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INVESTIGATION OF SURFACE LAYER OF POLISHED
HIGH-SPEED STEEL GRADE P6MS USING X-RAYS

The purpose of this work is the experimental analysis of changes in the phase
composition of heat-hardened high-speed steel grade P6M5 through the depth of
polished layer.

The X-rays method for the phase composition of surface layers of tool steel
gives information in average for depth 5 to 10 mkm. When solving this kind of prob-
lem by co-polishing of the thinnest layers with further radiography then introduce
unknown structure impact index for the layer of polishing plastic flow that is not
acceptable for our task. For stratified analysis of the phase composition of the prod-
uct’s thinnest layers one reccommends using a special method of radiography based
on limiting the depth of radiation penetration into material appearing at changing
the inclinations of sthe studied surface for steel sample to falling X-ray beam.

The outcome of this investigation is finding out the fact of high content of resid-
ual austenite in the thinnest (1-4 mm) surface layer of polished HSS P6M5. Moreover,
the number of phases in a thin layer may be 50 - 60%, which undoubtedly can reduce
surface hardness. Further research in this divection should be directed to analysis of
the surface hardness and wear resistance of the surface layer of polished HSS.

It was determined that the phase composition of the thin surface layer of pol-
ished steel is virtually independent of the depth of grinding, and this in spite of the
previously established dependence of the total thickness of the "white" layer on the
depth of polishing.

Keywords: X-ray analysis, austenite, polishing, lattice parameter, the width of
the diffraction lines.

Introduction

It is known [1] that when polishing heat-hardened high-speed steel,
their thin surface layer has extremely high temperatures often exceeding the
temperature of the critical points of the austenite phase. With rapid cooling
of the austenite areas there immediately occurs hardened surface layer of
steel and, as a consequence, a significant amount of fixed residual austenite.
This is facilitated by the dissolution of dispersed carbide structure phase
with intense layer’s heating.

Due to the fact that the resistance of the instrument depends on the
phase composition of the surface layers of steel [2], the information on the
distribution of the residual austenite depth polished layer is of great interest.
In the literature, the question was presented very little [1], especially for the
analysis of very thin surface layers of depth 1 - 5 um.
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X-ray method for investigating the phase composition of the surface lay-
ers of tool steels gives the averaged information on a depth of 5 to 10 mi-
crons. And what phase composition of steel to a depth of 1 - 2 is not known.
When solve this problem by the co-polishing method of thin layers followed
by radiography, then introduce unknown factor affecting the structure of the
layer of plastic flow of polishing, which is unacceptable for our task.

For stratified analysis of the phase composition of very thin layers of
products is recommended to use a special method of radiography, based on
the principle of limiting the depth of penetration of the radiation into the
thickness of the material [3,4], resulting in variations in the inclinations of
the sample surface to the incident X-ray beam.

Purpose

The purpose of this work is the experimental analysis of changes in the
phase composition of thermally hardened high speed steel P6MS5 to a depth
of polished layer.

Investigation results

The investigation was performed on samples of steel P6OMS with a diame-
ter of 25 mm and a thickness of 15 mm. Heat treatment of the samples was
made under the optimum regimes of hardening, as in [5]. Surface polishing of
the end surface of the samples was carried out to a depth EB25SM2K range
from 0.02 to 0.10 mm in a single pass under the following constant conditions:
speed range 19-20 m/s; traverse 0; table speed of 5 m/min.

In the first stage of research a microstructure of polished layer was stud-
ied. For this purpose there were prepared "oblique" thin sections, i.e. thin sec-
tions, inclined at an angle of 1.5-2.0° to the surface of the samples investi-
gated. This made it possible to "stretch" the polished layer for a considerable
distance and, consequently, increase the scale of polished layer.

Figure 1 shows an example of the surface layer structure of the sample
polished to a depth of 0.06 mm. Here one can see that the sample surface is
the so-called "white layer", i.e. weak etching layer consisting of martensite,
residual austenite and carbides. This layer has a considerable extension in
the depth of the sample and a significant structural heterogeneity. These
zones of "white layer" were found in all samples, with no exceptions.

Radiographic examination of samples was performed on a diffracto-
meter DRON - 3M in an iron-filtered radiation.

187



Fig. 1. Microstructure of "oblique" thin section from the sample surface (left edge)
to its center, polishing depth is 0.06 mm

The amount of residual austenite in the layer was determined as de-
scribed in [5]. Furthermore, the position of diffraction lines and austenite
martensite phase was used to calculate lattice parameters of the phases and
the width of the diffraction lines was measured using known methods [6].

