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Recrystallization Process in Low Carbon Rimmed Steel Sheets

Synopsis:

Hideo ABE and Kineo TAKAGI

It was noted in the previcus paper [Tetsu to Hagané, 55 (1969), 1219] that the {111} components
in the recrystallizatién texture of low carbon rimmed steel sheet could be increased by processing

(cold rolling and annealing) from the hot-strip wi
From observations on the isothermal recrystallizat

th fine precipitates of cementite.
ion process it was presumed that the fine cementite

precipitates affected the slip rotation of crystals, resulting in a change in the local distortion, and the

nucleation of {110} {001)-oriented grains in the {111} {112)-oriented deformed crystals was suppressed

so that the preferential growth of the {554} (225)-or {111} {110)-oriented grains was induced.
(Received Oct. 5, 1970)
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BERD W RWT, EREY & KR BAR EERT &
920°C (A &bl L) 525 0°C ki AL 1%, 200°
~250°C C 3 hr QR LETEV, ThiCk) 70% O
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BmTool, 7o FFETE, AN ok
AR RE DS & B TREIE L e D bic, RABEEEOYIA
DEPETCRBEOWLIKIEBEZ DN D.

(2) FiHo v & FPEOBAIIE, BRfREAHERA
@ {11101 FHhifksH ORERIIRE,SH 1, {554}
(2255 BRI DIES BEMLTVHDITELT, TV
T 3oV RERTR {(1113011) AR A2 BRE ICRESE
BT LBARETH .

TDX 5T, YA REMICK TS FeC #7 g+ D%h
B3, FoUE FVREMCETSH AlN-cluster DEHR &
LTH 5 LR LA VWEELED .

F T, FIRO Y A RECRT S (55432255 + {111}
O11) FEEESEARBORELZEET 520, £EOH
JAFRA T DT ARRE U & FENEEEESTIC 70% D
AR Firok% BRREEID I LO—ERE
CHS R T, EEROBRY, BEE, mKbhivs,
(110), (200), (112), (222) XM{REEEOHE, & &
U B EIZSIC X DB L, BEL.
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Table 1. Chemical composition of the rimmed
steel (in wt 95).

Table 4. Diamond pyramid hardness before and
after 70% cold-rolling.

C Mn P S

0-05 0-31 0-010 0-016

Table 2. Heat-tréatment of the hot-strip specimens.

Specimen | Heat-treatment of the hot-strip

H No heat-treament (As hot-rolled)

A Annealed at 920°C for 1hr in argon

w Quenched from 920°C into 0°C water

T Specimen W was tempered at 200°C
for 3 hr
Specimen A was quenched from 720°C

Q into 0°C water

P Specimen Q was tempered at 200°C
for 3 hr

Table 3. Gain size of the hot-strip speimens
(JIS No).

Specimen H } AW ’ T |Q|P

Gain size number (JIS)[10-2| 8 (10°5%10-5% 7-6| 7-6

* Needle or comb structure was not taken into consideration for
the estimation of grain size.

%@Mﬂ%ﬁ&OtﬁﬁmT%k2K%Lt;5ﬁﬁ
SOk UTORRTIIC 0S5,

ST ORI T RT TN T H AT T o7,
ANTOMBDRERIETRT Lhr & L. ®EA, Q,
Pid, BT 920°C T 1 hr BSEES LD T, o
AR T BT RS K&V, £RA0 BaWES
Table 3 |z77R L 4.

LBDEFI T 70%DSIEE L Firokig, 526°,
546°,576°C D& —FIEET 0°5~500 min DBESL T
BV, FERBRY LA Zomsici HKE
vy, PTER ISR 25l L.

BESEDBEBRPEIC BT, Yo p— 2@ GHE10 kg),
HES b ov o 4 REEMGRE, (110), (200, (112), (222)
Xﬁﬁ%ﬁ%@%i,%%@@%Kléﬁﬁ@%;%%
BEGARD (200) #E SR DEER F7r o7 .

XRBUATEEERIZE S, WIED 1/3 Db 2 LR s ©
CBHRIRECRIZ Licis, (LEECH LT~ HEicow
THZE L7z. (110), (200) 43413 Co Ka Sz X b
G. M. FHEET, (112), (222) K443HET Mo Kea @

Specimen H | A ’ Wi T Q P

Before cold-rolling| 112 | 95 b 180 | 120 | 190 | 112

After cold-rolling | 198 | 196 ( 335 | 212 | 325 | 194

KLY vrFr—v o S cllle L.

