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Zffect of Heating Rate on the Temperature intervals

of ..conversions during Electroannealing ofSteel.

by

V. N. Gridnev and Yu.YA. Meshkov

It was established as result of nrMarous investigations that during the heating

of hardened steel are obser-'ed four annealing effects, vhich I n sequece of tenper_-

ture rise their develo,.nents are cnlled the first (80 -150). seccad (20-)-280 0 )9

third (270-400@)and fourth (over 4•00)[11. The temperat'.re position oc the annealing

effects in each concrete case de;en~s upon the ccjmosition of the steel 3nd upon the

duration of the annealing. The nature of the effects has been evnluated mny timess

and special literature is devoted to this problem*

In recent yearn Zreater attention has been devote4 to the study of characteria-

tics of axmealing processes at rapid heatings wuith electric current. It was estab-

lished on the basis of data of dilatometric anzlyzss that upon an increa:ýe in the rate

of heating tho first and th-ird effects of anneling steel are blended in the zone of

hidher ter~siraturesT•,•J. Decnposition of residuai au.ztanite (secoad effect) during

electro-heating 3ccordisg to dilatemetric analysis data ccild not be revealed.

These observations gave reason to assixethat at higher heating rates the deccmfosition

of residual austenite is suppressed* -But aftera rapid heating to tamperatures over 4000

and subsequent sharp quenching the austenite deco-poses ccapletely. Efforts were made

to explain,when and at what terperature range decozposition of residual austenite

takes place at electric heating, In report¶-r4 on the basis of z"etoetric analysis

data at repeated heatirng of elactroannealed saPleis of carbon steel it has been con.-

cluded, that the decaapozitica of austenite occurs either in the quenchiaG Tocesse

or. in the period of unavoidable bried isaothermal exposure at the .icent -4hLn heatign

is discontinued during electro-zneal•ng (haat±nG rate 1730 d1car/sec).



In this way, no accurate data could be attainede It could be expected that moe defi-

nite results will be obtained when observing the processes of deccnposition of residualf

austenite directly in the period of heating the samples during electra-annealing.

For this purpose Ain report[53 was used an Ad magnetemeter ~jallowing to obtain thea

plotting of a stample nagnetization. curve during electroheating at rates of up to 1000

to 500degees/sec. It was shlown, that when heating at a ratofheodro30

degrees/peo the decomposition of residual au~stenite in carbon steel takes place in

the period of beating in a range of temperatures somewhat higher than the third effect

(400-5-500). It is interesting to explain,what effect the rate of heating is exerting

during electroennaaling on the temperature of decomposition of residual austeniteide--

terminable by data of magnetonetric analysis.

For the investigation were selected chrome steels SH1CH6, SMfl5 and carbon st~eel

U12. S~mples of these steel. in form of thin wires were hardened from a temperature

of 10000 in water.

'11ý- \0 1

Figel. Oscillogramsq of electroheating of hardened steel SHUU5.Heating rates

a-45 degr/sec; b-80 degr/secl c-300 degr/sec.

The content of residual austenite in all hardened samples was 20..25%. The samples were:

investigated on an installation for the study of rapid hes tingsgconstructed by type

72and supplemented with AC magnstamter L61,. On the oscillogram. were si =.ltaneous1.y

plotted temperature, elongation and magnetization curves of the sample in an intensity

field of about 200 e, and time nurkers were made*
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In fig.l and 2 are given typical heating oscillogrma obtained in this investi-

gationo Detailed interpreta tion of the path olthe magnetic curve in weak fields during

electro heating of hardened steel was given in reportto As was shown, the increase

in magnetization, following imediately after dilatocetric conpression at the third

effect appears to be the result of decomposition of residual austenite Analysis

of magnetorams of electro-heating of SHKHl.5 steel (see fig.l) shows that in ratio

to the increase in heating rate the conpleteness of decomposition of residual austemite

decreases gradually and at rates of more than 100 deg/see its decomposition is abso-

lutely depressed (fig.l,c). When steel SIM6 is heated at a rate of the order of

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

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

of the fact that the intensity of decomposition has noticeably decreased,

CO the oscillograms were determined the temperatures of intervals of first and

third effects by the dilatcmetric curve and second effect by the magnetic curve.

