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Quantitative Phase Analysis in Textured Steels by Continuous
X-ray Diffraction Method with Energy Analysis System
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" Nobukatsu FUJjINO, Yoshiro MATSUMOTO, and Yasuhiro MAEHARA

Synopsis :

X-ray diffraction method is widely used for determining the relative proportions of phases in a mul-
tiphase steel specimen. However, the intensities of the particular reflections are influenced by the preferred
orientations and it is necessary to use an appropriate method in order to get accurate results when the
specimen has preferred orientations in one or more of constituent phases. The continuous X-ray diffrac—
tion method with energy analysis system is presented here, in order to determine the volume fractions of
« (or «') and y phases by adequately averaging the intensities of diffraction lines belonging to a large num—
ber of diffraction planes with different hkl, The method, so far, has not been investigated for the quan-
titative phase analysis in textured steels. Results obtained by the method were compared with those ob—
tained by the characteristic X-ray method. The results are as follows : (1) The volume fraction of phases
in two-phase synthetic speciments and two-phase stainless steel determined by the continuous X-ray dif-
fraction method agree well with the one by the other methods, and the present method gives a rapid meas—
urement. ‘The determination of volume fractions by the present method, however, is less accurate than
the monochromatic one. (2) This continuous X-ray diffraction method is applied to determine the

depth—composition profile for the volume fraction of strain induced martensite in cold—worked tube of
stainless steel, SUS 304.
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Table 1. History of steels used.

No. History Remarks
Mild steel F Cold rolied sheet V& = 100 %
sus 316 G | Hot rolled sheet Vy = 100 %
Two phose D! Biltet L+ 7
stainless steel | ~D7
Containing
SUs 304 Al | Drown tube strain induced
martensite

3. 2 B 5 &

3-1 f$t:e

FHELC R EE SRR (« BifE), SUS 316 (y HifH), 2
HMA7 L2, IR LT o34 b (af) MEE
BT 5 SUS 304 vz, b ORERER L UL
D&kt Table 1 X f Table 2 cR¥. %7,

{c) two phase stainless steel (No. D7)

Photo. 1. Optical micrographs.
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Table 2. Chemical composition of steels used. (wt%)

- - T No. [—C Si{Maj P S TCu| Ni [ Cr [MoTV [Ti|NblCo - -
Mmild steel | F | <001 | <001[033[0017 [ 0013 | 004] 002] 002[002] = |001|001] —
sus 316| 6 002 | 047 1a6l0027 | 0007 [027] 1385| 1625[2.20] — | — | — |022
01 | 003§ 1.80[1.67/0027 |0010 | 006 sa2|ia12[261]005] — |00a] —
Two phose| D2 | 003| 0520390028 0008 |007| 632] 2260]0.10/006]045[002] —
e
steel | D3 | 003| 053064/0034 0005|029 5.0|2427|1.74 00700l 002l —
D4~D7[ 003 | 0520490016 |0010| — | 7902459006 — | — | — | -
SUs304 Al | 007 | 054 1.24/0034 0007|023 8251850049 — | = = | =
Clay FEHAY v b (DS), R*v&—-x1Y 5k (SS) WWTh
1/4°, Lo—Eo 52y, RS) xWe/ 40
5. 7 || Mid steel | Synmeric v/ 7 729y b (RS) mkviesy
e B tow phose A—=EDL—E 2 v b (RSy) 0.30mm o3
& 1| —sus 316 specimen R . o .
1 FH DRIz T=F 2 — ZOFEFFEIT 1°/min & L,
X~ ray AREER Tha»2/k. AT 202y 7 10y
|—— Aluminum Somple holder i Fig. 1 R E 57w =y a4

Fig, 1.
method.

Synthetic two phase steel and its setting
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Fig. 2. Basic system for the continuous X-ray
diffraction method.
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Fig. 3. Relative intensity detected with Si(Li) solid
state detector for - continuous X-ray spectrum
emerging from a X-ray target of cobalt at 60kV.
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Fig. 4. Relative intensity of X-ray diffraction lines
of a(100), «(200), a(211) and «(321) from iron
powder for various Bragg angles in continuous
X-ray diffraction method.
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Fig. 5. Calculated results of X-ray intensity R and energy from a and y phases for continuous X-ray

diffraction method at Bragg angle §=11 degree.

