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Influence of Boron and Nitrogen Contents on Strength and Toughness
of Controlled-rolled and Acceleratedly-Cooled Low Carbon Steel

Yasufumi Fusistiro, Tamotsu HASHIMOTO and Hiroo OHTANI

Synopsis :

An influence of boron and nitrogen contents on the strength and toughness of 0.03%C-
1.50%Mn-0.15%Mo-0.07%V-0.04%Nb-0.02%Ti-B steel, finish-rolled at 720°C, then acceleratedly-cooled
after heating at 1 050°C was studied.

The strength and toughnessican be estimated by the content of calcurated free-boron. The microstruc-
ture changes from coarse ferrite to fine ferrite, or from fine ferrite to bainite by increasing of free-boron
content, or cooling rate after controlled-rolling, consequently the tensile strength increases. The tough-
ness increases by the change to fine ferrite, but decreases by the change to upper bainite. The decrease of
toughness is caused by increase of a unit crack path. Optimum free boron content to obtain both high
strength and high toughness is less than 7 ppm.

Key words : hot rolled product; high strength low alloy steel; alloying element ; rolling; phase trans-
formation ; metallography ; boron steel ; controlled rolling ; low carbon steel ; acceleratedly cooling.
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Table 1. Chemical composition of materials (wt%).

Steel C Si Mn P S Mo \Y% Nb Ti Sol. Al | B (ppm) | N (ppm) B*(ppm)
Ml 0.028 0.32 1.50 0.004 0.002 0.16 0.07 0.04 0.021 0.026 8 24 8
M2. 0.031 0.33 1.49 0.004 0.002 0.16 0.07 0.04 0.021 0.024 14 18 14
M3 0.029 0.34 1.49 0.004 0.002 0.15 0.07 0.04 0.021 0.023 18 20 18
M4 0.033 0.31 1.44 0.005 0.002 0.15 0.06 0.03 0.019 0.020 7 49 7
M5 0.032 0.34 1.51 0.004 0.002 0.15 0.07 0.04 0.017 0.027 13 64 2
M6 0.030 0.35 1.52 0.005 0.002 0.16 0.07 0.04 0.023 0.025 10 111 —24
M7 0.025 0.35 1.50 0.005 0.002 0.15 0.07 0.04 0.023 0.025 16 122 —26
M8 0.027 0.33 1.51 0.005 0.002 0.15 0.07 0.03 0.024 0.024 23 113 —10

BB 58 4E 10 AKLHBERSICTHEL WM 634 1 A 21 H%A (Received Jan. 21, 1988)
* (PR AE TGk SRMmsmrgerr (H RSB TEGR)EMAT) (Iron & Steel Research Laboratories, Now Osaka
Steel Works, Sumitomo Metal Industries, Ltd., 5-1-109 Shimaya Konohana-ku Osaka 554)
*2 (F KSR T SMEMRIZeAT Ti8 (Iron & Steel Research Laboratories, Sumitomo Metal Industries, Ltd.)
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HIZ, RIMBE%* 7~23ppm, NE% 18~122 ppm O#i
FcEfLs ¥ 7.
SEMETHND, FEMZ 31 THBET S, 150 kgW HZe
A WERIE T, LI 230 mmé, FEHE 190 mmg, &S
500 mm DO HEIGIBE % FR L 2. S@BRIE, 1200°C i2hn
B L 72f%, 900°C DL E iR T 150 X 120 X 100 mm D
KESITB L. Sk, GIEELELEL . HIEE
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TR LEED 850°C T50% DET ML, BEb
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Tensile strength (kgf/mm?2)

@ : Air cooling (0.5°C/s)

@ : Spray-water cooling (12.5°C /s)

