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| INVESTIGATION OF CHANGES IN THE FINE INTRAGEANULAR STRUCTURE
OF A COMPLEX COBAIT-BASE AILOY (KLONKHM) DURING PIASTIC.

. DEFORMATTION AND ANNEALING . - .
LW USSR .o

~ [Following is a translation of an article by Yu. A.
 Skakov and Ya. S. Umanskiy in the Russian-language
o . periodical Izvestiya Vysshikh Uchebnykh Zavedenly,
’ oL Chernaya Metallurgiya (News of the Higher Educational
L  Institutions Ferrous Metallurgy), Moscow, No 5, May
1960, pages 150-158.]1 - - o0 - T x

The alloy KhONKnM [1,2] is exceptionally strongly strengthened
during plastic deformation and, furthermore, experiences substantial
additional strengthening during low-temperature annealing. An
explanation of the character of the structural changes relative to
strengthening and weakening was the basic aim of the present study.

The composition of the alloy studied was as follows: ~0.08%

' C3 36.L4% Cos 20.1% Cr; 15.25% Nij; 7.05% Mos 16.3% Fe; 0.LO% S5i;
1.82% Mn. Specimens of the alloy were subjected to cold forging -
(10, 30, 50 and 70% of compression) after hardening at 1150° in -
water, Annealing was done at temperatures from 100 to 900° during
~a period of four hours. At 500° the duration of annealing was
. changed from 2 to 100 hours; at 700°, to 18 hours. - The micro-
hardness of ‘all specimens was measured.. "(The experimental work ,
was carried out with the participation of :A. V. Sharshatkin and students
“ of MIS [Moskovskiy Institut Stali == Moscow Steel Institute] L. K. -
Kostin, M. M. Arengol®d. Considerable assistance in the choice of
objectives and their preparation for study was shown on the part of -
D. I. Gabrielyan and other workers of IPS TsNIIChM [Institute Proiz-
" vodstva Stali Tsentral’nyy tauchno-issledvotel!skiy institut chernoy -
metallurgiya -~ Institute of Steel Production Central Scientific :

Research Institute of Ferrous Metallurgy] . in particular V. A,»Sol‘té;) o
N ‘The method of single-stepped, carbon (ugol'nykh) prints with
- fixed particles in the case of heterogeneous composition was used

- for electron-microscope research.




- Electron diffraction reoearch was carried out "in the reflectlon"
of etched microsections and "in the gap" of varnished prints with ‘
fixed particles of the second phase and also of the films of the

alloys obtalned by the electrolytic thinning of massive specimens

[31. |
‘Two Series of radiographs with linear- focusing (11r) and

(220) in Cr-radiation were taken to determine ‘the size of the blocks

and the micro-deformation of the crystal lattice of the solid’