R REIEARA 1, ROWE D SICAEHIEE S X O
BEREECHUERY 02 mmE THL L2ig, Sbiks oA
BROBERE RIS CEAFIIEE LTy 0045 mmop[FE X 1z
LB 7. BlsER, A D 15X 10 mm? DOEFRITHA Y
BTREL CoKa itk 1, BARB.OME 60° T
DHEFH VT Schulz T 43k, 54 JE#RvE Decker-Asp-Harker
DBEEEIC L2, XEHBE T T T RPANEHe
R DIBEE Lo ThT 5 e I/1, ThbbBEETEL L
7z- .

BRIM SRR VTR D5 1812 AT 7o BT T OB U 7.

3. R BB R

31 Evh—RBIAEHKR

Table 4\ ZKEOBINER % I L 7= BRI E TSRS %5 X OF
Th Bz 709, DGHEIER T2 EDE v b — 2 HEf
SERT. .

#mﬁﬁﬁwﬁém,%xn&ﬁ&OtaﬁW&Q%
BbEL, TNLOFEAE, MIEL ZLv. BEL
EfTe 07 T & Pi3, %RIFIERT#% O X A8 E
BOEEOMEHDOHELITLALRBECHY, B
FEERIEECES Th 5.

Fig. 1 (a), (b), (o) &K% 709% BREIEEL -
% 576°, 546°, 526°C D& —FRETEMLAE S0
LG GF i o

R A OBILBBROMEEDOKITL, WTFhoEEDE
HEDEEFCHERERL, BREWEQuIskibitiz oL,
ARH, A, T, PR@ibsistuv. 3B Ta3a5mc
BILPR b BT VERBSH 503, HAH, A, PLi#g
LTHE DB ZERIT .

Tiebb, Fig. 1| OB SHIE» SRS h 30R b Cl3,
AR TORBREERRAH, A, PrAiuvi vz
5 LoBERBRAFI TSI 2FRSESHAGOREY
25 LB EERERHEETD 5.

BT TRROBE S, Hai-Peren OESGE 5 HE
ESND XL, BEFOROESWE (£Ro Table
9) CEAfRL, BESEHAREVESIIE B I E,
33 5.
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Symbols H,W,T,A,Q and P are as shown in Table 2.

H:———e—t— e W

Al m————a Mo = -

Q: — —a——

o]

T:

Pl e o —

Fig. 1. Variations in diamond pyramid hardness on annealing 709 cold-rolled sheets at
576°C (a), 546°C (b) and 526°C (c).

3-2 HRAMLIAMEHATESR

W havy T=arsin2@+a.sin4d (@ : FEIE 5] o>
LOBE) ORITHED>TRD- 4 KFFEEK a. © 526
°CgEstio SV k% Fig. 2 iTRT.

Fig. 1 i 202k & Mk, HAWEQIX @ Difd
B3R, BFH, A, T, Pkt L»L, 2o
BEWIIRA POL B LoEd BT\ 5b. 2Ok
RVE, Q& DETEDIRELFELTHS (100)[0i1]
WHEESSOBLY, RAPTh2:dbr L%
RLTEY, £DT LifZRT 5 Fig. 3(d)d (200)
BEEZLLAMELTWS. LarL, Fig. 1 04 LE
% A H, A, T, P offlchs v kEWERin
V.

3.3 XERFHEANEER

10% DB THEEZ T2/ &R A% 576°, 546°, 526
°COE—TEIRETHMT 50 (110), (200), (112),
(222) XIBRABEOELZEIE L. £#HOREHBE
OZELDRKLOAF T X B2ER1Z, WThOEETLHE
CXx5hfimzarL, ST 4L mErsid e

BIILB L2 TWBHEDT, T Tk 526°C s
DI DT HET 5.

Fig. 31z 526°C WK 2 EZEMHBE (BEE) oF
LRt

Fig. 3w X, AW & QU3 iarefmic B g S a3k
7L, (222) OFLWETHAEZ 5. FhizfEoT (110)
gL, (112), (200) B3 523, (200) o
D@ (222) DEL I VIR LNATRIDOTVS.
WIZH, A, T, PO4RKEIE, W, Qrhisih
THREGPETT 52, Th oo (222) BEE OGS
&3 5E, TERWTRBHESCL DD FrORD,
HEhBEDRELD, ALPRELVWESZTLTCWS.
=% (10) \EE T, H ik TliibT o,
A, PTRELVWEMETRLT,S.

