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Effect of Amount of Sol. Nb on Mechanical Properties of Nb Treated Hot

Rolled Steel Sheet

Synopsis :

Kazuaki SATO and Masayoshi SUEHIRO

The precipitation behavior of Nb in deformed austenite and the effect of precipitation on rolling load and

mechanical properties were studied in two Nb treated steels and a Nb free steel.
solution treated at 1250°C, hot rolled in a five pass schedule and cooled at 40°C/s.
treatment of Nb was performed between third and fourth passes at 950°C for 0 ~ 20 min.

The steel slabs were
Precipitation

Nb(CN) was

quantitatively analysed as Insol. Nb by using electrolysis method.
Sol. Nb(Total Nb-Insol. Nb), rolling load and tensile strength( TS) decrease with holding time at 950°C.
The decreasing rate of these values measured for 0.03%Nb steel are larger than that for 0.02%Nb steel.

This result shows that the amount of Nb disolved in austenite accelerates the rate of precipitation.

TS in-

crease with increasing Sol. Nb and in case of 0.03%Nb steel the increment of TS depending on an increase
in precipitation hardening in ferrite is estimated at 12 kgf/mm?. These results show that Sol. Nb is able to
be used for the prediction of the mechanical properties of Nb treated hot rolled steel sheet.

Key words : hot rolled steel sheet ; hot rolling ; precipitation ; niobium ; mechanical property ; rolling load.
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Table 1. Chemical compositions of steels (wt% ).

Cc Si Mn P S Al N Nb

ONb| 0.10 0.11 1.50
02Nb| 0.10 0.11  1.50
L03Nb| 0.10 0.11 1.50

0.004 0.004 0.019 0.0013 0.002
0.004 0.004 0.020 0.0015 0.019
0.004 - 0.004 0.021 0.0015 0.034

Table 2. Hot rolling conditions of laboratory mill.

Pass number
1 2 3 4 5

Thickness (mm) 18.0 14.0 10.0 6.0 3.0

Reduction in thickness ( %) 28 22 29 40 .50
Temperature of rolling steel sheets (°C) [1060 990 970 880 890
Mean strain rate £ (s !) 6 6 8 12 19
Lapse of time from heating furnace (s) 60 100 103 130 133
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Az, LLEOFIEFEERSEN % Table 2 127”7,
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Fig. 1. Effect of holding time at. 950°C on
Sol. Nb.
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Fig. 2. Effect of holding time and temperature on
precipitation of Nb in rolled and cooled conditions.

a) 950°C, 0 min

Photo. 1.

b) 950°C, 20 min
Transmission electron micrographs showing the progress of precipitation of
Nb with holding time at 950°C. (Five pass rolled and cooled to 200°C at 40°C/s).
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OESB L UOEEEMG IR THAHDT, EHEMEIIE
BNb OWIICE b o TKRKEL B oTWHBEEZDN
5.

Fig. 4 13 0.02% Nb 58 & 0.03% Nb SOWF & % 2
950°C AT LR A B B BIZ L dio TH4 /82 L
BENADEEFENET TSI L 2R, ZHUEH
R LA L E R B & RS HIM O Sol. Nb O%AL
LB LTWA, ORISR EEREIX 2 0EHEIX
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LA 0%Nb STHELTBVAETELLOELE

Ul

s A 003Nb

o

* 160F ™~ A

- 3 S~~~ [ A

@ 150  002Nb  © 0><‘<>-~~A

— —

2 u %~\'x-ro\ x

E 0 Nb X TR~

2

130}

L | | 1
960 970 980 990

rolling temperature of third pass (C)

Fig. 3. Effect of Nb content and rolling tempera-
ture on the rolling load of the third pass.
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Fig. 4. Effect of Nb content, holding time and
temperature on the rolling load of the fourth and
fifth pass.
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0.02% Nb $i i e~ THT IALBEERTIC L b % 5 YP, TS
DETEIKEV. 07O IHF HHRAPEE AT 10 min
DEizsE 0.03%Nb o YP, TS i3 0.02%Nb i &
NHFI/NE BB ZORIE Fig. 1 O AL
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HALPRRE ) & EIERT EOBMRICE LT3 Nb NED
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Fig. 5. Effect of Nb content, holding time and
temperature on the mechanical properties of hot

rolled steel sheet (550°C, 1 h annealed after cooling
to 200°C at 40°C/s).

