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Study on the volume fraction measurement of multiphase
materials using Neutron Diffraction
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SUMMARY

I. Project Title

Study on the volume fraction measurement of multiphase materials using
Neutron Diffraction

I1. Objective and Importance of the Project

The neutron diffraction method has been used in many study field because it
can penetrate long distance and large beam area. Especially, it has
advantage to measure statically precise texture of big specimen. It has
better resolution and accuracy than X—ray, so it can analyze the structure
and measure the texture of heavily deformed martensite.

The objective of this study is to develop new quantitative analysis
method for composite material with texture using neutron diffraction and to
apply the developed method to X-ray diffraction. It will be possible to
analyze the relation between mechanical properties and microstructure of
composite material using the developed quantitative analysis method.

[II. Scope and Contents of the Project

— Development of the Rietveld analysis method for composite materials with
texture )

— Analysis of texture and measurement of fraction of phase transformation
of SUS 304 by deformation

— Analysis of texture and quantitative analysis of hot rolled TRIP steel

IV. Result of the Project

In order to consider texture of composite material in quantitative analysis
using Rietveld method, pole figures of material were measured and ODF
were calculated. Quantitative analysis was carried out by combination of
ODF of each single phases and Rietveld method. Accuracy of the proposed
method was verified by reference specimen consisted of SUS 304 and SUS
420. The measured volume fraction was good agreement with the volume
fraction of reference specimen.

It was carried out that quantitative analysis of uniaxial tensioned SUS



304 and hot rolled TRIP steel using the proposed method.
V. Utilization plan of research and development products

The relation of mechanical properties and microstructure of new
composite material will be analyzed by the proposed quantitative analysis

method. From the results, it can be possible to optimize the production
process of composite material and mold design

i
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Fig. 1 Reference specimen with SUS 304 (austenite, 60%)
and SUS 420 (martensite)
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Fig. 4 Uniaxial tension specimen of SUS 304
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Table 1. Chemical composition of specimen(wt%)
C Si Mn P S Ni Nb N Fe
0.2 1.63 16 | 13x10° | 3x107° | 2x107 | 3x10™ | 108x10™' | Bal.
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Temperature,

salt bath . .
atr cooling

Time, t

Fig. 5 Schematic diagram of heat treatment of TRIP steel
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Fig. 7 Pole figures and ODF of Austenite of Reference specimen

by Neutron
(a) 111 (b) 200 (c) 220, contour: 1
(d) ODF ¢;=45° section
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Fig. 8 Pole figures and ODF of Martensite of Reference specimen

by Neutron

(a) 110 () 200 (c) 211, contour: 1,1.5
(d) ODF ¢;=45° section
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Fig. 11 Pole figures and ODF of Martensite of Reference specimen

by X-ray
(a) 110 (b) 200 (c) 211, contour: 1
(d) ODF ¢,=45° section
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Table 2. Compartison of each method for reference specimen

Specific diffraction Reference
Neutron X-ray )
; equ. (4) Specimen
Martensite
37 42 35 40
vol%
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ol FA4A FEAozRE T viE2dAl)|ESY R e X-
Mo zRE T3 vl2rirjolEe] BmEgo] &S 4 £ 9t
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Fig. 12 Neutron spectrum and Rietveld refinement of SUS 304 (e=30%)
(a) Neutron Spectrum
(b) Rietveld refinement without texture correction
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Fig. 13 Pole figures and ODF of Austenite of SUS 304 (e=30%)