® : Dip-water cooling (27.5°C /s)
Fig. 1. Effect of calculated free boron (B *) and
cooling process on tensile strength of Mo-V-
Nb-Ti-B steel.
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Fig. 2. Effect of calculated free boron (B *) and
cooling rate on charpy transition temperature.
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Fig. 3. Effect of cooling rate after rolling and
calculated free boron (B*) on tensile strength.
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0.5°C /s (b) and calculated free boron.
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a=0.027B* 4 0.20 -eeeveveresinninnecinnnn((2) MTATS 121k, B* =10 ppm OB4, HEIEE 21°C/s

TERHTESH., 7, Fig. 3 DEROBH (D)5
B* OB, Fig. 5 IIRT L9142,
b=0.83B* 4+ 54.5-ccceeerenes cevesssnseneannns( 3 )
TEETED. {0, Fig. 310BWT TSIIHLIET
BHEEE (T), B* o8, R(2), (3)&b,
TS = (0.027B* + 0.20) T+ (0.83B™ + 54.5)
(kgf/mmz)“""""“( 4 )
TRBTES. /L, B* =0~18ppm IZHEATE 5.
X (4)i2B VT 10 kgf/mm® OIME LR % mHHE O

Cooling rate
12.5

OWMABLETH B, 10 kgf/mm?® OIEE LR % B*
DWEIMTITH 12, HHEE 10°C/s B4, B* =9
ppm DAL EIC LS. €2 T, HE 20mm EED
AR A KF I X O THLERGET B & 9 %, K& RGHIE
BEOHMMAGES TR WIHEEIIE, B* oo 51k
ERRTWVWEERAS.

WHIMEE, BXO B* X AMmERILE, ME
ERAMIGT S, Thbb, ERBAGELLZY B =
— 24 ppm 2B VT, Photo. 1 (g~i) IZ/RT LI IZ,

(°C/sec)

Photo. 1. Effect of cooling rate after rolling and calculated boron on microstructure.
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Fig. 7. Effect of cooling rate on transformation-
starting temperature.
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X, Photo. 1 (d~f) IZ/RT X I 2, GHEE OB KRIZ
X OMIRL @ ASN A F 4 PIE{EL, B*=14ppm I
WL, GHEHIEESMKICLD, XA F 4 FEIFEKT
CEIIHIET A, TONALF AL ML, FOREISE
ZC, HBASOWMEDT B EEBARAF A L EHETS D,
38 M4 o fin’C CCT W% Fig. 6 /KT, &HIE
EOEMIIHEST, y>a BREBIRESKTL, 800~
500°C [ & EE#FE A% 10°C/s %i@x% &, MR a
BANAFA MIELT S, Fig. 6 OBHEEL y—~a R
RERRAGIRIE DO BfR % Fig. 7 IOk ¥. GEIHEE OB
o, FRBEENFEUCRTTAEEE, HHIW

Fig. 8. Effect of transformation temperature on
increase of TS.
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T: 800~500°C B D& EI#E (°C/s)
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Y EREREEMETIGERLZbDTH A,

MM M4 OBLIcB XITT y=a BREBEDEE
Fig. 8 \Z/R¥. HEBRZEES LB E2EEILE TSD
HMMORE Y, SHEEOMICEE) roERBRRED
LIS L TRLZ2 D TH S, TS ORI, 7—a

KREREOETICHE> THART 5. RREEVET I
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4% TS O LR &, 0.08~0.06 kgf/mm*-°C TH 5.
= D Z{kid Photo. 1 IR MMREILIITIG L TH D,
MR @ B NRA F 4 PAORBEMIIHIET 5. Tab
b, EREBEMEVCIIECERBRERTICES TSOLER
BErAKEV, BREEVETICN TS TS EREED
0.06 kgf/mm?>-°C & 0.08 kgf/mm?-°C ® > DB »
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Cooling rate (°C/sec)

CF . Coarse Ferrite FF : Fine Ferrite

B | Bainite
Fig. 9. Effect of cooling rate after rolling and
calculated free boron (B *) on charpy transition
temperature.

a ) Cooling rate : 0.5°C/s
b) Cooling rate : 27.5°C /s

Photo. 2. Scanning electron micrographs of
0.03% C-Nb-Ti-B steels cooled at 0.5°C /s and
27.5°C/s.

