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Microbeam X-ray Diffraction from the Cross-section of Metallic Materials

with Inhomogeneous Structure

Tizuko MAEDA, Keiichi MARUTA, Osamu FURUKIMI and Nobuyuki MORITO

Synopsis :

The accuracy in the determination of lattice parameters of diffraction patterns by means of microbeam
X-ray diffraction method has been studied with a curved position sensitive proportional counter for the
cross-sectional measurements of partially crystallized Fe-B-Si amorphous ribbons and sintered Ni-Cu-Mo

alloyed steels after case-hardening.

It was found that the accuracy of lattice parameters was 0.2% when the parallel X-ray beam with 50 pm
width was used. The sizes of X-ray spots at the specimen surface were two or three times as large as

those of the collimeters.

The crystalline phases formed in a thick amorphous ribbon by rapid quenching of Fe;35B13Sigs alloy
liquid were a-Fe(Si) and Fe;B. The critical thickness of glass formation in the present quenching condi-

tion was about 40 um.

Standard diviation of the dimensional change in the sintered compacts of Ni-Cu-Mo alloyed steel powders
became smaller when Ni content increased, because microstrain in the martensitic structure became smaller

with Ni content after case-hardening.

Key words : microbeam X-ray diffraction; cross-section; Fe-B-Si amorphous alloy; crystallization;
partially pre-alloyed Ni-Cu-Mo alloyed steel powder ; dimensional change.
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Fig. 1.
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Fig. 2. Profile of the parallel Cr K, beam through
the slit width of 50 um on the PSPC.
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Fig. 3. Linearity of PSPC channel numbers for
diffraction angles obtained from diffraction pat-
terns of a Si standard sample.
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Table 1. The accuracy of lattice parameters in the microbeam X-ray diffraction method by the PSPC with

parallel X-ray beam of width 50 pm.

Lattice plane of Si 111 220 311 400 331

26 (deg)(Cr Ka) 42.832 73.205 88.722 114.967 133.531
Average position (Ch) 886.8 1672.5 2075.2 2752.6 3233.4
Standard deviation o (Ch) 6.7 1.5 2.3 7.3 9.7
Positioning error A26; (deg) 0.26 0.06 0.09 0.28 0.38
Defocusing error 420, (deg) 0.007 0.010 0.010 0.009 0.008
Resolution AZH,,,, (deg) 0.12 0.12 0.12 0.12 0.12
Total error 428 (deg) 0.39 0.19 0.22 0.41 0.51
Adfd (%) 0.87 0.22 0.20 0.23 0.19
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Cross sectional micrograph of Fesgs
B,3 Sig 5 amorphous alloy ribbon.
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Fig. 5. Change in X-ray diffraction patterns
obtained from the cross-section of Fe;s5B13Sigs
amorphous alloy ribbon 60 pm thick.
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Fig. 6. Change in the diffraction peak intensities
of an amorphous ribbon specimen surrounded with

Cu thin foil (Fig. 5).
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Fig. 10. X-ray diffraction patterns (A~F
in Photo. 1).

DE»s, REBRTHWAZWEMTIX, 45um X1
BIEL 2B L, FMEGEHETOHER ICHMMEsEL
LHIENHLLTHD, Thbh, ELHEHPEKOER
Hsix, 40pum THBH E VR 5B,

AR OBRE S 13, #Eskl, BRETEEG
HIHE % LA A E &GO — VOB GERUCK
35, RERD LS RBARSEEICS )5 5F I,
Bl Lo — v & ORI EZERILO & % R s EI B
ThHEEZONDD, HHEOEANE DT, HHNA

DIPESTA % —HE A% LT, BRGEEE TOmHERI
(6 )X THPTES.
3T/at:(—h/Cp,0d)'(T—Tc,) .................. (6)

ZIT, TR ANyl S h-EGRE, T, 3%
Ho—-nvoRAiE, C,, o diZENETNRESOILE
HE, HSTHAH. hix, WHO -V EELMORE
BHTH 5.

REBTHW LTI, ESERTEOERIE
A 40 pm, T-T. % 1000K TH5H»6, H5EHR
BohEI# 4.19X10° )/ m?sK & % B, 725, JESE
TR OBEFRGHERE & LT, B CCT #ir ok 5
N7z FezoB11Sie EAE A E DMl 10°°K/s') % v /2.
— 70— ik T Fe-B-Si RIEME A & #a % BT
BIBE DOBAGERBE L TIE, 8.37X10*J/m? sK1?,
50.23X10*~209.30X10* J/m? sK'® %%, E@IfE L L <
WEENTWE, BEE, EERRGHETEZCHNESRT
WAL I HIEEKE L, BIBOMlTED KN
ThaHEEZLNLD, KEBRTH LHERMFICEY
HABEERBIIIOMEN L 85I/ EWn, ZoZeh
b, BHLGHO-VOMOEME S 5120 EEEER
#, §7%bbBEEREE LIS L HERTAE

HuggThy, 2085 22 EHTAILICX
D, EMEEROE S % A0pum LLEET 5 LR
ThHhHILEEKRTS.