Change in position of temperature intervals in ratio to the rise in heating rate is shown.!

in fige3-5, Attention is called to the practically linear rise in temperatures of

all annealing effects in semiloprithmic coordinates. As we see, the interval of de-

composition of residual austenite rises considerably faster than the intervals of the

first and third effectswhich practically blend parallel. Not without interest is

the fact, that if we would extrapolate the obtained data to rates of the order of

10-2 degr/see, then the intervals of all three conversions fall in the same rahge

of temperatures, where they are ordinarily observed during furnace hoatinges

In fig*6 is given such an extrapolation for steel U12. Here are plotted the results

of dilatometric determination of temperature of annealing effects according to date

by{rj at various rates of furnace heating. It can be assumed, that such an extrapola-

tio is in satisfactory conformity with data at slowheatings

In this way, the decomposition of residual austenite can take place in a vide

72D-TD*-3-J4W1423



range of temperatures depending upon the heating rate and under specific conditions

is even covered and superimposed the interval of, the third effect. In reporta•2453

was expressed the asu•aption about the accelerating effect of phase cold hardeninge

originatig as result of the third effect, on the decocpo~sition of residual austenite.

In this case, it can be expected, that upon the intersecting of deccnposition temperature

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

cffect will be disrupted.

Fig°2eOscillograms of electro heating of hardened stoeols
a-SEKH, heating rate 400 degr/see; b-U12 heating rate 2.50 degr/aec.

But the obtained results do not confirm this assuMption (see fi-*46). LIVidently, the

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

cold hardening) produce no noticeable effect- on the decomp0osition of residual auste-

nxite. .

In report• is, shown: that at several houry' exposures residual austenite decaw.-

poses noticeably..at" temperatures of 100-1500.o

• 50O \. ,

a 60

200 Dz.' I' I . ..-2 .-..- •,' ' "

50. 10 O010
Fige2oODependen O of temperature inter- higeoeDependence of temperature r:es

vals of annealing effects upon rate of annealing effects upon the rad e of reatine

nite'

poesanticebg atr S=5 temerate of 100-3steel.
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Fig._5.Dependence of temperature ranges Fig. 6 . Extrapolation of annealing inter-

of annealing effects upon rate of heating vals of U12 steel over the zone of slow
U12 steel. heatings.

This result is in excellent conformity with the temperature range dependence of

austenite decomposition (as shown in fig.6) upon the rate of heating.The graph of the

second effect during annealing is more steeper 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 parallel slope of the

intervals of second and third effects at an increase in 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 conpo-

sition of low temperature carbide, in the opinion of a majority of researchers is differ.

ent from the cementite flO.

On the basis of results obtained iii this inVestigation were made the following funj-

.. amental conclusions8

1, The temperature ranges of steel annealing in ratio to the rise in heating

rate are rising continuously, whereby the range of the second effect (decazaposition

of residual austenite) rises considerably faster,than that of the first and third

effects, as result of which thel . effect during electro-heating superiposes itself

over the interval of the third effect or even exceeds same*
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2o The third effect during the annealing produces no noticeable effect on the

pr~ocees of decomposition of residual austenite in the case when their tem;,erature rangw~s

are in conftrmity-o

3. In ratio to the increase in heating rate the cce~pleteness of decomiposition
of

of residual austenite decreases. The deconpositionrF5,.relativel~y stable alloyed &us-.

tenite in SHMC5 steel can be suppressed when -heated at rates of over 1010 ded/seo.

