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New variant of neutron diffractometer for nondestructive analysis of strain/stress in
polycrystalline materials has been installed at the thermal neutron beam ST-1 of HANARO
reactor and introduced in full operation. After construction of the shielding for cold neu-
tron source in the HANARO reactor hall, the space for the previous strain/stress diffrac-
tometer performance has been significantly reduced and the maximum possible monoch-

T T
250 | Si(111) monochrometor ofe(211)-line {90 2600
2004039 ' —8— Pesk height 1%
—o—pum  Jg @
© 3000} n 8% 1553
8 @
@ N
< 1n3 3 3
~ S E2m <
2500+ 3 03
[ 3 < 3
s ~1605 5
= o 2000t <
3 o & 1458,
& 2000} o
4508 3
S a0 °
- {40
1500} {40
" L 1600
a0 010 012 ou o

8

Peak height / 180 s
g 8

g8 8

0,10 012
Cuvature (1 R/ m"

8

Fig. 1. The resolution and luminosity characteristics of the strain/stress
diffractometer performance for Si(111) crystal slabs of different thickness of
3.9 mm, 3x1.3 mm (sandwich) and 1.3 mm
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Fig. 2. Diffraction profiles of the sample of a-Fe(112) pin of 1 mm diameter and
40 mm height for different measurement times

romator take-off angle, 20y, available for strain/stress measurements of bulky samples
has decreased from 60° to ~30°. The diffraction geometry with such a small monochroma-
tor take-off angle is far from conventionally used values and namely, it is not used in
powder diffraction requiring a high resolution. It follows from the formula (AA/A)y = AB
cot Oy that even though a larger neutron wavelength spread AAy; is impinging on the
polycrystalline sample, the angular resolution on the powder diffraction lines considerably
deteriorates which is not acceptable. It is namely at larger scattering angles (205 ~ 90°),
typical for strain/stress measurements. However, by using Bragg diffraction optics with a
focusing bent perfect crystal monochromator, the problem of resolution can be satisfacto-
rily overcome. Moreover, one can profit from the larger neutron wavelength spread Aiy
resulting in very good luminosity of the diffractometer.

After optimization of the diffractometer design, finally, 26y up to 45° has become
possible. However, for 20y < 45° only the Si (111) reflecting planes at 20y ~ 30° pro-
vide neutrons with the wavelength of A =1.5 - 1.7 A , suitable for strain measurements in
the most industrial materials. By using an a-Fe(112) pin of 2 mm diameter and 40 mm
height which was mounted at the sample position and imitated the measurement gauge
volume, bent Si(111) crystals with different cutting angles (different diffraction geome-
tries) were tested and optimized for 20y;=30°. Experiments showed that Si(111) crystal



in symmetric diffraction geometry would be the best choice. This conclusion was also
confirmed by Monte Carlo simulations. However, the angular resolution of the instrument
is dependent on the thickness of the bent monochromator crystal. Therefore, several bent
crystal slabs of different thickness (3.9 mm, 3x1.3 mm (sandwich) and 1.3 mm) were
tested. Figure 1 displays the resolution and luminosity characteristics obtained during the
optimization of the crystal curvature for three monochromator alternatives. Thanks to the
employment of the Bragg diffraction optics minimum resolution takes place at the maxi-
mum height of the diffraction profile. When comparing the characteristics related to the
thicknesses 3.9 mm and 1.3 mm, it can be seen that the resolution FWHM (measured as

A(20) at the position sensitive detector) changed from 37’ to 23’ and the peak height de-
creased only by a factor of 2, respectively. Considering that the accuracy of the peak posi-
tion is proportional to the intensity and inversely proportional to the square of the peak
width, the characteristics of the instrument with Si(111) crystals in symmetric diffraction
geometry are comparable with the diffractometer performance before the reinstallation.
However, very good luminosity of the new instrument performance reveals also a possi-
bility of studies of some kinetic processes related to macro- and/or micro-strain/stress
distribution. Namely, so called in-situ experiments with samples subjected to external
termo-mechanical load can be attractive. It can be seen from fig. 2 that even at the meas-
urement time of 5 s the peak position can be determined with a relative error of about
10~* which is sufficient in most cases of residual strain/stress measurements.
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