing

0.083% €, 0.6% Si, 1.1% ¥n, 1€% Cr, 13% Xi, 2% ¥o, 1% Xb + Tz, 2xnd 0.15% K,
In specimens of this

n Table 6%, but containing ro vanadiun.

is currantly ia service -- the long-term strength obtained
to 100,000 hours is 15 kg/ma’, while it is caly § tg/ca® in

ed state without cold work. The effect of wcrk

<
ne szze

¥, Stanyukovichk. Xetallovedeniye i otrabotkes metallov, Xo. 12, 19357,




X : o s s
ined after 30,000 ncurs of service at 600 . It is interest-

~

y is z =odification of the steel 16-13-3

SR

2
S

-
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Sl |
o A}) 7 17 B0 1702 10033 709089
LIMELSNIZTS AILIJICENIR , YOO

o HengaNzeave , wdfun? N

3

5

Breaking stress versus guration of load eppli-
- b - -

o . - e =
at 760" in "iiniéur® steel as cozmpared to Sihex

with G213 €, 15% Cr, 303 XHi,

- el

steel w10 with 0.4% C, 13% Cr,

5 ¥y 3% X3, 10% Co; 3 - steel 12

Cr. 16% %i, 22 Mo, C.6% ¥b, 0.05% 2.
e points designete the values of &,

. . 2 .
¢, 2t faziure = 5d). (a) stress, kg/m="; {%v)
durztion of load application, hours.

i steel w=ith 0.05% ¢, 0.9% Si, 1.3% ln, 16% Cr, 22% Ki, 1.4% Xo, 0.95 kb +
Pz, and 0.15% X has proved itself valuadle for parts vhich must not be subjected
o cold working or vhich recuire welding. With respect to the lcng-term
strenzlhn after 50,000 hours, it is cuperior witkout cold work ic the proced-
ing brand (the stezel £T S¥) in thc work hardened state. Steeis 12 oné 13 of
Pable Gh were introduced in the Federal Repubiic of Cermany after the wer 2g
reiztively eccnozical brands preciéeiy for the parts of staztiomary instalize
tions designed to ogerate =t tecperatures up to 6503. In steel 12 the nickel

content hzs been increased to 165 =ith the 2in of producing more stzdie zusten-

Zte. Tais gozl is Teached in steel 13 by the introduction of nitrogen. %o

xCL-855/¥ {3)




= iussenitic steels adeitionzlly elloyed with cobalt stand up well ot iec-

use¢ Sor the senuiaciure oF cast paris of poweriul stean iurdires éesigned for

]

cperstion ai texmperatures zbove 550 and under righ pressz-e for 1G0,000 hours.

2z idea of heziprocfress cf steci 4 {Table 9%), wrich contaiss even more
cobelt, in long-iterz service =2y e gzined fron the recently pudiiched results

/855 of testis of this type of ste2l conducted for periods atteining iC,T3C0 to
12,G00 nours. It may be seen fresz Figure 350 that +he vaiue ol tke long-tera

20,000 ncurs obtzired by extrapole-

t
[=]
My

2t 686G zné duratio
tion is 18 ’::g/z: , 2né 18 xgf=n" for a2 curation of 100,000 hours. The zlloy

resists relaxation fairly well at the sexe tenperature for a2 period of 12,000

¥

133
Q
b
©n
.
2

ith 2 coniiruous a2pplicetion of load during apprcxizately 10,060
nours, witinzie elongetion éid not fall telow 34%. The inpact ductilily at

e aas ] -
209 a2fter isocther=al roiding at 65C and 705 for 2500 o 5000 hours draops froz

S T TU

8 to 2 xgfe=", zut subsecuently rezzins consiznt for atout 10,000 nours. Tae f

heréness veriec iittle upon isothermai nolding. No precipitaztion of a ferro-

etecited. The zuthors ascribe the reiztively 2igh stabiliizy

3]
g
@
[l
Pt
[£]
oy

'
b
[
P
0
ni

¢ the siruciure zné propertias of the z21loy principaily to the effect of co- -
21T, The precipitcted phoses consist of 3zl and 22556 cartides, their chroo-
iuz conicat Tesaixning constent for 1G,00C hours at 6600, Tt the colydbdemusn

contexnt increasing frem 9§ to 154 and that of tungsten fro= 7 to 16.55. iore-

2CL-635/% (3) 1n -~




Leletlien ©

L0 ceine.

e 3
£+ 25

<
Avnpare enue

nave recently been pudiished o

service life.

.

552731 F, 2 3 945¢ Jé‘

o :
D)goons &3 pripgmteer oo

strengzk of alloy witk ~s 203 Cx,
U5 Co 23 66U . O0il cuenching froz 1200 .
2 - sc—ooth gpecizens: 76CT, 70 hours; b -
85, 2
2800, 45 hours.
(2} tize to fzilure, nours;

1 o me &
Yo
xEfonc;

I extensive research relative

Tris research #2s conducteé ir accoréance

single progres situitaneously 2t 2 munder of plants ané at researck in-

the Gerzman Daxzocratic Regudlic ané the Tederal epudiic of Sermany

otrer countries (USss,

[ 3 s
inese invest

2 de

Repudiic of Germany with 235 ferritic and 12 austenitic steels, as

France, Czechoslovakia, Sxeden, Switzerland).

ons inveliving tests continving for 50,000 nhours at tenpera-

ing conducted in the Gersan Democratic Remudblic and

-

s 2lioys. Unfortunately. we were not in z position

here the z=ost iogportant daiz obtained in this research zndé refer zhe

rezger o the ocriginal sourcel.

C. =3z

2CL-655/% (3)
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oroun of »lloys on
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D) Tenrcramype, €

Rigsure 351. Values of 10C0-hour long-term sirengthr at vaxr-~
icus tezperziures for certain nickel-cobzlt tased ziloys
{useé in Scr=amy) in ceomparison with steel 10 alloyed
wita cobalt {curve &; of. Table 10 for the cozposition
o ke steel. Tre nunbers of the curves correspornd to
the 21ioys =nhose co=gosition is given in Table 25,

(=) 1G0-zopr long-term strength, kg/:az; (v} te=-
cerasure, C.

£~y 1 is the sonexrhct zmcdifieé fnerican a2lloy F®-155, classified 3
Table S% zcong the cozplex-alloyed austenitic sieels (stee:r &). it is
szen froz= Figure 351 zhat up to 800° 2lloy & {Pav:ze 95) is suzerior to

thers. It is yrizcipally 2licy 3 vizich is used for turvire venes.
96 (%52, see ziso 701, T3%, 751, S12/ gives tae alioys based oz
niczel and cobzlt shich azre exployed =t the gresent tize in US incdustry and
the vaines of their long-terc strength. :s.}.l'cys of nickel and chroziun or

caroniucz z2ad iron. known under the designations XNichroze azcé Perronickroze,

x02-859/¥ (5)




s ey -y
ITesiltince L

elezenls, eic.

2 the averzge creed does not exceed
rronicaroze 15-690
tic steel 20-25,

w elevaiirng the

Zadle 82
Cozpositicr (averazge, $) of Lickel-Cotalt-Sasec alioys
-n the Gernmen Jexocratic Repudlic ané the Federal
Zezutlic of Ger—eny

a

N
Ratis

_ Othen

K

oo s e s e
o 10
I Nints

e e P e o

]
b

DIRV: 0,154N
RNV

Vot ben bat

mec-
Ka8L p o

erzture {the alloys of Fig. 352 rere quencheé fro= 1000 to 1075°).
=25 e seen Iro= Tebdle 96, the i5-76-8 Ferronicamsze Incozmel {2) slso zas
sirength. ickel 2lloys with 25 to 35% Cr have =uck better
heatproofmess, 2s is to e seen frem Figure 310. Zowxever, the practical util-
oz of such alloys is i=peded bty tzeir poor teckrologicel progerties. Xore-

over, 25 was recently estotlished, prolonged nealing of alloys witkh 20 to 30%

< zen? - ~ < . s .
Ty 23 Texgeratures delow 350° leads tou foroation of the cozpound ;u.s’.:r {:-:2.

=7

13/, the elffect of which on tze =os: ioportant progerties of these 2iloys has
not yel deexn studies. Eence Ficars-es withont 2dditionzl 2lloying sre em-
slocyed rhere high corrosion resistance is reguired in aGéition to average heat-

sreof gunliities, suck as for flives in zircraft 8as turdines.

neL-355/% (3)
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827 57 779 7 &22
Weurszezyza,

-

o

texzerature for
2lloys oné zustenitic steels.
. o
(2) tezperzture, “C.

The da2sic netkod of izproving ike healtproofness of Nichrozes consists in

titaniuz ond zlusiruz in order to Tender tnen structuraily

ougkh the ol phase. 3s a2 result of this fact taeir caris

izportance ir this process is not so muck the2 stirengthen-

. L ) ’
eaizent 25 the disperse precipitztion of tke o phase

iiself jef, 4527, zhich (see [é::ssian D. 520) tas 2 high interatozic boxnd

an€ resissizzce to0 ccagulztion. Hence annezlizg of these alloys is

conducled 2% 2 tesperature Iying Teyord the horémess curve aaxiz=a=,

2 lenglhy zeriod. ¥:ith resgect o their keatproofness (cf. Tadle 96),

2déiticn to titanium 2md alumirus these 2lloys 2re aiso fused with cobaii

iich also sirengihen the solic solution, ané are sizilar %o

2iloys, or are suserior o then, ever at a texzerziure of 8700.

s include, ir zarticalar, Xizonic 100 {15 iz Tanle 96).

fieid is ithus being concucted xith ccbeli-Iree

Zh2t such research =2y yield substontial

1CL-559/% (3)




S eyt v
nioraunm,

- 0y
cirensin

ceaposition
tize fzctor exerts
continues foxr 1000 i
the case of ize other zilcys. XMore-
texp.raturz. One can scarcely doudt the
Zer izprovexent ané of ackieving positive results in atil-
2iloying elecexnts.

Zhe EHastelleys <xhich basically represent mickel 2lloys with =olybiemuz
anc chroziuxm, are zlso cited z=ong the nickel-based 2lloys, szect to
their long-ter= strengin (ef.Peble and creep resistance, ikey zre inferioxr
0 Zost cther nickel-based zilors, their use is justified by the fzct that
they possess z high chenmicel st 2ility in a2 rucber of zggressive fedia. Eence
they =iil 3e <.scussed in the chzpter on the alloying of sizinless and acid-
Tesistant sizels. :liloys of this tyse, but with e nigher chrormiun corient,
ere sozelizes edpiocyed for paris whick in adéition o averzge heatlsroofiness
Tist 2assess a2 very high corrosion —esistance. We zay cite as an exszmdle an
zlicy contaizning 0.5% C, 1% %n, 1.2% Si, 25 to 27% Cr, &5 to 504 5i, 34 W, =28

- -~

the renzinder Fe, which was feirly steble in service at texperatures ugp to

up tc 2300 heurs [:—'3597.

Cobrlt-Based =1loys usuzlly contzin an increesed azcun: of cerbon aznd
=olybdenuz, tungsien, niodiuz {cf, Tabdle §6) --
A

‘zroofness cue to the very sizdie cardide pheses Iocztad in

Zence tiey rorz=sliy <o not Teguire precipitaticn

x01-655/7 (3) 136




Al at-

Eigh-carbon cobzli-besed z2ilsys of the Stellite p-
Ztus, for example, the possidbil
lloy with 0.6% C, 203 Cr, 12% Xi, 454 C
Tor the minufzcture of gos iurbine rotor vanes By casting —ethod, since
perzissidle sireggling of the properties ot 750 <o 600° is oStairzed in tiais
a2ilso uiilizeé zs hard facings to increszse the sur-
zeat-resisiani zustenitic steels. EHcewew ry, it is

tkis case to utilize their higrest kardress, since 2l-

ve £reater corrosicn resisiznce Bee, for excxmpdle,

zhich have 2 high damping rztio mave recently [5:1*6 zecn found

n5 the cobzii-besed ferrczagret:c 2llcys. 2t z=ay be seen fro= Bigure 326

Givern earlier, this property is possessed by Tizary codalt alloys with 359

or 20% Pe 2né by 2 ternzry cotall 2lloy ¥ith 283 Pe gnd 7% Ki. Sie Co-Xi

nese cheracteristics that iz
sify 2lioy 16 of Tatle 96 also exong tke cobali-based

137
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ure were obtzined [B8i0f witkn

stics 2t f23d
tyde conteinairg nio-

Teing neltead Zn 8

sh-irecuency furnsce.

ern sirength Gue to zmeltiing

-

pme o

vle 96) zas given in T

12, Fable 96, and otkers [838/.

nickel =z2nd codzli-tzsed zlloys of nigh

ut the use cf ceoxidation Gy

15 44

e ke vactun =elis contain one-eightz to

leath =5 zmuck non-zetellic irpurities, ies ol s=elier si-ze, as

ine conventicnel aiioys. dditional coniritution
of ingots in the hot stale. 2&nd since nickel oxd

Sreuzstance is of very
melting of & musier of

the pouring -- are cone

e

zecording to 2vailadle infor=ation fef. 838/,

in vzcouo orn &n

30 5 %0 i are zlirealy =elting, or will in the nezr fut-

ure segin

""...—o 9/ 3




2120ys bzsec on aigh-zel:l zezals, as well as
utilizing coobinations of zetzlis ané cerzmic materials
couniries tith iZe aziz of fixnding —eterials possessed

zect-resi-t.nce Jor briel seriods ol service. Discussion

3zecizl -pcerigls goes teyond tze scone of our sudject.

out only tke dasic trends of this

rough aporoxization characterizes
ural o exgect that z2lloys dosed ¢n
Zoxever,
- > 2iloys ore pighly heazt-resistexnt. Soze
I suct metais 25 zatrices for heat resistant
97 [753/. Tee siress 6 causing a ceforzetion

adonted tere a2s tze criterion of the ra’a iye STTcD re-

of of O 0 the specific gravityr is an iz~

cheraciasriciic for such ariicles 25 turdine vanes, in which a2 con-
Zéerztie sortion of the axrising stresses is causeé ©y forces of inertia.
Zese stresses, other comditions being ecuzl, are, therefore, proportionzl to
the sgecific gravity of the zateriazi. =ith identical vaiues of

22 siress which causes z desireld cefcrmation under iderntical service condi-

tions, the deiler -aterial wiil be the oxe with the lozer szecxfic gravity,

since the stress in it ¥11i e lower. 1t =2y e seen froz Sadle §7 thet in

nickel, and iron ané cobdaii, 2 desired defor=ztiocn is achieved
st concditions with 2 higher siress tkhan in otker meizis wmita

=ost suitabvle to sorve as possidble =a2irices for

are ckroziu=, =d0iytdenu=, tungsien, tantsiun,




. o v

(00001 20F)
' 400'0 £200'0 10,0 oL K\.o

ua [ s f

6'11 g0 'y ......?:..w 013 1aodo

u6'o gl')~ gI'n~ oo~ Nss\ux »

* e ey

WM e e MY w

W " 7%

HLon TN 1O aduugienn dondd dAtuTnY

e e o lntcﬁ
e

2SN T




v lues o 100-hour long-
caie st*e“b.n .-.: "xif"-x 1ex-
o~ -
rat 2‘ n alloy of Ti 36%
in coxparison -cit'n 2 cobalz-:aseu

&
a

N
™~
¢t

w8
;f, bre 0y
(Lt
23

(33
1

nanpruenve, atfust O
n
e

] -t
o

€
o

Texgpera-

a ~N

AS 3 3 JATTOSEC.
n2y be
1 - L -
ailoy 17 anerasiures udy to ~1000° with respect
is especially great if allowronce
titaniun alloy (curve 3 in Figure
- - . o e s . -
ficiently neataroof at 1000 and tkhe inirocuction of
- - - e - o o ]
orrosior resistent evem at 1209 for -~~1GD
21loy has not yet been put to independent use cue o

tiijity at roon tezperasure, and decause of ite

base for resezrch of light kigniy heat-resistant eiloys.

