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Effects of Mo—C dipole on the Development of {111} Recrystallization Texture in Mo Added Low Carbon Steels
Kohsuke TAGASHIRA, Toshihiko Mutsunl and Tsuyoshi ENDO

Synopsis : Effects of Mo—C dipole on the development of recrystallization texture are discussed in 0.03 mass% carbon steels containing 0.07 to 1.01

mass% Mo. The hot-rolled steels were annealed at 973K and then cold-rolled 85% in reduction. Decarburized and cold rolled steels were

also used. These steel sheets were annealed up to 973, 1023 and 1073K with two kinds of heating rate in argon gas and then quenched. The

following results were obtained. (1) The development of y-fiber in the early stage of recrystallization at 1023K is restrained in all the slow-

heated carbon steels. But it is accelerated during grain growth up to 1073K in the carbon steels containing 0.51 mass% Mo or more. (2) y-

fiber in all the carbon steels is not developed in quick-heating up to 1023K or 1073K. (3) y-fiber in the decarburized steels which were slow-

heated up to 1073K is developed regardless of molybdenum content. (4) Either the increase of Mo—C dipoles themselves or the decrease of

single solute carbon atoms as a result of formation of dipoles may contribute to the development of y-fiber during grain growth by slow-heat-

ing.
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Mn, Cr, Mo D & 5 L EBRAFEBHE T C,NO XS BRA
MERRETEAEETIHT, SBTO2 ) —THEE R
EFBaZeBHONTHE D, ZoZeizonTii, B
BAEARRF L BAREBRRF L O, VbW 3 dipole,
PN OBBC FAEB LT B 20 Eh T3,

—%, GEEEHRRPICEBSMIEFEBBECRONET
REFTIE, (111) HAEGEAMBOER LG X h,
FROUMETTEZLBME TR TS, LT A,
ES C % 3 #i mass ppm & BBIFICIKL &5 &, A ED
FTAHZELEMEMNMIENTVBO, ZHIZBEL T, MEBIE
BSEH)IZTEE 9 5 Mn—C dipole 23 $HR D BB TE IZ
B3 (111) BESEAMBORICE 5§ 5 nTRet: 2 5
LT3, ZD%%, Z D dipole MER FHFMR D HE M
HEAMBOTBIZED &S BIFEE#RTO», IZ20T
ISR I N TS LISV,

AETIE, WEABMOBMILETE 5 Mo %
0.070~1.008 mass% & T KK KM G R ER O BRERES
MO Z KIT 3 Mo—C dipole D& % F 7z,
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AL, MoBEERDRL 5 5HEDFe-MoCA%E

Thd, ZOFMMEMEGEE 1373K, (£ LB 1150K TH
JEammF TERBERE LA L 72, KRBTV ThdiN4
T, EAMMBIMoBICBBRELIITI VFLTHo
7oo ZOEEPTOLEMEKE Table 1IZRT, ZhoDE
BIEEROZRmAZHHIL, IRE 2mm& L, 973KDO 7L T
VEBERPIZ36ksRIFLIFH L2, KR TIE, ZThb
STEEORAE % 0.07Mo )R FEHM, 0.12MoRFEH, 0.25MoJk
FH, 0.51 Mo RFEHH L U°1.01 Mo RFEH L IEE,
DEID, EBEMoETHAEMTEAMBICED LS ki
BERITTONEHANS 720, B L 7285 2 mm D B4/
FEZEM 218 0 KFEF TI73K, 172.8ksE L, CEHR %
0.003mass% ki L7zFe-MoB & & ERIL /=, DIk, Z
o DA 0.07MoB/R M, 0.12MolE /X8, 0.25Moli
KR8, 0.51 Mo AR #I & T 1.01 Mo AR & FE.SS,
ZhoDEREE FES%DHBELL , B X 0.3mm
E L7z, D&, 0.07~1.01Mo/REM%E 7L T v FHIXH
TEE” 5973, 1023 LU 1073K T THIEHE 0.028K/s
THRMFAL, BHEEEICEER, HHIOKKPIZBEARL

Table 1. Chemical composition of specimens (mass%).