$D Sol. Nb & YP, TS &5 hFNllidnd % & v 3k
WENHDHZENEDOND. L 7h o TH L WLEEER
& EBIT YP, TS MET 3 2B AL L Z20H%RD
JEREAHIFF O Nb Hritic & & 7% o CTHIE Nb 25843 5
frorEZONSE THREBEBE N LR EDE a
BWTHH LT bY v 2 A%RILT~N & Nb #T i rsd
%< %Y YP, TSH/HNEL %50 120 ThH 5.

BIESAM A~ D Nb DM H 0.02% Tl A KIRIC
EHRTBD, £0.03% LLEilhsd L EnLEOEED
FRBEBEAEED R LD, SHLEIHEICEST
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SEFEHIGNTWA, FOHBIE Fig. 5 DEREH»S
0.03% LLE® Nb %M+ % & EEEEF TO Nb #iihh
BAWKEL AR, WEDO LRICLELEE Nb A5 @43
Bl EEIHLIENTEL.

Fig. 6 {3 0.02%Nb $i & 0.03%Nb D5 iR ERE *
Sol. Nb THEIH L 7= 0T, 55RAERME I Nb #nE &
Tix 7% <, FEEF O LLERH T2t T % Sol. Nb &
BULMBEEE->Z L 2RT. 20X D &B4%kiE CC-DR
THETHE S e Ti BNERERLESRK o Sol. Ti
& YP, TS L oichbiEHONTWwW5S, Fig. 6 i $ELE
HoGH % 550°C TEE LE 512 550°C MgFEd < 1
hy IA VEIAMH Y OBNE LY UKBM & RER
200°C LLF £ T HILTH S 550°C, 1 h Binzk L 73
Eg#t @ Sol. Nb L5 iRAEBRMEOBRIEFLLTHE L %
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Fig. 6. Relationship between Sol. Nb and tensile
test value.
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REEOBBRICIIFEEL»BLITIAVEEZLONS.
Photo. 2 i3 0% Nb $i 5 £ 1 0.03% Nb i ® 950°C,
Omin & 20 min #7 LB AT O SEA SRS ALEE & /R T,
0% Nb i O #1345 SR 25 15 um D SF sk T, 4t
EHEMEH 40°C/s T 200°C LLFE CipHlshTn b0
7254 +NALF A VABTHSH. 0.03%Nb S0
2 0% Nb Sl NTHIA»VEIR T =T 14 bEXAF
4 X070, HOWIIC Nb SsFA O KRB ¥ 25
TREL 722 & 2RTHER BN E Lo FEO 5 R
%. Omin & 20 min DT HALBEES BT IC & % MO 2
oSV, FHAHEEER 0 min & 20 min Tt Fig.
4 OES OSAEEMEICRT L2, BREAMDOBEE Nb
BELZHITTHHZ LTIy EEY
Bz %7204, Omin & 20 min OEE Nb D7EAEK
EEROEELEN Tk y REFSEESIE THROEE L
UhdollzdThh, S5ICKKEMD C, Mn #5
<, POEEBEDOGEHEE HKE VO TREE Nb A75RE
IBXITTEEY PSS koo lcbEEZS
NaD. bhARAIKHEEMOEL 5 52D ERE I
880°C & 890°C THh, ZORETIX, 0.02% O Nb
AEIME TV 7 RERSEERE? 4 5.
BIESBC RIS hu e Nb 3R IR 7§
SR ARG IR2Y, RO ¥ RIEHSISTE T EOH
AP y-o BRERE ORERD, otk Totrhisst? %
EOFVEREBEL TZOBMOTEICHELY G 25, &



Nb FINZLEESM DAY IEE 12 8 XT3 Sol. Nb HOE 681

a) 0%ND steel
b) 0.034%Nb steel, 950°C, 0 min (Sol. Nb : 0.029%)
¢) 0.034%Nb steel, 950°C, 20 min (Sol. Nb : 0.002%)

Photo. 2. Optical micrographs of five pass rolled
materials showing a difference in microstructure of
a) from b) and no difference of b) from c).

oD Nb OFEERO S HMEEE D 7 kLA LS 1R
DWVTIE, RREBM OBETHA 88% THFITKEW
DTEFDOTFREMAMBRICG 2 5B/ NE v, 7y RERE S
ETEOWK & ERIRE O RIERILIZ > v Tid Photo. 2
WZ7RT 0% Nb § & 0.03%Nb il &% lLE L <o
HEH, Nb@REWEEBLHE2Twh., ZD0%Nb
& 0.03%Nb SHOMMEDFZEIZH T YP, TS D&
Fig. 6 (2773 Sol. Nb #% 0% @ Nb ¢ o YP, TS
& 0%Nb S YP, TS & D7, # 4 kgf/mm? (2HH¥
BeEZOBNA., KIZ Fig. 6 T Sol. Nb 2% 0% &