pased z2lloys were first studied fro= this stenépoint over 10

A lerge puster of binary and ternary systiezs baseé on chrom~
nove teen investigzted since that tire. Phe best conbizaztions of strergth
3 = 'y - - a - _0 v -

in tests condéucted over the 675 to 925 range n=ve thus

-

been founé in alloys coztaining 603 Cr, 138 ko, and 25% Fe, or 603 i,
+ransgitior froz the first co=position o the secoxnd,
-srengta rises exd the plasticity Erops with increasirg molybienun conleznt

zndi decreesing iron comtent. Im the cecond slloy, tae long-terc ullicate

stremgsh 2t 570° is 15 kg/oc=® witk a G elongetion, im 100 hours. This

2CL-859/¥ (&}




tesserature. Consiceradle success has deen ac-

[cf. 756]/. The ceuses and mezkods

its alloys have «lso been stuéied -

us and
-

ef. 113, 157, et 21.7/. Xevertheiess, tzere is still

<0 the czuse of the ttleness of chramiuz. Soxze hol

for the britileress, weile otkhers believe it to be

lution with chroziun., It is sost probable

oxygen, a2s well as by nitrogen, and ca.rbon_,

itrogen has tke greatest effect’. Herce it is recozzended that the

nrozius 2iloys be coréucted undar cozditions wnich prevent or re-

of tkheir ebsorbing nitrogexn, oxysgenm and carbon. Xany

chrsmiun, such s zluminum, copper, nickel, manganese,
the order of éiminishing extent of influence) alse eie-
its crizical britileness poirt. Even with the purest chromiun, Goizized

ttleness point is still far azbove room

t31]1 1itcle inforzation in the literziture ccacerning the COR-
ent of 21lo0ys dased on colybdexux. It is %o e seen Irex
tze cozpzrison showz in Figure 35% fef. 751, 81(_)7 tbat with respect to ihe
=000-hour lorng-terz strengih colydéenun 2iloys are far superior at tecalratures

2f 850 o 1600° to z1ioys based on cchelt (elloy €) and may ©te used ir service

. Xorchymsky. Journal of Xetels, v. 9, 1557; Noa 7,




-

tungsten. Toe derivation of pure —olirbdenum, as well a2t ile nethods of =elzi-

3
ot

ing znd cefor=ing =olybdenmum zlloys, ceuse no especizily serious difficulties.

fact

“he prireipzl problezs for molrdéenus and tungsten zlloys gre cdue to ik

gr soid stortness znd, chiefly,

1y
§o

that they {just as chromiu- zlloys) have a

-

o

| : s . . ..0 =n0 .: :
lox resistance 0 cxidation st Texgeratures 2bove o00 . ove 750 the axides
¢ =olybdenun a2re highly volpmtile and can pilay nc protective role. Imsofer
2s =2y be judged Zrom technical ané patent litergiure, intenmsive work is be-

ol

ing cerriec on towaré soiution of these sroblems. Ir particular, seexch for
surfzce oatings zné plating zethods has teen conductzé for a rumter of years,
the corrosion reslstance of zolybdenu=. Coalixng
or alating (5 2 ) wisk Nichroze (E0% Xi + 203 &)
hzs thus far teen Jound o bé the z=ost effective.

uch success hos bees achiaved in recent years in tke Zeveiozmesnl and
zpplication of wverisus nighly heatprocf materials based on cardides, zoxides,
nitrides, 3ilisidas, sluxzinides, and oxides. Eence the fcllowing are gzppar-
ently of the gregiest interest: tiimniun cerbides wath an sd-ixture of tenta-
ly= czrhides, niocdiun or chkrosius, zircopium carbides, titaniu= ané chroxiua,
z=olyodenu= andé titeniun silicides, ¢nd others. To recuce the dritiieness, to
increzse tkhe resistance 10 adri & inperaturs changes, e:ic., poxcers ci ithesd

zateriaisare cixed xiis posds~: cof vaxrious metals, chiefly nickel, codalti,

bl
-

chromiuvz, and their zlloys, in 2 Jdefinite ratio. Eence they ure terced zetasics ™

m

cx cercets. Scne infor-ation on the cetkhCis of zemefecture e2nd the propervies

the
ernets may te found in the literature j?Ss, T4, 735, 7527. The values

Q
"y
(44
$2
ar
O

of the 1CGO0-nour long-teln sirength 2t high temperatures are spown in Figure
555 for txo cermeis based om titanind carbdides. Shown-ixn the ssce Tigure is

s < amnO . s
ke leng-ters Sirength et 5807 of 2 cercet besed or chromun boride, nickel
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fzcz shet it possesses the lcowest dri
tz is still relatively low. Por-

dus cenied zaierizls, for turbine vznes for exs=ple, n—ay be classified zong

zaznufaciuree by powder metalliurgy zeth-

oas Iroz conmvenrtional zilloys. Otkher specizl materials are 2lso veing Geveloped

o a2re zenufaciured by the powder metzllurgy method and shich nave a basic )

; disperse particles  such 2as 51-31203(551-’),

=53 0f melal strengthened by

.
&

Cu-2:,0 ?'i—:-.1203, 3:'.0-'2102, Be-Bezc, 23c. Such materiels nave g much higher

€uctility tzer the cozvexntiorel cerzets.
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Figare 33%. Cozparison of values of 1000-kour long-tera .
sirength at verious temperztures for ellioys besed on
zeiybdemuz, chroziuzm, anc cobalt, znd for certein cer-

=ets:
1 - cozzercizlly pure Ho; 2 - 2lloy of Xo xitxn ~

Y 0.5 2i; 5 - €0% Cr, 25% Yo, 15% Fe; & - 60% 2iC +
52% 5i, &5 ¢r; 5 - 50% TiC + 30% Ki, 10% Co, 10% Cr;
6 - 0.5% €, 255 Cr, 20% ¥i, 55% Co, 8% ¥; 7 - 55% 2iC +
&% ‘2532 + 13% Co, 1035 Si; 8 - chromita boride + =etal;
- nicZel zluninide; 2 -
{2) 1000-nour long-terz strength, kz/z=;

' () temgerature, ¢,

‘See, for exemple, X. J. Grant and J. Preston. Journsi of kKetels, v. 9, 1957,
¥o. 3, z- 349.
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2D A0IS-BTSISTAYND 3P,
204

10 corrosicn resistence in given

£rey 2re exzployed the RIS

Hence they must

cal sroparties. teel is
zciure ol rustpreof tgols, it —ust hav hardness and wear
Stalinless zné acid-resistent steels zre aiso widely used 2s
ezt-resistant steels. They were discussed {rpx this

inally, it is recuired that stainless
sajority of steels for other purposes, have

cutiing, de~

TING COR20SION-RSSISTANT STESLS. 2XD A1LOYS

zuzber of special works /585, 489, #88, 776, et ai.f nave teen devoted

guesticns of tre theory of corrosion. We sk2ll thus touch ‘only upon the
bzsic srizciples, 2 knozledge of zhich is essential for eluncidatics of ke
e effec-: of 2iloying elecents and the structure of am z2lloy, which
RS the neans of creatirg corrosion-resistant tec-.:ls and
caiefly ferrous cres.
s nade Toiveen chomiszl amd slectrocheniczl corrosica.
sariicuiar cas2 of chesicel corrosion, in which the metal cr 2iloy inter-
éirectiy wiilk tke zediuz, is gas corrosion zt high texzperatures, <hich
ihe degree of corrcsicn resistence of ihe steel or alloy. teel
susjected o chexica) corrosion in pure, d&ry zir. The latter case,
hozever, 1z exIrezely rare. iIn reaiic j» &ir usmally conteins varicus Izpur-

ities a=nd scisture. EHence at-ospheric corrosion is, 23 2 rule, a variety of

CL-839/% (5)




- = ) - -*
varied iyzes of corrosion aiiac Qe =osv
nich Znciudes s corrosion [Z'-:or:o::‘.ye.

iorrosicon, snicn In

corrosic+ [:scheclqna;ra rorroziyaf, znd inzercrystalline

serrosion. e corrosion is esgpecially dangerous, since 2 shar

getesisrz ical proger:i

es of the 2iloy is observed a2i the

czl corrosicn z :ilc is for=ed on tke suriasce of the cetal zxich

protective role by izpeding furiher con-

iz rticular case of oxicizing

hetyaen the =272 ani the ze Iz

orocesses, but the oxe w=hich is tk= =ost izportant for practical application,

= the surface of she zetal or zlloy comsists of oxides of
or various coaporneats of tke 2lloy. 2t Too= texoperature the rate

tte oxygen frox= the x=ediun Ikhrough as x21i as
£

2te=s oS the —etel or zilcy cosporerts in the cpsosite directiorn,

isz. Esnce the

thickness of the zrosective filxs umder izese

extremely s—elil eand rernges for various aclive zetzls {21, Fe,
o

)} Sro= 20 20 30 2. iccording to soze sets of date, the filxz
o
acid-resistent stesl is 10 o 50 &, 2znd accoxding to otlers it
=2y Se c—uch grezier, cepending on the guelity of surizce polishing. Ixm 211
cezses e oxice f£iiz Is coloriess and tranmsparent, but due ¢ the absence of

ffusion 2 protective effect even 2t =zch szz}l thickresses, if

< possesses censity and resistaznce to the zcticn of the nediusz iz

cuastion.
2 protective lsyer is alzo forzed onm 2 nunber of zetels suck s Ironm,

ckel, cokzl:t, chrozium, ond others wiZen ther are scted on Ty ce-tain

S -y Zo-




iren 2 nigh chezicel resistance 10 33e very same
¢T econcentrziisns o7
ofiern zccoxmpznied dy increszse
2s chro=ins, the elee-
Solerniisl hersupon decones s 23 ¢ close in
-raducticn potentizl Zence tnese zes-
sran. o-=ed Srox tase zetels ind etals for
Pre texdency of ke corresponding to cevelop

rz2serveé ITC One exient Or znotier even xzen

crotective layer
iccoxding o znother theory, tie oxyger a2dsorded by the suriace lay-
T zhe zetzl kas z catalyiic protective effect. Zvex zetais and zlloys
éo not oxidles under these conéiiisns, such as platinun in 2 sol-

Tecoz=z passive according to the secusnd

Trere is s3iil diszgreexent azong the experizentzl &ate Ior cer-

zné ailoys. Iz 3 iar, eleciror difiractiox studies []?27

iron et - oxide filn is Igrzed oz it upor passivation .

-

iy fina szz21}) crystais of cubic xifézos. Zuz

of 2xiremse
zlso Deer zd4vanced that tzis oxige fiis is in the z2xorphens
Stucies Ty tae cozéuctivity =etihod [78;7, on ke other rmand, incdiczte
cessive state of iron is éue to the formetioxn or its suxrface of o

znd unstable adsorded i T oxygen. Daiz are aveilatie for

% the nhypotkesis is advanced

uCL-£38/7 (3) 148




of =z

=3 sorption,

the =oss

on, cespite

fiin orn stainless steels 2nd iron

-t d >
“LidZLness o=

axd hence ihe protective procerties 2s

r 2nd in oxidizirg =eéia on the
cozpositicn of tke 2lloys. On chroziuo

nroniun oxide. Gnly chrosiucz oxide xas
= to ferric oxide, in she filn of 2 steel containing 164 Cr
ride range and reaching G0%. 53%

=ere founé in the isolated 3

teel comtaining —olyhde Xickel oxides were 23sent fro=
S

in ceadinatiosn

-
3

enricheé witz chro=iuc oxicdes, asparentiy

5 tke Sest protective nroperties to ferrous

Zlecctrochemiced corrosiscn of zetals and 2lloys, xaick cceurs in solue-
zioxns, is 2 process of elescirocheziczi oxiéaticn, i. e., oxidztiion
2nce of 2 potential

2ccozganie

7 disraziion of the eleciric neutrality a2né by the cocuxT
on the zeizi-soiution bourncdery. Ioms of ke zedzl partizlly nigrate
ke erystzl 3atiice Intd the iaguié phase, since tais lezds zo redaction

ol ize syszten, e values oF ihe nor=asi or sianderd aiec-

L is the eguililriuz potextiazl of 2 zetal xzen the zeti-

lozns in solusicn ecuais unity, osy sorve as a velative chavre

149




gives Jor cerizin mezz2ls the values 67

1€ gzo¥eris series whered
S Zerd. ZFor =metals tendlr

el 2Tiive sizte

srocesz of oxideiioz 9f tze zetal should zchievezent

ifu= potentizi, Thich corresponés tze Iree emergy =ini=un of

Hgwever, the egrilinr ia3 reackted, gné tkte pro-

_2cirocheniczl cor-osiorn contimues if a reducticr or catkodéic pro-
cess (catzocdecepolarizz ziicn) ocuass simmltaneously with the sxidizing or an-

¢ process. ZTize caizodic o

ool CCE€SS =27 coxnsist in The reduction of zany

siazces fef. 778, Z=ble 2/, periiculariy cf ik 25 of another zetzl or of

oxygen contaired in the soiution. necesszry condition for this is nega-

tive tolzl czange in the free energy oF the systez, i.e., the reduced =ezal

o g
“Se

potential ttan the dissolved zesal (in
tke potextisl sign shoulé de “taken vhick
for tue oxidation process). In the =osi
oxidation, suckh 25 of iron a=d its zlioys, occurs

the reduction of hydrogern ions:
2H* 4 22— H..

excnizztion of the —echanisn arnd kinetics of the process of elecir

torrosion, the theory of micreelenants develoged in the Sovaes Uaican

~ = . . .
259l S §. V. axisov S5, Irox= ihe fact tkat
L

inéividual nicroseciions

the hetercgenesus-elecizcchesical mecranisn}.

32 gudface of 2 Z22al or allisy zeszires mmliike

—tha'd

X3i-653,7 (3}




MMy 52

Bome Bp*r - 2¢

Al plTTr - &

Tie FiTT - Te

Ma— MavT - 2

Za—~2= +%

Corac Coirr -2 S 2iig — 5§g=+?f
Fem ffeTT =2 X Ag—s AgT Fe
g~ +2 E Hp s Hg¥+ +2
Co—Com¥ +2% 277 Pd—=patr 2
NiNiFr 2 . Pt Pttt +2

Mo— Mat¥+ 52 Au-s Auttd 20

=Tluernce of wvarious

such as culiiple-phzse st rities anéd siressed

orotective i zediuz, elc. Gali-

=zeroscopic or =icroscopic area (elezents) conseguentiy axrise, sné the

ciic sectiuns sre cestroged.

Zozever, the decisive role in the course of the corrosica srocess is

-

ently zscriged erroxzeously to ihe action of galivanic elezents. Iz reali-

n dezonmsirated by z mmaber of siwies [778f, the crigination of

szivanic eizzenis is orly orne of the possible ways of transition of 2 system

ther—odynanicaily siztler steiz, which iransition is zore zdvaznizgeous

oz tze siendpoint of exzergy and iezds to furshes accelsraztion of tke cor-
Tosisz srocesc. igreover, as dexonstrated by &. I. Szuliin 526,

corrosion process -y taXe place even Then the potenmtial is folly

a2t sii zoints of the surfzce of the —etz2l. Tze presence in the

loy of ca2tilodic sections, on the olher hond, m2y zcocelerate the 3Tocess te-

zuase 5 Lhe fact that in these secticns the zciivaticn erergy of nydrogen

xCL-85¢/% (5]




rras is the saz=s thirng, the overvolizpge of

is lozer. The bydrogen overvolizge, olher

acual, depends or or the cetel l—l"}'l, 867/ and
0 2ksord oxygern.

the vesistemce Jacior iz the rate of progress of ihe

operation of the zicroelexzents in zlectrolyles is at any

Zat the ro_. of the resistznce factor is comsidered $0 Dde
oI zacrosiezents f775/. 4 caleula-

. Stulzir /782/, on ihe other hemd, bas showm thes

2 soiusion, ever assu—ing consicerzble
enodic znd cathcdic processes, is very szall: the‘'kiretic

Szctor is iess thex ten percent. Zence to descri
=2y be zads oxly of
tke deterxining fzctors of the srocess.

