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Effects of Heat Treatment and Chemical Composition on Intergranular
Embrittlement Phenomena in Ultra-low-carbon Low-alloy Steels

Masakazu NUIKURA, Sadahiro YAMAMOTO, Chiaki OuUcHI and Isae Kozasu

Synopsis:

Effects of metallurgical factors on grain boundary embrittlement phenomena in ultra-low-C low-alloy

steels (basic composition; 0.025C-2Mn—0.05Nb-Ti~B) were systematically investigated.

Intergranular

fracture in the low temperature Charpy test apparently occurred in ultra—low—C Nb—contained steels re-
heated in the temperature range of 600-700°C, which have the microstructure of martensite and/or bainite

with a coarse prior austenite grain size ~150 um.

Either decrease of C content or increase of Nb content enhanced the intergranular embrittlement, and
intergranular fracture occurred in the C range lower than a critical carbon content which increased with

niobium content.

Carbon segregation on the prior austenite grain boundaries was revealed by Auger

electron spectroscopy for the steels and segregated carbon content was found to decrease remarkably in the

lower—carbon steels and the higher-niobium steels.

There was a consistent correlation between the frac-

tional increase of intergranular fracture appearance and the decrease of segregated C content.
The same mechanism for intergranular fracture as in pure iron was considered to operate in the steels.
The general conditions for the intergranular embrittlement and effects of P content, B content and the prior

austenite grain size were also discussed.
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Table 1. Chemical compositions of steels used (wt%).

Steel C Si Mn P S Nb Ti B Sol.Al TN Others
Al 0,017 0.25 1.91 0,021 0. 001 0, 048 0. 016 0. 0012 0.022 0. 0039 -
A2 0, 008 0,10 1.83 0. 006 0. 001 0,048 0. 016 0, 0017 0.021 0. 0081 0.15 Mo
A3 0. 070 0.28 1.55 0.017 0, 001 0. 030 0.014 - 0.033 0.0053 0.3Cu, 0.1Ni, 0.1V
B1-B6 0,008-0.069 0.2 2.0 0. 015 0. 001 0.05 0,015 0. 0015 0.03 0. 003 —
B7-B12 0,025 0.2 2.0 0.015 0. 001 0-0.21 0. 015 0. 0015 0.03 0. 003 —
B13-B15 0, 025 0,2 2.0 0. 002-0. 028 0, 001 0.05 0.015 0. 0015 0.03 0. 003 -
B16-B18 0. 025 0.2 2.0 0. 015 0. 001 0.05 0,015 0-0. 0029 0.03 0,003 _
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Photo. 1. Optical micrograph of 0.017C-1.9Mn-
0.05Nb-Ti-B steel (Al).
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(a) As quenched.

(b) As quenched and 650°C reheated.

Photo. 2. Micro-fractograph of Charpy
test specimen of 0.017C-1.9Mn-0.05Nb-
Ti-B steel (Al).
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Fig. 1. Effect of reheating temperature on the

grain boundary embrittlement behavior and hard-
ness change in 0.008C-1.9Mn-0.05Nb-Ti-B, 0.017
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Fig. 3. Effect of C content on the grain boundary
embrittlement behavior and hardness change in
C-2Mn-0.05Nb-Ti-B steels reheated at 650°C.
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Fig. 4. Effect of Nb content on the grain boundary
embrittlement behavior and hardness change in
0.025C-2Mn-Nb-Ti-B steels reheated at 650°C.
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Fig. 5. Effect of C-Nb content balance on the

grain boundary embrittlement behavior in C-
2Mn-Nb-Ti-B steels reheated at 650°C.
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Photo. 3. Carbon extracted replicas of 0.025C-2Mn-Nb-Ti-B steels reheated at 650°C.
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Fig. 7. Auger electron spectroscopy for fractured
surfaces in 0. 025C-2Mn-0. 5Nb-Ti-B (a) (b),
0.025C-2Mn-0.15Nb-Ti-B (c) and 0.008C-2Mn-
0.05Nb-Ti-B (d) steels.
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Fig. 8. Effects of Nb and C content on Auger
peak heights of P, B, Nb and C on grain
boundaries in C-2Mn-Nb-Ti-B steels.
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appearance (IGF) and Auger C peak height in
C-2Mn-Nb-Ti-B steels.

— 83 —



2260 g L

# 70 4= (1984) %165

Table 2. Effect of austenitized condition on the grain boundary embrittlement
phenomena. (0.008C-2Mn-0.05Nb-Ti-B steel)

Austenitization Reheating vTs (°C) IGF (%) HvV 7GS (pm)
(a) 1250C X30min—WQ 650°C x 3min 78 85 201 150
(b) 1250°C X 30min+900°C X 30h—>WQ 650°C X 3min 98 75 181 160
(¢) 1250°C x30min+90%Reduction at 1150-1 050°C »WQ

650°C X 3min 35 20 199 30
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Fig. 10. Correlation between intergranular fracture
appearance (IGF), Auger C peak height and ef-
fective soluble C content (total C-C as NbC) in
C-2Mn-Nb-Ti-B steels.
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RELCTEH L. NAEHCER X IGF 11, =K
WERE C BE—FZWBREFED, BE CHMxIUE
Nb iz} % BlAZhic I o T H—CH B Xh
5. L L, NABEITE R 5RAOEEWNER
CEI3fy 0.01% ThHbh, RAEL L THEDEE KN
WA, COERITMHBAKESCHE KEDER LV
BrRRAE7 =51 PR MSOBEFIE7 =51 v R
RWETHD.) ODECIDLDOLHEEINS.

