XAREHTIC X % 5 SR 1 B0 5 H00f o BY 3% 621

UDC 620.186.8 : 548.73 : 669.15'24'26-194.56 : 65.011.56

X BRIEIYTIT & 2% o oy B B Bhil e B i o B

R FIR ** - GRERARIRER ** - R A e TRk

Ml

REIR =

Measurement of the Grain Size by X-ray Diffraction

Kazuo HosHINO, Kenjiro ITo, Tokio Fujroka, Hiromu MARruUYAMA,

Hiroyuki ARAKI, and Shoji Kumazawa

Synopsis:

We have developed the technique by which the grain size of austenitic stainless steels can be measured

nondestructively and rapidly by utilizing the fact that the numbers of spots along Debye Scherrer rings
relate to the numbers of grains in the area irradiated by X-ray.
The principle and results of this study are as follows.

1) It is shown theoretically that the numbers of

relate to those of grains in the irradiated area.

spots along Debye Scherrrer rings diffracted by X-ray
Thus the diameter of grains, d can be counted in principle

but this can not be done by a simple method. The relative standard deviation (D) of X-ray intensities
which are measured at the points distributed along Debye Scherrer rings is theoretically shown to be related
to the diameter of grains and its reliability is proved experimentally.

2) The precision of proportional relation between D and d depends on sampling numbers.

sampling numbers give the higher precision.

Scherrer rings is limited by the limitation of the space,

the measuring positions.

Larger

The number of points for intensity measurement along Debye
and consequently the number is enlarged by changing

3) The value of D are affected by the prefferred orientation and mixture of large grains. These effects
should be corrected in order to enhance the precision and this can be done mathematically.
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Fig. 1. Schematic diagram of the measuring

principle.
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Table 1. Effective penetration depth according to measuringJconditions.

Reflecting plane | Diffraction angle Linear %bs_orption Depth of X-ray penetration (p)

X-ray (hkl) 2 (°) coeflicient
(cm-1) 909,* 9509,* 999/,*

CoK, 311 111.5 895 6.9 9.0 13.8
CrK, 220 128.7 836 10.6 13.8 21.2

* . The diffracted X-rays intensity ratio to the one of the sample having infinite thickness,
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Fig. 2. X-ray optics employed for the experiment.

Table 2. Specimen No., grain size No. and grain
size of the specimens used for measure-

ment.
Specimen Grain size No. Grain size (p)
1 11.2 8.4
2 9.7 13.8
3 9.0 17.5
4 7.8 26.4
5 6.9 37.0
6 5.2 66
7 4.4 87
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Fig. 3. Difference of the calibration curve due
to difference in combination of the
aperture length with the collimator size.
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2HESLVEDEEbND. (D), (€) /NS sk
BICENWTDXY Dy B RELEIRD, FREBOKL
WIERICIR O TWA. E, (¢) 1 (b)) &b Dy
BEERAXIER LT Dy oI XL LCHbNZD
DN,

2:2.3 oYU BTk AEE
FAIEERAOREE Y (8) RehohdXks5KCcnod
RES, ThbbELDOFEIED Y Pz v < i
THENPL X DTRELFKRINS. 7Y v 78k
FT5DDERET 2 HHErLFHETES. oY
TR T B 2 A HIRD I AR R AR EEORE
% Fig. 6 wRL7z.

YUY IEEBELTOL LABICEREN DR
DT B, Linhio T B 2 sk + Bl Ik ¥
TV TREELTHEBRARDERTHS.

3. kg #HEMBIUERRLGE

31 £ B

RN EREEE & LCRIELRRED T v 7 54
Y75 nk Fig. 7R L7z KRBILT, XEFgdRE
Hb BHEA v RES, FHEURFEEE, REEo 4 EHR
LI ST 5.

XEFA BRI XREBTEES 220 PET
Ty vk 4O 2kW BrRHv7z.

HIE~N > FEREXERE, 3V X—%, 7¥—-F v kX
DEHEUE B2 TR Y, TR TRTAy RO~

60r
50_'
’“LOf

o

D (%
W
=

N
o
T

relative error of

—
o
)

90%reliabity, ~~eliip

0 40 80 120 10 2
sampling number (n)

OF

0

Fig. 6. The relation between the sampling
number and reliability of standard devia-
tion calculated from x2 distribution.
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Table 3. Fabrication history of measuring specimens and groups seperated by total percentage

of cold rolled reduction.

The figure in bracket shows number of specimens.
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Fig. 9 Relation between standard deviation and
grain diameter.
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Fig. 10. Variation of the counted intensities of
b2 and ¢ along Debye ring.
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Fig. 12. Relation between standard deviation
corrected texture, Dy and grain dia-
meter.
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Fig. 13. Frequency of grain diameter and relative
ratio of X-ray counted intensity.
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