To estimate the phase composition and phase parameters they used an-
gled X-ray photography, in which the sample with its investigated surface
was bent by an angle of 10 to 50°, making it possible to change the X-ray
penetration depth into the surface layer of the sample. Figure 2a shows a
diagram of X ray diffraction patterns and the typical view of the diffraction
patterns for the low and high angles of a meeting of the beam to the surface
of the samples.
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Fig. 2. Scheme of angled X-ray photography of the samples made by diffractometer
(a) and typical diffraction lines of martensite, austenite and carbide phases for dif-
ferent touching angles of the tested surface with X-ray (o)
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To assess the depth of the layer, which gives information about the
phase composition and parameters of a solid compounds they used known
methods [3,4]. The depth of the information zone X is defined by the for-
mula:

X = U, sina / 2u, @)

where U, — index, depending on the value chosen for that area of intensity of
the scattered rays, which provides receiving the information from layer — X;
o — inclination angle of the sample surface to incident X-ray;
u — linear index of diminution of X-rays.
For 75% of the intensity of the scattered rays by a layer, U, value ac-
cording to data available in the references [3,4], is equal to 1.39.
Considering the complexity of the chemical composition of the inves-
tigated steel (FeW Mo, CrVC), the p coefficient is calculated by the for-
mula [3,4]:

L= uep e, 2)

where z; — mass coefficient of radiation diminution by a chemical element
the composition of the steel;

p; — the density of the chemical element;

¢; — mass share of chemical element in steel composition.

Calculation of Equation 2 for steel POMS5 provided a value of linear coef-
ficient of X-ray diminution by iron anode as 1075 cm™. Hence, depth of infor-
mation zone (X) in the formula 1 for the angles o = 10; 20; 30; 40 and 50° will
have values equal respectively to 1.02; 2.0; 2.95; 3.82 and 4.6 microns.

Thus, the chosen method of X-ray analysis allows to perform investi-
gation of near-surface layers of the finest polished steel structure.

As it is seen from Figure 1b, a deviation from the focus angle of Bragg
-Brentano leads to geometrical broadening of diffraction lines and reducing
their intensity. To account this instrumental broadening of the lines it was
used samples’ survey with reference substance (aluminum powder) and
without it in this work.

Results of studying the surface layers of polished high-speed steel
P6MS layer are shown in Table 1.

It is obvious that closer to the polished surface of the sample the
amount of residual austenite increases in the layer and increases its lattice
parameter. This shows extremely high temperatures of contact zone metal-
abrasive, when carbides are rapidly dissolved in a thin surface layer and
austenite is saturated with the alloying elements. This is evident by the in-
creased lattice parameter of the residual austenite.
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Table 1

The amount of residual austentite (A,.), the parameters of its crystal lattice
(a,) and martensite (a,), the width of the diffraction lines of austenitic and
martensitic phases (B,,) of thin layers of polished steel P6M5

Polishing Layer depth X, Aws, % | a, kX | a, kX | B, mrad | B, mrad
depth, mm microns +3%
1 2 3 4 5 6 7
1.02 60 2.949 |3.674| 172 12.4
0.02 2.00 52 2.933 |3.671 17.2 10.5
2.95 52 2.928 |3.666| 163 12.0
3.82 44 2915 (3.639| 17.1 14.6
4.06 37 2.900 [3.620| 16.0 14.1
1.02 50 2912 [3.649| 174 15.0
0.04 2.00 43 2918 |3.661 16.8 134
2.95 38 2.930 | 3.648 17.0 16.1
3.82 37 2.921 |3.651 15.7 152
4.06 28 2.880 |3.611 18.7 15.6
1.02 48 2900 |3.640| 16.4 10.6
0.06 2.00 39 2.899 |3.643 16.0 12.1
2.95 35 2.890 |3.631 15.8 13.0
3.82 36 2.897 [3.652| 16.0 15.1
4.06 36 2910 [3.619| 17.1 12.9
1.02 59 2916 |3.650| 16.5 11.5
0.10 2.00 52 2.891 |3.620| 15.6 13.6
2.95 45 2910 |3.640| 18.1 15.1
3.82 44 2.890 |3.633 17.3 14.6
4.06 41 2.897 [3.640| 174 15.0

At the same time the lattice parameter increases as well in the marten-
site phase, that shows an increase of carbon content in this phase. The width
of the diffraction lines of both phases in layers varies slightly, and this dem-
onstrates the strong hardening work both for the martensite and austenite
phases of the surface layer.
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The data in Table 1 also shows that the phase composition of a thin
surface layer of polished steel is virtually independent on the depth of pol-
ishing, and this in spite of the installed earlier [5] the dependence of the
total thickness of the "white" layer to the depth of polishing.

