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Effects of Titanium, Manganese and Boron Contents on the Mechanical
Properties in Extra-low Carbon Sheet Steels by Room-temperature
Coiling Process

Ichiro TSUKATANI

Synopsis :

The effects of titanium, manganese and boron contents are studied on r-values and tensile properties of
very low carbon sheet steel with extra deep drawability, for the purpose of producing cold-rolled sheet
steel by a room-temperature coiling process after hot-rolling. The mean r-value (7) of the sheet produced
by a process skipping coiling treatment after hot-rolling is better than that produced by a conventional coil-
ing process at 700 °C, if the soluble titanium/carbon atomic ratio is over 1.5 and the manganese content is
less than 0.15%. This is probably due to the enhanced precipitation of Ti (C, N) during hot-rolling and
cooling and the suppression of grain growth in hot-rolled sheets. The boron addition deteriorates the
7-values of extra-low carbon titanium-killed sheet steels produced by both the conventional coiling and
room-temperature coiling processes.

Key words : room-temperature coiling process ; sheet steel with deep drawability ; extra-low carbon steel ;
; Mn; B; r-value.
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HEL 7. & 602, O— VEMGHE S 1 7KL
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R¥ETR, 22 L7, BESHIC BT 5 EE BRI 1.5
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Table 1. Chemical compositions of steels used.

Steel C Si Mn P S Sol. Al N Sol. Ti* B Sol. Ti/C a
TO 0.0099 0.01 0.14 0.015 0.012 0.027 0.0028 — — —
Tl 0.0092 0.01 0.06 0.012 0.010 0.014 0.0019 0.022 — 0.60
T2 0.0054 0.01 0.06 0.010 0.009 0.017 0.0016 0.031 — 1.44
T3 0.0078 0.01 0.05 0.011 0.009 0.015 0.0018 0.055 — 1.76
T5 0.0080 0.01 0.16 0.015 0.019 0.002 0.0036 0.068 — 2.13
T6 0.0081 0.01 0.52 0.015 0.019 0.002 0.0031 0.060 — 1.75
TBO 0.0097 0.01 0.13 0.011 0.012 0.020 0.0028 — 0.0020 —
TB1 0.0071 0.01 0.05 0.011 0.010 0.017 0.0018 0.061 0.0031 2.15
TB2 0.0066 0.01 0.15 0.010 0.009 0.012 0.0030 0.055 0.0028 2.08
TB3 0.0060 0.02 0.49 0.011 0.009 0.014 0.0030 0.053 0.0027 2.21

* Sol. Ti is the content of solved titanium with 6N hydrochloic acid at 60°C  Dissolved titanium is assumed to be in the form of the oxide and sulfide.

a ; Atomic ratio
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Fig. 2. Effect of manganese content on 7 value of
Ti bearing and Ti-B bearing steels.
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Fig. 3. Change in pole densities of steels with
manganese content of 0.05% and 0.5% as a function
of cold reduction.
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5.

Mn 8 DA PR R F S r AN LY 5
ERRCAMSNRTEN, RALY OB AT IR R
WCEOMEEAZE»OHB SN, 4E, C-Mn
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HHLDTHAH. LLadhs, REBRERILTICEY
£512, Mn iz X ) TiC o HEg»EibL,
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Scavenging #AH D & bH N TH 5N, 4‘%%@#%

A, BHLATETHEL S TIC T B EEEE T
BIFETLTWA I L ERLTWS, /-, MnE%
BT 5 & TiC O HEASERSE Z &2 EKT A, LT,
INLHIZOWTERT L. BIEREMICB VTR (8)
bt (X) 75 XC & UCEESE T %7
FEMEIC D VT it Saton 5 @ Nb iR ICE % #rt
#£19 234 %, Lo Lads, rER5REME I 700°C
X 5h OEFAMLNBOOLBE SN TEB Y, BIHHY
MBABWTEEDE S PRIBES» TR, T/, TidE
MR T S, BIEHZH IS COREI O T % & H#HEE
ENDHWMEY b HHH, ZOWHEHTHIME S
Ty,

F— 25+ 4+ () MBS Ti+ C2 TiC K
DOREEH KiERk®X (1) oxH iS5,

Table 2. Standard state activity (72) and interac-
tion (¢;) coefficients as a function of temperature.