©, lines used for both continuous and MoK, mono-

chromatic X-ray diffraction methods; O, lines used for MoK, monochromatic X-ray diffraction method

only.
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100

Fig. 6. Percentage ferrite for two phase synthetic
specimens by optical method vs. X-ray method.
Open marks show results by continuous X-ray
diffraction method, e.g., O, this method (aver-
aging method); A, a(110)-y(111); [, «(200)-
7(200); <, @(211)-7(200). Closed circles, @, this
method (averaging method) by MoK, monochro-
matic X-ray diffraction method.
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Fig. 7. Percentage ferrite for two phase stainless
steels by optical method vs. X-ray method. Open
marks show results by continuous X-ray diffraction
method, e. g., O, this method (averaging method);
As a(110)-7(111); [0, «(200)-7 (200); O, ar(211)-
7(220). Closed circles @, this method (averaging
method) by MoK, monochromatic X-ray diffrac-
tion method.
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Fig. 8. Percentage ferrite by MoK, monochromatic
vs. continuous X-ray diffraction method. N denotes
the number of diffraction lines used for the calcu-
lation. Intensities for calculating ferrite content
are used in order of hkl as shown in Fig. 5. Broken
lines are the volume fractions determined by optical
method.
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Fig. 9. Depth-composition profile of strain induced
martensite in SUS 304 drawn tube by continuous
or CoK, X-ray diffraction method.
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EREULERICODWTERT 5.

ZDERITIE, EEMBOR WEMAOERFHGEDIE
S B X OCHFRHBORIFTROBIERESH TSN 5.

(1) HAMBOLVEMEOETHEE

REMMO L WEMOEHTFREE T, B & i0E &
FSHEOHAREMD 5 - &£ aFfsthic X v, F—Bl
BRI D, EROTKROEOBFZRTHS. Ll
BHL, INLORBEAFTLICIIEMENSE SRS,
Tibb, SMEFICEREmMOR2EB52L, 3
yELAGARBEBRL T (BRI T s REX) i
EOR#EXTHS.

LDz, REETIHEHEFIC X D ESHEBO W
HIRDRIFEIEE S kb, HHRRT (5) RicFE Lk
75, ZOFERRVWTEERZELLIOREHEELDR
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E3s X ONESE XBEIRRIC R T 5 AS e — a0 I,
BRI XBOEE 2 TH5 £7, Riflicow
TV, BArgFosis, #HERTohOFRFHERF
SR ICRERTF M B3, AHXBOMEEITLD
TLEb 5. BABTFOEE v BEROHFERX Yk
LhBETHY, &3k, BT L T TFERELH 5
2, MHEEEOFEL—~EDEHEAVTWE D, v
BEOMEEEDTWS. EFHILRT f13, AoeF
TEOBEICL W ZEDLE™ L, ¥, AHE-LOHEER
Ps, XEREELT 5RO BIIRERITII EAEF LV E
=i, BFEELRFOER BRSO X 2D 4f 2
5. LisL, FHE T &ELET Fe bl

L, BROEDHTOEITIIAN P DIIDEAD f &
ERETTVS.

BERETF e~ ™M o0 Thl, EROH6 BRLALXS
W, THADFNSAEEIEZaHODOERL D, AEBE
TUEMAUD 33X GULLEBRG HID {70/ X 51K, a
M, THROTHRHEOIESETDO Fe DFNNAREXY
ﬁﬁj [_/71-\: B=0.40 @f[g_“)%‘f-ﬁb\, g-zﬂ-sinzo/lz 7’82"':%:
TRDFtedd, rHOLOTREDHECEEZELTY
5.
XBOWEEARBFEHOBKTH Y, BFERDR
XL DRLLERLELS. HBIRE p i XEBOHEE 4
LEETER I UCHBEEORMETH B, SHITHEL
ETLEOEBLEES LTRDODTWELDTEZDIER &
LT, R L, XIBOEE 2 DIREE aff, 7
MR LEEZAVvZ itk D, BEXELDARKE
MH5H.