solution, ,

The size of the blocks aﬂd the ticro-deformations were cal-

culated by the method of harmonic analysis of the shape of the curve

of true or physical widening [L,5]. A hardened specimen was taken

as a standard, The decomp031t10n in ‘a number of standard and widened

photometric curves were made with the aid of patterns during the

division of the interval of decomposition into LO parts and into

80 pa“ts (in order to obtaln 1ntermed1a e varues of the coefflclents

'7’Reso1ts'of‘the Experiments

1. The measurement of electrical resistance in the process of heat-
ing and working the preliminarily deformed specimens showed that a
process develops at heating temperatures of about LO0O-L50° wnlch
increases electrical resistance. ' (Measurement was made by the.
compensation method; the speed of heating and cooling was 2- 30 .
per minute.) At heatlnv temperatures above 550~600°., a process -
takes place which léads to a decline in the elect r1ca1 resistance.
Above 900° the reverse process proceeds intensely. These results e
coincide with the results of studies [1,2]. P '
The nature of the transformation at annealing temperatures
greater than 550-600° is clear: ‘down to 850-~900° a process of |
separation from the solid solutlon takes place then a process of"
reverse dissolution. ‘ ‘
The effect ‘of increasing. the electrlcal reolstance durlng
annealing below’ 500° is explained in a different way: in study.
[1] the action of the phase cold hardéening is assumed owing to-the .
division of the second phase; in study [2] this fact belongs to -
the so~called "x-anomaly" (con51dered by the authors. as a special
case of regulation) that is analogous to the term "K-condltlon”
adopted in German and other literature. -
As is clear in Figire'l, addltlonal strength durlng anneal1ng
occurs in the temperature range 300-500°%, i.e., in that ‘range in -
which the ‘anomalous change in electrlcal resistance was observed
Annealing at temperatures of 600-650° and above leads to'a decline”
in hardness, - Max1mum addltlonal strengthenlng was obServed after




: anneallng at 500°° for four houro. With an 1ncreaSe in anneallng tlme,
this strengthening is removed- however the hardness practically
"~ does not change during up +t0 100 hours of further soaklng. ‘

2, Quite substantial crushing of the blocks was noted in”
‘ana1y51ng the widening of line (220) after deformatlon ‘at 30%
(Figure 2).. The crushlng of thé blocks is observed even during o
further incredses in the deégrée of deformation. (Durlrg deformation -
10% of the effect of widening of the lines is not noticed, 1.e., o
the dlmen31ons of the blocks remain greater than' 0.1 .7 | )

An interesting peculiarity of changes in the mosaic structure’

as a result of plastic deformation is the anisotropy of the’ granula-'

tion of the blocks. The difference in dimensions of the blocks .
czleulated from reflections (220) and (111) for all three degrees .

" of deformation (30% 50%. and 70%) is found in the limits of the =~

. computational error of the method. It ‘can be assumed that in
_actuallty the d1381m11ar1ty in dimensions is greater but this ‘ _
dissimilarity conceals the conditions of exposing the radlograph in
which neutralization inevitably occurs, The presence of texture o

diminishes the degree of this neutralization.’

From the electron dlffractlon data it follows that the,

texture of forging is (110) [111] and (110) [111]. Tt can be o
“assumed that durlng the plastic deformation of the block it acquires
an elongated form in the dlrectlon Flll], establlshed along the ' ‘
direction of forging.

Increa81ng the degree of deformatlon to 70% 1eads +0 great S
'crushlng of the blocks (up to-10-0 cm) and 31mu1taneously toa 0
" decllne in the diversity of block dimensions in various dlrectlons. Lo

mhe coriclusion on the significant size of the blocks in
direction [111] after deformation at 30-50% is supported by the _
ana1y81s of changés in the inteénsity of line [111] following harden- =
ing, deformation and strength tempering and, in addition, after cold
working the surface of- these same specimens w1th enery paper.

N Inten51ty (111)}*%_H

Anneallng w ‘ ‘ o . 25
Annealing and Cold | R o
“Working of the Surface o 87 -
Cold Forging (50% of Compre531on) : 29
Cold Forging and Annealing at 500° , ‘ hO
'Cold Forging and Cold Wbrklng of the“ o o
Surface - S S 100

1‘?3 L

If the 1ncrease in 1nten81ty for deformed and annealed sp601- -
‘mens after cold working of the surface are in some measure the .
“result of a change in the texture, the increase in intensity of the =
‘deformed specimen after strength annearlng can be explained only

-3-




by the decrease in the extinction effect. (The determination of .
the integral intensity was carried out on & URS-501 apparatus.) = .-
For the present, therole of packing defects remains unclear in
the effects of changes in the breadth and intensity of line (111).

