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Tfect of Heating Rate on tie Temperature Intervals

ER ‘ of .conversions ‘during Electroannesling of Steel.

V; N, Gridnev an';d" Yu,YA. Meshkov ‘ '

It was established as result of numerous inv-es‘:i@ﬁ@ thet during the heatiag
of hardened steel are octserved four apresling effects, vhich in s.equence‘ of tempers-
ture rise their develomments are called the first (80 -180°), seccnd (207-280°),
third (270-400%)ani fourth (over 420°) [1] . The temperature position. cf the annealing
effcets in eccl; concrete cz;se derends upon the cm;.oéition of the steel and upon the
duration of the annealing, The nature of the effacts bas been evn.-luated :m:.ly.timol.
and speciél literature is devoted to this problemg

In recent years grester atfention has becen devoted to the study of characteris-
tics o arrcealing processes at rapid heatings with electric current; It was esteb- |
lished on the basis of Gata of dilatameiric anelysis thet upon an increase in the rate
of heeting the first and Shird effects of znneling steel are blended in the zome of
bizher tez;peratu:esf_?._?]. Decuzposifticn of residual zuctenite (sccond effect) during

clectro=heeting acecarding to dilatometric . analysis data could not De reveeled,

These cbservaiions gave reason to assumegthat ot kigher heating rates the decumgosition

of residual austenite 1s suppresseds Zut after rapid.heaiing to tcmperatures over 4,00°
and subsequent s&ai‘p queaching the austenite decamposes completely. Efforts were made
vo explain,when and at wkat temperature runge decampositior of residual austenite .

tskes place at electric beating, In repozt@l on the %asis of iﬁéxwtcnetric analysis

data 2t repeated heatirg of eloctroannealed sazples of carbon steel it has been con-

cluded, toat the decaapositicn of ausfen:l‘te occurs either in tke quenchiné prbcess.
or in the period of unsvoidable bried isothermal exposure at the uczent when heating

48 discontimied during olectro-uznsaling (heating rate 1700 degr/sec).

FTi=TTw6345/142 1

e e e e e o



| In this way, no accurate data could be attained, It cculd be expected that more defi-
i nite results will be obtained when observing the processes of decanposition of residual

sustenite directly in the period of heating the samples during electro=-annsaling,

plotting of a sample magnetization curve ;luring electrohe'ating‘ at rates of up to 1000

to 1500 desrees/sece It was shown, that when heating at a rate of the order of 300

dezrees/sec the deconposition of residual austenite in carbon steel takes place in
the period of heating in a range of temperatures somewhat higher than the third effecf

(400-550°). It is interesting to explain,what effect the rate of heating is exerting

during electroannealing on the temperature of decomposition of residual eustenitegde-
term.ﬁ:able by data of magnetometric analysise |

> For the investig;tim were selected chrome stcels SHKHb, 'SHKHI_‘S and carbon steel
Ul2, Samples of these steels in form of thin wires were hardenéd from a temperature

of 1000° in water.
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Figels Oscillograms of eiectroheating of hardened steel SEKH15.Heating rates
a=l5 degr/sec; b=80 degr/sec; c=300 degr/sec.

The conteﬁt of residual austenite in all liardened sanples was-zd-'zjz. The: saxiples vere . |
investigated on an installation for the study of rapid heatings,constructed by type - |
171 and supplemented with AC magnetometer [6]. On the oscillogram were sizultaneously

plotted temperature, elongation and magneti'zat:lon curves of the sample 1n an intensity

field of about 200 e, and tine rarkers wvere made, - | e e

FTD=TT=63=48/1%2 ‘ e
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In fige,l and 2 are given typical heating ovscillograms cotained in this investi-

+ s git;lon. Detailed interprete tion of the path oﬁthe magnetic curve in weak f:lelds during

e A Bt

'electro heating of hardened steel was given in reportEK As was .;houn. the 1ncreuo

in m@netization. following imediate]g after dilatome.ric ccmpression at tho thixd

effect appears to be the result of decomposition of residual custenite B] Analyaia
of magnetograms of electro—heating of SHKH15 steel (see fig.,1l) shows that in ratio
to the increase in heating rate the completeness of decauposition of residual sustenite
| decreases gradually and at rates of more than 100 deg/sec its decom.position'is abso~
lutely depressed (figel,c)s When steel SHKH6 is heated at a rate of the order of

400 degr/sec (fige.2,a) the decomposition of austenite is well noticeable,in U12 steel

the decxaposition of austenite takes place at rates of about 2000 degr/see,in spite

of the fact that the intensity of decomposition has noticeably decreasede

(n the oscillograms were determined the temperatures of interv.ala of fifst and
third effects by the dilatometric curve énd second effect by the magnetic curve,
Change in position of temperature intervals in ratioc to the rise in heating rate is shoum.-,
in fige3=5. Attention is called to the practically linear rise in temperatures of
all annealing effects in s.emilo@rithmic coordinates, As ve -see. the intérval of de-
composition of residual asustenite rises considerably faster than the intervals of the
first and third effects,vhich practically blend perallel, Not without interest i;a
the fact, that if we would exirapolate the obtained data to rates of the ordqr of

1072 degr/see, then the intervals'of all three conversions fall in the same rahge

of temperatures, where they are ordinaril_y observed during furnace hoatingg‘.