Conclusions

The result of this study is finding out a high content of residual austen-
ite in the thinnest (1.4 mm) surface layer of polished high-speed steel
P6MS5. Moreover, the number of phases in a thin layer may be 50-60%,
which undoubtedly reduce surface hardness.

Further research in this direction should be directed to analysis of the
surface hardness and wear resistance of near surface layer of polished HSS.
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Epwoe B.M., Kopooxo T.b. Hccnedosanue nogepxHocmmuozo cios wiiaugo-
eannoil ovicmpopexcywieir cmanu P6MS penmzenoeckum memooom.

IIpusedenvl pe3ynomamol peHmeeHOSPAPUUECKO20 AHANUZA MUKPOHHBIX NO-
6EPXHOCMHBIX Cl0e8 ulugosannol ovicmpopescyweli cmanu P6MS. Ha nepsom
amane uUcCcie0068anusi ObLIU U3YUEHbl MUKPOCIPYKMYPbL WIUGOBAHHO20 CLOSI HA
ougpaxmomempe 6 dHcere3HOM OUILMPOBAHHOM UZNYYEHUU NOCAE YNPOUHEHUs. C
yenom nakiona nosepxrocmu obpasya om 10 0o 50°, umo dasano eosmoxrcHocmb
UBMEHsIMb 27YOUHY NPOHUKHOGEHUs. PEHM2EeHOBCKUX JIyyell 8 NOBEPXHOCMHbLIL CILOU
obpasya. I'nyouny ungopmayuonnoil 30nbt X onpeoensiu no coomeemcmeyrouum
Gopmynam c yuemom CroHCHO20 XUMUYECKO2O0 COCMABA, YMO NO360MUI0 NPOU3Ee-
cmu uccne008anue MOHYAWUWUX NPUNOBEPXHOCTIHBIX CI0€8 UWIUGOBAHHOU CMPYK-
mypul uccneoyemoti cmanu. Ob6HapysHceHo 3amemHnoe yeenudeHue Koauvecmea oc-
MAamoyHo20 aycmeHuma 6 NPUNOBEPXHOCMHBIX CIOSX Oblcmpopedxcywell cmaiu
P6M5 ona ecex peoswcumos winughosanus, umo HECOMHEHHO OOJIHCHO NPUBECmU K
CHUDICEHUIO MEEePOOCMU NOBEPXHOCMHO20 CILOSL.

Kniouesvie cnoea: penmeeno8CKull ananus, aycmenum, wiugosanue, napa-
Memp KpUCmaiiudeckol peuemku, Wupura OuGpaKyuoHHou TuHUY.
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€Epwos B.M., Kopooko T.b. /locnioscennsn nosepxnesozo wiapy winigposanoi
weuokopizansnoi cmani P6M5 penmzeniecokum memooom.

Haseoeno pezynomamu penmeenozpahiuno2o ananizy MiKpOHHUX NOBEPXHEGUX
wapie wnighosanoi  weuoxkopizarohoi cmani P6M5. Ha nepwomy emani
docniodicennss  OYyIU  BUBYEHI  MIKDOCMPYKMYPU — WIio8ano2o  wapy  Ha
ouppaxmomempi 8 3aNi3HOMY QIIbMPOBAHOMY BUNPOMIHIOBAHHT NICIS 3MIYHEHHS 3
Kymom naxuny nosepxui spaska 6id 10 do 50°, wo dasano mosciusicme sminiosam
2nubuHy NnpoHUKHEHHs PeHM2eHIBCbKUX NPOMeHie 8 nogepxnesull wap 3paska. Iu-
ouny inghopmayitinoi 30nu X eusHayanu 3a Gi0NO0GIOHUMU GOPMYAAMU 3 YPAXYEAH-
HAM CKAAOHO20 XIMIYHO20 CKIAOY, W0 00380AULO 3p0OUMU OOCTIONCEHHST HAUMOH-
WIUX NPUNOBEPXHESUX Wapié wilihoeanoi cmpykmypu 0ocaioxncyeanoi cmani. Busig-
JIeHO noMimue 30LIbUuleH s KIIbKOCME 3aIUIKO8020 AYCMEHIMY 6 NPUNOBEPXHEGUX
wapax weuokopizanenoi cmani P6MS5 ona ecix pesxcumie winighyeanns, wo
0e3CyMHIBHO NOBUHHO NPUBECU 00 SHUNCEHHS MBEPOOCI NOBEPXHEBO20 WIADY.

Knrwowuoei cnosa: penmeeniscokuii ananis, aycmeHim, wnig)yeanms, napamemp
KPUCMANIYHOL peuimKuy, Wupuna Ou@dpakyivinoi 1inii.
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