3. The meximum values of micro-deformation (% pax), cal- - |
culated by reflections (220) and (111) for all practical purposes L
coincide, However, the micro-deformation of the'lattice in direction
[110] is localized in lesser volumes than in direction [111]

(Figare 3). (The size of the area of localization of micro-deforma-
tiens can be judged by the spacing of L (in angstroms) which corres-
ponds to.the maximm of curve % (L).) . Lo e

With en increase in the degree of compression to 50%, the
micro-deformations increase sharply and attain values of L « 1072,
which clearly is the limit. - . . .~ e LT

If it is assumed that the quantity determined by us is connected
only with microstrains, a rough evaluation of these strains provides '
a quite high number -~ about 100 kg/mm?, It is clear, however, that .
the micro-deformations of the crystal lattice includes not only . -
elastic distortions but also distortions comnected with concentrated
heterogeneity. T e o

. Tt is interesting to compare our data with the results of a o
study by Gadfield [6] on the micro-deformations of a lattice during’
cold steel forging which is also considerably strengthéned. The '
maximm size of the micro-deformations in this steel with 30-70
of deformation does not change and consists in all of 2.5 ., 1072,
i.e., 1.5 - 2 times less than in the alloy K4ONKhM. In alloy
K, ONKhM which contains elements differing considerably in atomic
radii, one would expect a great effect of rising diffusion, basi-
cally as 2 result of the difference of the atomic radii of molybdenum
(Dt = 2.80R) and other components (Dyy - oo = 2.5 8);

Dot cr
T8 Doy g = 20985 Doy g = 252 1)
The characteristic relief of the traces of deformation observed
in photomicrographs of pickled microsections testify to the presence
of sharp heterogeneity in the alloy (See Figure ha)s - o -
In the electron diffraction study, a second system of lines
corresponding to % 22,16 and ~1.97 X is disclosed in the gap of
a fine film of the specimen. The lines have exactly the same
arrangement of textural maximums as the lines of the matrix (111)
and (200). The appearance of these lines could be explained by the
presence of segregations of molybdenum and carbon. However, these
lines are connected with disturbances in the arrangement of close-
packed surfaces @nd the appearance of portions with an hexagonal
structure. . . : S B ‘ :
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L. Armealing at SOO0 (maximim hardness) leads to the’ growth
of lattice micro-deformations up to tha+711m1t1n§ value which was
- noted in strongly deformed specimeris (=< 1 ¢ 1077), . After amnealing
at a temperature of 7OOO (weakenlng takes place), m1cro~deformat10ns o
of the lattice decllne very sharglv reaching approx1mately'the very -
- same- magnitude s XJo— 2 ¢ 10 bOuh for the Spe01men prellmlnarlly

deformed at 307 as well as for the Spec1men delormed at 707 (Flgure‘
‘ Changes in the slze of the blocks after anneallng at 500° .
are comparatlvely snall “After anneallng at 700°, the sizes of the
blocks increase, accompanied by a sharp weakening (Figure 5).
‘Adoltloaal llnes dlsappear 1n the electron olffractlon plcoure of
fine llim.“ *w L
. X~ray and electron optlcal data testlfy to the' fact “that as o
a result of annealing at 500° considerable’ changes take place w1th-‘
in the solid solution. 'These’ changes consist in ‘the strengthenlng L
of the concentration of heterogene:tv'as a consequence of the dif- j,;
fusion ‘of molybdenum and carbon in ‘the elastlcally elongated area’ of j’
 the crystal lattice of the solid solution. o -
' After annealing at SOO0 electron optical separatlon of the
carbide phase is not revcaled, 'The relief of the plckled micro-
~section becomes clearer, Portions of the microrelief of the
magnitude 0,01 - 0,14/(Figure L, b) are easily seen within the
~band of deformation. ThlS increase in contrast and differéntiation
~of the microrelief can be linked with the increase in the size of ,
. the micro-deformations and with a decrease 1n the 81ze of the area o
of their localization (Figure 6). e
" The actual separation of the carbide phase obServed electron» o
-~ optically after annealing at 700° (Figure L,c) leads to'a substantial -
reduction in the mlcro-deformatlon of the- lattlce.‘ Clearly the . =
portions of the solid solutlon enriched by molybdenum carbon and
- chromium stand apart and constltute the separation of the carbide
phase. It is clear from the photomlcrographs in Figure L that the
~ distribution, sizes and formof the particles of the carbide phase -
succeed the dlstrlbutlon, sizes and form of mlcro—heterogenelty'whlch"
arises aurlng deformation and 10Wbtemperature anneallng. The sizes
‘of the separations after anneallng at 700° following compre351on N
at 30% are far less ( =100 A) ‘than following compre581on at TOﬁ
(several hundred arigstroms and up to 1 ,000). :
5. Portions of the solid solutlon contalnlng an 1ncreaSed R
‘quantlty'ofnnlybdenum and chromlum can ‘be considered the first pro-"
~duct of dlslntegratlon. Anneallng at a temperature of 700° after
" heavy deformation in electron’ diffraction pictures "in.reflection!
provide a system of lines which coincide closely with x-ray data
for carbides of the CO,MG.C ‘type. At the same tlme the electron e
dlffractlou plcuures in the reflectlon of 8pe01mens annealed at