» Wnickh we skhail recuire futker on, Figure 3353 ['-!8:_27

ion curves (dedicted ty straignt iines for the

£ox the case of corrosion of two-phcse siloys. 7Tke

tenzizls striving to establiish theaselves in the electrolyte

iz guestion on each phase zre ?1 and '192' zné lizes 1 znd 2 show the

ancée current f{or each of the phases. The line of tke cathode

soint correszending to the equilibriv= oxidation-

reduction potential solution 593' If tze overvolizge of the reduc-
L 4

’ - - - - -
the statiozary sotentic {?st is estezbiished in

€ 1 wiil hereupon corTide at the rate 1 20

4
cainode polarized ( @ st < 492) 2nd will prot corrode. Iif

of tke reduction oxn pharce 2 is sz2ller than oz these 1 ané

S

cesensed by lize %, whick situris Ir zoint, 595, tne stz-

' - - - - - s
?s‘ is estabiishecd. ccxrrosien of the first
-
Trisz and %11l b2 progortionzl e i5' Tut ine

-

uC2-839/7 (3)




. ——
-

corressons

ert as ¥elil
5 >4

curves for the case

358. Dizxgre=s

corrosion of

the czse in wkich tne anode
;s

Piguz

e 3380 corresponds to
ted over Boik phzses of the corroéing allcy.
cas the toial cathode currents and line 6 the

e e of

diz
Y -
A

< T2

is dis
rents. In this case “he stasicnary potentiel 'Sast, waich
1+ iz = 13 + il«» ¥ill be establisked

S5tk pheses of the 21loy =ill zereupon fail; phase 1 2%
the total cathode cur-

TC the
nt 1. of

Drase 2 at the rate i‘, curr
+ 3, ic pkase 1.

phzse 2 a2nd curran

the stancpeint of creztisn of aileys-szhich
zrotheTr, 2 very icporiant part is pleyed By auxiliary drocesses
I tke corres process 10 decrease, or inversely in

ol
o with

z czses 10 increzse, in comparison with
mciarizeiion curves in Figure 338. XNucerouns studies show that thesc oIo-
cesses =Tz reizted To the forsstion or destruction of the passivating fiic

sz :‘a:.':ation of 2 difficulty scluble dense 3ayer of cor~osion pro-

- -
- -

czesS.

o e s
i8L-039/%



she notuare ¢f zas éiscussed earlier, slows
the znodic process, by greventi-
—etz2l into soiusion. Such 2 Jilz is formed on
exp=ple, in consentrated
the

extrations ¢f matric acid. Shis

the designation “overpazssivation', Las been

igy
chrexdu=z-silicon steel, oz chx :iu:.._on stainless
—2déiz. wue shell not deal with the zssuced causes of
éiscussed in speciai literature /863, 863, 778_7 -
£ the process of steel corrosion is czused by
halide ioms, particulzrly cnlorine ions, such
¢éroczleoric acié to mitric zcid, in tkhe corro-
steel in ses waler, etc. Tris is ascribed [36:1_7 t0 displacerent of
double electric iayer zt the surface of ike zmetzl ard to de-
tTwetion of tke zassivati ilm. Troe chiorire jon is also grezily activated
in sulfuric z2cié. Zowever, the imtroducticrn of 2 cer-
calorire ioxs into sulfaric acié in 2z nu=ter of instances not

coes not z2ccelerats, wut on the conirary greetly reterds, tke process of

corrosion, essecizily of chronium-nickel steels of the 25-2C aznd 18-8 types

exé of chro=iuc steels coatzizing up to 17% Cr. TShe corrosicn of carozius
.

steel coatzining 274 Cr, on the ctzsr ha=ngé, is greatly intemnsified in this

—_— ‘,-

case 264/,

Trhe processes raich alfec! the solution of metzals 2lso inciude the &if-

Terence eflect. It consists irn the fzet thet the rzte of se_f-solution de-

rezses in soze czses (positive difference effect}, znd increazses in others

{zezazive &i7% ct), +itx increasing zxodic poizrization. The nega-

ive ¢iflerence effect w2s observed sreviousiy cnrly =ith resgest %o

2nd megresius 2ilors, bSut has recently been established siso [

xCi-853/7 (5) 15%




wnen the

TesLore & =v.
Zoxever,

Taining chiorine
znce Jor tie nrocess of corrosion of steinless steels t

13 IHr z.auzinuo gnd Lagnesi

inexselvas tussess :
.., 2>re therzodylacic-

nzve 2 positive electrs
T Tecause iney Lexgé o sassivation s mediun. The post
for tune czse

elexzents which ceet this recuirenent

is ctramiuxm, Trhich a2cguires a posi-

Zence czroziux is introduced into

tentizl 2s 2 resuit of passivaticn.
orizy of corrociinm-resistant steeis. On the other hané, ir order ¢
2 chexice: resisiance o the a2ction of ron-oxidizing media,

passivation cennot e utilized, it i3 mecesszry to 2iloy the steel with
stzble in these zmedia, In the case of

racdynenically
for ezuxple, nickel and

elazents xwiich are the
elezents zre,

e dezlt xith further ir

tion of diiuse sulfuric zcié, such
ine ciscussion.

n. Certain other slezents =

=nich rontribute 9 the forzztioxz on

——an

- ~ -
LD ITOCULSYSE CXe-

soluble znd cdense layer of corross

utilizeé chiefly to zckieve a cerizin increzse in

-
&S zn exaaple we =2y cite the iniro-

steels (Euss..:fT . 380). Litzie

ol 2iloying steel wil:z

cistilisy by increasing




high chexmicel

a
tke for=er is exerted
concentresion corresponding to e/8 nole, i. 2., 12.5; 25;

tozic). These concentreziions, which Tax cz2ils boundaries

oiés)of czexmicel stzbility, oniy in gifferent systexs,

n the sz=e systies shen acted ugon by different sggressive

Pre existence of boundaries of checical stability has dbeen establisked

2rge zusber of 2licys comsisiing of solié solutisas, but deviations froz

T srinciple are zlso observed. In parsicular, it is difficulit io consider

the rTise in ¢ ezical stability a2t the respective toundezries in 2 numbder of

sysie=3 25 iutermitient. certain ziloy-z—edium systems the first B
scaxcely One

in which uZ 5 of chezical siability 3

t0 a silicon coxtent of no iess taan

2

seen Ir Tecizbiy ¥itz a content of 1i/8 role
R 2/8 nole (273) Xi. <Thais reises
tke exzmples relerred io anmount ¢ the neces-

2 lzrge znmount of costiy nickel zzné 3o limis

—d

use o iron-silicon z2iloys sirictly to cast allcys, Thich moreover,

srone 30 crzck Jorzsiion {siliicaous cast ircn, ther=al

g e e an s




princinle. The explan-

Liver By Tem-men hingell <he oxrdered arraaiezent

tpis explenation it is zs-
ioz of nf8 zmole of the noble component,
are s3> enri its atoms that the destruciive ef-

feet of the zedius is greatiy weekened when it cozes i contact with the

Zowever, one can scarcely expect ax ordereé arrangemexnt

cozcentration of nf/8 =ole 9 the added elecent im 231 sy3~

tne chauge in zicms! other

ne concenirzzion ané by X-ray diffra

zrogersies +1
=2y To a cerizin extent explein the observed deviations

2s =21l zs the circuzmstence tnzt in 2 rumber of syste=s

rease in stabilicy

the insufficiently proxounced

-

consicdered intermittent. On the other hané, even

jump in chemicezl siedility at the Soundsries, ard the very deviatiocms from

ciple, coxn scercely dve explzined if one proceeds froo er entirely
siatistical arrangexs=nt ¢f the atozs of the dissoived cox=gponent ir the solid
& the observed éeviazioms from it could have deen as-
2 ipitial »oment tke process of corrosion o0~
tais leeds 30 enrichzment of the surface plzrmes
¥ wiin of the protecting elexzent. 3But even such azn hypo-

izesis a5 this is rot always confirzed 3y experizen:, for exemdle, in 2

. iy S - -~ = -
leggi-zercury system iéag/, in gs2rerel corrosiorn of ferrochromium zlloys

oy . s . - ~ . cas .
LBELf, elc. ZEczrichzent of the suriace layer of an 21loy w%ith 2 nobie ele-

185-853/% (3)
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. v~ ~w LY Nbo. ReVeringl:SS fsen oPservel 1 & nuader O
: v e . ‘ 8
Lnoceriain LilS¥s L Lutkh oL ¢crper-:alé) this lprer consisted only of e aioms
e ® .
vl tee aelTur. DRI innirioal careunmsianc2 ey S¢ the Tésulit ol seconclry
» e
< elitiruchinlioal excninge betveen the nodle ené base comporents of The alloy
’ cpe , Tove if s £205 ppmi LT
, JEEE L DQTSLLNY D. Gl O Py R
= =
e It ez 56 us ket in erplel.ing the boundaries of chexmicel stebiliiy

-2 Shéu.l pTSCeru ITOZ a2 OSteln cOnTepts given in ke Chagies

“ne Jhzses formed by elements in steel {/Zussian/ p. &4}
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Tigure 354G, Cg:rosic: ¢I iron-nickel zllioys ia suliuric
zeid 2y £0 . Lergth of test pericd 100 keurs:

i1 - 20 zercens 2250&; 2 - iG-perceni; 5> - 5-der-

]

(2) =eisht loss, gf="

=hen it is conitazined in tis sciid noiution correspoaling to the stability

sounéary ~- %~ block a ceritain group cf zscxzs of ize base cozponert frex the ~
asgressive acticn o the given =ediun, or to subject thex ts the Ixnfiuence

of tre pzssivating filz. It is probable that upen the roverse disslace—ant

oI ziczs of the notle 2icmexnt Troo the solution 2mé osprichzment of the surfzce

P&

_ayer vith _hez, i.& principle of selective zdjaccncy, which is determized by

*he ciezical interzciion of tle ziozs, :s ggein Dzirtsired. Witk such en

et
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szred witkh heonogen-

o Figure 3358 that the presence

the dasic =ass rrouzkh

this prese (lirnes &

-n¢ 5,. Howmever, it i3 10 e seen Soen this sane Figure 358 thzt shere will .
e no such effect I ihe overvolizge o the cathode reacticn on both paases )

R T S PR - PN P -

S.2nt 1D trz ifference i1n the val

SLI-l, L.ve, the Inclingtion of ling &

~-ne D townrd tie I-axis. Zence T

Tellsi.nie ol ne.ercgeneous zlloys woss net almays agree

Teer of forzaziion of er sncrezse In catiusdie izsusities

wes of the svervciizge oo both phazses is

fe uwidesprezd cozcep:t of ire lowxer corrosiosn

=ith the sciuzl sizte

T zffeirs. At any rzte it cammet be comsifered 1o be = rule, zs this hes,

iz a2n ziicy. 2ccorid-

ing o ineir zypothesis, tThe presence o cathodic inclusions under condiiions

-

fevoring the estabiiszment of £ passive state (=zen tke

ion and there zre no 203ivatsrs —- chlori

¢t
[}
Y
8

q
n
(4]
fo
1’4
(4]
It
o
et

anodic prase texncds
ne ions -- in ke cor-

-~

rosive meziuv=) =ay, through incresse in the zrodie polarization of ke basic

emgaa dackground in the siructure, czuse the ziloy to nass into 2 stabic

pessive slate, a2t this was observed by them _EZon anodic

o exierral souree o lighs. The zuthors support toeir

tneoretical conciuvsions

sish ke Jollcwing experimen:zl resuiis. Figare 360 [§7g7 szows the great

«»

raducticn in ske rate of csrrosion of 1Zhi5X9 steel in suifuric zeié of various
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seientials of pure zmetals,

.-

" T v
liinen,

wot clear,
ases iz an 2iloy
solié soiution,
ntexcreted roz the stanépoint of the gemeral theory
or iz effect ol soluie elexsnts possessing high thermodynamic stebility in

45 f6r tze zechanisz of their effect even in relatively szz2l11

tizies, it =gy de assuced, fcr example, that in c—edia in chich the steel
is located on the doumdary of the active 2nd passive states, the eiezents in
-uestion h resgpect 0 the layer enriched with chrcaiun gnd nickel in
=s crroniun amd xnickel thexmseives azct with respect to the iron
certain perigé of o= the veginning of corrosion, ine
zoparently, zTe not only of =micxel
ive chrozius (accerding e zuthors! expericents, chrozmium tecozes

28

f-passivated in 30-3ercent = ; izs potertizl ecuzls +1.07 v), but 2iso

<

1s introcuced iznte the allcy, .wkereupon treir zuxiliary pro-

SeceEl

teciiva e s —zniflested. The existence of such mechanisz is indirectl
cvidenced By 57 the a2uithors tnet 27-percerni chrozium steels
zebie-netzl were passivated in z fex zinutes, and chrozivz-
tc 3 daye efter the begirning of the test. ZTiis
tzxt the potexntizl of tkhe steel tested (Fig. 3861},
potential of zal-

Un the other hond, in steel 2lloyed with copger,
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B Komxrasisyes #30,%

Nomepu Btcn, & nt e

2esze of corrosion of 1XniEXQ steels z2lliozed
<izu=, pzlliazdiun, zné copger, 25 & fumction
concentraiion of E,50, 2t 20°. Length of test

eriod 360 Lours. (a) weight loss, g/c:thonr;

o) cencemzration of E,50,, %3 {c) 1xri6X0.

gura 56i. Potentials £ 1EB1EHS steecls

z3

a2lloyed ¥iik platizxs, rzliedics, and
copzer at the exd QI corrosior testa
in zzsog 2t roc= fexperatare:
£ - potentials for pure maizlQ indicat-
eéd in 25~zercent .'-52505*;

{z) zotentiais; (d) corcexztration

of ?.29.:,‘_, %z {c) 1£25%5

iives, mercury

in the steel zey proceed, as in general 2n solié soiltticns, iIn
ize "secondary elecirocheaicel exchange” maphenisy sronosed
- b r
Shaitin [-’?&3, 41'{7 Sor coppar, zolydiemux,

: Teis nypothes’s is 290 ydvanced by ithe gmthors

ore of their papers fB707 azé is confiz=ed o 2 certain axsexmt ¥ tkE2 pos-

2eL-855/% {5)

&€ uzom ihe Introduction of Ions 6 noble metals inty the




Sor Iz sorrosion resist
»xsent 9l aispersioxn o2

soundaries of

she vhzses 3is

intensifies cozrosion ¢of

is zccslerzied ste o zdjacency of the second pkose. Zoz-

af exzent of éispersisp —2y zlso prove 19 %2

bzcouse of the decreasing per—est

ez of 2ction ol the
crexzicel stzdbility of an ziloy sozeiizes corressonés 6 2

Trta, upon the solution of quercted
=>ton sieel coctaiping 0.95% C in l-zercent sulfuxic acid, the

2Tier texgering =t 400° [cf. 873/. Zke

auizsrs gave the siracivre of such steel the race “osacndite”, whichn, however,

eniiy ssocted.

Zhe corrosion resistance 6 a steel or alloy =2y be greatly affected by

<he chexical cozmposition and siracIture. Thug,

wen

rocidual sitresses znd piastic égforcetion of steel

>

5 ol tZe

u=2 Jtresses oud the resalis of pigstic defoxmaticn restores

the cosrosion resisiance Izherent in 3t with the given corposition.

e zotelerziicn of IR2 cerrosian of g 2lloy under ike influexce of
StTegees i prasiic delormation shsulé wnot, khawever, te confused wiik i

Tueranena of serrosien cracking sxd corropion faxtigue. Intemsificzticn of

162




aggressive —ecivs, faiiure caused oy
0ys having o nighn gen corrosion resist-
Corzosion Zaiigue, 5 gaserved
e corrosicn process and zi-
s characterized by ize
by high derimcence of
Prelinipnsry eorrosion,
of an 2iloy 55 2 result
Tous, T COXTOSicoR cradkizg nor Sor-
ing ©n our subject.
2 steel Lus 2 sudsizntial e
ion ra z7tex coarse machinirg the aciive surface is greater
£= of nydé-ugen pracipiistioz is lower then afser poiisting,
iZe corrosicn resistaonce is accordéingly nigter ir the lziter case. Trus,

exz=3ie, fcr 3Zn1J steel comizining C.256% C ané 1G.1% Cr, on plates subjected

o zzching grindizg xhichk thereafter zZaé a coarse sarisce,upon dissolutior im

2 35 sodinz-c:licride solution, iosses were obiaired [?sg'i saick were 2inost &
de iarger tazn cn plates greund znd finizhed by hend.
coTrosior resistance wes ouserved or a2 steel! with
vepor mediua 2f3ex electrolysic polisking iz cozpesison
isning f768/. It has 2lso beer chorn witih 2
tree [787] that in tze event of eleciroiy-
tas of vorying conposition the surface is paszivaied in
2 Yaryirg corrosicn resissaxce. Izprovezont of
of steel in proportiun to its disscluiicm, for

paTities by sanchisstizg,
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I35 SLEUENTS IXD CARB
SISTIXT STIZLS

steel, derencing on

trese propsriies odvey

generalliy spesking, aflects

corrosion zné czechan-
éirections. 3The saze Say be seaid ol the sIruc-
treat=ent conditions.