(@) 111 (b) 200 (c¢) 220, contour: 1,1.5,2,2.5,3,3.5,4,4.5,5,5.5
(d) ODF ¢,=45° section
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Fig. 14 Pole figures and ODF of Martensite of SUS 304 (e=30%)

by Neutron
(a)110 (b) 200 (c) 211, contour: 1,1.2,1.4,1.6,1.8,2,2.2,2.4,2.6
(d) ODF ¢,=45° section
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Fig. 15 Rietveld refinement of SUS 304 (e=30%) with texture

correction by Neutron
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Fig. 16 Rietveld refinement of SUS 304 (e=30%) without texture
correction by X—ray
(a) Surface (s=1)
(b) 1/4 from Surface (s=0.5)
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Fig. 17 Pole figures of Austenite and Martensite of SUS 304 (e=30%)
at Surface (S=1) by X-ray
—Austenite : (@) 111 (b) 200 (c) 220, contour: 1,2,3,4,5
—Martensite: (d) 110 (e) 200 (f) 211, contour: 1,2,3
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Fig. 18 Pole figures of Austenite and Martensite of SUS 304 (e=30%)
at 1/4 from Surface(5=0.5) by X-ray
—Austenite : (a) 111 (b) 200 (¢) 220, contour: 1,2,3,4,5
—Martensite: (d) 110 (e) 200 (f) 211, contour: 1
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Fig. 19 ODFs of Austenite and Martensite of SUS 304 (e=30%)
at Surface(S=1) and 1/4 from Surface(5=0.5),

ODF ¢,=45° section
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Fig. 20 Rietveld refinement of SUS 304 with texture correction (e=30%)
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Table 3. Compartison of each method for SUS 304 (e=30%)

Specific difrraction

Neutron X—ray
; eqa. (4)
No Texture 4 3.5
Texture correction 20 -
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3. FAMYE 50%2 AT SUS 304

% 212 SUS 304 wAE TAMYE 50%E I F AT FA4A
AMY A}zAL meslr] ¢L Rietveld AdAdo|tt, 2AEHUolEQ
(220)3 vol2drle)lES (200) ¥ (211) 3 AMO AFa AAlgtel &
x}o)7} o™, Rg=23%, R,=32%2 Rietveld F8AH] A=} B3 &
F Utk AgzAL nedr 92 Rietveld AULZHE F§ vlE Ao E
Eu &2 15%°]t).

a3 2298 232 FAHAE ol&dle HEAT FHUYE 50%E AT SUS
3049 22EHYolEg wlEdlAto]EQ] AlatE SHES WARERFE ¢=45°
G oA UERd Aok 2AEH|YolES] A9 FAW %‘% 30%2.Z AA§ SUS
3049k o]l P2t Copper{112}<111> A& % Cube{001}<100> A&
Agzzo] wagy Aok, Hdl (@) 102= %—%bﬁﬁég 30% 2.8 AAF
AR A Agzze] wds A ¢ F Uk wtEHARIESY A4
(144} <421> ¥ 2 (B13)<1T1> AL Az Lgsiglen, Ho
f(g)ake 42 FAHUPE 302 AFF SUS 3049 vt HAlo]E g i,

2% 24 WIMVERE  F3 2AHUo|Eg ni2dAlo]E ]
NARERFE o) fse] FTAMYE 50%E AFT SUS 304F Rietveld
AEg Asjolrt, HgzaL md AP AHuUolES (111) FHAEAY
A8k AlArgrol xpolE Holx Wk, e AEU0|ES (220)F rrERIALOIE Y
(200) R (211) RN ABAUF ANRE F EXNEE & 5 AT Rietveld
AAAde ANFEE Re=7.6%, Ry=10.7%2 ¥o0, A4 rtErAlo]E ]
Ry Bg&e 27%0°|t).

K- ol&% AZEMe A TANFE 30%E AT B+ #o
FAGS=DH FHORRE o 1/4(S=0.5)HE AFdA X-4A 3IEAHE
ZA43slo] FAaF AM oz RE T AEARS] v wEHIUT

% 255 THWEE 50%E AT SUS 3049 EW(S=1)FH HEANM
1/48)E= A (S=0.5)°14 4% X-4 AFAHN JFxAE 1A g2
Rietveld A @7 oto|t}. S=00lA Ry =28%, Rw=36%, S=0.5°1* Rg=29%, R
36%% Rietveld F¥ATe AT W& & A% FT2AS 2HIA
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%< Rietveld JdozRE T3 vi2elAlo]lE9 RuPE&E S=00A 15%,
S=0.5°4 8%°ltt,