Steel C Si Mn P S Al Mo N 0
0.07Mo | 0.028 0006 0001 0004 0003 0032 0070 00005 0.0040
0.12Mo | 0.027 0004 0001 0001 0002 0022 0.119 00009 0.0042
0.25Mo | 0033 0005 0001 0002 0004 0022 0251 00011 0.0037
051Mo [ 0.035 0001 0.00L 0002 0003 0022 0514 00012 00045
101Mo | 0.033 0001 0001 0004 0004 0020 1008 0.0015 00049
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W h g y-fiberND/(111)E R L TH D, 0.07Mo, 0.51
Mo % & UF1.01 Mo ARSIz 5T {11110 &k D & {111}
(112)BE MR KR E N,
973K & TIRINE§ 5 & 0.07 Mo iR # % BR < W Hh DR
BT yfiber NDEMAMABE 2D, (11NKIOB LT
(AR RET 5, 10B3KOBEEREAMGETIE, T
AT D Mo R HE T y-fiber DRZEHNE L 1Y,
3.2 MoREBOAMEES JUBRAKSER
0.07~1.01 Mo R RSO BN % DO EHEENIZE L
Table 31278, 973K Ti20.07 Mo fK REFADIRMBEL FFR T,
BRESMEITETLTCOEY, MoBHELHEMT 51X L HE

Table 2. Average grain size (um) and recrystallization
ratio (% within parentheses) for decarburized Fe—
Mo alloys which were cold rolled and then slow-
heated up to 973 and 1073K.

Heating cate (K/s) | Temperabare (K) | 0.07Mo | 0.12Mo | 0.25Mo | 0.51Mo | 1.01Mo
0.028 973 @®%) | 34 | (15%) | (15%)
1073 39 56 58 3 Q

Table 3. Average grain size (um) and recrystallization
ratio (% within parentheses) for Fe-Mo—C alloys
which were cold rolled and then slow- or quick-
heated up to 973, 1023 and 1073K.

Heating rate (K/s) | Temp () | 0.07Mo | 0.12Mo | 0.25Mo | 0.51Mo | 1.01Mo
0.028 973 9 70%) | @0%) | (10%) | (%)
1023 21 18 18 15 | ©5%)

1073 ) 31 32 36 11

Quick heating 97 ©90%) | 80%) | (60%) | (@0%) | (10%)
1023 20 M 13 1| 40%)

1073 29 2 3 26 15

0.51Mo

|

of{tooKko11> D {111K110>
Fig. 1. ¢,=45° section of ODFs of decarburized Fe-Mo alloys which were (a) cold rolled, and then slow-heated up to (b) 973K

and (c) 1073K.
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Fig. 2. ¢,=45° section of ODFs of Fe-Mo—C alloys which were (a) cold rolled, and then slow-heated up to (b) 973K, (c) 1023K

and (d) 1073K.

RIS B D, 1.0l Mo KRHM TIZ 1023K T 3 HGMIZ
SET LT,

Fig. 2120.07~1.01 Mo /K 8 D 1 B AR 5 & U iRk
FABD ODF D @,=45° Wil &7~ § ., EEESE A MBI
FThe y-fiber DERHHR L, a-fiber (RD/110)) BB 5
3, BRESMNET LZ1023KTid, 973K TA LIz o-
fiber iZVHR L, y-fiber & IEEEEAMME DB & 5,
Fig. 3(a) IZMo BIZxt 9 5 Bkt Is &k O KD IR IM#A %
D{111}{110) & {111}(112)58FE %# R~ T, 1023K Tid
0.07~0.51 MoRZEHD{111}{110)FEE X {1113(112) &k D &
INEL, MoBOHME HIZRREWAH LT3, 1073K T
BT RTOMoE T{IKII0FEEIX{1113(112) K D & /h
Xy, X5IZMoEA0.25mass% LA FORKFEHMTIL, 1073
K y-fiber DEM 13 1023KDZ & AR TR E ZBWOITFE
BoREVDIZKRL, 0515 KV 1.01 Mok F#l Tid Mo
BREVWEEHM LS,