Element 0 G
= j=C Ti Mn
C 2300/ T—0.92 3860/T —11602/T —2200/T
Ti —~4102/T+1.97 —11602/T —27064/T —13 532/T
Mn — —2200/T —13532/T
0.14
- (T)C)=Keooc /3
0.12} '
o.10-
g o.08}-
E R
S ooel

0.041

0.02-

il I 1 i I 1 A i
% 0.002 0.0040.006 0,008 0.010 0.012 0.0140.016
C (wt%)

Fig. 7. Equilibium solubility products at 900°C of
Ti-C system calculated on Narita’s formula.
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T, T anBEP g ldFNEFNR, Ti BXTCOD
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log ari = log X1i + log 7% + eiimi" X1 + enic Xc
F ey-ma XM F Einge X crovrmreemeeeseeees (2)

log ac ='log Xc + log 7((): + EC*C'XC + 5Ti~C'XTi
+£C*Mn.XMn+€C-j.Xj ...................... (3)

SIT, X, BIE jOBTAE, v° dnk j oK
RRTOWEERY, BLO e 3TFE & jBLE, Ti
& Mn) BOMEERZRETH D, Table 219 0 X )i
Bzons, BREBOBEIIGINL T XTOMELE
R ERTHLEND LD, FIREIEMIC R HDT,
T Mn DEBOAFEZRBLTCHETA. Thb
OB L U4 )RR TiC OFMERIER 2 Hv
TEHHE L7 0%, 1.0% BXU 2.0% Mn 24t 5
900°C TOHMEMM % Fig. 7 IIRT.

log {Ti} {Cl=10475/T+5.33 ...................... (4)
Fig. 7 1243 Fig. 1 OFEBRICH W 7254 @ Sol. Ti
L CoBZEYPEEE L. M T1 <k Ti/C (atomic) A%
1LOLTTHY, atficBVTE2 C% TiC & LT5%
SREETHIENTELZW, 72, # T2 T Sol.
Ti 2% C 123 L TLEERBIC UL ETH H DT,
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¥, 851, WERET A EHRESIND Vo KRR
DEMRER (BRLTWwa W) 33 % Sol. Ti iy
MEA/NS WO, TS T EITL2nEEI LN,
i Fig 1 IGRLAKE2SERF IS, Thixt
LT, 8 T3 CREAMEE#PB LU ZNHD Ve Xk
AEAFRICB VT TiC DN WETH S LEESI LS.
LB, M T3k CENFHEMS L, TIiC OfthriEc
DetTWEETHL EFEZBNBED, 0.004% C DK
CHOLENEMMICBVTLH T3 L AEL Lo vl
RSN L EBEERT A.

—%, Mn %335 & TiC OFHEMREROFT
BEEEAT S, FHEERE, RERICHWA Sol. Ti,
CBofAMIcB VT TiC OHsHIHl S 51213 3
LICLED Mn BPLETHHIEXRLTEB), WH
BERMICIE—F L. Lo, FhEHEREaRs
EBETREOTVWAILLDY, EHNLMENE LT
HAHE, Mn BOBIEAMELEARE XV 7/a OKRE
BRETO TICONEEESRELILEEZRLTV A,
Fig. 2 \R LS E WA O Mn OIS 8
OHALIEZ DR EHEESNSL, Z2T, HRADIZD,
0.05 B X ¥ 0.5% Mn 5 O EEEMM (BREEMR) 22
WCHI L 7Y A X AT EBISE AT o . AE
E&kE T Photo. 1 V7R3 &£ %4 100 A fifgo k& &
BT B A, 1~2 um F2JE ORI 2T i A58 &
S, HLAHT I EDX 547 8 X OB F-#HEHT R,
0.05% Mn 58Tz Ti,S, 0.5% Mn Tt TiS & [F5E

(a) 0.05%Mn

(b) 0.5%Mn

Typical electron micrographs of Ti (C,
N) precipitates in hot-rolled sheets without coiling
treatment.