AT NbC |3 FEILERICHTH$ % 23, scavenge
ZHRIX ¥ BMTHHE T2 NbC wrioThBHR 5.

Table 2 & (b) i, 1250°C ik L7-% 900°C
T 30h L THBEEART 0.008C g vTs, IGF,
HV £ X0 r NREATH, 900°C RFed o M
HTAEEXTIHED LRI rb b, BERE
(a) EHNRTHRFBIEI IZEASERIRT Wi,
Fiebb, NbC EERHFS Lisy 7 MoFHTcHo
THRAMILDIRE /5.
FHEOFER L EDIBE C ESSM o FIAMIZ,
Nb BB W TOHRETL T % A%, Nb oFEIHR
scavenge FHHRIC kB BENL D0 E3huE, FENb R
gl Td CELXMBBANCE T I ABEELYRT &
Exbh3. 32 HiCRLEL XS, APZEEORECH
T Nb free & 3% &, [H 7 HANEREITRARN
irregulars~ », 77 = 54 VEBKETHDOT, =
DERHERT B L1 T&gsvofe. LanL, Nb free

X BBEAME TR Mo Bl Xo>Cfiof C-ZMn-

0.3Mo-Ti-B #iic kT, CE%* 0.021% » 5 0.006
BAE T X5 E IGF 28 0% 225 10% &L, N
AR I . CofR, Nb o%EcpiT5
BRDOBEL FHeZHTHE0EELLRS.
42 RRBILEHERTSIET

Ao Rk, PE - BEOHEMZ X hBIRE
h5. Auger ST i, KAECEFD P, B ©
BAEAZED bR BS, BECERLE NbihicXoTiz &
A EBRT, RIECHORNABIEOEEMNER TIXit
W, L, NABHTAPARABELX T A &1
BlALATED, &8 PEOHEMINFRNT P BB
aE UT, BECI X BRARE &SI 2o
mie, BRI ERETS LD EHEEZIRS. ABKKO
LIOIRARENTT 5 C L PHrEFARE >z L2
LTw5a3, Fig. 8 iRERD X 5 ABRII T
HEFRILED bhlgsok. THILEHP EHXEW
HEEZ RS, KRN T5BINABREXRD B
ENRLIELERE IR TWBD, ABFo 1250°C A
h 650°C BELMTIE, FARCBITSBix Myg(CB)
ELTHHLTWS &% 51", MAITREPIERRE [518)
PEEHT 5 X o, T ha VR AE 2 {ED IR R A
R RET LD EEL DRA.

3-1 fitmlicXse, MECHMOKARILIHEEAN
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BERFEAEMONABLARC S IETHREE, LERIORE 2261

MBRESCE T X VB IhD01X, 7 NEOEI
BHET2E EL5h%., Table 20 (¢) ik, 1250°C
MBBELER, r BT 5 E Tk b fiRfbL
0.008C giin> vTs, IGF, HV, r¥ifZ%/mR1L7%. Fig. 2
OHE LR, 1 NEOMR L > TR R L 0B,
DRDHND. K RHEEO I = b 2T 3y B
CHSKETAHZ EAHLRTWAYY, AREOBE
bINABHEORE, B r NERKEECEEE LB
LHEEINS.

5. 4 B

BN - Tty 7 — o Bhics 1 voir TREME L
TEALEh TV B BECHE NbEAE&MIc A S hic
AR S 2 A BENEROFEYREITL, 0
Wit X OISR R - DR EM: A EE L.

(1) MX7AHE 7y R & 150 pm) 2EEBL<LT v
YA L EIESA 0 MHERTR T RECE Nb @ (K
A4 : 0.025C-2Mn-0.05Nb-Ti-B) 11, 600~700°C o
BRI XD CHEF L LA b R &R
TX5ri5.

(2) NFMIL:, CEOE TR XV Nb Eo H#n
CIREIh, WThANABREROHEALES. K
FRALBRILCE-Nb B 5 vARMEKEL, HAK
AR LADARAECE L Nb Bk s &4 8
T5.

(3) PBHECHMATETS NbC iz, BEC X
DOTEMNR OB EL L. —5 Auger 44
DFER, 650°C HEMEM © IH 7 A CoORIE
ErFEDH LI, RITCEIMBECI - B Nbfbic X b 8
FEETT5. HRABHCEDOET L ARE RO A
i, i GEEEA D B.

(4) MECEALMBT AR AMLE, BECHE
& Nb iz X % scavenge ZhFc X » BEMER CEIVE
TL, thicfEoTNARENCENMETT5D EEL
bh, T CEDETE S Migkoh AiE & R—
MBI sdot#EEIhS.

(5) MECHONANIX, PE - BEOWMMNK X
CIHy MERoBR Xy, finfgcBiEXh5.

A FRORRIEACITLSH), F1 v THIBE C &
Nb RO BEBEL L\ 5 BRI b TRET B &

ERRHE IR, BEROETCRLLEERHRESRGY
7o 2 FENEBCEMNY 0.01% LITOHER TR
HETE BB E L ELDRD. Fi Nb ofREN
scavenge ZNRIC X BEERNL LD TH D, Nb FHILL
FT L DELRETIR. X DMK ESRLBIR
HEROBERK IoTix, BACE HEMLLY, ik
MR OREAESETLRETHEBRELRDS. ROT
HAGHEI LA TS EEbh s RECHEO &R,
COBEDOEENRLELEL DRS.
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