In fig.6 is given sucl; an extrapolation f.or stoel Ul12, Here ‘are Plotted the results -

A of dilatometric determination of temperature of annesling effects accoa:d'inl'g 'tp data
by[ﬁj at various rates of furnace heating. It can be assumed, that such an‘-e::.triﬁoh-

) tion 18 in satisfactory conformity with data at alqvﬁeﬂﬁég.

In this way, the decomposition of residual austenite can take place in a wide
FID-TI-63-48/342 . 3
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range of temperatures dependihg upon the heating rate and under specifiec conditions

is even covered and sg»parimposed the interval of the third effect. In repqg.[z.h .5] .

was expressed the assunption about the accelerating effect of phase cold hardening,

orig':[natj%nﬂg as result of the third effect, on the decomposition of residual sustenite, *

In this case' it can be expected, tbat upon the ;ntersecting‘ of deccmposition temperature

ranges the linear dependence of the slope of curves far the intervals of the second

¢Tfect will be disrupted,
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Fige2e0scillograms of electro heating of hardened steels
a=-SHKHG, heating rate 400 degr/sec; beUl2,heating rate 250 degr/sece

But the obtained results do not confirm this assumption (see figele5)e Evidently, the

volunetric effect of the third conversion and the deformation caused by it (phase

cold hardening) produce mo noticeable effect on the decamposition of residual auste-

nite.

In réportfj} is shown that at several hour exposures residual austenite decom-

poses noticeably at” temperatures of 100-150°,

00| L
50, 100 500, 1000

Fig.B;Dependence of temperature inter- Fig.,leDependence of temperature ranges of
annealing effects upon the rate of heating:
of SHEHG steel,

vels of annealing effects upon rate of
heating for SHKH1S ateel,
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Fige.5eDependence of temperature ranges Fige6s Extrapolation of annealing inter.
of annealing effects upon rate of heating vals of Ul2 steel over the zcne of slow
Ul2 steel, heatings,

This result is in excellent conformity with the temperature range dependence of
austenite decomposition (as shown in fige6) upon the rate of heatingeThe graph of the .
second effect during annealing is more steepexr than of the first and third effects which,
apparently, appears to be the result of reduced diffusion mobility of carbon in the .
austenite lattice in'comparison with its mobility in a-~iron, The paréllel slope of the
intervals of second and third effects at an increase 11.1 heating rate can in turn
appear to be an indication, that at the third effect a definite role is also played
by the processes, connected with diffusional distribution of carbon, since the compo-
sition of low temperature carbid'e. in the opinion of a majority of researche-s is differ-
ent fram the cementite "10\.. |

—

On the basis of results obtained in this investigation were made the following fund-

...amental conclusionss

1, The temperature ranges of steel anneeling in retio to the rise in hesting
rate are rising continuously, whereby the range of tke second effect (decamposition
of residual austenite) rises considerably faster,than that of the first and third
second
effects, as result of which the,' . effect during electro-heating superimposes itself

over the interval of the third effect or even exceeds same,

FID-TI-63-48/12 . 5




2, The third effect during the annealing Iroduces no noticeable effect oo the

)
B3

.« are in con.formlty. )

: 3. In ratio to the increaea 1!1 hoating rate the conpletenass of deconposition
of

of residual asustenite decrecases, The decompositi i relatively stable alloyed aus.

tenite in SHKHLS steel can be suppre°sed when heated at rates of over 100 deg/sec,

ing of steel attained the name of the first,seccnd and third €ffects, bears a condi-
j tional nature, because. the second erfect_ at low heeting rates may overlap the first one
| and at high rates the third ef‘tect.
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On the Existence of Martensite Crystal Formetion Centers
above the roint of letasteble Zguilibrium

by

I, A, Avhuzova-and L. G, Yhandros

Cne of the most difficult to explain features of martensite conversiona.distu;
guishing the latter from other phase conversions in solid state, is the cesation of
conversion during the cesation of quenching, Since martensite crystals ordinarily

erod at greater rate, the stoppage of conversion means a discontimuation in the formtiom ;
o nuclei of the new rhase,