$72H, A, T, Po4RK T VT (200) B
DEDIE (222) BEEOHL L DB NTRISTW
5. BEGETO (200) BEEITIDATIEERA O {100}
O BRoFER, (222) BEEITSREEERNO
(K12 FROFEESAELFELELTED, (200}
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Symbols H,W,T,A,Q, and P are as shown in Table 2.
H: —-—t—-— W o T: .

A: ————=— Hm Q: — —a— — P:— — a— ——

Fig. 2. Change in harmonic coefficient a; on annealing 709 cold-rolled sheets at 526°C.
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Fig. 3. Change in the (222), (110), (112) and (200) pole intensities on annealing 709,
cold-rolled sheets at 526°C,
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e : {554) <225>
o: {(100) [001]

a: {111} <Oli>
o:(110) [ool1]

Fig. 4. (200) pole figure of specimen P cold-rolled
709 and annealed at 526°C for 500 min.
in a salt bath. The random level is app-
roximately 2.

Symbols ®.a,0 and 0 are the same as in Fig. 4

Fig. 5. (200) pole figure of specimen T cold-rolled
70% and annealed at 526°C for 500 min
in a salt bath. The random level is ap-
proximately 2.

DA H (222) ORWA L D DB NTERT 5D, {100}
(0115 Hhrod L SRPNIT 313 5 TFRESD ET3,
{111)}112) HREOERHSRRITE T 5 BE&KO €T

I IBLVWBECHGLTWS.

(200) ¥EFEOZE(LIIFF P T oL bk <N HHM
M B, TORRIFHROFig. 2 ORES b v 7 SR
HOBPERERE ISHIE LTV 5.

3.4 (200) BRAEODAERER

B T HERT THRO&HA © (200) X% #)
FElL7z. REA, W, TOBRARIIAER? $I1TEALR
LCHo-DTEKL, 2zTRAF P ¢3ARF T @
(200) #R&K#% Fig. 4, Fig. 5iCmlLiz.

INSOBHEEET S L,

(1) {554)}225)+ {111}€011) HARLFURD LB,
HAETDIEHHY +—FTH5D.

(2) {110}011)~ {rk0}<001) H RTFRIMDEIRET,
SHE TTERIERCHE VA, HAE P Tl DEEELER
ZRLTW5S. :

Tibb, REPOLSIC 720°C »5EEANE 200
°C TEEhE €A Tix {1103<001)~{Ak0}<001) 5
REBFEELTWAOIRRLT, #AF T ok i 920°C
pHEEANE 200°0C TR LRk TRE OGRS
ELAEV.

£RE OFEEEO (200) AR E Fig. 3 BT
3E, Fig. 3k wiHERGTTHED (222) BEEX
{554}¢225) + {111}K011) HArD> BITITEEIT G L,
BeERgo (110) fEEE (110)[001] Hhkso s
CHRIETHENRD.

Fig. 31tk 5 &, FiEdatto (110) BEEIGRHEEL
OB OERREDKREWV A, P, Q TRELLE
<, BHEFEENOMEokENES/NSVWH, T, WT
VARV, Z oESE (1103K001) FRESARITR
bt Goss FREDFEERIE, BHEERTORMBLELS K
XWEFELWZ ERTRT. Thicwl<c, Fig 3 0
(222) WGEE TV, BHEEMOWE ORMED—D
ORFERDPTVEESTHBEH, Thivd FeCo
ByE e LITHAREBIC X o TIFR IR E VW REE R T T
V5,

T E T SR D5 A FARR & ¥ TR EZERT O SR D F5 dis
R D FeC oEEZT W LIFHIREE & oBS ST
DNWTIRT TNV DDWERD 5. o & I &K,
FNE, /NEO, ¥k, Dbk /NE, #BREP 12 0°02% G
BEEMICoWT, 710°C IFEHR{ bk BEA RS L TRk
WO HIREER ZE L R st LT, SRIEERESRD
ELHMBIRE LS, {111} BRI ORI EEY
R OSSR E o &, BHEEROREDR
INEWEE {111} FRIRSSEMT5Z &2 RmLTY

5. ERES LY RABOBMMTRE,LAKER X
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LR UCERESCOVWTHAEL, BEEERORE
PNEVIEE (222) IREBEMSEIN T L2 BELTY
5.

