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Abstract: The Ni(Cr)-TiC-Cr3C,-Cr;C3 composite powder was prepared by SHS (Self-
propagating High-temperature Synthesis) process using elemental powders as starting
materials. As-prepared powder was ground by an attritorial mill up to 10 hours. Micrograph
and diffraction patterns were obtained using TEM. The X-ray diffraction data were analyzed
using the Rietveld method and Toraya procedure. The Rietveld method was applied in the
determination of phase abundance using Hill and Howard approach. The parameters of
diffraction line profiles were analyzed by PRO-FIT Toraya procedure. The crystallite sizes
and lattice distortions were analyzed using Williamson-Hall method. It was stated that the
crystallite size of Ni(Cr) phase diminishes to nanoscale after 5 hours milling whereas the
crystallite size of the other phasesis still above 100 nm for applied milling time.
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1. INTRODUCTION

SHS (Self-propagating High-temperature Synthesis) process is characterized by low-
processing temperatures, easy compact of powders as starting materials, flexibility in
composition and relatively short process time [1]. Milling process is a technique of
widespread application. In the present work this process was applied for diminishing the size
of crystallites of composite powder. The components of studied material ensure its excellent
high temperature corrosion resistance.

In the present work the X-ray data were analyzed using Rietveld structure refinement
method [2-7] and Toraya procedure [8]. Rietveld method was applied mainly for the
determination of phase abundance. Morphology of studied materials was analyzed by TEM
method.

2. MATERIAL AND RESEARCH METHODOLOGY
SHS process was used for preparation of studied composite powder. As-prepared powder

was milled in attritorial mill (250 rpm, stainless steel balls of 6 mm diameter, 10:1 ball-to-
powder weight ratio, 2 dm® chamber capacity) for 2, 5 and 10 hours.
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X-ray diffraction patterns were collected using X-Pert Philips diffractometer equipped with
curved graphite monochromator on diffracted beam and with the following dlits (in the
sequence from Cu tube to counter); Soller (2°), divergence (1/2°), antiscatter (1/2°), Soller
(2°) and receiving (0.15 mm).

The profile parameters of individua diffraction lines were determined using Toraya PRO-
FIT procedure [8] which applies Pearson V11 function for the description of line profiles.

The Rietveld analysis was performed applying DBWS-9807 program that is an update
version of the DBWS programs for Rietveld refinement with PC and mainframe computers.
The pseudo-Voigt function [4] was used in the describing of diffraction line profiles at
Rietveld refinement. The quantitative phase analysis was performed using the relation
proposed by Hill and Howard [9].

The crystalite sizes and lattice distortions for Ni(Cr) phase were estimated using
Williamson-Hall method [10]. The NIST SRM660a (LaBes powder) was used as line profile
standard for instrumental broadening determination.

For TEM analysis powders were suspended in ethanol and scattered for few minutes in an
ultrasonic bath before being collected on a carbon grid. TEM studies were performed using
JEOL 3010 microscope operated at 300 kV ..

3. RESULTSAND DISCUSSION

Detailed analysis of X-ray diffraction data of as-prepared powder reveals the presence of
Ni(Cr), TiC, Cr3C, and Cr;C3 phases (Fig. 1). The contents of these phases determined by
Hill and Howard procedure are 22.0, 38.3, 24.5 and 15.2 wt.%, respectively.
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Figure 1. XRD pattern of as-prepared sample

The broadening of diffraction lines for samples ground at prolonged times are observed
mainly for Ni(Cr) phase as can be clearly seen in Fig. 2 which presents the changes of FWHM
parameters of selected diffraction lines for Ni(Cr) and TiC phases. For reference the FWHM
parameters of LaBg standard are also presented.

The decrease of crystallite size to nanoscale (87 nm) is observed only for Ni(Cr) phase in
the sample milled at least for 5 hours. The crystallite size diminishes to 45 nm with the
increase of milling time to 10 hours. TEM studies (Fig. 3) verify the X-ray diffraction
analysis.
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The broadening of diffraction lines of TiC phase is much lower than observed for Ni(Cr)
phase (Fig. 2). Thus the size of TiC crystallites does not change meaningful even after 10
hours milling (Fig. 3). The broadening of diffraction lines of chromium carbides (not
presented in Fig. 2) is negligible. As a consequence the decrease of crystallite size of all
involved carbidesis negligible.
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Figure 2. Changes of FWHM parameters of diffraction linesfor Ni(Cr) and TiC phasesasa
result of milling process (indices of diffraction lines for Ni(Cr) phase are given)

0,20 um

Figure 3. Bright-field TEM images of as-prepared sample (1a) and milled for 10 hours (1b)
and corresponding electron diffraction patterns taken from Ni(Cr) and TiC particles along
[111] and [100] zone axis, respectively

4. CONCLUSIONS

e Ten hours milling of studied composite powder results in the decrease of Ni(Cr)
crystallite size up to 45 nm, leaving the crystallite size of TiC, CrzC, and Cr,C3 phases
above 100 nm.

» From presented results it can be concluded that hard particles of TiC, Cr3C, and Cr,Cs
carbides may play an additional role of grinding media.



102

G. Dercz, B. Formanek, K. Prusik, L. Pajgk

ACKNOWLEDGEMENT

Thiswork isfinancially supported by State Committee for Scientific Research
(grants PBZ/KBN 3T08A01727 and PBZ/KBN 041/T08/2001)

REFERENCES

1

2.

a k&

9.

K. Morsi, ,,Reaction synthesis processing of Ni-Al intermetallic materials’, Materials
Science and Engineering A, Vol. 299, pp. 1-15, 2001.

H.M. Rietveld, Acta Crystallographica, , Line profiles of neutron power-diffraction peaks
for structure refinement”, Vol. 22, pp. 151-152, 1967.

H.M. Rietveld, ,A profile refinement method for nuclear and magnetic structures’,
Journal Applied Crystallography, Vol. 3, pp.65-71, 1969.

R.A. Young, , The Rietveld method”, Oxford University Press, 1993.

P. Scardi, M. Leoni, ,,Fourier modelling of the anisotropic line broadening of X-ray
diffraction profiles due to line and plane | attice defects’, Journal Applied Crystallography,
Vol. 32, pp. 671-682, 1999.

P. Scardi, M. Leoni, R. Delhez, ,,Line broadening analysis using integral breadth methods:
acritical review”, Journal Applied Crystallography, Vol. 37, pp. 381-390, 2004.

L. Pajak, B. Formanek, G. Dercz, ,Rietveld analysis of intermetallic phases from Ni-Al
system”, Achievements of Mechanical and Materials Engineering, ed. L.A. Dobrzanski,
pp. 405-408, 2002.

H. Toraya, ,,Whole-powder-pattern fitting without reference to a structural model:
Application to X-ray powder diffractometer data’, Journal Applied Crystallography, Vol.
19, pp. 440-447, 1986.

R.J. Hill, C.J. Howard, ,, Quantitative phase anaysis from neutron powder diffraction data
using the Rietveld method”, Journal Applied Crystallography, Vol. 20, pp. 467-474, 1987.

10. G.K. Williamson, W.H. Hall, , X-ray line broadening from filed aluminum and wolfram

ActaMetallurgica, ” Vol. 1, pp. 22-31, 1953.