Bo— ikl BV OIRREGEOBRER BT HEE T
A6, GHEEOEMIHETHY, FLEMNEEE
DESITTFYFIA M7l T 2T —ERL
& REMEIHLAR & WELERE & OBRAL T LOHL AT R
V. 20O ESBEESETEHBEFNETVICESWCH
BIAHEPREENRTVEDATH S, AP TIT-
7o, WERZE % 2 - EHHE O M/ X #REHEE
&, BIBRE, SHES, u— VEE, $Eo— VES
KE, WEUNOBESG - & C Lz $ CHRNEM
EROBERE S %3l T X 50T, BEERERL LD
SR ERET A L THEBR R FETH A,

3-4 Ni-Cu-Mo RS ALMMMBFEORMLIERDT
FERELY N v ZEBOH—H

Ni & & BREANBZROTHEEOMFR % Fig.
11 R $. Ni iRME AT %12 & ERILER AN
W, Fig. 12 3 Ni ifimg o ® 4 288128, &
SEED OB NBRIKBEANZD C BO55H 2w L 72
MRTHAH. CEINERMIOOVEEES Z>TWY
L% REH»HH 4mm OFVE GUHEED 1/5) Tk
WINED 0.3wt% LIEEALTULEERTOT, A
EBIZBITAHCBOBEGE, RRIZELLDTHA.
Niit y-Fedo C 0REERYET &€ 5720", Ni
BEOMIMIL D, BRICKBFHE C oM AHIE S h,
BRICED CEBOWSIE NI BIMEAZVIFENEL
5. %@#% Ni imMEBOZ VWEHHDIE ) S~ VT
YHA MERBICK S EEBERIVNES A0, SPRE
mzwmé< polebEZONS.

Ni ifINE & RIRBEANRBROSFELRLDIES > EDH
# % Fig. 13 12/R7. ~THEREDES > & B, Nidlm
BOWME L I@BA TS, ShiRIZE~BZ<2 MY v
I APOMRNLEACBERNTHL LELOND.

Photo. 2 i3V > 7 KBERE R O BEA MR O BT IHAR T,
Fig. 14 it= MY v 7 2 (Bd) Lo X #
B/ 87— > ThbH. 160° LU LI BT 5 BIFTHRE O
Tk PSPC oit@lifl 2 82270 TH%H. 7-Fe id
BB THd, <=bY vy 7 2ATRIBEASKRESRZW
DT, HBEHIBREA—27FA4 M (7)) ThHBHZ &
bbb, = ) 9 2 ZAD<LF 44 MH () &
bet HiiE~OERIZE b %5 (002) BLU (112) €¥—

DREEPHRDOEN NI DS, bee EETHAH. <
VT A M, BIE CEXH 0.3wt% LLEICE
— %12 bet HEEIZ2ALT A, Lo L Fig. 12 »5HbH»

—325—



2058 7 S| % 77 £ (1991) 115
x10° 3
.0 xX10
18 14.0
*
3 ~
&16.0 r mg 12.0
o 1]
w =<
<« xfC10.0
S1a.0f S5w
< Wt
5 <0
o 8.0}
2 g5
§1zo— 9
@ Zy¢ 6or
i ha
s 10.0f 4.0 1 1 1
a 4.0 5.0 6.0 7.0 80
Ni CONTENT /wt%
i i 1
8'04,0 5.0 6.0 7.0 8.0 Fig. 13. Standard deviation of dimensional change

Ni CONTENT /wt%

Fig. 11. Dimensional change of the sintered compacts
after the case-hardening for Ni content.

0.50,

B

C CONTENT /wt%

DISTANCE FROM
THE OUTER SURFACE /mm

Fig. 12. Distribution of C content of the sintered
and case-hardened compacts.

B LI, BKREDO C#130.3~0.46wt% TH5H. K
EERICBUTANV T 314 PP bet EE D%
Ao Z-HHE, TBEA AR TAEL L2 HTEED & LAIR,
HBHVIENAF A FEEED 22D C BN IE L, B
BCENO3wWYS LT EholtlcdThbrEEZLR
B, 2 CEA0.46wt% THHELTEDOH 50%
A FesC & LTHHLZ2E LT, Mriikx o1 bid
4wt% bl 0T, fNE X #EH T C il
MERIMTE oz iEE SRS,
EEIEDIES D EAE LS B, NiiRmE
44wt%h BEUT 49wt% MO VT o4 4 MDD K
¥ — 7 RO A % Fig. 15 (R, SfE%m» 50
[ € — 27 D13 5 APHERO LB A & wold, BIRK
A EMB A8 EAR Ad 23T 5 20 OE{LATK &

difference of the sintered and case-hardened
compacts for Ni content.

Photo. 2. Structure of cross section of
5.5Ni-1.5Cu-0.5Mo sintered compact after
the case-hardening.
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Fig. 14. X-ray diffraction patterns measured at
the white and the matrix areas (Photo. 2).
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Fig. 15. Distributions of full width of half maxi-
mum intensity of (100), (200) and (211) peaks
in the cross sections of the sintered and case-
hardened compacts.
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