0.029% D YPOEBLV TS D&, FhFNHK
1.5 kgf/mm? & 12 kgf/mm® T& 1) Sol. Nb (ZHHI L T
YP, TS 13K & { %5 T\wh., Photo. 2 IZRT L Z
Sol. Nb #70.002% & 0.029% & O ICHENZEIRD
LRBVWDT, Sho0 YP, TS ICENEL -8 %E
RRICKRESNAEE Nb 2ICE0SH 5729 550°C, 1h
DHMBI LD~ ) v 7 ANTHBILEICESEL /27
HEEZONL., DEdHARESH T Nb ik 3
MELFAED) L, N—F 4 bi KRS E L T
U7: TS O FRHE K 4 kgf/mm? TH Y, oW TOHM
MALICE DAL TS O L5212 0.01% Sol. Nb %472
D# A kgf/mm®> THEHERELONS.

Dk, Nb#rBic e %9 YP, TS ®%1t% Sol.
Nb & B5# & & CTih~7:. Nb {05 D% % Insol. Nb
BrMEESIT LI ETHHED &, Tn&iEKAtiz
Sol. Nb & B# ST L5 &+ 5HED Labsb, WE
7 MYy 7 A0 ST i T e R T
ELLTHIUETHA . BB GBI ORI Y
id Insol. & LTHMTES Sol. ICABETAHBTH
D, EELLIDEIN/THA. O Sol. Nb I3[HE
Nb & e THHTB= MY v 2 2 %L 5 DIZIRT
DM L OEETEEZ SN, Fig. 6 ORMR
MHhHZ LN Sol. Nb % BILMMOBMAIMEE # KT
IRBEL L TERDILENTES, 551231 ¢ 32T
WAz KH I 7y TO Nb HriliZEsh % Sol. Nb TE&
BT ENGI o LichS o T Nb iRINEEESI O M E
FHNI BT Sol. Nb 2384 E L THWT, BT HE
S EBWOHE L OB EEFMMETH I ENTES
LEILND,

4. & ]

0.1%C-0.1%Si-1.5%Mn # X— 2 & 45 0~0.03%
Nb 75 nsH % 2R ERE o & o CHT I LB (iRJE ; 950°C,
Bl ; 0~20 min) L 7-3ERA % v, EfMEEICX
N3HT L7z Sol. Nb BEOE LS4 — X5+ 14 MhiCH
7% Nb OHFIBE) 2GS T 5 & & H1Z, Sol. Nb L[E
HEATE 35 X OV |IRFABR{E & DBRERA L /2.

D)EEERF O HLBEER AR B HICL7edT» T
FHAEIE# B L U2 0HK 2 HIEE, HHLCEES
HA D Sol. Nb i3+ 5. ZOMEIZEREDOHEICHE
Eihb.

2 ) HLEIZ X B Sol. Nb oA #ix Nb ifimg o
%\ 0.03%Nb S80I A5 0.02%Nb L D K&, #F
LR BE R 10 min UL £ T3 0.03% Nb JEIEH HIH @
Sol. Nb ix 0.02%Nb SO F N L 475 i b,



682 % o W £ 774 (1991) &5 5

3OMTHALBERE D IEREG HI O 8 FE T Sol. Nb ASEHIC
BAT B0, FEICLATHY A POEALRERT
WEBRIFHOBRE IO L D, Nb OFH, M
EAEHE SN, WHOEBICIERECHE ST,
Insol. Nb & L THB & e il 72 Nb #rii#y»s 5~
20nm DKE SO N ML R DO EEZONS.

4 )BT LB 1% 0 JE JE 767 B (AT AL BRG] ATIE 91T L
7:h55 TIRT L, 24id Sol. Nb A L 3Fin L TwWab,

5)FEMEE EHHM D Sol. Nb & FEEEAHIBHIZ 550°CX 1 h
O3 A VAT Y BSLEE % 4T 5 22 M R0 [REE & & O]
WKW BWHEBERTZEDONL Z &2, Nb iRMEAE
S DM ETMIZHB VT Sol. Nb % Nb HHIEE 2 KT
BIEL LIHE) LA TEBLEEZIONS,

6 )Nb FIMC L A5 RO EHED S 6, KRE
HEMESO LRI L 5 AR EH 4kef/mm?, a KT OH
W bio &£ 5 F R 8% 0.01% Sol. Nb & 7= 1 # 4
kgf/mm? & RfEL Sh/z.
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