CASE— 2 DWE I, oWTIET v ¥ A B
WARBIFGOEITHREESY BEMEE (2¥/p) XR CTHRL
THM Licio®, Si(Li) UEBEHSR O mHshEO 2
Xy, EE0obDERIERELCTWES, EIEO
Bzl L X (33/p) XR OESEIES & LEE
LigDicd, TORET X DEETSIR .

DAk, &ML VBB RIITHREE OREERI
DWTHE LR, ECEETHHORERTF ™M I
FUORFEEHEFOEEEZ 2 BN 5.

(2) [EFBORIETRE

FAED SERA ORI EZ R, T ORE> LTI
AR EERDH I LT X Y, E5HBOEEOREIE
hErmETS. L L, EiEXgERRcs v ills
ATREs EHTARORNE (1) afE rHORFTBROSEED
A&, (i) Pk B omEEE, (i) AHXEo
WESHDOIRIZEVIRES. Tibb, 75 v FAH
INEWEEIBOT A NFERKREL LD, HELOT

V. 722 L IEEHTAR ORI IRAT B, WO Si(Li)
AR ISR TR, FeK, (6.4keV) F v Xggiaic
BT HLHEREIE 1000cps ¢ 200eV LITFTH Y, [EHF
MO 3 UXFE 10~50 keV TSR ET, T
T55, COREOHFHEEZE LTV, 7774
0=11° BETIX a«(110) & r(111) O — & D 438k
WHECTHBH. Lo L, MoK, f: X§REIHT kT o dEwT
REZr, a(222) & y(331) L EDHBEHIRARETH 5.
F /o, Si(Li) LG HER T BESIERICR VT,
60 keV F2EELL_ EOE = 2 0 FEITIXRHESIEE 10% L
TS T 570 (Ge(Li) Qi e Tl s34
vy, BEE, B A Xo X BOBBIERARETH
5. Ei, B, XBERCHWSNRD 2 -5y RO
INEE TR, FAT5XEOx R0 XF i3k 60keV 2
ETH5B. ThoORMty»LEIETMAEL XOBERILR
G ETOSABETH Y, BIETAELENHROBD R
5. 72U, o MBEESUHABTE, EIEXZER
e r ABORIFH L OpEEDs, RE LS 7 dilER]
Rels EIFTHR OBV AT 5.

2BRAF Vv ABTORIEIRE VT, afftd, r#l
5 A DOEFFEE A Lichs, Mo ftk: XEREIRED a ff
84, rM8AITHET S AN, Mo B X a1
ROBEME D EMESREO7-bDeELLN 5.
—7%, WRIROAEBELEMNE 5 2 5ET & LTbic
EffROBEIC X 5 XORBREDENRDTOLND.
2HAF 2V T OV TR S HE ORI R ENS
WD T L DENL I VDS, IMTHERERYLT 34
b X S, RN IEE FRE 5 D2 HariE
XEDRBRS OBFALETHS. VWi, REFILX
%4 EHTRAR EEASEUE R IC X B R ETRE D 95% ITix
5iB1ES % CoK,, CuK,, MoK, DXk X
EEEXBITOWTEE Lok % Table 3 35 X ¢ Table
4izFET. L, @ Wi afEE LTHD. EIEL
7= «' D (200), (211), y 48> (200), (220), (311)
ORI DVWT O ZBFES OHiPHIE, CoK, Rk X
HBEHE TR Table 3 TR X 5iC 16.0~26.5 ym,
s XBEFTE TR, BlEiTiwWe 6=11° C5ET 3
L 11.3~46.3 ym TH Y, 20~100pym ©yFRED
BlEx o7/ Fig. 9 oFEREZ, ZEELVWSHAOER
ERLTWEEEZBNS.

¥ 7, MEXBERFETIE, 75 VAR X CEE
OEHEC L DLEENAEZVDT, BEREWTIZZDE
AEETHLENRDD.