Photo. 1.

anz. Lo LaAS, rfEcBXITTEEIAHTS
%. ¥C, 0.05% Mn A TIIEWMERMICBNTDH,
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LT, 0.5% Mn §i O &IE R C BT ) & 235
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TiC & ¢ B MHEREO(LESTICL O TER LK
2 0.05% Mn $# T# 30 ppm, 0.5% Mn #T# 100
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Edbhot. Thid 0.05% Mn 8T BT EHRE
BXUSIULE T COGHMBBETEL O TiC o k¥
HOIZH LT, 0.5% Mn i CiZZ DR T H720D
HIULIBFE CH T 5 TIiC EAINL 7248 & e
Eh5.
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b BRIEMEIC LD THAE L. BIEBTRETHL
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#RELL 72. Fig. 8 ® Ap A& FiRAE THIE L 721k
EHUE 0o &, & 51, [M—aBRH I 250°C X 50 h DHF
LSz, HECE2RECEA VI FELTH
Hawh BHE BERSFRETHELZ 050 &0
% (po— P2so) T, B C EICHYT . /IHFET
¥ — 7 ERF %15 5 7o O M T O BELAEBUE Z WE L
TV B A5, 250°C X 50 h B ahAL 38 o D BRAL D H BRI &
B HIERE~OZES 3/ S {, B2 LB &
AbNB, D, ApididiEtA vy A POWHIC
LZ2EBECOBPICEBbDTHY, BMEREROD
BiE CEICHYT A EEL7:. Fig. 8IIRT LI,
0.05% Mn STz Ap i3/h& V2%, Mn 2OHNIZEN

0.06 {-

6
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°
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1 T
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Fig. 8. Change in difference of electrical resistiv-
ity measured at 77 K between cold-rolled sheet
without coiling treatment and additional tempered
sheet for 50 h at 250°C as a function of manganese
content.
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BEFERTZE rfEHdMETS. &2 A5, B L
AHHE WA & TRBESIRR O KIS Tl LD
HEARE ), SNEBHOTHFKE G, 200K
Mn = (&R U THK 2 BESIACRIEER % 7% ¢ $EI8 T 13 sl
WRLESE — T, B ISR TERNERM BV 7
HERY. 20 EAZBIUE I RIS A 0 {111}
HAEREASHMBIBELTVAZ LR RBLTWS, &
ST HRF & L CARBEAM ORI, (1)ES
Cw, (2)Mi% TiC &, (3 )BESKEILBIT OIS,
BE# CBOBEICSWTIE, BERE Nb SN i
WMEDO C2ECHICLOL ERERVEERT &
WA HE D H 51 A%, AREERD 0.05% Mn 8 TI3EE
LB IS TICHTHENEbD AR WD, [
HCEOEBA BRSNS, 72, TICED
BRIZOVTIFE—N R REIBE O TRV, HE
EWEM OB M2 TIC ICK D ERBL T L LE2
HRETHDH. LEDOZ L0s, BIENMNEDOHEID
DEbREVEEZEZOLND. 0.05% Mn TidBEULE
D BUIERKE O RKAE LI L1134 T2 Fig. 4
SRR L72E BV THDH. BRGSO F DS BRIERR R A
M TH B 720, Fig 10 12/R L7 X 5 ICHIEE S

(a)

(a) Without coiling treatment (b) 700°C X 1hFC
Fig. 10. (200) pole figures of steel T3 cold-rolled
with a reduction of 75%.

KB ARBRGEEEEFL~OER L&D, OE- B
afFEIC Near {111 HiEREAHKEOFREL L6 L1
LHEE SN B,

B, FICEZAHLE, 0.05% O Mn D 700°C %
Bbt @ 7 HAEIE R I TH B O ERURE A
BP0 THD L DBENET DA, HIURE 21K
T L7z 600°C &EUAF O 71X 700°C ZHM & 3L A L
Ebbahor.

I/, AEBTIE SiBLUPRMOEEIIO VT
bIRET L 7. HBOEA THM LRI EMET 525, Si
WIS X> T E L7 Bif 2 7B S BUH S0 ¢4
BLTOHELN, PHEMICED2RHLL rlizsk
TAHLLEE % B4+ 5 Lo E S NS, AKBeN et al. 19 12
I, (3)XNCBILMEMEBREK ccai BLU
eri-si BVIETH D, Si #ME Mn & &2 TiC o it
Y RETHEHEESNS, PIRMI2WTHEELD
RERATAHEELON, $7:, TiFeP? 07 Hi#HIC
LD BREMHICBTRIT, rfE0BEOh b0
HESNS.