4, The adopted terininoloey, in confortaity with which conversions during the anneal-

ing of steel attained the nmms of the first,seccnd and third effects, bears a condi-

tional nature, because the second effect at low. heeting rates may overlap the first one

and at high rates the third effect.
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On the Eistence of Martensite Crystal Formation Centers

above the Point of Metastable Equilibrium

by

I. A. ArLbuzova-an.d L. G. Khandros

Cne of the inost difficult to explain features of .martensite conrersiona.distin-

guishing the latter from other phase conversions in solid state, is the cesation of
conversion during the cesation of quenching. Since martensite crystals ordinarily

grow at greater rate, the stoppage of conversion means a discontinuation in the fornation

of nuclei of the new phase,

As pointed out by EurdyumovrTI) the causes, producing this phenmaxoncan be of

two types. First of ell,as result of formation of mertensite the state of the resi-

dual martensite changes sothat the formntion or growth of new nuclei in it becomes

difficult. Secondly, the nucleus originates not at any given point of the volume,

but only in some of its sections, where their formetion is easiero

A study of iron-nickal alloys[22 showedthat at gradual quenching in ratio to

the increase in the amount of martensite in the basic phase there is a considerable

rise in distortion of the second type. A similar investigation, carried out on man-

ganese steel½ in addition to the forration of second type distortions, showed a con-

siderable change in the parameter of the austenite lattice upon the appearance of

the martensite phase ,ý. In Cti-Al-M.a alloys is observed a considerable return of

basic crystal fragments when the nartensite phase begins forming in it*

Although the mechanism of the effect of the mentioned 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 nue-

lel. But thi' Can take place only at muach later stages of conversion .9when a consl-

rnx T-63-0/l4 '7



derable amount of martensite phase has already been formed. The experiment also

shows, that the mentioned rule takes place already in the very early beginning of the

conversion when only several percentages of the new phase have. ociginatea,

In literature has been repeatedly expressed the idea that martensite crystals form

in specific previously prepared places of the basic phase (heterogeneous nucleation).

.z~aut the presence of such places and about their effect on the conversion kinetics

is indicated by experiments on preliminary plastic deformation and deformation boubarzecL

ded by neutronsl5l. It has been observed many times that the formation of martensite

crystals took place on the grain boundaries and close to the line of shear.

In this investigation was made an effort to explainon whethe-.- there are prefe-

rential points of nucleat in alloys, which are not subjected to preliminary treatment,

For this purpose were selected alloys,in which martensite conversion is of reverse

nature. It is possible to establish in repeated conversion (passage) through the mar-

tensite point,whether there are such points and whether their activity Is not lost

duting repeated conversion cycles.

IN 88 0 a -,o -80 -,20 tr

To make the experiments were selected two alloyst Cu-Sm (24.6%sa) and Cu-Al-NI

(14•4W1. 4.7% Ni) The first one of these alloys had considerable conversion bysto-

resis ( the second one converted without bysteresis. In the first as well as

in the second alloy the reverse conversion takes place exactly in the same manner, as

direct conversion, as result of which the initial crystals of the (3 jphase are fully

F)TD-1r-63-4.8/l428
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Samples of Cu-Sn alloys after annealing at a temperature of 700C for a period

of seven hcaurs were hardened in, cold water, The interval of direct and reverse conversions

"was determined by the electro-resistance change curve, and it was also controlled by

x-ray and microstructural methods*

tho arrangement alloved to measure electro-resistance of the sample in the range

of temperatures from - 180 to * 2000. The resistance of the. sample was measured with

the aid of FPFT potentiometer. The sample was quenched by exposing it above the sur-

face of liquid nitrogen or by submerging it in it. For the purpose of heating the

sample was transferred into a vessel~filled with glycerin. The sample with conduits

and thermocouple hooked up to it remained stationary, and the vessel with the liquid

was moved toward the sample.

In figol is shown the electro-resistance change curve during quenching and heating*

A comperison with x-ray and microstructural data showedthat the electric resistance

during quenching decreases linearly to the mnrtensite point (-800) after which it de-

viates from the linear path and grows to full conversion (--i. It then again de-

Veases Linearly at a further drop in temperature. When heated the resistance rises

to a temperature of 600. at which reverse conversion begins. Further heating leads

to reverse coversionI?'-,A accompanied by a reduction in electric resistance. ?he

nature of the 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 1200

is of no great duration and the process of decomposing does not have time to take pla=e3

then repeated quenching and heatin give the very, sam loop as dur.ing the -first

cycle of quenching, and heating.