-l

iunstenizic steels possess = highgr

noooer of zedia

wat éispley lowsx '~

& point} at room tesperature tkan do

~. pizsticisy

tric resiciznea, and zre highly keat-resistart. We shelil tixs
ely tke eflest

st of 2iioying elecents and carbon on
o0iogical properts

erties of ferritic-z=artensiti

the corrosion,

c znd sustens

%G IN IKCI2iSIKG TEZ 207iL COPRUSION EESISTNNCE

erritic-zartensitic steels

Tzt tos ssated earliex absui tzae basic princizies that
t Exich increases tke

e

corrosion resistanse the

its migiznn content in & steel
er: ané in oxigizirg aciés. Sriner incresse in
of gteel in the x=edia referred to, s8s well zs cox=un-

mexsed resistance 30 cextain rew redia, sy se achieved

HLL~0323/7 {Z)
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eriing the chroxzinm conteni, =anich zay e rziseé to 28 o 30%.
content of chromiun in

13T the ainizuo

=ole law, al-

. ’
< the n/8

the respective Bounderies

2ven in this cese, &

£%17]. Beviezicms froz ke n/8 zole

- -~

ere 2180 ressidble because of the fact

& o chroziuz in ceroides x

ecuces ithe content of the latter in the

tion.
Teater, and hexnce ihe extraction of chrox-

is for this reazsor that the corrosion resisiance of

izcrezsizng cardorn content, as =2y be seen, for ex-

- s - - Y - P s
g1Tre 3985 59.’.7. Zne negetive effect of carbon cn» the corrosion

ezl 22y be coxzensated T¥ increasing the chroziuz content of

5

2f st
level zuch tzet 2 sufficient gusntity of it rezaizs in the

cuantity =&y be estinzted roughly oa ke -tasis of ihe

ang iZe cozpousitiorn of the cardicz. Trome, with a2z average con~

£, of steels contzinirg ~A-13, 15, z2nd 173 chro=iuc tze lIsiser
t2331ity in nitric 2cid at 20° 1. Approxizately the

J5ssessec Ty steel contairmimg 0.3% C bLui about 3505 Cr. The

is exzibiled 3y 2 steel with /V0.1% C z2ré 27% Cr, this cor-

=ole. Tza steel ziik 30% Cr, evaxn ahen coateiring 1 fo 1.5%

hanging the corrosion resisizance of chre=izns zteeis

rnicrxaiicn o tke chexicel stability of éiverse steeis, see
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chrozium steels irn 50-

. ahO. - =n0
2 -2260"; b -at 507;
. 2. - -
[1}- zeighs loss, gfa“/rour; (2) Chroziux content
of soiiéd solution, F.

by ze=ns of keat t-eatzent in which the guantity and extent of dispersiozn of ik
exrbices a2ze noiificé degends on their chrozius ard carbon content gceoziing
seen from Pigare 365 ﬁor-o-:cd
the gzz=a region is closed off at 11 %o 125 Cr.
iy czTbon-free alloys coatazining over 1l <o 125 Cr
are fer=izic stesls. Fith the introcuciion of carbon into the alloys, tze
—zxi—u= chrosmiun content 2t Thick the gz=sa regivn is closed off rises apprec-
2 ternary ¥e-Cr-f systen hos been studied by zany 2athors, whose date
diszrree sozewzat. Sozz idez of the sitractural regicns in theo leInaxy systex=
7 the diegrea giver ezriier in Pigurc 5l. 2&s =a¥ be seen froz
ne dizgran, in order for stesl 0 te receptive %o zartexgering it must com-
an 32 30 14% Cr itk 2 locw cazhon Tercexnizge o =0 less

163 Cr. 2 steel coxtsziring over 25% Ur is ndt reced~

xC2-5535/7 (35} 167




recestive 1o zartenopering rossess the highest
the carbides have deen- trens-
the decozposi-
tion of martensite is accozgpanied 0¥
tne corTosion resistance. : cartensite in these alleys possesses an

increzsec stzbiiity toxmax ptidble lomering of the resistance

. P -
Zowaver, texgering at tenperatnrgs;;oove ~ 600, 2s z=ay

49 _/’ » fo= exz=pie, 2gein e*evr.tes the corrosion re-

s value corresponding to the nargened state is

aze=
oo L
fence, Ifroz tkze staxmdpoint of corrosicn resistaace

o subject caorozium steels for structural purroses lq};'gn tense

R

QC: 6 ca2ricn on the Ccor-
Z".:g:;.u... steels ix ritric .

D

<o 0.3355 T; 2 - 8.09 %o

Tahis course of czange in corrosion resistance npon tenpering

£ severzl processes. Tke first ot ;Qe.., waick is zanj et

ainim= on the cirve, consisis :Q‘;nnover' ishaoent ot t

in czre=iu=. %This Jactor =zy play a prriicularly important j‘ et if

.\,

¢f ckroz=iux rexaining in the solié solution 2fter rreci ;1-21102 of

-
. <

arsides is below the chexisal stsbility bourndary. The increase IXT “_'*

-~

e Wy
after nign texgering is exglieired in poxrt by .:ca{,ulatii'- of-
It =2y Te assuced or the basis cf tha ciagrezs of Figuse 3;3
eads to reduction of the total curface on wkich the process

= cerrosiorz is zccelerzted througn contzet tetzeen the gein sass ind the

E0L-€55/% (5)
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is cenfirned

lation of the carbides

vﬂﬁu-m}u*}

S.rhice shase. The positive role ol cozgul
ty, referred to zsove, ol corbon steel upon

is the only one, since both the

¢ the basic ness scereely

Rznge in cthe cezpositioz of the cardide =2y zlso exeri 2 great ef-

-

&dizion o coagulaticn. Soze becii fG1/ that up-

Ject in orzozmius steels, In o

on high tezpering tihiera ccours z iransfor=zztion of c:'chg into the cardicde
v

1450 —
T ‘Q:\ o(x)
\
1552 Ty .

- ?\ Pigure 36%. Gazns regionm in struc-
S 300 X turel dizgran of 2 Pe-Cr systez
s \5 {according to adcock). STherzal
g ”;\ - englysis: A-teating; V -cocl-

aﬁ’noa t ing: Dilatozetric aneiysis:

£ 7 e &- heating; W cooling;
$ wow (a) Tezperzture, “C; (b) Cx,
i& 1% % (b’ te:.gh‘.‘).

550 R f’l

iy
&59 .
o 20

s Ey 5
5)¢€3, % (sex)

t is ¢ be exrected A

$4
M

Cr.C., =hich Dinés iess chromiuz. Im reslity, nowever,

en the basis ol therccdynmaniC aad kiredic prexises {cf. p. 17% 2nd Pig. 108)

with elevation of the %espering tesperaturs transfortation of the ssr-

bide in the oppesite éirectioz will feécur. It kas also been dezorstrzted ex-

serizentzily with a sseel containing 0.18% C erd 12.7% Cr fE03/ that iz the ~

srocess of tespering aller guanching Srom 1025° the cardicde composiiicn
chenges in the secuence (Re,Cr) © —>(cx, :e)i,cs._.;((:r, ?’")23'36' it may
¥ the chamge in the composition of the carbida in the pro-

rzte of th2 currosion nrocess 23S0 25 2 result

cess ol iec—pering zifects tke 22
of chzinge in iItls ecuilizriuz gotential in 2 given zediux, in cenforzits with

IR-855/7 (5}
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+ is 2lsc relased 10 ke
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csoexréing to the dztz of varions scurces, the grernching temperaturef of

for tke parpose of increasing their corrosion resistante vy

¢chroninz steels

~ < s - o . <
Iro= €50 and evexn 900° ic 1100”; tke lower texperstures refer to steels wiik

2 lezer carbon conient). ©his is explairnzd mot only by the high sensitivity

o co-rosion tesis 0 the iest conditions, condition of the suriace of the
srecitens, eic.. et 2pparently also by the €zct that the optizun nuenching
tempersiure —ust degend on 2 ruxber of factors. In the guenched sizte, the
corrssicn resistazce of -steel cust be the higher, the zore coapletely khave
+he carhides teen converted to solution, i.e., the higher is the quenchi:ng
TesperatuTre. It is appaventiy Ior this reason that steeis with & higher car-
buz cuatent must aiso rave 2 higrer gquerching texperzture. iThis effeet of
The guenching izmperature cust be retained gfter texpering unti: spprecizbie
orecipitaiion of tke carbides fron the —artensite begins. At tecpering teu-
SercsuTes atove this, ithe cpposite 2ffect of the quernchiny tempersiure is to
xsected, sinrce the Righer the iziter a2nd the szzller the azount cof undis-
rez2ining in the structure, tka zore strongiy dispersed w®ill

srecipitated Lpon texspering. Pfrecisely suck a ratternm zs

=0L-E39/7 {5)




o5. Howvever, the <

dizensions) upon chenge in the cuenczing tes-

23211, 2iter boih medium and nign
=zase was al 3Zh1l3 steel in certein other studies
these circunstances, 2s well 2 effeci which
2ssive mediurm may exeri, the quenching leszer-

250 o 10500 »znge. TPemperazures ranging

e optizum for steels containing 0.25% C, a2nd

er carbon conient, It is advisablie td> de~

e conditions of ':h griicles to be pro-

fron the necessity

3 <
of plasticity ané ductility (égﬁ-!,
ot

2ze ckhzrzcoteristics are mach more sensitive to ckhanges in tne s@-_.
-3

ture of tha steel caused by varistiions of the gusnchirg texmperature than is
b

corrosion resistznce. Sexi-ferritic steels, such ac those ccatzining

L - .. . . =00
Cr zné 0.1% C, zre sudjected to anreeling-at a temzperature of cround 7507,

iustenitic 2nd sustenitic-fersitic steeis

e

introdacstior of incressed azounts of pickel into high-chrexium
: ’
steeis kas led o tae creatisn of steels of new types which have an austenjtic
D

structure axd vhnis

h possess 2 very hignh chemical stebility ir a large qua‘n_: N

- > - - %
ity of zzoressive cedia. Of such steels, the widest use has beex cade:of a

steel contaiping 183 Cr ~nd 8 to 10¥ Ni, designated sbrcad a2s 18-8 aud in

tze Soviet Bnioz es Xk1SK9 {forzer brand desigration ZYaj.

ke chexiczi stavility of chrozium steel, particn;arly
2, with the introductjon of nickel into it is a2pparently

2t S0 the eaction of the nickel itself thman to the forra-

x0L-853f7 (5)




o trsw e,
-sewalnn Yo L

e, a2lso piays 2 certain posit

Hogever, tanis part should not

froz the standpoint of the single-phase struciure,

- 4 —d
chrcoius-nickel steels, as established enpirically, slso obeys the n/B =ole
2w in the zain froz the siandpoint of their sta2biliiy in ceriain media. This

-

deternines the content of either chromiun or the nickel, depend~

ese elezeuts is itselif chemically stable in 2 given shdium.

Sor exampie, the stezdility of steel ir boiling suliuric acid rises
sition through 2/8 mole nickel, while the chroz-
iuz content has very littie effect. Wnen the steel is subjected to the action
nitric acié, its stability rises sharply with n/8 zcle chronjum, while
ffect of the nickel coss not conforms tu the lar. The roie of mickel in
acrieving en azusternitic structure, on the other hand, rexazins unchanged in
s izecessa:y to introduce no less than 8% Xi into 2 steel con-
a2ining 2bcut 183 Cr ir order to achieve this goal. Thus, it is freguently
ecessary 0 2%0pt 2 nickel content of over 8% in zcid-resistant steel, if
this element deteraines the boundery of chemical stazbiiity. The Kh1839 steel,

norever, conteins the ninizum azourt of nickel 2izo out of econozic considera-

e 366z (vorrowed froa EKrivobtok) gives the pseudodinary structurzl
tke Pe-Cr-Hi-C systen for a section contairing 1E% Cr and 6% Xi,
s+ she upper left corner of this section, studied ixn greater de-

er investigations, It is T0 be seen thet with the carbon content

cussozary Jor industrizl steels of this type (up tc 0.25%), their struciture

¥CL-659/% {5)
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iine, the caricn can consecuently be peld ir the sucersaturated solid sslu-

ion znd will be precinitatew irc= it in the form of cerbides ol ke specilic

cozposition upon subsecuent reasing (texpering).

]

2iso :zue in princizle of the zlpha chase, the precipitasion o

icz it should be pessible to arresi through Trepid cooling of the steel.

Zowever, it has bedp dezonsirated dy exgerizent [‘182,_,, 516, P- 1317 that "in
N Ei % b AR y
the 188 steel, zelted froz pure initial zateriais vacuo and cortaingung

-
g R
=5 A

- - - *
isss then v.005% € 2nd 0.003% ¥ it is not poasible to achieve a fally g:‘en-

s ~ .z ~ 0] . : E
izic structu-e ever after cuenching Ifroa 1150Y. The saze sas observed $R- -

BT e
e T A M- 3
ILLT 3 ~7 'E -
- (XY, .
MAARPD 4l =" :
59 7 / v _ .
S . d [/
. g wm ot ocext
g g% S pgermesum » 1% =
as £99 / Femes : o *
& 2 »
s A Kopbudu (L1, Fe)z3 ¢ s &r
& I 2 i ©F .
¢.&§/ S~ a)E 2000 l Pt
€00 b 3 i .
.\: ~4 = K3 yelersone
“Tozo&g-”zu V s 6. " <33 ..
3 - ~ ? o
[ N oo .:L | :
Gl @2 32 0% a5 05 7 QB Q? s I~ ~yx
7%%Fe XA . BXtrar o2 93 o4
= o
- 2% ¢ g 3

Hzure 356. DPseudodbinery structursl diagras of Pe-Cr-Xi-C
systex for 2 secticn contzining 18% Cr end 63 XNi.
{z) Temperzture; (b) carbiiées; (c) austenite;
{2) 21ph2 + iron.

i8-8 stee: deczriurized in the solid state in vacao to a carbor content below

£Ci-639/% (5) 5
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szenizic structure achieved aftexr
- P
2l containing 0.06% C ané $.026%

3inds soth the cardon and ihe

in incus-

the 28+8 tyre Lac an anstenitic
ns a cerizin zz=ount of niifogen, and such
Litaniua tecause o" tne increased content
oI narginese 2né rickel (a¢ agzinst &% Kil.
The pre.ence of the 2lpbz phese hes a varying eifect on the proper}ies
The 2lpie phzse 2as ar adverse effect on the neat
resistance ané iIs undesirable vren she steel zus: have 2 very7 lox —azmetic
inzuetivity Decause of tze condition of employment. %ho alpha phsse has o
vorzdle elfect on the tencercy of tre steel towzrd intercrystalline cor-
Toslon and on {ke guality of 2 relded joint (see gmss:a:_:? pp. 617 2nd 618).
Thers zre cenlliciing osinions as to the éffect of the 21lpre pizase onr ae
corrcsion resistance. Theoretically it is to be expected that the dif-
in total :o;rosion Tesistiance of steel with a ga<== + alpka stracture
resistance of a steel with 2 monophase austemiiic structure shoulé
fferent aggressive zedia. In reality, the alpha phase is enviched
izpoverished in nickel in comperison with the gasos phase.
<Ze gamzs and 2iphe phases shonlé be practical 1lly egu.valent with re-
t0 resistance Ir zediz in rhich the resistance of the steel is Getor-
rassivating, for exemple in nitric acig, including boiling nisric
The overvoiizge of hydrogen precipitation in these Dneses shoulé slso
€ 2pproxizately ihe szze. Conseguently, acceleratior of the corrosiocn of
crne plizse due 30 adizcency of the other is scaxcely possible. (r the otzer

Zznd, mpon sclution in zedia in which chielly ike nobdlar potential of xnickel

¥eL-5535/7 (35) 7%




fudies where no allerance is xade Lo,

oI zustesitic stieel, zpparomtly for the saze Teason as that
sugsested eeslier Jor fermitis-martensitic steels, i.e., sartly Tecanse of
shroziuvn jzmgpoverishkoent o8 ike basic zzss ang Fertly because of “ke {zct shat
the svervoliizge of the cathodic reaction inm the cerbigde pkhase diffexrs froz
toel iz ke ezsic mass. Phe corrosion resistemce nzy Ye increased in this
case 25 well Ty tramcler of tke cardides t‘c the solid soluticn, this deirng
aczieved iz ZniaX¢ steel by caianckirg Ircz a teaperaiure of 1050 to 110‘90.

for ihe 1¥n3£S9T 3zeel, i. 2., one additiozally allcyed with titzmium, it has

taen geroasireted in recent Years that in applice:i.or to definite service
conditions Betier resulss zra Fielced by cuenching frox z texperature of

S . - - s - -
830 <0 930" o aznealing =zt 850 with sir cooiimg. She edveniages ¢f sucan

Eeat treotzent arnd tzeir prodabic szuse will be covered in grezter detail dur-

ing she discuzsiorn of intercrysteiling corrosien and, reszectively, of sieel -~
2iloyed with Stitenjuo.
TZe high nickel content of acid-resistant gassenitic stecl) has Imdvesd
-

b in the pager by D. G. Siavin. ¥etallicvedeniye i_termichesizya
osrazocia [ietellogrephy and Heat Zreatzenf/, St. Vnitczash finitomazn
Symposiuzf Hashgiz, 1953, p. 396.