Fig. 4 ¥ & U'Fig. 3(b)iZ U MEL L 7= Mo ik K #iD ODF D
,=45° Wiliis K " Mo BITX 33 {111}(110) & {111}(112)
HE AT, BEAECKENEMEAREDOZhE R LS
oD BMICTHEOEABEME LR TE LV, BEMED
FH{1113110) & {(1113Q 12D @EE I D v, F /-,
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1023K 3 K U 1073K TD y-fiber DHEIZEH 5 & Mo & IC
KEFIRIFTETH 5B,
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4.1 IFHEHOBEREE Mo-C dipole DIFZEL

Mo 2 BT RES P OMBMEL LT, Fe;,CNIEA I Mo
RIEBIMoC I8 K U 'Mo,C, 3JCRD (Fe, Mo),;Cq & 7= 13 (Fe,
Mo),COTFIENF SO N T35, KR TIE, WHEIELERTD
M ICRIEDEER S, BMBECELUMBEFORE %
FHEREEIC L Th 5, &V - HIRII AR THOL AR %
973K HBEAN L 7218, 523K DEIRIFZhEFE OB XIEN
REBELTHBEY, Zhicks &, (1) 9K TEEKEh
72 Mo—C dipole (ZBEhHIZ 3BT 5 Z &, (2) dipole D5 1#
12k DU 2= C R ISRERI IS Fe-Mo RIR (LD
HWizFS5THZEH5EEMMZLES AT, hiICEE
TH5CEDS bdipoleDHRICKZEBCE (=EEMo
DMME) x&, 12567254 PRIZEBL TW=C
By&2 RT3, Fig. 512Z0ERE5IHT 32, Mo&
HREOBME L iz 3WmL, yREP LT3, 7=,
x+ty X BEANBEINBKIZE TS CORBBIREALT I L
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Relationship between Mo content and {111}(110)
and {111}(112) intensities for (a) decarburized Fe—
Mo and Fe-Mo-C alloys after. «,slow-heating, and
(b) Fe-Mo—C alloys after quick-heating.

Mo % S TMER TR {111} G E AR KITT Mo—C dipole DHE

MNTEBZHN, ZOBEIIMoEARIZEK S $0.078mol%
(=0.017mass%)& & 0, FIFRULETH S, ki, Kin
X T130.00 MoREMOF — 2 &R LT EWLA, Fig. 5
D x DAEIZ0.005mol% L FTH D, 0.07Mo &K H# L Mo
DEEBLEHRTEIRBNEALZ L, —H, MoEASL
287 x4 FhOBEVECKHT AN LD EEMo R
FIZHE EhMo-C dipole & L TEIE T 372, B
BLTONEWIZIEETRLTWS,

B2 C A 72 2R 0D Y RS AR AR 1S 13 Fe-Mo SRR 1L
MIAEIEL T30, BRINETHIRT 288 TR IS
RALMOYERHAEZ 0, % h & [FEFIZ Mo-C dipole 2K
XhzeEibhd, ZODdipoleDFEA T FNF — 13K
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Fig. 5. Relationship between Mo content and x, y and x+y
at 973K x: mol fraction of Mo—C dipole, y: mol
fraction of single solute C atoms, x+y: solubility
of C atoms.