O9 267 272 TAUYE 50%2 AP SUS 3049 BH(S=1)7} EH
1/45l=  AA(S=0.5)014 T8 QAEUCESL ulE2dAlo]ES  AAtg
FHToln, 28 282 QAHUO|ES ulZdrlo]|ES HRBEFS ot
2AHUO|ESY e mHn FAFd P8 Cube{001}<100> A¥ ¥
Copper {112} <111>4%2 gz o] wsgley, FHAFE o & +F
Agz3o] ZsA 2S¢ F Utk vERAIESY AP HYUE
1} <1T1>488 D 21 <132>A4 89 JgxAo], FHAFAME 212)<112>
AEY FEgAo] wgdte Zun FAFY Az AGEol HdES ¢ F
pea=g

¥ 29% 2AHUolEQ uiERIAlOES AR EFFLE o] L3
THAWUYE 50%% UFT SUS 3049 HEAG=13 FdeM 1/4HE=
A4 (S=0.5) 14 &A% X-A2 Rietveld FdA o]ty S=041A Rp=25%,
Rv=33%, S=0.5°14 Rp=21%, R,=30%2 % Rietveld @A A7}
gou 3AEMY APaH A o dXIn vk JAFxAES 1w
Rietveld HHSo2RE F§ vi2Rro]ES BIARES S=0°4 43%,
S=0.5°1A 21%°]t}.

H 4 TAAYE 50%F EH5UAT SUS 3049 S FHEAFG X-A
3449 Rietveld AA AIE 2% Aol X-H9 FIHEES
FAG=1DA 3§ ByEga FEdolAM 1/4 AH(S=0.5)A FH
B Pgo Hgoln, B4 AME o] &% FHRE &L 2 (5)E ol&3o 7
oty EA ) Ao 2HE T3 vlERlAlo]EL] RuEEH X-MO2YE
T3 otz drlelEQ RulRgo]l Ao AXFE & F JoH EAF HEME
o] &3lo] T vl2elAlolEC] RuE &L AlHe wEw APzl 23t
Az 12 Rietveld FAZ 9} Aol & Vet Tt

|
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" (b)

Fig.21 Neutron spectrum and Rietveld refinement of SUS 304 (e=50%)
(a) Neutron Spectrum
(b) Rietveld refinement without texture correction
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Fig. 22 Pole figures and ODF of Austenite of SUS 304 (e=50%)
by Neutron

(a) 110 (b} 200 (c) 220,
contour:1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7
(d) ODF ¢,=45° section
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Fig. 23 Pole figures and ODF of Martensite of SUS 304 (e=50%)
by Neutron '
(a) 110 (b)) 200 (c) 211, contour: 1,1.2,1.4,1.6,1.8,2.0
(d) ODF ¢,=45° section
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Fig. 24 Rietveld refinement of SUS 304 (e=50%) with texture
correction by Neutron
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Fig. 25 Rietveld refinement of SUS 304 (e=50%) without texture

correction by X-ray
(a) Surface (s=1) (b) 1/4 from Surface (s=0.5)
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Fig. 26 Pole figures of Austenite and Martensite of SUS 304 (e=50%)
at Surface(S=1) by X~ray
—Austenite (a) 111 (b) 200 (c) 220
contour:1,1.5,2,2.5,3,3.5,4,4.5,5,6
—Martensite  :(d) 110 (e) 200 (f) 211,
contour:1,1.2,1.4,1.6,1.8,2,2.2,2.4
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Fig. 27 Pole figures of Austenite and Martensite of SUS 304 (e=50%)
at 1/4 from Surface (S=0.5) by X—ray
—Austenite : (a) 111 (b) 200 (c) 220,
contour: 1,1.5,2,2.5,3,3.5,4,4.5,5,5.5,6,6.5,7,7.5
~Martensite: (d) 110 (e) 200 (f) 211, contour: 1,2
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Fig. 28 ODF's of Austenite and Martensite of SUS 304 (e=50%)
at Surface(S=1) and 1/4 from Surface (S=0.5); ODF ¢,=45° section
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Fig. 29 Rietveld refinment of SUS 304 (e=50%) with texture correction
by X—ray
(a) Surface (s=1)
(b) 1/4 from Surface (s=0.5)
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Table 4. Compartison of each method for SUS 304 (e=50%)