L LK 599 I3BEANIREE S Ay ZERBRIE T OIR
EThy, 2B oRZGEENDE V. HAS L1
K F L OERIT X 5 RO SHERAED ZE{ bt DWW T
BRENT, TARKHEDZRITLLSEHEL LT EHITW
5. ZDXITHAMELIEIABES ICERZBEROEHED
5 MED B B3, FEERERNS DI VIE L EHR D
(222) MEESEHL R BBEEZ—FHLTWVS. LirL,
AT DRSS TIERT O SR ENE 27 FAL
Th Fe,C DEBLWILITHRESEL 5 &, BELE
ERBPRELS BT R LETLTV 5.

3.5 BWSARRRRER

SR SRR 2 BIES L i Ric2vTid, KO MY
WEKRBELEZONDTELERCIBO>TENLT
WS, FIERD CELER L SO S RIT O W T I AT
%. :
(1) 70%%TEEHET, ZEHSEBICEELLE
FokbEbr &, ZTRHNRHE D RSN WG & 55
B5. (ZOFERWUR»LELDOMEHICLOTRE
htvws.) )

(2) #HHEA, Q Pik\vwt, ZNHEI13Photo. 1 iz
PIZRT LS, $—F4 bdDVidkEl FeC HF
ZDOMWMDNEMERFCRELCNS. Thbb, K&
BAEDORDIC LR EIEEET, OO
DT BT, MEDDRE D b OBEESR D4R IT
T EAEA BRI DT,

(3) ARWEIQTIX, SrFIESEH I Photo. 2 1T7R
T X5 TERHFTHBD>T FeU FFIEEFHLTWY
5.

HATEPTIRZOD XS AERHITIBS FeeC BT
ST HIEERD v v .

(4) WHREERETIE, ZEHFETEIXIS I
FIRALEDDOTWED, RHESMERIEESOERNS
JEEHHOI ISR S. ZhilkEbl{ Y T=¥r—v
=TI BHh0EEFELLNS.

O FTRToORAF BV THEHESNO4 KT, Photo.
AT X ORERHEL>TEENTRET S, KE\W
NEDHFORDC, BRFERNR KT 28ERILE
EAER LRI

(6) »HHEEHERNTE, BELEZEEREDST
SEOTHFERRLR colony 24 LTHET 3. Fofl3
Photo. 4 7”7 ' . .

(7)) —KEFROVH» S, BESNAERTE»

Table 5. Grain size of recrystallized grains after
annealing 702;-rolled specimens at 526
°C for 500 min.

Specimen ‘ H | A | W l T QP

|
Grain size number‘ . ’ , . l . -9l 10-8
(JIS) 11-3( 11°0] 11:€] 114 11

Photo. 1. Microstructure of deformation bands around
a pearlite particle observed in specimen A
cold-rolled to 709, reduction and annealed
at 526°C for 10 min.. Observed on longi-
tudinal section.

Photo. 2. Microstructure of specimen Q cold-rolled
709% and annealed at 546°C for 30sec,
showing cementite particles precipitated
along deformation bands. Observed on

longitudinal section.
W EEFERSRARRS & FRARSMRC 50D
9, &< colony %7 LCHBRLLFEHESNUE T
BEZ DT\

(8) BHELOEGTEER, ZEGERNCLoTEE
R D, DBEELEEB ((1003011) Hhro fdfhr
LB ?) CHREEENOLSRLEED ST, Bk
BEOKINEIC, BELAZEEEAESNATCEKRE LT
RN CEbh 5.
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Photo. 2. Preferential nucleation along deformation
bands observed in specimen A cold-rolled
709 and annealed at 526°C for 10 min.
Observed on longitudinal section.

/9)
Photo. 4. Colony of recrystallized grains appeared
in a deformed crystal with densely de-

veloped deformation bands. Observed

on longitudinal section.

(9) ZEHREEER FuREI £k L 25O B
i3, BEEAERESNEYEOTKET 2 ORI CEED
X5TH5.