Fig. 4. @,=45° section of ODFs of Fe-Mo—C alloys which were cold rolled and then quick-heated up to (a) 973K, (b) 1023K and

(©) 1073K.
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=57X1072°JTH DY, ZhiECE Mo ZhFRBT
BN EEAETIZAINY KDL KREL@ETHBIE»
5, Mo-C dipole B[EI{EBFE TOEEN H 5 VW ZHRF O
B RE LR ERITT O LY Ehs, —FH, &
BB B E ZRICHOBERIIBCEFENICEZ ST, 20
#i R dipole DRI 2 <, WIfE - B SVEBR O
(i B VTR ABEICIIRELHELRITEEVEDL
Eiohb,
4.2 HEASBEEICRITTEEMoH LU Mo-C dipole ®
-

Fe-Mo 2 JCRRREK 2 X 5 &, Mo DEIAFRIZ 973K T
6 mass%, 1073K THI8mass% TH 5., - T, |mdE Mo
HEDOZOI10IMoRMMTE , Mozl ¥ 2354 ¢+
HRICEVEL CW3E&#E 2 Tk, 7271, Fe-Mo-C 3TT%
TRERBETOF —ATT74 rORELEEL KT %
5 7224y, Mo & 2.0mass% D Fe-Mo—C 3 JLRIRBEK] 19 % 21z
RT3 3&, 051Mok KU 1.01 Mo R EHIZ 1073K T3
774 METH A9, 007~025MoREMIZ DO\ TiT,
Fe-C 2 JLRIRREX A 5 R E R 0.03mass% D & ¥, 1073K T
DA =274 PHOHFRELEIRZL X Z4% U T THh %4,
774 MEBREROBAIMoDRMTI073KDA — X F
TATREIISIIHDTEZIE, BLUI10K2»6DEE
BRI IR ERE 2 FHEMSEREA R S h X BRET I X 5
BEEHE,LLA—2T T4 VO -2 BRENEI -7
&, BE»L 103K TOESMEMIZIEA —-ZX7F 1 M
DEEBI 723D AR LI,

R G EEEERBICEEL RITT L 8% 45
NB7:%, MoRESMDOBBEMEAMBIZH T 5 y-fiberD
EMEMRREMO T h LB BT 2 Z L3 TE A0
2, COEBTHRBIEEEAMBIEISZVEDLL KW, Z
HiZE2H»H 56T, Fig 3) 256, E X512, 1073K
F THRMEAL 7= Mo BIREHD y-fiber ITMoBIZAH2H 5T
RETDIDOICKRL, MoBDA L WRFEMMD y-fiber D LR
350, Th8b5, 1023K4 5 103K AT TORKER
BT, BB CETFAEFEL &\ & BEYA Mo BT 13X y-fiber D
REEZHIELZODIZHL, BVECKHTFHHFEET S & Mo
BODEWE M p-fiber DFZIIMH Eh B, ZZITESHE
BCHEFidFe-Fesitell B L TVWAHBEBCETL
Fe-Mo site |~ Mo-C dipole & L THIEL TW 5 CHEFIZH
TBZENTES, 1023K DERFETIXEVAEC BT DOFEIC
KO y-fiber BAERBEOER AR Eh TR L0135, &
72, 0.07~0.51 Mo KR HMD {111}(110)58 K i3 Mo B D HI M
ELBIIRRFALTEHED, ZOERKIZIMo—C dipole D
BLiZELAOoNED, 10IMoDTF — 2 %225 LWET
ZE,

REA1023K 425 1073KIZ ERH U & %, 0.07~0.25 Mo
REWD yfiber DEBIBITLALEE DS KA,
0.51~1.01 MoJR KM TIIMoBOD L WIEIEMLI KB, ZHh

40

2, B MoEFDOHEM, Mo-C dipole Z D & D DI,
& % Vi3 Mo-C dipole DIEEIZ & 2 BIEE CIRF D WA D
WTFRRIZERT 28D TH S5, 727, MoR# %14
MBLL 721D y-fiber S Mo BIZ A2 b & TIEIF—FE TR
EWMERTILLE, BEMREFA y-fiber DREFIZHF S

