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» Effect of Combined Addition of Nb and Ti on the Mechanical Properties of
Extra Low Carbon Steel Sheets

Yoshikuni TOKUNAGA, Masato YAMADA and Kametaro ITO

Synopsis:

Effect of combined addition of Nb and Ti on the mechanical properties of interstitial free (IF) steel
sheets was studied comparing with Nb-bearing IF steel (Nb-IF) and Ti-bearing IF steel (Ti-IF).

With the addition of Ti equivalent to nitrogen content together with Nb, mechanical properties are very
much improved compared to Nb-IF, especially when steels are coiled at normal temperature or at the coil-
end when coiled at high temperature. This is attributed to the formation of large cubic TiN precipitates. On
the other hand, fine AIN precipitates is formed in Nb-IF.

If the content of Ti exceeds the amount equivalent to form TiN, excess Ti forms fine TiC precipitates,
o and the yield stress tends to increase, while mvalue does not decrease so much compared to the above-men-
tioned case.

If the Ti is added more than amount equivalent to nitrogen and carbon content, the behavior of mechanical
properties tends to become nearly the same as that of Ti-IF. This is attributable to the increase of the size

of TiC precipitates.
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Table 1. Chemical compositions of the steels used (wt%) .
Steel (pgm) si Mn P S sob <p§m> Nb Ti
Ti-IF P50 0.01 *B2o  “ous "o %% Leo - O e
Nb-IF 25 0.01 B "Wos oo "% Zeo 00 o -
Nb-Ti-IF Oe7 0.01 020 20 0% "W "% Zeo 0 s
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Fig. 1. Effect of alloying elements on the mechanical properties of Nb-IF, Nb-Ti-IF and Ti-IF steel.
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Fig. 2. (200) pole figures of Nb-IF and Nb: Ti-IF steel.
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Nb+0.019% Ti (d) Nb-0.029% Ti

Photo. 1. Extraction replicas of specimens (600°C (CT)) in Fig. 3.
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Fig. 3. Effects of Ti content on the mechanical properties
of Nb- Ti-IF steel.
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Fig. 4. Effects of nitrogen content on the mechanical prop-
erties of Nb-IF and Nb- Ti-IF steel.
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Fig. 5. Effects of C and Nb content on #-value, elongation and recrystallization temperature of Nb- Ti-IF steel (720°C (CT)).
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R, Ti AR oM B, R, Bt ol
WEOEWE LTHEB SIS Z L k5.

Nb &A=tz AIN THHA, Ti NI L
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&, AIN EBIERFCRITHEA» 2 X5 —, & LTH
L, BHESDBEMET T Photo. 1 127RF & 9 12 300
ALToNHBYE LTHICHE L, BHiER AR
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R Ay (W

AIN o (v #) CoOFHEHERKE (3)P T
52605,

10g [ALIN] = — 6 770/T + 1.033 +eeereeveserees (3)
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BTN I FNFETIEASh T A, 600°C BHPULET
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Table 2. Comparison between calculated and measured yield stress differences from Nb+0.029% Ti-IF steel.

Specimen Nb-IF Nb-0.010%Ti Nb-0.019% Ti Nb-0.029%Ti

Average diameter of precipitates : d,, (um) 0.0163 0.0228 0.0183 0,0261
Average distance between precipitates : A {xm) 0.418 0.558 0.386 0.599
Stress increment due to precipitates : Ag,, (kgf/mm?) 1.18 0.17 1.78 —
Grain diameter : d (zm) 14.7 16.4 15.3 18.1
Stress increment due to grain sige : A, (kgf/mm?) 1.51 0.70 1.21 —
Calculated stress increment : A6, = As,t Ao, (kgf/mm?) 2.69 0.87 2.99 —
Measured yield stress increment : A0 (kgf/mm?) 3.3 0.7 2.5 —
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B R W L2 ESIF TV A,

600°C SHVLHERF D@\ 2 R~ 72 %, BRI
PEoMEms53 0, TiilmNECEbL S FHE LK
W —{bT 2EMICH 5. Nb il o AIN &, Sin
AIUEEIZ1E 300~500 A OAF YT, B IS X
DHFEL CBICHH L THRELICES LTS,

MEREED Nb & ClIx 4 BKEME, Nb-IF 88 &
Nb- Ti-IF $i X B OMHRIIC 2 5 2 & »% Fig. 5 OER
L OHASHI 5 POEENHE 1 5.

TR BEOHAITIE, Nb IEMFEOME X Fig. 4
RS 902, BIGBESIURE (8 600°C) TIINE
WEKIFET 53T THDH. BREMD % LTH, BEEAI
DI EKED L THILT B3 A4V OWRI O
HeET L0, NEBRAOTAHINTEET S
VEMSHAH. LhrL, TEMCKEEETRELZNENK
#LLTit, —#&I2IE 0ppm LT, 2 X PO LR
BLCTH 20ppm UTFICT B0 ENENTHS .
Fig. 4 12X % &, 600°C HHALEEE DA B K#EIIN %
#7 10 ppm A < ISR L TR, RBELSTULE DO N &%
#7 30 ppm @ Nb-Ti RS2, Bz r TR EER
W, ZhERTH Nb-Ti EEHRMOBREOZT LV &
BEHLHT, SEREWND % LANZEHSH 30 ppm D
Nb-Ti @I D 2 4 N DM O G KHE I, HIE
DEHBRESENIZ L PP DLOSTh R BEFICAL I E
DEIfEC & 514,

Ll ~<7-5 512, Nb & Ti ORIIE % HIM L <R
LYo BIEE % HIH L 72 Nb-Ti N8 1x, Nb i
g & 0 b TEMCAFNCGRE D I HAMERE #Ec i
HHbDEEZILND,
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EEBREICBWT, Nb & Ti 28EARML -8ERE
MOME%, F& LT Nb-IF 5 & B L THWRES L 724
B, UTokHwEEx.

(1) Ti 2N&IZIFHBRMTAILICKD, &Him
EBEM TR A VigERo, BESIMcCEaf vaeRko
MEAM Nb-IF 8L bEL, ZOHMRIEINEFEW
BEELW,

Shd, TiREMTAIEICLY, E{Wa TN &
L CBRERPICEICHETA22»5THA. ZRICHLT
Nb-IF $8Cid, AIN ASFAS SBESHRE L2 ISATIN S 5.

NI+ HY4ELHZ S Ti OFME, ME%E2HILS
H LMD S, i, R E LT TiC Al ¥
HZEICHEBLTWALEZORS.

(2) rfEXEELLTC N BICLOTEHTE, &
W or R BAOICRCEIREIDTHRELSHHEME
@ Nb 23 ALERHS. C,Nb OWTFh P wn
FAMOREE ET A, ik, Nb-IF 8 & [F U
Thh.

(3) C,Nb BDOWE NG A4 ERESRE LK
(b,
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