22-855/% (5)
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= of nigxel o zorrosion resistance:
onToining 168 Cr and e 032l of ¥n + Xi = B
37-pexcent =X 03; 3 - sieel coxntaining 1735 CT
im zel h..° 6)-;3:ce... :ho.,

g han., {2) eor:osion »ase 0.025

Z,

0 1 Fee
-

b I

367y - its effect 0n 2z steel containing

»gent nitric egcid. Inm 3otk cases tke Te-

especrzily shorply 39 apsroxizetely 4% Xi.. Zhe semsitiv-
E oy & Ynd

srrosion is praciiCalliy elisinated with z content of 5 3¢ &3

e .

Ecogerese lezers she esrrosion sesistance in orxidizing cesie, zithough

contatning 0.1% ¢, 15% Cry 15 to 163 Mn, ané i¥ ¥i with
=g nitrogen oT ¥, ecpicyzc ir the Tsa /656, 8?57 for coléerolied
szzets, toands, eiC., s approxinately =quivaient wilh zespact 0 %GR cox-

>»csicn Tesistznce L0 the sexi-ferritic l7-percent ciroziun siezl, a2nd e

evelosing suci: steel was to schieve a mexizua saving of

2150 Oqe q’-mse of s: Jl E a = s.’-—--a~g n-m.q

205-855/% (5)




eputlic oI fermexny.

shroziv=-zzngznese-nickel

cesies

mRsercus st

the ome chiefly used =s = corrssion-re-

155L¢9 containing 0.15 0

tified co=pos-

s 2z welli-justifi

manganese confent frozm the siandzoint oi

sect to the chrozium eré carbon cortent

e sIz2dility. Hoxmever, the corrosion resisiance

rezses groalls = the ch=oziua conIeat, ané zdrozd it is
1 sseels with 17 to 18% Cr ang 2 lox caxbor

aomiens, 2md sdditicnally 23ilcyed viih nitrogen, shich are bteing developed.

-— . -
162 f673f that in the USi use is ever ma2de, 2s a2n er-

stea2l containing 2038 Cr in xnich respectively tle

t-ogex cozients heve peen increzsed. 2 steei siziiaxr to

=5 on ke average 173 Or, 5.5% Ki, 5.55 ¥n, exd

_fi?g?. Fre positive effect of chroaiux on

tze corrosiox czrozium-sangarese-nickel steel ir %oiling 65-pexr-

aitric a2sidé, wZen the carso=iun content is increzsed froz 15 fo 213, =2y

froz= Figuze 338 [7837.

he chzgmiuc-renganese-niciel steels, even txc3e containirg up

to 20%
Cr, z2rz reveriheless irferior to chycziuz-nickel siteels witk restect to Te-
3 -~ - & *3 1 - - H
gezeral ccrresisn. In sSyathetic sea xeter” st rooz texrterzinre
tz of tes:t period 250 bours), 2 chavosius-manzanese-nictel steel conziz-
Tas found to be x=uch iess rTesistznt thar 2 chroniup-nickel steei,

sionce cecrezsing rith increase in the carbon content, &5 is to e

x2ter, 15.5 g X201, &£.28 g ¥sSl, 62,0, 2.65 g
0.91 S CZSO;* 2320' 0.1'8 03203.

“Cozgosition: ze

£g59; 75,0, .
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sical 18-4.8 Chrozinc-pansenese-nickel steel
Lverage weigh: loss, c, % .s:re:af;e seight loss,
5/=%/ nour 8/“ / bz

0.3008 0.16 0.G0%7
G.C005% 0.26 0.90535
0.3007 0.55 0.0i45
the resistunce of chrociuzm-sangenese-nickel steels 6 the
zction of @ nuxber ol zediz is gfuise sdequets, eyen iIf ther sPe inferior to
chrozinz-n.ckel stesls. In ceriziz zedia such as smifuric, shesphoric, iG-
a2nd Z0-percent lotis ceid, orazge and toozto juice, eic.,
are fully resistani, wzile Iz 2 zixturs
Z-pezcent nitric aciés they are ever sozesiat siper-
toen ceconstrated [55_87 thet czroxiun-zzngezese
i¥re con replzce 18-8 caroziu--nickel sleel in the pro-
2¢id by the zethod of 2>zeonia contemet cxidaticn, and thct
ey nave =0 especially high resistonce under e cozditisra of celiunless TT9~
duezion. FShosz zuthors have 2lcoe, confirmed the fact thet atoat 2% cozjer con
repiace = past of the mickel inm chroniumesangonese steel znd substant tially izm-

TOve its corrosicn resistevce. They recozssrnd 2 asteel containing 188 O,
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Figure 358. "“-q; of eareniun ip the RFigure 365. Corrosion resistzace of
13 o 2i% rzuse‘en the corrosion re- 18-3 st2qd, ccxtaining 3.2% xo
sistoice of shrcziuc-zongarese- and 0.*5 fiin 258 2 Sué at 4%0°

ickel 1 in boiling d5-gerceat -

:.,c =el sieel iz Soiiing 03-F2 versus heat*ng teszerature.

=6, £.3\ . vs loes, 283 lb) g

{=3 corrosicn Tas 0.025 \&, 3 e oSS,
‘:i/::;;:s en 228, LU teatirg tesperature, 8. *

{;,.
332

te corrgsion Tesisiznce of high-chrozmius ferritic-martensiti Q%}
= 7
arnd chrtziuz-dangzrese-nickel austenitic steels, =s has
ed in sevessi stucies /92, 748, 576, p. 128/, drops when the
Tesent in taeir struclure. 1T has deer Zegonstrated in this
1 of the 1LLIBEF? type [575, p. 128/, that the érop in resist-
iiizg 85~parcemt nitric zeid is chiefly the result of intemsified
of e sigezz shase itself. It is true that the probability of 2T~
zearance of ike sigzm: hese is espacially great in sieels corntaining an iney
creased scoant of chrexius, those of the Eh23X13 iyre {see Fig. 355). Howe
evar, 2s seinicd cut em L'.';hssiag_-f P+ 36%, foraztion of the sigzza paese is
rities znd by mamy sdaitiomal slicying elesenmis.
soeerance of the sigza rhazse even in 2 steel of ize

s 22¢itionzlly 2licyed wiih aciybierux, sitanius,

ser referred to 5718/, in which intensified cor-

tyse conteining titaniux éue 2o the sigma isse




\

~i
. “ s sz - P i e dwmalorssicpnt SU2R-
2u2 oszerves, the Tomzation of this rhase was Izworecd Ty insignificent guan
.o - . N N - : PR IR : - - - o
sfifas of slusmirus ané 2 por:ica of the xianiuvm, walck is converiéd 0 e
-

P L T 1o t i~ Twmeem o Rigk tommerature Fgure 369 /362
sciic solucsien upon guenching Srom 2 nigh temperaiaTé. Iy I3 7

. < < 2 2 s emm =i e P | et=a) v. ool
sntzs zs on gxeople the sharp &xep inm IRE Fesisianes o 13-8 sigel coniain-
o i ot v o A 22 S fw 58 _cameant sglifuric onid zt 50° Swe to formztion
ing J.zm Eo zné C.35E 7L inm gH—-mercens TaliqrLC S:22u G SRE .

Iccreased chezical st .ility of stcels in cérisinp zediz cax te achieved
Ty ad2izisnal zlicring of the stecls. The grzalest effect is grofaced by

iw the —asiszezce o steel in boiling nitric acii, 2s well 23 in & su=ter &<
cinar monsrgemic snd orgenmic zcids and sait solmtiors, periicnlariy in sul-
;‘.::ic. ecid, z: elevatad cemperatures and in high concemtrations. In Figure
570, iz wxich are skomn egusl rei@t-loss' curves btased oz the datz of varions
Gaz—on resea-chers, ome can seé the special advantage in this sase of sizal-
sznecas imtradmesion ol molybderuz and coprer into steel of the 1843 Tyze.

2150 <0 e seen froz Pigure 370 zre the externsl corditions {tezperature and

concansraiion of the mgzTassive medivn) under xhich each of irese eiexenIs
j=di7idselly exerts 2 pssitive effect. XNolyblerma also reduces the teadency

of ke steel %o mitiing f87Ef. Iz steels desiglel Iox sexvice under severe .
conditiczs of chezicel action, the zolybderam content i3 increased almost to

and snmetizas even higher. The Eu1SNWI2U3T steel, xhick conizins u;: o

4% Yo, =y sexva 23 3u exa~ple. Since molyblemma contriluses $0 foz=atiox

of ike slghz ghase, feviug 2 far greatcT effect in this direciiom thon ciri=-

e
iu=, to Chisiz 2 conoziose smsienitic structure the nickel context ia ke
stoe) hzs teen increased on the averzze tc 12%. -
Zuzmeraus sctudies bLive shown thal, ir order 25 izzaxrt 20 steel 2 i --

ste3ilicsr in solniions OF snifuric =ciéd of w2ak eni medivws concentrations,
eszsecially =t tke toiiisng paial, it is necassary, in gdéitionm o ailoyimgp

s %20 iscrezse the nmickel consent of the steei o
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figures ox tkhe carves irdicate losses in

> ixentr-Ionr hours.
{2} temperzture, “c.

recuired for chizinirg stadie zustenile. Tie

f the st2dbility of vzricus steels in salfcoric acid ot tze toil-

3, as szomn in RPigure 371 JE86E7, izdicates thst a very great effect
rigved even ugca tramsition fron 18-12-3-2 to 8-18-3-2 stesl {ike thixd

: 2nd the {curth tkat of copper). Zhe 2atier

steel propased by Iu. i. Fekhendsi _[57_@7, Zut

¥i rave an e7ex higher stavilitly urder ihese =ox-

Tougkly To a concentraticz of 2/8 mole mickel, =t
Figrre 359, the nickel exerts iis greatest positive effect
steel ir suifuric scid.
of sirulizmecus 2lioyirs with nickel in 2 zoount -~ow
thaxn 2/& zole, =piyiexac in the smount of 2 6 &%, =xd I o & copges
the steels develoged ir recent years at hoze zmé 2drozd whick

=3ghest Fecisiznce in sclutions of sulforic 2cid iz hiph concen-

€ texperetres. IZxeonles of such steels, in which

L-835/7 {3)




[ 2 bop ol
orone,

corrssion. The

the Azericen 20 sisel, iate xhich xnio-
Tro Zn23N28¥3D5 (21629} steel possesses

e corrcsion. As regards their resistance Lo

Rigure 371. Corrcsion ov veriously z2l-
loyed sieels in suifuric acid of
varyirs cozceztration 2t the boil-
ing point. Length of test period
100 hours:

1 - ¥nl6X92; 2 - 8-18; 3 - 18-12-3;
3 - 16-12-3-2; 5 - 8-18-3-2;

6 - 16-18-6-2; T - 16-25-3-2;

8 - 18-28-3; 20-28-3-3, 2n&
18-25-4-2;

2
2) corrosion rege gf= / hour;
concentraticn ol :-‘.250 » B

eI

oy, efatvae

&
NOPOZIID Aoy

Qut e bnw owd

¢

{
(o

semeral cor-rocion resistarce is illusirated Ty ithe cuxves of Figuvre 371
for a sczgezirziisn of uD tTo 207 at the dociling point. Steel 1 {2z2dile 103)
concenTration oS us = b ION .8 - o - - £ 9 + £0°
neentrziiszs of up 0 about 305 amé a tecperature of us to €0 =oy be

acterized zs resistans {Teight losses 0.0} to C.l g ::2/' hour) or very
» 5.001 to 0.01 g :Z/hc:x:, and ot higrer texgsTatures
lorer resistance (losses frex 0.1 to0 1 g/:.z/hour) [see 875, Table
the Zzerican steel (3 in Zable 103} frox
the resistaxce in l0-percent
s it is a:proxi:.:a‘te}.;,- 10 iizes superior

{aré even =o~e so ir higher concentrations

ZCL-855/4 (5)




TziuTres).

o 2ustenilic
in Eigh Concentr

-t and

Talures.

Teuxtry Souxrce

mIisxe3x3n3| f215/
(21553) -
Em18X285Ds| /868]

20 fe62,

CX-TH 1877

increase in the resistance‘in kot sulforic acid is achievesd by

increasing the nickel centent to 23ort 3/3 mole. is an exznpie Te —ay cite

2 steel coxizining cn tke average 0.05% <, 0.4% Si, 0.6% in, 213 Or, 409 Ni

3ile in not swlfvric, aitric, z=ndé phosghoric
tic zeid, ete. fB9%/. It is true that such
tken iroxn, £nd has accordiugly teen terxed

=27 ze considered as traansitional to the niskel-based 2113ys.

sitive elfect of copper and nolyddenuz onr the cha=iczl staoiiity

€ sTeel in certaiin zedia is relzteé to their solution in the basic zass zné

aeconding to 2. I. Smultiz [5117 car Te explaired on the dasis of the gzrin-

cizle of ®secondzry elecirockenicai exchange™. If tke steel is alisyed xizh

copzer or zolytdenun, a2t the noinis of cefects in she sassivating fiix=, ions

£ ke copzer or =clybiéemm= also rass into solution sizuitanegusiy rith the

-  wes!

T tZe zazse zeilal, i.e., tke crysizl lattice iIs extirely ces:troyed. The

2025 90

t2 Jor {3e nhycogen

==y sudsewuently rroceed ®in exchange® Loth

COTIO3LLn ITocess




course,
soze experize

Zons were conitzine

accumulaszicn of alloying elements

ithe surszee of stezl, XK. B é otners {s2e fBussien/ p. 597) as-

T oiner tathcdic admixtures®,
¢ polarization of the dasic
uwezure of the steeil, ond by virtue of ithis facil-
ike lztier into & stable passiv: state. Note that
[B'.xssiag page 597, =e 2iso suggested the pos-
icn of the positive role of the effect of
e tesis of the purely "solution-iyge™ Zechanisa
P
varicus highly aggressive —ediz taen the
:igh-oiloy euctenitic steels containing molybdenum and copper are the aickel-
elicys, p-izeri’y nickel-tolybdezum or nickei-chroniun-zolybdeaur 2lloys--
<re Zastelloys. Trhe chexicei cacposition cf such elloys, which are exployad
2s hezi-resisiesnt crnes, is given in Table 96. Certain varieties of these al-
2re 2iso used in the chexical industry as acid-resissant cnes, 2s -is <0
be seen fToz Table 1046 [éee ‘{797. Alloy & was developed in recent years and
€ =ost ecsnozicel one, approsching the high-alloy steels, particiiziy
cczposition. Ailoy 1 is littie used, alloys 2 ané 3 are dzirpg put
2lloy 2 {rsugaly Easteiloy 3) is relatively cesiszant to
aydrechloric and sulfusic zcids of any concentrations at elevated temperatures,
21loy 3 tryrosching Hastelloy C) posscsces & nigh

Tith

3C1-659/7 (3) 185




the other hang,

zion o oxicdizers. XNevertheless, under certsin

nitic steel containing molybcenux and

Da

Properties of icid-Resistant
Alloys

nicelordcsriies

2 L
. "l - {f=3S )
b3of oy ad

Corrosion, 2,001 inch/yeaxr
°
at 27 at 60°

316 (15-18% Cr, 10-1%% ¥i,
2-35 20} o o o c o o o o o 0.2 20.0

EastelloF B e o o ~ ¢ « o o - C.6
Eastelloy C o e » o o o o - l-s
Steel 20 {3 in Table 103) Eore

Yizonel . e o e o o o Xene

:st T2 borre ir zmind that, especielly xn welding or service at an
these alioys, as may b2 seen fron Figmre 372 ﬁ?‘.};,
tend towerd precipiiatica rpavdening {Pig. 3722) due to vhe zetallic fusion
of the nickel with -olybdemuxz, ihis being accozpanied by decrease im tieir
res ' g. 372b). Yeeting =t 1050 to 20757 for llcy 2 oné ot

.0 . - - . - s rsaz
125" for =lloy > plus air cooling is recoazernded as "stabilizing® treztizent.