L7=&i3E 28,

Pl & 1, Fe-M-C&4% (M=Mn, Cr, Mo)ZH\ T 7 x5
4 FHRD Y — FREIZRIES M-C dipole DEEIZ D0
THENRTNB9, Zhicks e, MELZESE3RIIE
BAUEFETTRM B EMTHELET 2854 & & M-C dipole
ELTHAELEEBAREL, ZOBERRIEMo—C dipole
PREKEVWILERLTOS, ¥5i2, ZOHEIZTM-
C dipole LBy D F AESH L DMHEERIC L3 DT, B
BRAVES TUR M D HLEGEE A3 382 < M—C dipole DA A 1148
BONMEERELS LB I LATRELTWS, ZL T, Mo-C
dipole DFEA T XN F -3 —53x102°JE LTHD, &
% HEEORD -E L IZITRAREE TH 5. AHEO/BRE
BHUODIT5L, REHIZFeMoRRILMOBERIZL O
B & 115 Mo—C dipole 30118 - PSS ¥HERE Tlibi DR
BeEot, yfiber ISADHH % & DBERERBOER K
BEMHIL 22, 3032 Mo—C dipole DIERKIZ Kk BB
BVE CIRTF DWW M y-fiber DREAREL - E X B
THAH5, BRBOBRARBUROBES L EEBCHETOEE
23 y-fiber TALOD BHRESELD R EFIHI U, i SEAHE
D7y TR RIERICEZ E WA 5,

BUEMMEL L 7= Mo K 88 T3 1023K & 1073K D y-fiber D
BWEICKELZIZEDOWE o7, THiT, 2EMED
72 Mo & BT RO EROBNIFOCHEBRCHT B
L U'Mo~C dipole DFERBR D 3728, I - HfS&EY
HRRRIZH W T y-fiber ISV D H i % & DERE SO AR -
BEMRI I WG > -2 ERBERELTELIONS,
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ARSI D (111} SHE AR RITT dipoleD
HEERE T 5729, Mo#% 0.070~1.008 mass% & M %
RIRE LT Zh 6 2BRAB L 72 & D % 85% A Bl E 4T
LU, 2fEDOMEGREE T1073K £ TME L LG L FH N,
YTo&H%z82,

(1) MoREMEMRMBELT 5 L, y-fiberid 1023KD
ABESVEHAR I YT MBI 2D S FH W,
F/-MoEMNO05Imass% T TIEMoEDHME & & 1C
{111}(110)BE XD T »ICHPT 3. —F, 103K TOH
R AR T, 0.07~0.25 mass% Mo K KD y-fiber
BIEEAERZL L WA, 0.51~1.01 mass% MoK EKH T
IEMoBDBWEERET S,

(2) MolRESZSUEMBET 3 &, HEREAEBD
y-fiber iZTMo BIZH 2L S FREL K1,



(3) MofiRSLHRmMET 5L, BEMEAMMBD -
fiber IZMoBRIZH DL THET S,

(4) HRIMBk L 7= Mo K KM D KR 872 T y-fiber 4 F
E LD, Mo-C dipole Z D & D A% y-fiber SN D FHL %
EOBRMBOER REFHHIL 2729, &5Widd-
pole DRI &  HEIE CH T A8 L y-fiber DFe3E % 47
H42RAFHHERL =70, DLW Th»ThidLHEEIN
7o

Bz, R AFREL TOEA0FTEARE (KR)
BN EROEREER B BARTAPEIZE) &5
CIZPEREIR, EAMBROBITIZH /2> TIZODFY 7
b AR LT X 5 2 KRFFLRFOH LERKIZEL
BHLHELLETFET. 5k, ARRO—BIMILIE (#R)
oI TEEBIE (Bk) OBIckpFEHEEhE L.
DT, MLTHBEELLET,
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