* 7, BIERRIZOVWTE, AT 2/ ks L0248
257 L AROEIEL BT, MoK, 4% X #Erk:
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Table 3. Penetration depth, X for monochromatic X-ray diffraction methods.

g = 5° 6=10° 6=15°
Phase| hkl (g’ N - NI . s .
(2) [asemd um) (&) [(@/em?  (um) (R |wem®)| (um)
110 | 2027 |0353[524 31.7 |0.704] 345 9.3 | 10491114 a4
200 | 1.433 [0.250]1.84 90.2 [0.498| 13.1 253 (0742|404 122
211 1,170 |0204|0.604| 274 [0406| 748| 442 [oeos| 227| 216
X 220 | tol13 [o.77]044a| 373 [o352] 521] 636 |0525| (54| 320
310 | 0.906 |o0.158|0.399| 415 [0315] 375 880 |0469| 113] a3zo0
321 | 0.766 |0.133|0339| 490 |o0z2es| 209( 159 |0.397| 695 709
I | 2070 |0.361]555 298 |0.719] 369 9.0 | 1071|1200 4.
200 | 1.793 [0.313|366 | 452 |0623| 248 13.3 |o928| 753 6.5
220 | 1268|0221 [1.06 | 156 |0440( 955 345 [0656| 288| 7.1
311 | 1081 |ouss|oar2| 351 [o.38| e13] s3.8 |os560| 185 26.6
¥ 222 | 1.035 |ol180{0453| 366 [0.360| S550| 60.0 {0.536| 164| 300
400 | o089 |o.56|03m| 420 [0311] 361 91.4 [0464a]| 10| aas
420 | 0.802 [0.40|0356| a65 |o278| 259 127 [o0.4is| sol 614
a22 | 0732 |oi28|0344| a1  |0.254 195 169 [0379] e2d 786

Table 4. Penetration depth, X for continuous
X-ray diffraction method.

Mo K« Co K« Cu K«
Phase| hki d H/p)p, = 38.3 (P/p)y = 595 | (W/P), = 324
[¥3] ) X [} X 0 X
(degree)| (um) | (degree} | ( um) {degree}| (um)
1o | 2027 1o.1 8.7 | 26.1 14.1 | 22.4 2.2
200 | 1.433 143 | 12.4 | 385 200 | 325 | 3.2
oL 201 {1170 17.7 | 181 49.7 | 245 | a2 3.9
220 1013 | 205 |17.5 | 618 28.3 | 495 4.5
310 |0.906 | 23.1 | 19.5 | 800 31.6 | 583 5.0
321 _|o766 | 276 | 23.1 — 374 | — 5.9
11 | 2070 99 8.6 | 255 138 | 21.9 2.2
200 | 1.793 11.5 9.9 | 299 160 | 255 2.5
220 | 1.268 16.3 | 14.0 | 4as 226 | 375 3.6
7 311 | 1.081 19.2 | 16.4 557 265 | 455 4.2
222 11035 | 201 | 17.1 596 | 277 | 482 4.9
400 (089 | 34.1 [ 19.8 | 848 3.9 | 593 5.1
420 (0802 | 26.3 | 22.1 —_ 357 | 7a. 5.7
422 {0732 | 294 | 242 — 39. — 6.2

Ttk 1h 30min BEETLOIC LT, ik XsmEi
ECHFEXBEFEO L SKAF v =550 &
Al vicd, 20min FREFOERHE O BIE S AIRETH D
7z

6. %

ESHBEZ D2 atE (bB W ' B) BX0r
HO2ZHMOWHEERLEET 501, £HELLERED
EFHEELYAE L, EAHEMOPELBIET S ks
g XIEHTACER L, k> 5Tbh Ty 55X
AL & Tl LIRDFE R 2187,

(1) EREXEEFECI2TH, AL 2B X
U 2HAT UV AOMEE S FHECITL 5 & 2R
Ui 72720, IERESE, $SMEXEEFECX 550X
D, LRHDH. T2, HERME 20min BETHY,
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Ttk X SRETR X HFER, 1h 30min BEE K
L, DEBIESARETHS.

(2) WHELT, #—R5734 FRRT LS
(SUS 304) i34 Lc MMLEBRERE v F 34 hD
S HMDOBEREOHMEEIE L, Sk XREREC X
SEIEME X BERRIC X 5 DD E REN LW
a2,

BT, AHROEEEE LN, BREFTIh
R G B TR & R B 7S FT R 08 R F & 18+,
MIGTHREZ Wc RV icRAARHEOA AR BEL, FRd
J R A SE P RIRT BB B S Bt e i iR 7= LE 3.
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