x0-859/7 (5)
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szzonents of chemizal ecuipzent vhich functions under especia 13y

of nickeil ané in point of their

ciure cctudying 2 p0siti-- intermecizze betwean the zusienitic ané fer-

=izic or sexi-Territic steels heve been developed in recent years ané already
certain externt. Iz order to irncrease their resisgt-
acid, such sieels are generaily sdditionzlly 2llored
nw.. Such, for exgempls, are steels conteiming 17% Or, &% Xi, and
"z cu /309, 892/, those witk 178 Cr, &.2% Hi, zné 2.75% Yo j678/, 2ni high-
cnrexiuvz steel comtzining nickel ané rolytdéenus=. Concerning tke first two,
see l’_?'.:ssiag.? - §35. <Tze tkird steel is ecployed in the USa under the desig-

ngtion 529, i.e., it is classified as an zustenitic steel af tne 300 series,

p-oteepa

and wot 2 Jerritic-sarrensisic wune of the L00 series, beczuse of its higher
nickel ¢o The cocpositicon of this steel is up to 0.2% C, 23 ¢
o 2% Yo. Its siructure 2t roos tecperaiure in the

s 3lable austenite,

upon Sooling.

ale infor=ation f€79/, the 323 steel is not inferior

in resistance to general corrosion in nitric acié to sieel of tze 15-8 tyse,
ané excels the latter in.resisiance in svlfuric zcif, chierfly Tesguse of she

- 8 o . - -
Zolrziéeruz it contains., it 4G in the annealed state, it posscsses the saze

abunda

Tesistanca iz 10-percent sulfuric scié 2s dies czroninn-nickel-molytdenun

teel of the 18-12-3 iyze. Solding in tke €00 to 850° range leaés *o ferme-

122 of the sigoz nbase, 2mE this nay be uiilizad <o stz engiten ke steel Ly

Frecipitation aexdening {see fRnussiazf p. 629 snd Pig. 382). 2ut ite cor-
resion resistance Zeclesses eppreciadly in this case. This steel is used in
<

~£3-77 (5)




£ acetic scidé.

ure 372. Effect of semperizmg (&
25 hou-s; aowever, the effest i
=ha : 2lso observed with shorier Zolé-
s - '"g) after zuenching oz the ulii-
te strength (a) 2né resistance
in poiling 10-percent hydrockloric
zcid (b) of 21loys based on nickel
'(co:positic.; anc properties indi-
ie 10&) o Qn"nching
- -111 ? *J A—&“or
zzter; 2 - ceze; 3 - 1196, 15
=in., sater;

(2) 8, x5 /~-2, (2) weignt

losoes, g/= /‘~o.1.‘5 (3) tezper-
ing teczerature, ¢C.
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TALLIXE CCRRCSION OF SPZINLESS KD :0ID RISISTAXT

~incipal nhenozenz znd fazcinal dats

Intercrystailine corrosion is one of tkhe mest dangerous fcrzs of cor-
rosion, since it leazds to wezkenirg o the tond deitween the grains I the

sseel znd to = sharp drop in itls plesticity and éuectiliiy. 2Llthough zany

endency of sieezl towezrd intercrysteiiine corrosion
arious counirmes, the srobien of 2 reiiaple nroces-
end is undergein & « Froa the stznd-
zoiat of the nature of tke piaencxenocn, ingorient to znote that iz 2 zu=-
£ cases steel is found to be resistant to intercrystalline corresion in
2ggressive zedinn znd not resistant or less resisiont

i chromiuz-mgngevese—




—————— P v =8 |

e s e
en@ nijh-cLrozmius

st sz
giffer Ior austeniiic

atar Or
ccolinz Irco the szme tesgeraiures, tihe
2s been shoxn [7§3/ that aiter very
srore to Intercrystziline co-rosicn.
c2 Las teccze sensitive to ‘;!'.—
tererystalliine corrosicn, it is su +o neat it Jfor 3 to 5 minutes 2t
wre o 650 to 500°.
cterisiic of fexxrilic tne very slight deperndence of treir
ntercrysiciiine on *ha carbor corient. teels ccn-
a2sout 0.03% € ['_.'927 ané even 0.805% C heve 2lso teen Iourné o ve

IS the cnazntity of nitrcgen in thex is greater then 0.01F /_.750g7 -

»roziux comieni, fiuciuztions over the 0.05 to 0.12¥% C ramge

According to cexrtain cdata ['1:9%, Giscussion in 7957, ithe

-~ - -

elfect of caroxiun is nmenifested in the circusstznce thaet with incresse in
iis content there occurs z rise in the heating temgperaiure, a dras
whicz imgaris to steel 2 texndexncy toward intercrystsliine corrssion. Accoré-
ing to other &zta 793/, chroziuc has ro effect on this teaperaiure. The di-
vergence is probzbly o .ke zscribed to the differentl percentages of carioa,
nitrogen, zxndé icpurities in the steels studied 3y different authors. Carome
inz should exert z greater effect on the Jcritical® tezperature a2t 2 higrer
Dercentage of carion, nitrogen, etc., Iinas=uch os soiutica of the ezrozi
occurs uson heating. The rate of iIntercrystaliize cerrosicsn
increzses skerply wiih cozrsening of the grein, as mpy L2 seen Ifrox Figure

373 [18%/ for 2 steel xith 0.0%L3% C and 25% Cr.

21-233/% (3)
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IR

.2is tendency suibsecaent zeating (zenzering) over
Fze - tv <o intercrysiciling cosrrosion acerirad
rarvge indicated, is &~
zasses through o —axmyTuc.
arting to steel 2 tencdency
"

stzlliine corrosion and immunity to if, versus the heating ten-

gure 37hze [78C/ end in Pigure 374b [6BL/. Carve 1

Figure 375. Z=ffect ci heating (texm-

seringj teogerature znd iengih of
holding perioé on the developzent of

processes causing intercrystziline
c3rrosion in zustenitic sisel:

A

2 - schenatic; b - Kn20:W1kus2;

(2) te=zerature, %¢; (2) regioz
of inlercrystalline corresion;

¢

(3) tize; (&) tice, miruies;

Tcmw/:&uwpa, o«
4

() ¢,




s>izic steels iles in ihe
an z=ount exceedin
-rezses their tendency toward intercrystaliine
> i8-8 steel in Fig-
t sitz 0.0835 C intercrysitailine

cerrcsion 23 ruzes 2t 600°; =itk 0.G6% C afier 8

- . o . e .
23 mizntes 2t 650 . Steel witk 0.03%

—n - o . - . < - y
50 nours st 606 . XNevertkheiess, this siecl is sensitive to in-

Tescryst re corrosion in indivicual cases then it contzins 2 very s==2il

a~ouni of certon (particularly, z2bout 0.0035 and zpproxizetely 18% Cr and

2555 ¥:).

ware 573. Eizetic cuxvaes of processes
zasing sensitivity to intercrystal-
e corresior, ior 2 steal oi she i6-8
T¥ze conteining different zzounts of
caTion.

() e, ’C. (b) tiza,

"
$ 8 8

Q.
paniypa,

Tewne,
£ &

/
N

L

k4 &
B} 00w wen.

The chexziczl co=gposition of the =unsterite na*rix aiso has an apprecictie
elfect. Chroniuxn-zangonese steels zre less prone o intercrystelline cor-

thon orxe chroziuc-zangavese-niczel steels, a2nd the latser to 2 lesser

tkax chrozinz=-rickel 6f tke 1E-8 type ﬁag]. Tre supe-iority of
chroxinc-nangenese-nickel steels is especially noticeazle in the event of 2
Telatively short exposure to ihe dangerous tengerature vange. in icporiant

guaiily ol ithese steels 2iso coxnsisis in the Jezct that they are virsualiy
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376. Zifect of carbon ccaient

tendency ftowmard irntercrysizlline
corrosion ¢l chrozius-niczel and
chroziun-zangasnese-nickel sieel:

W

(3

-

8,

CROPOLIE b3 I, GO2SNU] v

3 - steel conszining 18 ic Z0B Cx

and 6 %o 11%5 Xi; 2 - steel contain-

%0 203 X¥n, ené up to D.25% K

{steels 202 erd 20%; Tebie 102);
(2) corrosion rate, 0.025 =z/
month.

"

L5

r'y

te

N

-

©
©

oxini-nickel steels, specificzlly to around 0.06% C, as is to e

Figure 376 [8‘1‘57. Despite the lack of systematic studies on the

crantily of aickel itself, there are certain grourds or teliev-
S rercerntaga rises the tendency of the steel iozz2xd intercrystai-
line corrosiozn is intensifies sozeshas, other coniitions deirg egual.

The tendency of austenitic steel <o intercrysteiline corrosion is af-
fected by other factors besides the shesmisal cooposition. A powerful nega-
tive effect, 25 with ferritic steel, is exerted by coarsening of the grain,
ond, zccordingly, by e Tise of ithe guenching iesperazture zbuve ihe optizus
_/_Eae 395, 79§7 - Tze fzelors exerting a2 positive effeci inmciude presence ol

the structure. Trhe inforszation on the effect of the zigza
n2se is contradictory. According to some sets of data, it contributes to

iztercrystalline corrosion in tke event of pracipiteiion of griins

boundories, while in olher studies it n2s not tees found 2¢ nave o
St n A

elfect. Considering the giversiily of the faciors which can affact

sistance of stieal o intercrystallire ccrxosion, tris disagres=ent

L5237 (5)




7isionally be ascribed to a difference in conditions and im the material

studied in various investigations. in particular: certain foreign ressarsh-

Y

>

" Pigure 377. Intercrystallime corrosiom {in s solution of
10-percent Hlos and 3-percent HF) of welded joints:

a - steel containing 18 te 20% Cr and 8 to 11% Nis
b - steel containing 17% Cr.

ers believe that intercrystalline corrosion due to precipitation of the signa
Phase on the grain boundsries menifests itself only in s boiling 65-percemt
scluticn of nitris scid. Plastic deformation exerts a smbstantisl positive
effect on the resistance of steel to iatercrystalline corrosion.

The tendenoy of steel to intercrystalline corrosiom is of great import-
ance -for articles in service in the temperature ramge which is dangerous from
the stardpoint of this phenomenon, mt of eTem greater importance for arti-
cles which are subjected io welding. Sne of the features of high-chromium
ferritis ateels lies in the fact that welded joints produced from thea are not
attscked by intercrystalline corrosion at s certain distance from the joint
btat in the zone imaediately adjscemt to it, vhich mey be seen from the illus-
tration n Pigure 377 [793/. This is appareatly explained %y the fact that
ferritic steels ars subject to interorystallime corrosion only aftsr heating
to temperatures abdove 900 to 925.. Sewever, this effect, for reasons not yet
clear, is sometimes observed /7907 in welded jeints of sastemitic steels.

KCL-659/v% (5) 1% -




ratien occasionai-
a naerTor 20ne on ihe
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- e 2 a

loxing oxygen through tke teth, the exzployment, in

accelerating solution 2 $o 3-fold), of special

oxtairing ro —ore thar 0.02% £, sbout 5% Si, aporoxinately 655

cerzein gz=gant of silicz, 9%-percent eieciroiytic ferrozzngenese, and

eguration of tze pouring texperature. Aadditional weakening of inior-
e corrosion is zchieved by trief heating of the welded joint of this
tne a2iz of reiieving the Tesidual stresses.

Certain zcid-resistznt steel with a very low carnon content have ziready
seen standerdized. Te z2y give as 2xacples the izerican steels 30&L coutain-
ing 18 to 20% Cr and 8 to 123 Ni =né the 326L containing 16 3o 16% Cr, 10
To 15% ¥i, 2zé 2 to 3% X¥o_ w=dich differ froz= the simiiar ste2ls 304 and 318

n tha® tkey contain ro more them 0.03% C. icong the chrsmium-zanganese-

nickel gieels, such 2 one is the 205L steel cited in Taeble 102, waich differs

froz steel 20% only in its costent of X 0.06% C. Studies stos /8007 thzat

i =
I . S. B2lygkov,




chrinivzanickel

subsecuent quench-
sheets o lesser ilhick-
“seper-icw-cardon” steel include the
orittleness (see fRussian/ p. 5%06) inherent
2 high-caroziun steels. Its additicnsl —erits include 2 kigrer resistence
general corrosisn zs well.
The second zetzodé coxsists in producing 2 considerable amount of the
e in the siructure of tze steel., Highly effective use nay be made
ferritization of the siructure with the 2in of increzsing the re-
sisiznce ic intercrystalline corrosion in weldeé joints /790/. To obtain zn
enitic-ferritic velded joinz, rew electrodes kave been develcred [_"_1927
coniain un ingreased zzount of ferritizing elements, particulsarly up o
tc 2.8% Si, zs well 2s vanaéiun. As hes been cezousirated by
vangdiuxz acts in this czse not so ruch 2s a carbide-Joraing ele-
zing element.
widespread, —ethod of eliminating or reéuncing zhe ten-
o steel tc intercrysteziline corrosion consists of adéitiorpal ailoying
aviuz or niodiuxz (b + Ti)c It Bas 2lso beex dezonstreted f890/
2 produces 2 positive, although less perceptible, effecs., The
introéucing these elezerts is to biné the carbon cortaizned in
stable cerbides whick, iz contrast to ckromium carlides, should
2t the cuexching tespereiure, owing to whick fgat their 2recipi~

the grzin dhounndaries upor subseguent heeting is nrevented. Zexce
O -

the

for treir cardides; specifically, that of titenium is

(C -~ 0.003) 2né that of niobiun no lower then 8 (C —- 0.C3).
Despite the fact thet sroperties which ave toitey € respecis Zave

for steel of the Knl8H9 iype, which is zlicyed wiir nictiuns

195




ir azounis up to 1%,

-

the possibility referred

zccuires szecial izportence.
3 A ol 3 -% P - ot bl B - ool S A l - S % t o"‘ 62:3
2iloyeé wita titanium the =ost videly used 2s iaat o2 ©
heat treatzen: adopied for it, consistirng in cuenching

co=bine high piasticity ané toughress siia

confoz=2s by experizment, has teen zdévanced that the amcunt of titenium de-
terzined froz tze stoichicue s carvide is inzcdecunate, since

titemius is Tounmd Dy s2rion, znd 2 pociicn of it is to be found
in tze sciié soluntion, oxides, ané mitrides. But such phenonera are observed
even in steels in thich tke cuontity of titarium is far in excess of the

szoichiozesric oroportion. Eence specizl attention hes been devoted in re-

cent ryears to the corditicns of hea%t treatzent of steels 2lloyed with iitaniun,

+ Been »accmnended 599,- 801, 576, p. 12Z/ tnat, in place of guench-

~ . < o s <

fre= she coanveniicnal temperatures of 1050 to 1100, it be sudbjected to
- o s s s s s
fro= 850 to 905" (or somewhet higher) acccspanied by

if especially high plasticity znd ductility vaiues are

tavilizing treatzent lies in the fect tkat et high

of tke titaniva carbides passes inio the solid solution.

SL-333/7 {5)




ezic factors gorerning the cdecozpositi
n {see [Eussizs/ .
given ystez), chromium corbide must
texr e*a:ure must ceuse tze separztion
carbides, to be follioweé by precipite-
%, it has been estzdlished experirentally
uenched

s.221 of the 18-8 iype containing 0.07% C ané 0.4%5 Ti and

. ' - . N s
frez= 900 zo 130606, T 3 carozium carbide and only a cozll zcount

. -

& uzon subseguent neating 2t 600°. 2t
th2 carsides of chromium ané titaniun ere precipitated sizultazeously,

the 2=ouxnt of chromiux carbides decrezses endé tzet of titazniun

de aresens in i
zrone io inlercrysiziiine corrcsicn after heating in the éangerovs tenmserature

Y -

resistznce to generzi corrosion in certein redia, zarticulaxly
oiling nitric acid, 25 nay te sean froz Tzble 105, érops only sl
——an s I < - = AR
reatoent 2s coxpared with guenching iroz 1100,

=

izporiant advantage of zhe siz=

—ent over conventionzl itreaizent (quenchirg frez 1050 %o 1100").

skz2li note in passing that the increesse in ine soiubility with loz-
the cuenching texzperature justifies the conclusion that titeniun
lozer tze genersl corrosion resistence of steel, although more faintly

157




lnan chremius carbldes. » the oTher nand,

s0luzility zfier aéel

Tigere 378. n: in tie
M-':.ae o R18NCP steel

3

.e:_:ere.ture (:.'.elts I =nd II).
{&) Ti content of cartide phage,
%; (») guencking tempereture, C.

