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Automatic Inverse Pole Figilre Measurement in Steel
by Energy-Dispersive X-Ray Diffraction
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Synopsis:

Energy dispersive X-ray diffraction (EDXRD) has been performed
by measurement of diffracted white X-rays with the aid of a solid
state detector (SSD) connected to a multichannel pulse-height ana-
iyzer (MCA). In this method, the fluorescent X-ray spectrum and
several Bragg reflections can be recorded simultanecusly.

The newly developed measurement system has been applied to (1)
a swift and automatic texture analysis in steel specimens and (2)
depth profile measurement of reflection intensities of cold and hot

rolled steels and study on coated steel surface.
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Fig. 1 Principle of the energy-dispersive X-ray diffraction
method
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Fig. 2 Schematic representation of the energy-dispersive dif-
fraction system

VAT MO A RT. AVATF AT, 2kWCr 8k, 4+ -+
YFNF 2 v Y —, BEERRE, Ce-LilEHHE (Ge-33D),
d=F2—x, SEHEEHENE (MCA 4086ch.), HEBSIUL
WieHBETA7)va -k XY 7oy x—hbitoTh3,
FHEAEA (max. 1008) Lichty bEA -V TAFv
Sp—hy bLT, HEBOAZ— - F—FHTz LI
FR L URR TS THBITT AL, BEORSNEERAHE
WAERD L, REEERLic—EEETEESHE Y, XES
JBatsh b, B XERE, Ge-SSD Catil 2 hicth, MCA i THiix
O=FAF —BRIER, 096 F L vERADHKET + A7 AT
FRBEERNSETRIND, oD L5 LT EBE R T
BE, REF-E VAR BR, MCA 7 ) 7, b5,
4w 8 =7 =A% H U TRBRIES SN S b, FUBEHRE,
EOMELATFCEME S h b, FFESTR, AR EhLT—5DA

AV Y, Ay r 7E Y FORBEERENMTER, ¥, Ge

DRy —F L=y DEOMENLIND, THDISRLTHEDL
N — 7BERSIURAMEL 7 = » ¥ —F 4 AZCRRER
5o JE, 20=30° CHIETA L aFe X HWERBE T HS (110)
b (420) ECL0@OENF-A 2 —vAELRD, CONHEIZET
BEFELE 200 BT, ROFFOMEFIZITIR, KR 100 HLDH,
BARATHES FUCRFERE, C0X3LT, 23R ORE
METHBHE, 78y EFara2CiBEahThict—7HES
L ORI T T E RS CRRAIRH) L oME
FLTHEBE SRV v — ki Eh5, 6, EmgfolE
ROERERE, hob UditEEcEEL T2 tickh, B
e EARYBALECE L TBURTORENSRAE SRS, —
¥, MEEREEEORBC LTS, AR L iFREhS,

3 BRUAFADOKEE

3.1 HMERHE (Ge-SSD & Si(Li}-58D)

Fig, 8 wfe O=F ¥ —Cki1+5 SSD okl R4t &
#, ASHEE, A -2 BFIESTHD = FAF - oREH
XA LS CmENITE B L T38RI, E=Fr¥ -
(0.1~10keV) DEH AT 7z Si(Li)-SSD 238 bh B, —H, X
BEHO L5 CEROEHRE (ki) 2 BB ETHHE, B=FAF
— (10~50%keV) i dtRoBEh i Ge-SSD ¥ R+ 20HF
FlThHDde FAVATATREEAFERINTV S,

— 43 —

100 [ e —yr o -
| ,/ '-— Ge
’ ~ detector
- BOF 7
N L ]
> wb /
Z 8r Si (L)
=t ] detector
o 40pF /!
o ]
= |
B ot
0= 4— Detected area —>
1 1 L] 1
3 5 10 20 30 40 50

Photon energy (keV)

Fig. 3 Detectability of SSD vs. photon-energy
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Fig. 4 Escape probability of GeKa vs. photon-energy
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Fig. 5 Diffraction spectrum of a randomly oriented steel sheet
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Table 1 Coefficients of variation, CV, calculated from two

methods

CV (%), n=11

(110) (200) (211)

Characteristic X-ray (MoKa)

White X-ray (Cr)

2.8 2.2 2.4
2.6 3.4 1.8

CV (%) =a/Zx 100
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Fig. 7 Correlation between diffraction intensities obtained by
the EDXRD method and by the ADXRD method
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Table 2 Effective penetration depths in iron by two methods

EDXRD 20=30°

Gx=0.99 ADXRD

(hkl) 26(deg.)  #(pm) i(Ay F{pm)
110 20.2 13 1.052 7
200 28.8 20 0.743 19
211 35.4 24 0.607 33
290 41.0 27 0.526 49
310 46.2 30 0.469 67
233 50.8 32 0.429 83
321 55.3 36 0.397 109
400 59.4 38 0.380 138

411, 330 63.4 40 0.348 152
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Fig. 9 Penetration depths of X-ray diffracted by principal lat-
tice planes of a-iron with reflections {20}
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Fig. 13 Fluorescent X-ray spectrum and diffraction pattern of
Zn by EDXRD
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Table 3 Penetration depths in EDXRD of Zn

(hieh) 20 (deg.) £(pm)
(002) 22.0 5
(1003 22.0 6
(101) 22,0 8
(102) 22,0 11

Table 4 X-ray energy values and diffraction angles calculated
from individual penetration depth of principal lattice
planes of Zn

Penetration  Lattice Interplaner Ener Diffraction
depth plane spacing Ey angle
(pem) (ki) (d) {(E) {24)

(002) 2.47 13.0 22.2
5 (100} 2.31 12.2 25.5
(101) 2.09 11.6 29.6
(102} 1.68 10.0 43.2
(002) 2.47 19.0 15.2
10 (100) 2.31 18.5 16.7
(101) 2.00 17.0 20.1
(102) 1.68 15.4 27.7
(002) 2.47 23.8 12.1
15 (100) 2.31 22.8 13.6
(101) 2.09 21.7 15.7
(102) 1.68 19.4 21.9
(002) 2.47 28,2 10.2
20 (100) 2.31 26.8 11.5
{101) 2.09 25.8 13.2
(102) 1.68 23.0 18.4
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Fig. 15 Intensity ratios to Zn powder specimen measured by
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