As pointed out by Knrdy\mov:l] the causes.i producing this phenomenon,can be of
‘tvo‘ types, First of ell,as result of formeticn of martensite the state of the resi-

duel mertensite changes so,that the formation or growth of new nuclei in it becomes '

difficult. Secondly, the nucleus ariginates not at any given point. of the volume,
but only in some of its sections, where their formetion 15 easier,

A study of iron-nickel alloys[2] showed,that at gradusl quenching in ratio to

the increase in the anount of martensite in the basic phese there is a considerable
rise in distortion of the geconﬂ type. A similar investigation, carried out on man-
ganese steels in addition to the formation of second type distortions, shm.ved a con-
" siderabdle change in the parameter of the austenite lattice upon the appearance of
| the martensite phase@.l;j. In Cu~Al=lh alloys is observed a considerable return of
basic crystal fragments when the martensite phase begins forming in it,
' A]..though ‘l;he mechanism of the effect of th; nentioned changes of the initial
phase on the ability of its further conversion is not fully explained, apparently,
these changes can lead to a discontinuation of formation and growth of new phase muc-

lei, But this can take place only at much later stages of conversion ,wvhen a consi-

n'n-n'-és-halhz 7




derablo amount of martensite phase has already been formed, The experiment also

showa. that the mentioned rule takes place already in the very early beginning of the 7

converaim when only several percentagea of the new phase have originated.

In literature has been repeatedly expressed the‘ idea that mrtensito crystah form
in specific previously prepared places of the basic phase (heterogenemé nucleation),
ésout the presence of such places and about their effect on the cor.rversion kinetics
is indicated by experiments oa preliminaﬁ plastic deformation and deformation bombarded
déd by neutrons‘EJ. It has been observed many times that the formation of martensite
cryat.ala took place on the grain boundaries and 'close to the line of shear,

In this investigation was made an effort to explain,on whethe: there are prefe-
rential points of mcleat(n in aliows. which are not subjected to preliminary treatment,
For this purpose were selected alloys,in which martensite conversion is of reverse
nsture. It is possible to establish in repeated conversion {passage) through the mar.
tensite point,whether there are such points and whether theix activity is not lost

duxing repeated conversion cycleu.

Figel,
To make the experimenta were selected two alloya: Cu-Sn (21;.61&) and Cu-Al-Ni

(L4420, L4e79 N‘.l). The first one of these anoys had considerable conversion hyste- o e

resis @"’fé the second one comverted without bysteru.sia. In the first as well as

in the second alloy the rmrse conversion takes place exaztly in the sams mnner. as

direct counversion, as result of which the initial crystals of the /;}phuo are fully '

FTD-TT=63-48/1+2 - 8

T oo i e - T e et e

st e i——



e

eycle of quenching and heating.

restared,

Senples of Cu-Sn alloys after snneeling at a temperature of 700°C for a period

of seven hours were herdened in cold water. The interval of direct and reverse conversions

vas determined by the el‘ectro-resistence change curve, and it was also controlled by
x-ray and microstructural methods. |

The arrangement allowed to measurs electro-resistance of the semple in the range
of temperatures from - 180 to + 200°, The resistance of the sample was measured with
the aid of FFIN pofentiometer: The sample was quenched by exposing it above the sur.
face of liquid nifrogen or by submerging it in it, For the purpose of heating the
sample was trensferred into a vessel,filled with glycerin, The sample with conduits
and thermocouple hooked up to it remained stationary, and the‘vessel with the Ali‘quid
was moved toward the sample,

In figel is shown the electro-resistance change curve during quenching and heating.
A comparison with et-ray and microstructural data .shoued.that the electric resistance
during quenching decreases linearly to the martensi te point (=80°) after which Elt@ de=
viates fram the .linear peth and grows to full conversion/b—e@'. It then again de- |
Fe’ases linearly at a further drop in temperature, When heated the resistanc:e rises
to a temperature of 60°, at which reverse conversien beg:l.na.‘ Further hea-ting leads
to reverse converaionb',)f& accompanied by a reduction in eiectric resistance. The
nature of tl.xe reduction is reverse to that observed in the process of direct conver-.
sion. If the exposure in the process of experimentation at a temperature of over 120°
1e of no great duration and the process of decompos:.ng does not have time to take ‘place,
. then repeated quenching and heating give the very eene ].oop as during the ﬁ.rat