(10) 526°C C—KFHEMT [ HOERF O fKIE
% Table 5 "7 .

g TOBEREROKE 313, oRE & LT
HWHIE R EZIETF LTV, TOEERMXDT I
FIEHEICHE LTV, T FVRBOEEDX
S LV - - FREFHCEBNIR oD
7z

4. & =

Fig. | 0B X (L& BIE LcERICL S &, BEEE
S 920°C kA iC AN ZH%, 200°C T 3hr

BLERE TOBILOETHED 2 E DLW EMIHD
7r. O EVE, RATCREREGOETH FesC i
PR FIC LD SIS D ThHHEEXBILE DT
%%, L2LFoEEN, H, A, PoLRF LHEKL
THFNIFEERZIVEREIEVWEVWIEEERTSLE
5. TihbbRA Tk 5HEHOETRER,
T FVRFOBEE L LHELTRS2ITKREL, L
BoOTEHETICEIT S (5543225 + {111)<011) FiEs
£ LB FED, THEEROETIIT 5 ST BT
X 5MEWER BRT B E B2 b2 ix i) HET
5.

Fig. 2 ofG& b v o AFEHROZEED, KA TERAR
H, A, PofickEnzER T, LD Fig. 27T
Fig. 1 280, REPRKF LRI EL V. T
DT i, EREROETHRX S, 4 WFEMRE
a, TELLTWD {100)011) BRSO REDIE
LR, BEPTREIRZVWIEEZTRTIOT, £
Fig. 3(d) o (200) FRIFEZ(LOBPIEFRR L dXTIGL
T3, : S

Fig. 1 & Fig. 20EBRFERIzX>T, & TixH,
A, POARE LIBLT, &< CFERISEV LRV
zhwv. Fhicd b bd, Fig. 3Rl X ik
BT CREFSLOIVEDELE (222) BEELR
B, Zhicst LT (110) SEBEIEL X X bh, Fig.
IR Lis X 5 inBRE A (55432255 + (1113011} HArH
HANOERE D OLFRHGESMEPREL TS L
7o H0T L OTFERESHB O, BEAmaRITt
T AR FOBEL DD, e LAIHTHERETICX 5%HE
FEREEOEMEMORERITEEAL TV D L5 REH
TE 5. ' B :

FeHFAMSSIT X b HEEMARD BIERRT Ih
¥, BRESHOERIERHCRWTEELTREIST
B0, TEESNALNEDELTIHTEALRIDE
W ZOEEERREETSE, KRATRE TS {554}
(225) + {111}K011) TofEREAHMMORKE%, oriented
nucleation SO HIKD & 5 CHEET S L EHTE
%.

ENS R HESR & 920°C s B HEA LT, 200°C T3
hr BER L7z & &3 FesC lagko {110} T EITH BT
2D, LMo THIcEMEEETR D & &I,
FesC MR FHBC D+ 2EELRD, Z0AH
OWEREED S, LIH2TRA TERT HERF &t
DOIP T BB ERH 13, B0 FEipRESRET
BAREMES D 5. LA Tkt {110)K0015 7%
ROBE GO B KD, — F {554}€225)+ {111}
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857 F (97) TS

Ol BB RBOMRLED IHMEL I DLV FE
XBEMBTED.

TRICHX LT Fig. 3itiRLiz L dic, RETTIX 70
%in T EIRIE T (222) BHBEMS T TRE VL VWO HE
BERTHDULERDSB. zo Fig. 3 oBEERIEZD
(222) {GPRE & ATHRY DFig. 5 O F — #13, FEEAFRS
R DDTRORHEELT VS, BHRIFEERIET (222)
MEESE V2D, BiEHAED (222) BEEREVEW
D WIS Le s, BTEESEIRAEC (222) MRESEE NS
B R, WHEEED (1NKL2) FRESEAD
LW TRV DT HEEIRAEDSE S TR 2 RE LT
5.
= A TE, AW, HEEEREE CAREE
A OME DM EN/NE L, {110}€001) ERI Ok
BRALSFEE L IT V. BRIEERTO M OSSR E DX
SVWEFA, Q, PTix {110}€001) KA DFfESEHS
FERLLTV. 2D X Sic {110}001) FESFROR
BEPWHEELER O O SR EIRET 2EE S,
LA NOERMBOTE—ICERLTWS & 3%
ZoN5. EERTOREERIA/N S VAT E{111)112)
FREDEFEAERBL N OB DRI — B L L, Lo
2T {110}<001) Hii OFEREOMEEIREVD, H5
Wik (1103001} J5fr T Sk o e R B w3l i & 75 %
POWTRPIIY, TOFMOBHESRNOFENET
S50V DTHAHS.

FEEMOBRIEINE W {110)€001) FEESFH
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