It is'evident from the obtained curve, that reverse conversion Is fully concluded

when heated up to 1200. rsteresis in the investigated alloy equals appr•dmately 200e

which is in good confordty with previous investigations

J'rD-W-6348/1#2



Samples of this alloy, having the form of plano-parallei plates, 1-1,5 me thick.

were hardened from a temperature of 7000 in water. After polishing and buffing they

" " were further quenched to - 180*. Her'e we had 3) ---,5P conversion, accompanied by the
k

the formation of an acicular relief, Mrtensite crystals often passed through the en-

tire thickness of the plate• which can be noticed by the similarity of the relief on
to opposite sides of tho plate. The relief (contour) originating during the quenchig

was removed by grinding and the sample was submerged for several seconds into

the baLth at a temperature of 4 2000. On the polished surface originated a reliefore-

verse of the one, which appeared during the quenching. The described cycle of direct

and reverse conversion has repeated itself several, times,

After each conversion cycle the picture of the relief changed, but the largest Mnrtea-

site crystals of the 0-phase, forming first during the quenching, were often repro-

duced. Sich needles could be easily distinguished from othersý from the ones with

nuch finer rounding and reliably identify the point, from where their growth, began.

The outer outline~f such crystals from cycle to cycle could change somewhat, but the

plac6 of origination of such a crystal was one and the same. In fig.2 are shown Te-

liefs, formed after the forst one (a), second one (b) and fifth (c) cycles of

sample quenching in liquid nitrogen. It is easy to notice the appearance of one and.

very same crystal after various conversion cycles*

In this wayin spite of the considerable overheating of the sample (by 800 above

the martensite point) the largest crystals of the mnrtensite phase at various

conversion cycles were often' reproduced.

An effort cas eade to observe the reproducibility of crystals when heated to higher

temperatures. The chart of the relief during the heating to 2200, was -aTely re-

peated, which Is, apparentl7y connected with partial deccznpositionttaking place at.

such a temperxa tue

A more suitable for sidlar experi•e.ts was the Cu-Al-Ni alloy. The, -typical

MT-7h.3"4S-0Zl. 10



electro-resistance change curve of such an allay is shown lii reportR3. The relief

in the alloy salected for the investigation originates durnng the quaenhing and dia-.

appears completely when heated to *5000. ..
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sample were repeated many times (80-100 timas)Observations showedthat if no atten-

tion is paid to small crystals and only large ones are examined, it can then be notic.e'L,

that in each 6-phase grain are several places in which the largest crystals of

the martensite phase are formed* From cycle to cycle may developed this or another

nucleation center. The realization of one of these centers suppresses the cri~ination

cf crystals in other centers. The first appearing martensite phase crystal determines

the picture of the relief in the entire grain.and quite often also in the neigh-

boring grais. Upon the origination in the given or in the adjoining grain of another

martensite crystal the entire picture of the relief. changes. Dring many repetitions

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

from the very same places, even if in intermediate cycles other crystals originatede

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

origination, form and growth tendency are connected with the arrangenemtsform and growth

tendency of previously orig~kes crystals. The appearance of this or any other- crystal

nucleation center of martensite phase, apparently, should depend upon the conditions

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

same reason or other, and the picture of the relief at investigated cycles has not

been reproduced.

In both investigated alloys, in spite of considerable overheating of species to

above the terzperature of the end of reverse conversion, is observed numerous repeti-

tion in the formation of martensite crystals in specific pointse This indicates,tbat

in the initial o phase there is stable fixing cf place, in which after quenching

to below martensite point the first martensite phase crystnls are formed* This con-

clusion is confirmed by the reproducibility of the relief picture after several con-

version cycles.
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