Specific difrraction

Neutron X-ray
; eqa. (4)
No Texture 15 10 16
Texture correction 27 23 -
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4. Si—Mn TRIP steel

2% 30& Si-Mn TRIPZS F42 gdds Agzze 13z @
Rietveld A #A3}olt}y, Rp=8%, R,=10% Z Rietveld FABZAHY A7}
Fooy, AHI AAgte]l & XL & F Utk AANE vi2EAES]
&2 14%°]th

a¥ 313 32% Si-Mn TRIPZS ZEWA AT 224vHUoEG
geto]EL Aldg FHES WARIEES ot LAHUOESY Ho f(g) g
309}, Brass &3 Cube A¥2 g3 o] ofdtA s o, Ho|E Q]
Ao (@S 42 A JEgxFo] F3tA wEd Utk BEAEI Ho)
AgzHo] ofstA dEs e A9 AERAE A L Rietveld
HEoZ® S5 AFEN AHE 488 ¢ & Ut

2% 332 Si~Mn TRIPZS HEWelA ST X-4 AN JFPxa$&
23R %2  Rietveld AdAFolrt, Rpg=32%, Rw=40%ZE Rietveld
AEdate) AMFHEyt vroo, Aatg vl dlAlo]ES] Ry R&LE 6%oltt.

% 34 X-AoZ FAT LAHUYOES BEoEY WYEETToIt
eAeUYolES #HgtolEQ Hu) f(g)ghte 52 gzl A it
a8 358 2AEHUolEg wegolE WAREFSFE ol &3o] Rietveld
A5 Aol Rg=8%, R.=22% CZ Rietveld AdAR2] AHAEE 2T
o}, Aygknt AAtgiel A9 YAFTE & F AUk AAE slEdAL|E g
HaE&e 11%0|t},

¥ 5% Si—Mn TRIPZY Az AT X4 HAe Rietveld AH
AnE o3t Zojt, &Y HAMNE o]&dd FHEEES A (B)E 9§50
FaReIt}t, FAz FHAMI X-M HFMo2HYH FI LAHU|EQ
BoRELL A YdxgeE & £ 3o EF HFME o83t T3
2 Al E L] R E-§2 Al¥He|
Rietveld A& A3}l alo] & vrep i Qlot.
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spectrum and Rietveld refinement of TRIP steel

(a) Neutron Spectrum
(b) Rietveld refinement without texture correction
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Fig. 31 Pole figures and ODF of Austenite of TRIP steel by Neutron
(a) 111  (b) 200 (c) 220, contour: 1,1.2,1.4,1.6,1.8,2
(d) ODF ¢,=45° section
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Fig. 32 Pole figures and ODF of Ferrite of TRIP steel by Neutron

(a) 110 (b)) 200 (c¢) 211, contour: 1,1.2,1.4,1.6,1.8
(d) ODF ¢;=45° section
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Fig. 33 X—-ray spectrum and Rietveld refinement of TRIP steel
(a) NX—ray Spectrum
(b) Rietveld refinement without texture correction
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Fig. 34 Pole figures and ODF of Austenite of TRIP steel by X—ray
(a) 111 (b) 200 (c) 220, contour: 1, 2,3
(d) ODF ¢;=45° section
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Fig. 35 Pole figures and ODF of Ferrite of TRIP steel by X—rav
(a) 110 (b) 200 (c) 211, contour: 1,2
(d) ODF ¢,=45° section
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Fig. 36 Rietveld refinement of TRIP steel with texture correction
by X—ray
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Table 5. Compartison of each method for TRIP steel(e=30%)

Neutron

X-ray

Specific diffraction

; equ. (a)