: ‘.'_‘“5. -




700° after less deformation (for example 30%) and the electron - -
diffraction pictures in the gap of the print with fixed particles . .-
for the specimén deformed at 70% and annealed a long time at 700°
(18 hours) or at 800° provides a system of lines which correspond . =
better to carbide of the Cré305[typeg ' Electron diffraction pictures .
in the gap of the print with fixed particles of the specimen annealed
at 700° for four hours apparently provides two systems of lines, one
of which is characteristic for carbide of the CbéMbBC type and the
other for carbide of the CrpqCg type. The conclusion follows from a -
comparison ofnthese_data:tha%'%he‘formaﬁiOn of a’ carbide of the
Co.Mo.C type depends on the fact that the basis of the alloy 15 co--
balt and &s a tesult of the rising diffusion in the field of strain, .
‘an area enriched by molybdenum and carbon appears. It is understand-
able, therefore, that the formation of this phase proceceds more pre-
ferably with a large degree of deformation. . Carbide of the‘Cr2306
type is clearly the equilibrium phase of disintegration. Its "7 ..
formation is commected with an increase in the chromium and carbon .
content, The lattice period of this carbide (< =c10.8 ) according
to our data is somewhat greater than for Cr,.C (7 7210.628)
which is explained by the presence of a sighificant quantity of =
molybderum in its composition. BT : o

‘Conclusion

. Strengthéning of an alloy during cold plastic deformation
and additional strengthening during heating to 500° are dependent
on the very game factors: the crushing of the mosaic blocks
(up +0-=10"° cm) and great micro-deformations_of the crystal
lattice of the solid solutibda (up tor:l < 1073). However, the
siguificance of these strengthening factors during deformation and
during strength annealing are different. With an increase -in the.
degree of compression from 50 to 70% additional strengthening during
low-temperature annealing is linked with further crushing of the
blocks. Additional strengthening during low-temperature annealing
of & heavily deformed alloy is linked above all with a change in the -
" character of the distribution of the micro-deformations and their
increase. . . 1 S L
Micro-deformations of the crystal lattice are dependent
principally on the fine concéntration of heterogeneity within the
- solid solution. Differentiation of the components (above all moly- .
bderum -and éarbon) takes place in areas with dimensions on the order - .
-of 10‘6 cm. An increase in the degree.of compression and an increase ..

in the length or temperature of annealing leads to an enlargement i

of the areas of localization of micro-deformations of the crystal
lattice of the solid solution (or to the enlargement of portions .
of the 8o0lid solution with an increased concentration of Mo and .
€). Such a structure proceeds the separation of the carbide phase
and corresponds to maximum hardness. o

=6~




o Separation of the carbide phase is apcompanled by the removal
of micro-deformations of the crystal lattice and the sharp enlargement
of the blocks of the mosaic btruCuurg which 1eads to Weakenlnan
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