LK ADE, bR X iz, #iEN « OMBALORIR,
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T, oTs iE, GEEEOMINCEY ER T A2MEAICH 5
7, 20 LAOBREHBEIISHIETS. TabD,
B*=14~18ppm (X4 F 4 + M), —26~ —10
ppm CHK @ O 2 HHOZE(L) T8V TiE, HHLE
BEOBWMICET 5 oTs D LRAB RIS VD, BY =2~
Sppm (HKL @ 254 4 FABKICEI) TRERE
{fbask s <, oTs DERMKEW. Fig.9 Tix, B* &
& oT oTs DEALHB =2 K S TBY, KER
DHEBEIZB VT, HEEEL Y LEBBEOEEDS
HREVWIEEZRLTWAS, HKHEEOHMIIHT S
vTs O LR FHEEA D CEHARE) ORISR L,
HE5L80 M4 12 BT 5 Z DELDEEF % Photo. 2 IZ/RY.
INLAREBRBOBEMEM L oTs 2, S TICHE
2TV 5A Cu-Ni-Cr-Mo-V S %H T T DR HE HAL-
oTs ORERD & B+ 5 &, Fig. 10 iR T L) 1Z, KE
ERfERIL, e+ NAF 4 b oTs- WHBEAOREFRIZIZ
T3 A, RS OGEEE QBN X 0 BE HALH
Bk 4 &, Photo. 1 I/R$ & 518, Mo GH
FEEOMIMICE2T, KEWIRYROBMIZTR SRS
L THEH. T2, GHREEORE y=oa KBRED

Unit crack path, dc (u)

100 ‘°9”.?°'. , ’9.1.?
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Bainite

50 \(T S:64~IOO)—
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A}
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-4 l 1 A l 1
50 10 1.1 12 1.13 1.4 1.5‘ 16 1.7
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Charpy transition temperature (°C)
(o]
///

Fig. 10. Comparison of unit crack path and charpy

transition temperature between 0.12C-Cu-Ni-
Cr-Mo-V  steel (6) and 0.02C-Nb-Ti-B
steel.
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Table 2. Comparison of best manufacturing condition between as-rolled plate and acceleratedly-cooled plate.
Plate B* (ppm) Microstructure ATS (kgf/mm?: ppm)*! AvTs (CC/ppm)*2
As-rolled 2~8 Fine ferrite 0.7 4
12.5°C/s 2~8 Fine ferrite 0.8 4
Acceleratedly-cooled
27.5°C/s —26~—10 (Coarse ferrite + Bainite) 1.3 4

%1, %2 : Change in mechanical properties per B*
*2: At B* = 7 ppm

-20
o
o -40f
2
C ©
R B
5 & 60
EB w%
-
2 80T /
8 FF
© 100 L - - o~
700 650 600 550
Transformation temperature (C)
FF : Fine Ferrite B : Bainite
Fig. 11. Effect of transformation temperature on

charpy transition temperature.
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}
o
o

Charpy transition

'
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-100 L
50 60 70 80 20

Tensile strength (kgf/mm?)
CF : Coarse Ferrite FF [ Fine Ferrite
B : Bainite
@D :05°C/s
®:275°C/s
Fig. 12. Relationship between tensile strength and
charpy transition temperature.
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B* 3% HEEIZL 53131 0 ppm TH 5.

SHEE (TS) x4 % B*, RUKHEEOHE X
ATRHETESL, 127L, B¥=0~18ppm IZHHTX
5.

TS=(0.027B* +0.20)T+(0.83B* + 54.5)
(kgf/mm?) '
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KA, XA T4 F OEMOMABREICERT 5.

(4)FEEBOGHEFE IC L ST, EBEBOMIZED
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KoL LI ik 5101k, EHBE% 7 ppm
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