4-2 B EBEMDOECHONT

W C-Ti iINGESH D 7z B 2 AT 5
EHALT BTSN A, 0.05% Mn 2BV THIE BEH
OFBBEHZ rEERTEVIFEIEBLR LV &
MHhhorz, B dEE C-Ti ism#o X 5 % IF Mo
WENEALET AL 2V AEMLTLEE LT A5
NTWaE, LarLedss, K C-Al )V FHEHEKO 7
EIZBXIFT BRIMOBEIZOWTIRWL 2208
N BHH, WK C-Ti RINEEREBIZ OV TIZIZE AL
R47-6% 0. L8> T, BIRMOEEIZS>\WTH
FHM L EEISWLETHLHH, RFXOBHD S8



BRAE- 2R B L AR TE Ti MG ERAROBROMEIZB X133 Mn BL U B OER 781

+r0c GEMzBEENoRELfFEoLLT) 22T
BRHICERET 5.

Ti-B HARMEAIC BT, L 7Y Hic K HESE
BlEERE, 5 b, BEMLRECIDLEZTHTIL G,
LM B X UEIEKM L b B RoOEPIIEO LR
ot. $bb Ti-B #EARME T3 B IXBEHEIR
HCHETSH. BELREOLELEE B OBMRILX
LEWESNS, IO, BRERKNEI AL A1
M2 52 b 6 F, BESIRES ML L TB D,
BHARMIKEESE BT IDLEEENS. B,
B @iz & b BIERCK 2 KRAL S A AT IX 0.15% Mn
WCEHONT. T2, 0.5% MnlicoWwTE 7o+
5—7294 FC, REHNEFITETHD72D, Zhid
FE B2 X5 7/ o ZERER OGBS OB I X B KL
HMAALRRZY & Mo IS X ABEAMR LR FEE S
AERLELOND.

251z, BEEMH O L 7Y i X B EIEREE
BT 1~2pm DK% Ti,S = 3EmML T %
LD, TiC ROMMETHWIIZILALRDOObAE
o7, RS- L o TR 2 AT i asiio H h
HES kD, Lo T, BEESRMT 5 LK Mn
BTH TiC 2B L, SHEEH CIREE C* B
PHEAET HIRECHE - HHER T L LB IHERRD
BREEA/NS WD, Bif: rEXBLOR D
TEHEESND.

5. #&

MEELER, ZRMETITESLT, EHICEE-%
WE-EEERESE T B TARIC B WT, B BEEMKR %
Boln, BIEKKREEYERIC T, Mo, BXUBIR
MOFELRAEL, UToX) 2ERLEL.

(1)Sol. Ti/C (atomic) > 1.5 O C-Ti HRMIFLE
SIS BT, Mn % 0.05% (275 2 &2 & ) BEL
LT & A0 L 22N T ER L, BRIEER,
B tE- B - EFRESE N DO EH LR TH B Z L b
D7,

Z nix Sol. Ti/C (atomic) >1.5 T, 72 Mn<
0.15% ThhiE, BESBIBBETELLE rfEZ"A
7O WE R TiIC AR BEEEZO A — X7+ A4
N7 T4 FVERBICETLDEHRESINS. 77,
LRUH AL & B 5 2 & T X Y BUEACRI R O MLRAL
#REIE L, SHESHRI BT ARREEHNANDOER

il

YEmbAhsD, BEMOLErEBY rEitR T EHES
nb.

(2 )BIE C-Ti MIG LMK O 7 EiE B 2 M
T2 EHLT B IED Y A, 0.05% Mn 2BV TENE
WA DOFHRF S rHEERT EVIBREIBELOAELL
A, ZTHREE BICXA TICHHOBEE, FHERD
BB L UBRESMEEMEORT 2 L ICRRT 5 L #E
Ehb,

BRI, KRXOFLoicdih, Bl iliEReE
BIE 2 V22w HEKRELERIR, (B)MARGHTE
R, SEAREELICERELZLIHBERLIT.
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