(-1
'y

3
Ve

[\

Codepmanye 7i

& Kopdudund ¢rase, %
&
~

pos s
7
o =] =
sso 00 523 937 630 309 1250

i Teungperypa 3axaakg, °c

-zddizional 21lgying with iiianiun is 2lso the principal means of lower-
tozaxrd iniexcrystielline corrosion for ferritic zxnd seai+

An exam=ple is given for 17-vercent chronmiun steel

The data are conflicting es regerds the effect of nio-

ze daiz 2lso disagree 25 to fkhe guantity of titeniuz waich must be

Zffect of adciilonezl zlloy- -

= titeniun on intercrysial- .
coxrosicen of Znhi7 steel in -ﬁ\‘
r.g £0-percent nitric zeid: / 2
- ¥n37 steel with mo titanium:
£a17 steel contzinipg titan-

4
3
2
7

;

<
>
>
E;
-~
)

Cropocimy «op%uu,

corrosion rate, g/::2 pour;
zezting texperature, C. 700 800 S00 1903 100

SYeuner- - ~a xazpesy
introduced intoc steel in order to sravent intercrystziline corrosion. Sizce
n ferritic steels carbon exeris zn effect even when contzined in very s=2lii

percexntzges, zpparently beczuse of its negligible solubility in ferrite =z

roox texperaiure, the znount of tilaniux must be sufficient to bind gli the

carion. Horeover, there is justification for assuming {cce fBussion/ 3. 627)

s

: bz responsibiiity for the iendency of ferritic steels %c intersrystaliine

corrosion is Torne mot only (and possibly not so much) by the carbides, Iut




azount of titazrniuxm should de greater

The "nornait mirggen corient of syeel -- not al-

.
—- is cne of the rezsaois for the

s2lz on the rnecessary zmount of : £iso of great

cozzositicn of the mediuz in which the test is condéucted. 7Thus, accordiag
certz atz f8037, vhich pertein to 2 steel conteining 17% Cr, in
Tatle 105. .

Heat Treatzent of 1Zh1EHST Steel on weight loss™

/Hour, in EBoiling Nitric Aci

. . o
Eeating tecperature, C

50 ¢co 850 Source

. YWater cooling 2
320 2.1 G
3 355 feo]

0.262 0.290 [199/ 3
0.%10 0.462

&3ir cooling

0.2¢0 0.332 [19s7
0.455 0.368

tor cenotes no 28ditioznal te:.gering, the denozinztor indicates ad-
texgering for two hours et 650 . -

houss iz 65-percent acid.

nhcuars in 60-percent

order To elininate the tendency tomard intercrystalline corrosion in 2 10-

percent soluticn of sulfuric acid and copper sulfate, it is sufficient for the
rziic to de sczervhat greater than 5:1. According to otner data [8027 ’
ratio shoulé be greater then 6:1; and sccording to 2 third set of Gata

boiling 65-percent nitric acid the sicel is

‘f




the sZeel zccaires

prodable assuupiion I

tated z2long

iine corrosicn, it is to De expected

tisonius wnicn fora siadle nitrides zmust 2isc re-

duce the tendency of ferritic steels Jorard irtercrystalline

corrosion. Such

Je assuseé, for exsaple, in the case of their

vticns £s to the npature ¢f intercowztalline corresion

The nasure of the processes causirg end eliminsting intercrystallire

sion zre highly croplex and gra still fer from being fully ascertzined.

TP by

espect to zustenitic steel, the hitherle nosi widely actcepted theory

stailing 2errosion to0 precipitation of chromium carbides

2Zong The gr2in boundaries.

This leads to impoverisiacent of the soiié sslu-

this glezent arouné the carbides in the veripheral sections of the

frains., Reducition of the zmount of chrozmine in the solid solutioa below the

iizit.uf chenical stability according to the n/3 mole lcw, or the other heond,

destruciion of tke reripherzl grain layers.

Froa the sicndpoint ol

theory, tze kinetic cuxve of Figure 374 reflesis the rzic of t«o rro- T~

zeipitaticn of the cerdides znd éiffusion of chromius from the in-

toe grair towaré its periphery.

In the case of Zengerinsg zt

rate of chx

ziun diffusion is still low, and there is a great-

er =znifs
SEZLZe

(1]

tztion of increase in the xrate of csrbide precipitation.

at teu:lc:"

- 2a0 . s .
ing sexperatures zbove 650, the diffusion ¢f chromiua froz the inierzzi zozes

et L1

tne grain co-pensates at ¢r ircreasingly more rapid pace the loss of ixis



hromiuz in

loss ©f chr

fhera 2re

r
-

tégetive rele of chromius depietion o
:¢ elecirochenically, fro= zhe bositions of

zicroelezants, ]

are “"verfants" of the inpoverishnext

Zypoiheses have Boen advanced which

2= impoverishment of the peXipheral znne of

S is caused oy the precipition not of caronixn

sy
- -

errite or chromius nitride or seve:

-

cardides, Jerrite, ard soze other coxponents.

e logic ané external simplicity of tha caromius
Zxperizental facts

3 -
o

€0y, it is doubtad 37 certzin researchers.
lves %o expiasition fro=

PR
-d

43iSh @o not lerd theose tze

2012% of tals theory JBEZ]. Soze beliewe [F1/ shat the stresses sweatec

itated on the grain boundaries sione are suiricier: s

3

corrosion. Eowever, if the dacisive role is a2ssigned
ciffienit to explain the shepe of ike kinetic curves
otkher nand, it would e Fossidle In this cese 30 rzoti-
the conéition of 2 steel raick had became seasitive {0 Intercrystzlline
corrosion by brief heating at 75C %o 600°, wskich is sufficient fer relaxaticn
sStresses even in austemitic sieel. Otders sugges:
the g=2in which is dissolved, tu: the
ion 25 au: znode in the resulting elzetrochemico: systes,

f'dx‘.c‘.‘.;
sy 3 . s 3t e 1
acause it is a2n intermediate nor-equilidriun pisse [8827 .

2o Ieviz.,




nronium impoverishment o7 In

~ep

- oadie gazuse of Interery

carozizz content, such 25 the steel 25-20 2re no less subject to intercrysizl-
line corTosion than the i8-8 zhe fact tkat ckrooiuc impoverishzens o
the periglhery of ike : telow the Souncary of chemicel stzdililty
czse. Moreover, ihe boundary loyor of itho gmoiz
er}, zs was steted in éeteil in tke preceding chapters,
2 seni-oxrdered structure amé increasedé free emergy. For tkis reason it
e considerzdly enriched, particuiarly in chromiun, in comparison wila
s grecisely for taiis reason that the fornation in this
2 new phese, inciuzéing the carbicdes, is facilitated, upcn decomposi-
Trus, sar.ziuz ispoverichaent upon precipizztio

a2 proxirent part in tke grain (especially so in steel

2e chrozfux content 1s near the first boundary of cheaxical stadilily

t in tke toundery layer of the grain.

is of tte neture of iatercrystalline corxrrosion of custen-

TC= the trenises set forta on [: ssian/ p. 175 {see

llows £roa the= thet In conseguence ¢f the xole of tze .
se-gering texperatures, zetastabie cardide
this coes rot iead to the maxizusn,
Ir high-chromius
steel <
constitute such elavation of the teszgering texperzture, the

reasingly closer to the stable Crzsc e Pro-




- e e

werllme Lo
YO L. oninioe the tlL-e necessaIy

texpering tesgerzture.

he co=position of
Zeczperature and tize ol tempering,
electrochenical dissoluticn of
¢ tre solid solution comiiguous
curves are givex in Pigure 380a,
ntial of the solid solution; (P2 is the zore
of the ckro=iua carbide, highly erriched wsith
of the znode currents on esch of these prases;
varvoliage of the recuction reaction on the carvide U
the totzl reduction rzte on bolk 3k

0lid solution before precipiiatiocn of

2t the stezéy potential ¢ 5 2t 3 low

The cartide phase zhich zes beexn
ntiy at a rate proroxticnzl
in the boundary lzyer of the grain, however, it is
rate 1
ntense Iintercrrsiallize corresion. 3Sut tkhe eguilipriuvn potentizl cof the =zste-
=zy &iso differ less fro= tiae ecuil 1= potentizl of

tZe solil solutiorn. In this case, iiiustrzted schenzticzily in Fpure 388,

=2y dissolve 2t an accelerated pace, and tkhis xill lez2d to 2

iToin Boundearies zs 2 result cof intercrystziline corrosion.
texperature rises znd the holding tice increases,
Decczes ricihzr in chronium, £ its eguilidrjux

ight}. 3T ihe potential nas stifted, for




-

soluziorn of

Lak Laler

des insreases, end thersafter their rewarss coin-
reguireé theredy for the pre-
2+ €00° (581p). Sais
beginning ef intercrys-
=% tenperatures ajove
=zen sizdlie carbi;ias ara protzdly precipitated éirectly froz the solu-
does the izcrease in their cuantitry cezse tc exeri an effect, zug no
zencency of the steel to in:ercrystalli;:e cozrosion is observed (Fig.
ity of the caxbdides affects imtercrysizlline coxr
the grazin size. Tiih coarsenirg of the grain there is

af carbides ser unit surface of the grain

2 gcuesticn of their avergge rolative zcount. It was

z steel ¥ith o fine grain, the cartices forx

axound the greins, this apgzrently ingeding the sixze-
ercrysizlliine cor-osion ixn depth. In steel rith 2 coazrse grain,
cx tZe other hsnd, the cardides zce erranged along the bousderies im 2 zore
co=pact chain
The ing frez oor Zypotizesis, of tke ckexziczl cozpositiocn of
is illustrated Ty Figure 380c. Let us say that, ¥ith tze saze coo-
I sze gartide thase, xrhisch Zos the eguilibrive sotentizl KP,., =nd

e ani ccikode currents 2 2nd jas inm Figore 3802,




ece-nickal steel Lo intercrystalline corrosion in cosgsrison with

Zroziuz=-nickel steeis zzick, ir cur opinion, expisins the cixcuncstonce

Dizgrzons of poiarizztion curves iliusiraltizg
he kypothesis of the nzature of intercrystaliire cor-

of gusianitic sgieel.

his czse the caxtide pkase will be dissoived at the

and 2% the rzte :15 = i,_r, i.e.y loxer than in the case

gure 380z, zhich possesses in independent for.: a
= i2 are szziler than seg-enss
It is precissly the lower genersl corrosion resistznce of tre
<ion In steeis containing 13% Cr 2s coogared xith high-chroziuc znd
tzat
s2€ o rot tend toward intercrystaliize corrosion. Tre
=ay Le lover seasitivily, noted earlier, of chromiuxn-

1 sieelis.

chrgz-
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effect of z diphzse gazmmz + 2lppa siruciure on

of steel o intercrysizllirze corrosion is due, in sur

nigner rzte of diffusion in the

¢ o e N : O[5
{2) znid of the tirme of neating zt &00° (b) on
srecipizete Of steel contzining

the re-
opinion, to

alphz phase a&s cozpared wiih the gam-

conseguence of this, in 2 steel ¥ith a2 gamrma + 2lpkz structure

ccagulate more rapidly and a szailer cuantity of the

Tie positive elfiect 0z cold work, om ik

seniraivuiing To the formotion of ¢
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otzear zond,

he zlohz phaose

uiaticn of the carbices in the sc—e —echionical fa-
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Xoreovsr,

ong waich the

ing eguivaient to refirzexzeznt of the

e role of additionel 2llioying of zusienitic




in our opirioz,

zlso szzller than con

232id geliusiin, zltilcugh it zprroaches the latzer. The Titani
ces, rerariiess of Sivern =zedius,

ccelerzie coerrosion of the solild soiution, i. 2., luwer ike genersl corrosion

resizience of as w.:s in Szet Sfollews from Pable 105. Fiteniun

intensely the solution of zmeizstable chroz-

tE rocess. Jpon cuencazin,

catalysis of tie

. o X S e -
oo texperatures ziove S00 2 sard titeniun cardides passes inlo sol-

niion ané upon subseguent tezperinrg is partily precipiisziasd a2long the grain

ées {see tre foregoing discussion).

cuzdzies togetzner rii e ¢rhroniun carai 4

tZe acceleratizg effect of titaniun cartides on the cissolution of chron-

solution itself rhicha causes intercrystaliire

s fron the foregoing ction potertizl of
=ust also pley a vitsl ¢ and the saze steei 2y

fier the szze heat treztzent 1o De <0 intercrystalline cor-

e w

~osion in cne solution and zet subject to or iess SO0, ir cnothar.

Mo 2pe-3

It is obvious froz the siandpoint discussed that intercrystalilire cor-

-

Tosicn =2y D2 caused by the presence on the grzir beundaries of otlacr phases,

for exazple, sullides precipitcted the grzirn soundaries z=ay

e Ize couse of intercrysielline corresion of cartonm steel. In acig-Tresistznt

steels, iIn consecrence ol their zigh chrizium content, the cost srobadle of

wsh pheses zre the zica are precipitz
seczering evern vihen nilrcgan is preseat only

the ritrides of chrom~

[s-ce 785/. Certzixn siservations justify the :

£ zifaniuvo wzer coxing in contzct xitn

T= an ke Tasic za2ss ir stzinless steel

“L-c 3 ¥ {5)
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43-zercent niiric

zence 1o surprise shenld te cansed by the fact that z tenfency towm >3

intsrerystalline corrosion has Beern ovserveld in certzin instznces even

2rominn-niczel 3 Tpich the cerctor conteant Ta2s less than

$.033 or even arcurd 0.G038. U=y the kinetics of the processes and tke tex-

-

Sesexdence of treir prosress szould pe different in suck cases.

clined to see tze czuse 6f intex-

ferritic steels in chroz=iuz iz~

zones of the grairs in corseguezce of precipi-

their boundaries, taking into Zccount, howaver,
st-esses arisirg upon razid cooling of tze

£z texgerziures. theTs [E‘or exgnple, 80_27 assign the decisive

To the carzon-enriched austenite =hich is forzei at the zeazting tesper-
nich decoz=poses on the grain toundaries upon sudsecuernt r2 cool~

tze steel. In this case the Dhzase waicz is directiy respon
irtercrystailine corrosicn, ir the cpinion of soze, comprises the chexically
wzick ugon reciifying heating of cuenched steel are

-

trazsforzesf into czexniczlly sizbie chrozium carbdides. Ir the cpizion of

tners, it iz the perigherzi liayer itself of tie chroziuc-icpoveriskeéd susten-

e the refgrences in the gaser 3¥ S. X. Dalezin 2xd Y. 3. Fziinov.

eporis of the Zcadexy of Sciences of the 5532/, voi. 835, 1952, lc.
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e_enents wrich e
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gr=giion

rlininated tZe senderncy of
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the dasis trese anc the
tercrysiailine corrosion of fer-

~ -

tae

steel To intercrystailine corrosion.

7zing ke possible cause of intercrystailine corrosion ol Jerrsitic

s iz our opinion, t¢ tzke into cczouni ike

very el heating is suf their rectificziinn.
ihe stress theory, we izel thatl stresses cennos

ccuse of Inter zilire corrosion in ferriiic fox

cex tha sd@itional stressss
intererystelline corresien. Inm
corrosion is observed in fexritic

On the other hend, intemsification of

wadla

observed in sertly ferzitic steeis fB6i/

-
- [

tize, the izmurization of ste2l uvzor rec-

:nzly, cznnot de due to diff-sicn processes, shiich aro-

2 low rzte, for axomple, restoraticn of the chromium loss in exr-

izyexr of the grzins,chenge in the coagositicn of the carbides, eic.

et the processes causing izmtercrysialline serruvsion a

itic znd zustenitic steels. Iz fers

-, b
high tes=perature, z ccriain

saxriieily éissolved upon heatirg, succeeds
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skhases, 2né this, in
intercrystelline cor-

of the basic zass xwill

nould lozer the resistance of the

¥ T2e gemuTzl corrosion of the steel. it has

roliing, for exax=ple,
The steel. ZFor fexr-
is mca nigrer iken
icient To esuse thz com-
Uz composition.
2= Frocesses oceur I the steel is siowly y & Zigrz texperatuve.