1t is evident from the obtained curve, that reverse conversion is mlly concluded
u‘hen heated up to 120°, mrsteresie in the 1nvestigated alloy eqtmh_appradmtexy 200°,

which is in good conforaity with previous investigations ¥l

FTD-TT-63=48/1+2 9
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W S‘aniplos of this alloy, having the form of planseparallel plates, 1l-1,5 m thick.

were hardened from a temperature of 700° in water. After polishing and buffing they v /

were further quenched to - 180°, Here we had 3 %B" conversion, accanpanied by the
the f;>rmation_ of an acicular relief, lartensite crystals often passed throuéh the en-
tire thickness of ti:e plate, which can be noticed by the similarity of the relief on
two opposite sides of the plate. The relief (contour) originating during the quenching
was removed by grinding and the sample .waa submevged for several seconds into
the bath at a temperature of + 200°, On the polished surface originated a relief,re-
verse of the one, which appea;'ed during the quenching. The described cycle of direét
and reverse conversion has repeated itself several. times,

After each conversion cycle the picture of the relief changed, but the largest marten-
site crystals of the[}*-phase, forming first during the quenching, were often repro-
ducedes Such needles could be easily distinguished from others, from the ones with
mich finer rounding and reliably identify the point, from where -their growth began,

The outer outline*f such crystals froa cycle to cycle could change somewhat, but the.
placé of ou:iginati;n of such a erystal was one and the same, In fig.2 are shown re- |
liefs, formed after the forst one (a), second cne (b) and £ifth - (¢) cycles of
sample quenching in liquid nitrogen. It is easy to notice the appearance of one and
very same éryshl after various conversion cycles, .

In this way,in spite of the considerable overheating of the sample (by 80° above
the martensite point) the largest crystals of the mertensite . ) phase at various
conversion cycies were often reproduced. -

An effort was made to observ_e the :'.'eproducibility of crystals when heated to h:lghef
- temperatures. The chart of the relief during the heating 'td 220°, was rarely ree _
peated, wvhich is, apparently, 'clt.ariniecivzed with partial decouposition, taking placQ at.
such a temperature, ‘ |

A more suitable for similar experiments was the Cu-Al=Ni alioy. The typical

FID-TT-63-48/1+2 Y
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electro-resistance change curve of such an alloy is shown iu report[?]. The relief

1n the alloy selected for the investigation origimtee during the queaching and dis-

eppeers completely when heated to ¢ 50'

'
¥

The roentgenograms, taken at this temperature. showod that the semple consists entive-
1y of B = phase, _

To aohserve the relief, originating on the surface of the slide; was employed the
following method, The sample after hardening frn a temperetkure of 900°, was polished
at 70°, After quenching to roam temperature on the slide was visible a mall-emount
of martemzte erystals, The sample together with holder were suhnerged for a certein
time in boiling water, and then transferred into a vessel with alcohol, .chiilled to
various temperatures, With the aid of a microscope through the wall of the vessel was

cbserved the picture of the ariginated relief, Such experiments with one and the same

FTD=TT=63=48/1+2 . n
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iample were repeated. many times (80-100 timas)Cbservatiops shovéd.that if no atten~

tion is peld to mmll crystals and only large ones are examined, it can then l;e notked.,
that in each (J-phase grain are several places in which the largest crystals of

the martensite phase are foroede From cycle to cycle may developed this or anothé:' "

xmclea;tion center, The realization of one of these centers suppresses the. cr‘igination

¢ ecrystals in other centers, The first appearing martensite phase crystal determines
the picture of the relief iz; the entire g.'am..aud quite often also in the neigh-

boring grains, Upon ‘the origination in the given or in the adjoin:lné érain of another

vartensite erystal the entive picture of the relief. changese During many repetiti@

of the experiment one can see the repeating formation of larée martensite crystals

from the very same places, éven if in internediate cycleé other cry_stals m‘igihated.

As to fine (minute) crystals, forming in much later stages of conversion, then their.

origination, form and gro;rth tendency are connected with the arrangement,form and growth

tendency of previously origi'?cs crystalse, The appearance of this or any other. erystal

nncleati’on center of martensite phase, appareﬁtly. should depend upon the conditionts

of quenching and preceding heating, But in a majority of instances were retained for

scme reason or other, and the pi.c‘ture‘ot ‘the reli'ef at investigated cycles has not

been reptroducgd.

In both investigated alloys, in spite of considerable overheating of species to
above the temperature of the end of reverse conversion, is observed numerous repeti-
tion in the formation o.‘;f mrtensité crystals in specific pointse This indicates,tat
in the initial 6’- phase there is stable fixing cf pléce. in which after quenching
to below martensite point the first martensite rhase crystals axi'e‘ formod.“ This con~
clusion is confirmed by the reproducibility of the relief picture after senrai con-

version cycles,
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