Austenite vol%

14

11

26
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5. A&

SEEAY FHEAN A 2 D4 wHgEEFre 1749 HHME
o] §3lo] AL wd{ BIAE FFEANEY £ U MEL Rietveldd S
Aeraion, thga B AL AU
(1) Mzl ALY AFEAYE o] &350} nf2EAOlE 40%% LAEHYOE
60%E FAE EEAHY Az W X-A 3AXME Rietveld F&AF A3} ztz}
37% 43%2] P2 €ALOlE Eoi&& A

(2) FAUYE 30% 50%E YE£JFE SUS 304 FA4A W& ol &3t
ATz E4% A7 LAHUOE AL PAEH Cube ¥ % Brssi#o]
kA wdsllow, wi2EIAlE AL 30%UF® A {112)<152> W
{221}<114> Ao ATZZHo|, 50%ARF Z4F (144)<421> ¥ %
(13} <111>4%9 Az o] Wi

(3) TAWYE 30% 50%E AR SUS 3048 X-4d& o] &3t 54
gkl gz EME 3 An oA UolE AL HAN FHF PAEH
Cube A2 Agzzo] Wesgod FAHARE Z +£5F Zf JgxIo]
waalgich nlERlAlOlE A A9 30% UAA BdoE {01 <2T1>4% ¥
(213)<122> A2 AFzFo) UXols (144)<321> A¥ L (212)<183>
AR Agtzalo] APz Aol BIIGUTE 50% AFAdE EWE
OI<1TI>AE 9D 211} <132>489 Agzo], YRadME {212)<112>
A2 Az o] Wit

(&)

of

(4) Zt &3 BARETFFE o]t dFAZE SUS 3048 Si—Mn TRIP
749 FAA 9D X-A 3HME Rietveld A% AT AFaus A 2
A A8kt
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A4 ATNE 5y dAE 2 g8 7=
T A 9 X-HEg olfdle] FHExFHo| wgEd Hia9
AFEN 7leS FYstna Ak & WRHES ERAe] uwEH
Az d&ge 1dy) Y9 2 AY wiA¥FE o &IAY, F @S
HMAEE o] L3t O An ¢ AR HEYS ol &t FFENS
shedl 47F lon, Hgzzel dEd AL AFHH UM HHEHA
ATzaE zelste Aol Brbssdch. a2y € d7oMe 5EAY
AgzaE A3 neisr] st 4 dAY FHEE F4A 9 X-4E
o] gt HAHT F WAREYFE TEgUTh o] UHAEEYUFE o] E3H
Lutterotti %°l A Rietveld WL °l&3te] AFEHE 3o At
W o] A4S HF3] $isted, SUS 3049 SUS 4208 o] &% BEFAIAHE
RrEo] FExRA £4 9 JFENE AT AZEHLE ol FHEES
AAY FHEEH vee @ JeEr A
AtE PHE AHE3te] SUS 3048 FAWMEE 302 50%E Y&
Hyo] mE FPxA W39l vf2HAlE APGEEE T W X-4g
o] g8t} A&t FAAY 749 Rietveld de A BF FadA AW,
X=A29 79 vt2dAlo]ES] QYAEEo] Fe Fe FHE FHEY Ao
ol Rietveld A A9 A= F2 oot
Aty wylel dF HE e E gAsy] fdte] HIo @ ATt
o]Fojx 1 Qv TRIPAS HZFEAME Axsth T4 R X-M EF

o
=
Rietveld @] ATt worov, AFENY AR 2 AU



Al S5 A AFNEAL] FEAF

ol AFA Ay & FAoz s AFHI UE TRIPZHE WY
g FF LAHUO|EV}L mzHAlC|ER WHIE S48 o€ Aot
o]z ¥ TRIPZ S WH¥PR=ol wa Weg E4 9 olduE AAY 7|AF 43
ATE AdAE vl2RrolE Ruigs AUsA FHse o] d%
Fo3tth. HMYPYEAY wE vlERIAOIES] RHEE BJRHE FHH
TRIPZS WERd o] 7M5sdte olF ol&ste] HAY Ay I3 9
TEAEAE € & AUtk

T3 AaA R vt 5o Yz @ A{FIFY & FF, slYsq MEE

Mg 4o O AY M2 A Y Fdl 7148 & o
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