=cre iopsrient role of ihe nitrides zrken % zustenisic

va

us= in reduc-
-~ w

<
-

is regards titanjum, its role in fer

- -

e as in ausiceitic sioels., But sirce in ferrisic
e &

oniy 21} The carion, ut 2lso ths increzsed




ihe stselc contaln,

herdness is raguired of
=ust de recestive
rezéy zipha 2lloys =hen they contzin gver 11 o
zi~um concemirziion of shroxiux rises consider-
2llcy. Zence it is naiural
ihe mechenicel proge-ties of haigh-chromium steel amé the 3ss
then by zeat trezizent will be decisively deterzimed by their car-
conient. Fhe condinaiion of hEronius is selected depencing on
he purpose of the steel, zbove &l 3 the —mechaniczl sroperties or
corrosion Tesistance pioy the leading role for the erticles marmufazciured froz
The=.
30% Cr and pcssessing a very kigz corrosion re-
zhen their carbon conmtent is comsiderzbie (see
Zence the introcduction into thex of an increased cuentily of car-

éoc - nos Teach the goal, to szy nothin

i
2 e

o
conéucsed in vacuo {see E.ussie_g n. 385} th

especiaily iowx imgact caetility, and are :

éness is increases to copraxisziely 250 to 360 = under
to the increase in tae proportion o
Uscx the cueacaing of steel cozsaining 25

texzeralures, &5 cirealy pointed out, only 2dont

fizxed in ke =olid solution end 2lmost all the nitrogen, wmcich is contairned
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LIcl€ TeSTS the maxizDu=m

irng rexalned unnciices,

zinizuz holiding tize is
n ot ring at temperatures of

WLTiNeéss ~esswtl inn the

€80 o 760°) ené 2 nininuc holding of several minutes) /6817, the sbsolute

vzlue of ithe mavi-w= wzs s—22ll and is zot werihy of zttention.

Cxr azre exployed for articles of which

Zence stezis contzin

nigh resistance 0 % iy oxidizing —edie or 2 high heat resistance is

Such, for exazplz, zre the Soviel brands Eh25 and Ehi8. The in-

2n increazsed a—ount of certon into such steels is justified only
exployeé for shaped castings. In this czse an increased znount
2lso feumd ‘o be useful, since in an acouni excesdiag 0.65 the
2 discontinucus increzse in the flomebility [5115, f;9§7 . Steels
possess a fully satisfactory chenicel stadility

A%t the saze itice; however, it is neces-

t ductility zné poor wa2ldedility.

¢ steel cuataining 265 Cr, 4% Ei, 2né 1.5% ¥o znd
then ferritic steel {tae
« 513}, the hard-esc znd sirength 2y be
tation hardening due to precipilztioxn of the
Tae Zgréness rises with increase in the chromiun cor~
zeecr'dingly, ihe cuantity of the sigse pazse. after holéding for
&t 760°, i. e.y beyord the nzximam, it is possidle Lo oi-

and an ulsizaic strength of around 120 :‘:g/.'::z.

-
-
-

C

se ixn rardness and strength is accenpanied




The corrosion

the steel riendew Jor ihe zanufzciure
oniy to ensure the pascib

tut 2lsc for =i of the recuired high herdress of the
Pecently coneuc 57/ confirn the faot t even in
gn—-chroziux ater cuenching degends basically

otner zlioyirg elezents scarcely

aporecizdle additional crease in the rpaxizunm haréness is
by other studies as well /898/, zp-

st as cardon, is inmrlanted in the laittice. The follow-

deternination of the —axicum

Mexirun= haréness velues of 30 to 55 P.c, wrich are achieved when the

steel coxntszins 3.5 10 0.&% C, =2re adecuzte for zany insiruzents, such a3 those
used in Such instruzents ere —amufactured from the 3Eni3 and &Xhi3
steels, i.e., ones contazining on the zverzge 13% Oz end
0.5% C. Instruzexnts of which z higher maxizun herdness
2s stainless
ing 0.¢ o

conternt o 17 tc negetive effect of car-
on ke corresion resistance of the sieel. IThe 213 steel, thich contains

UM

1.0% € cné 17 to 155 Cr, =2y serve s an exeanle. Use is =ade in the

213




. . s . . o .
te subpjected Ic cold trecizer 2t ~-E0 pefore t

e transicersation of the reteined azustenite. One tey cojzsider

1050 to 26237 o be the opsimuz euencking temperziuryd Jor zedius-carbon steel

steel, It is to be seen irn~ FPigure 553 fie-’g_[

. - =0
: 2 temperature atove 1000 o 1025 does

There i3 glsd only a slight increese in the cor-

Tosion resisteance in 3ris cese.

2t the saxe tine, zegting to aigher tempex-

tze dznger cf coarsenizg of the grein, whicekh leads 30 a sherp

Either steel of the £hl7 iype or that cof the iEE1l3, 22%ki3, snd 3xXhi3

2 as siructural ferritic-zmariensitic stainless

strength sné corrosisn resistance values reguirsd.

Tt

52 Pigure 382. Chernge in hardness upon Jre-
Y L, cipitetion hardening ci nigh-carcezium
&> x 2 teel containing nickel and zolybdeaunm
= 35 A [/ IN 3 cue to precipitation of the sismx phase:

2% 3 /‘\3 F ) A 1 - steel containing 0.21% C; 0.83% Im,
74 \YARE 0.4% si, 27.%1% Cr, 3.91% %i, 1.33% Yo,
S i \U 6.065% Xi; 2 - steel contairing 0.11% C,

= 13 0.87% in, 0.46% Si, 29.69% Cr, 3.S7$ Ki,

F - RRPTT R T e~ 1.45% o, C.086% % JE797. ~

L) Tewncpzrgps mczpess. *t sfs‘ezag;;-xess, 2.3 {b) heating temper-
PALe - L 4

ogsesses sufficient corrogion resistance iz 2

-
2 Tuoger

iz rlus averege strength end high plasticiiy, corxtains up io

¢ is partly ferritic. It is usnmally used after esnezlimg at T30°




before texpering,

retaired zustenize.

nenching teaperziure Jor medius-cerpon Sieci
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<ze ézrger of coarse

actility of tke insirurent.

sirucrural ferritic-—ariensiiic

£ on iite streng:sh and corrosion resistzlice values reguired.

3b

Y

g

) S5 95
L) Teuncpamyza =cipess,

% s ususlly used after annealing at 7§0°.

P P
s 1c be seen fros Figure 393 /78%/

1630 zo 1025° dees

ncrezse in e cor-

ning o
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]
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ks

the 1xhl3, 2Xh13, and 3Znl>

Pigure 382, <Change in Zardness updn pre-

cipitztion hardening of high-chroziun
steel contzining nickel ané colybdenun
due to precipitatica of the sig=2 phase:
1 - s2eel cortaining £.213 C; 0.35% ¥a,
C.t% si, 27.41% Ccz, 3.91% %3, 1.55% Yo,
C.088% Xi; 2 - steel contziring £.113 T,
0.87% i, 0.48% Si, 25.69% Cr, 3.97% Ki,
1.44% %o, 6.088% X [B879].

(2) Ezréazness, Ry {b) heating tempur—

o
ature, €

cient corrocicn resigtance in & nun:

&ta and nigh plas:iieity, contzins uap to




czencking o such zicel Iroz 1000 To 1000, especizlly when it con-
n Sro= Table 105 taseé on the studies dF
ixproves tke ceckonical
carvon-enriched sustenite
dispersed structures. Zpprecizbple
35% C. Tris =2y epperently e ascxibed
shich is usuelly not taken into zccount ané an in-
usuzlly contaized in higk-chromium sieels. Quench~
temparaiues ggain lowers the sirengtih. since the cusniity of
2t the heeting texpercture decreasas, in conio
irntroduced into the steel with the

+slline corrosion, the steel decozes

s

A igure 383. Eardness of 3xnl3j steel
versus guencking tex=perzture.
{(8) hardness, Boj (») gurench-

< . o
I izg te=gerature, C.

/ |

0259 X9 550 00 K059 I 158
5)-’:-:47:%;::.-:::::,%

~ritic, since tifaniuc binds ike czrbon end ritrogen in stzble cerdides o

tke rechanicai oproserties of the Khi7Z steel scarcely éiffer

g omd after arnealing, if tke guantity of titeniun is at least
ires the carbon conteat [8027. Perritic steel coxtaining

ar elevated critical brittleriess point, this leaging to Xow iz~

+ rooz teagersiure [B03/. Charges in ihe impect éuctil-

. =n0 - - . . -
ring 2t 550 heve slzo been observed in grenches low-carxion
gl

32} steel [509; horever, this calls for rore accurute deter-

21115, and 3£hl3 type may pessess 2 wide Tange of
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Fgure 3
Zsterzired TolZz 3y The proporiion of
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czility value, rLes 2 pronzounced —axioun at the

these sieels ziso increzses consider-

- : - 0o ., Wiame
temgersizng a2t Teogerziar:s £3C7, tkey 2zre usuzlly subjected to

properties reguirad. s regarés

teels containing up to 0.25% € 950 o ¢75°

gnencking tezserziure, for

- . . e - = -0 - <o -z
Te conzicderad tke opiinum, zné §75 to 1025 for stecis =ith a 2igher car-

guenching tesgerature, while not zgxing

ccnient. Furiizer elevzaiion of tze

i iczl prorerties, leals to coarsening of ike

charnge: in tze crexd

Tais czuses a2 icwering of tke steel piasticity and elevatioz of the
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¥

pa

crizical nrittieness psint zifter righ tecgering (gs. 3685-386).
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v e

lowers the corrosioxn raesistance of high-chroziux steels,
higher Tiza an inereasad czroon
zeels of the 1Xni3j, znd especially
irzdeguate for =any Tarposes.
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ardenzble steels z steel containing zpproxinately 205 Cr a=m=d

zhick does no: responé to cuenching if no nickel is present
is nmaturzlly =ore cdwontagesns in adéing nickel o

in 28éitisn %o high strensih, cossesses increased

ctezical resistance, zasticulariy o 2 large ruaster of cediz. The drand

702 =2y serve as an exa=nie of suck steel, 3Sixilzr steels zre esplozed

countries.

co=binctisn ta2diiity, whick in cerxtain nedia
2a2pzcity for comsider-

aening is zcohieved in stesls containing DOEE £, O

&, U
rican rcn-sizndasi steel 1¥%-3350
Cu (the imerican steel 17-%33),
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-esamdlogicel gproperties. Certain of the Drozexrties can de merxedly




niest

Tizczali
in order to

are inirc-

Fatad
ning

43 4~ Z
Zree~-ou

0 cuenc

s g ~
nsTILtes

t of useful netzl,
vﬁu-.sicn

-

v
222

cation of e
For certzin steels such

zzcurnt of zmolyovéerus and copper, thair very use
<, depencs thereon.

ely S cost cne

g,

-
=eRe O




the mcde of reltin: {chiefly on the _ethed and conéitions of ceoxidation);
vne  ugniity, llegze, wne .ocaticn of the non-zetallic phases; and, coasequent-

Zelilar In veiuy greally improves the deforzasility, dasically because of the
snerp €ros in the quantity of ren-zetzllic phases and cheir size fsee 8387.
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eat-resisient) czustenitic steels, may impair tke de-
Torzzbilicy teczuse of these britile pheses, especially if trey are located

sreceuinaniiy along <he grain boundaries. The heat-resistance itself of aus-
raztion difficulil and necessitates
22at® :g to higher te=peratures.

2licying 1o 2 large extent Getermines snother kighly icvoriant fazctor
ahich affects the cazpe®iiity of zustenitic steel to deform: this is the cuane
1ity of the zipha phase coxtaines in this steel a2t the deformaticn texperz-
% zas been found in practice thet with 2 content of the zipkzs Thase
T an aogount corresponding to & grade higher then 31, i.e., Sreatexr than s=hon
23, the steel possesses z low piasticity 2né does not lend itselfl readily

-~

Jerging, roiling, extrusion, colé érawing, sta-rpi ng, ete. Accoriing to the

observations of ¥, S. ilfercva f889/, the cracks fcoaing upon hot deformzsion
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Tie have aduptad the evaluziion of ihe cna.~*‘y of the 2lpra prose pased onm
the scaie of the “Zaporozhstzl!” plant (see V. Speranszzy, Sizis a*eeﬂ7,
Xo. 5-5, 1539). i cuantity of the zipha pkase of up %o 5% ccrreszonés
srade 13 5 o 12¥ To grade 2; 12 to 263% to grade 35 20 to 35% to grade
over 35% to grzée 5. Zero gquantity of the alpaz phase is evelnsrted 25
srzde 0.5.
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zse, carion, nitrogexn, s=nd coprer exert
aipkz wnzse in the éireciion opgosiie
¥zngznese kes 2 wealer, zrd cardonm and
cffest then nickel, the effect of the corbon deing so—e-
noted that in : steel con-
ntritutes to & resuction of itk cuzntiy of

t is contziredé in zrn zzount up o 2oEFox-

r in suck steel, coatrary L0 ex-

P ok

2rs sonexhazt the re eita (2lphz)-phase on the

folleows fro= tae Ioregoing tzat in steels, which dy their avercge
e austenite stability doundary on the phase
e zlpha phase =2y
T tae fiucstzaiing chexical
tais —zy be seen, {c= exzmple,
1 condad niskivz, Zhe concditions of ccoi-

coaseguantiy its dizensions 23 well, 2lsc affect ¢
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$ high Tenmperstures in ausierii-
eels:
21562 (contairing niobius), grade
a2ccozding o the zlgro-Dhoce scale;
sene, gTobe 1.5; ¢ - s2=e, grade

é - 1¥R26NGT sieel, grade O 22~
éing to the zlzha phese scale;
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frasuently Tegulzted by zdjusting the con-

the steel is :433itionaily alloyed =itk

gecus,

eel in order tc obizi

considered vell-y—omzd
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i1Taniux,
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action ol chrezi 2 in ste2l, as was discussed 3 In porii-
.onlie, it thst zhen tze contents of

chri~in= suvpasses the 15-17% level, the Cr:X¥i ratic necessary to prevent tze

forzesisn of 2iphz-phzse begins 30 declire (froz approxizately 2.2 at 184 Cr

- @ o o

to zpproxizozely 1.25 2% 3085 Cr), i.e., the reguired relative guantity of

el Tecozes even greater. Production ané experizertal éata confirx the

—

[see azj tuat for tke s2=e Cr:Xi raifio, the guentity of =2iphe phace izm-
czreaium corntent. ]
sz=e pothods are ecployed to ackieve stztilizaiion of a2us-
£ tpe zipha-phase guaniity 2t the temrerature of hot
skmgniune~zangenese~-nicksl scidé-resistant steel. In steel
Th13%¥E5G, —hick is zost zidely used in the Soviet Urion, this is ersured by
2 lov chrczium ané higher (0.15 fo §.305) ceshcn contents. & steel coxtaiming
G.05 to 0.30G35 C, 16 to 17.5% €=, 3.5 to &.5% Xi, 7 %o S% 3=, 2n& C.12 %o 0.18%
kas rocantly teen progosed in the USL 25 2 steel xhick is stelie toward
0a. kccording te the data of the aushers f7%if,
n ensures 2 fuiry avstexiiic structure 2t 2 Zeating texger-
hen 1225° gvern in cast steel, in xxich a greater sz=cunt of
raguired for gastenite 3tediliczetion shxn in roiled

ot toe corrcsion resistznce, cush stesl i3 zdysroxizately

2535
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hz phase in cast 1Xh1ENGZ steel

b - szme, core of ingot:
€ - szz=e ccre of irzgots

ot et
LT

252, %3 £2) nolding tice,
&t 13007,

ofieing

e iy

el sieel 17-7T.
tzz2f, in tke czinior of lxe m=zjority of Soviet
an increased zmount of the 213phe chace
elfsct on zxmoizer very imporiznt techrnological properiy: re-
texdencr of hot cracks curirg-weiding. Yet,
the role of tkis factor xqober of studies Eee 81§7 . Eence,
elezenzs < e forzatiox are introduced into welded
2 50, since the Tresistance of = joint
ed iIn the event of 2 dizhase gonc
25 ©as zoiznted ozt
tive z=etzod of i=srovi ¥ oI corrosion-
cing adéizions of rore-

it AT

- > 3 - . - - - - ~
wrtn eiczexnts, T geriun ond lanthenuz, or thair oxifes ssee 762,
~ i - sz - -~ - = - =
€22, etgj. ZPoverlul deoxicdizers suck zs 2 caisiun-barium ziicy, calciuse

silicor, eic., ore introfuced =t the szme tize in the izasiter czse. Tre natus

&I the sositive 2ffect cf the rare-exth slecenis ? not 7et teen fneily
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& treir effectivencess in ccrrosion-resistan?
Tegor:s,

izgrove tac de-

the steeir 20,
acic zné conteairns 205 Cr, 253 i, 2% ifo, 2né 3% Cu
This trand was forzerly used in the TS: oniy as &
sudject it to forging or rolling w=ere unsuccess—
leapiiity of ecid.resistont steel al-
éue tc the destructior of the zore of acigtu-
ingot, anid cardide 2rd oride-suifice licuation, kas Zeexn
the inirsduciion of 0.2 to 0.8 Ca. i positive effect in
ertef 3y other elezents, thich periors the furction of
iz vacud procézces 3 great effect, a2£ =2s

severzl metuodés =2y srove adviatzgeons
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