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Effect of Al and N on the Toughness of Heavy Section Steel Plates

Tetsuo KIKUTAKE, Yoshikuni TOKUNAGA, Hitoji NAKAO,
Kametaro ITo and Shogo TAKAISHI

Synopsis:

The effect of Al and N on the notch toughness and tensile strength of heavy section pressure vesseél steel
plates is investigated. Notch toughness of steel A533B (Mn-Mo-Ni), which has mixed microstructure of fer-
rite and bainite, is drastically changed by the ratio of sol.N/sol.Al. With metallurgical observations, it is
revealed that AIN morphology is influenced by the ratio of sol.N/sol.Al through the level of solute Al (Cy)).
At the heat treatment of heavy section steel plate, AIN shows OSTWALD ripening and its speed depends
upon C,. When Al is added (A1=0.010%) in steel and sol.N/sol.Al<0.5, C,, remains low. This prevents
AIN ripening, and brings fine austenite grain size and high toughness. On the other hand, when sol.N/sol.Al
< 0.5, Ca) becomes high and this gives poor toughness through coarse AIN precipitates and coarse austenite
grain. Therefore, controll of sol.N/sol.Al over 0.5 is favorable to keep high toughness in A533B steel. In
steel A387-22 (Cr-Mo) which has full bainitic microstructure, too fine austenite grain brings about poor
hardenability, and polygonal ferrite, which brings about both poor strength and toughness, appears in mi
crostructure. Then sol.N/sol.Al< 0.5 is better to give high hardenability in steel A387-22.
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Table 3. Experimental results (A 533 B).
Table 1. Chemical composition of materials (A Steel Huo Twor  oTw  oTwo oE—20 oEso Sol. N/Sol. Al
533 B steel). A 19 -3 —1 -38 6.2 20.2 0.14
B 184 —20 7 —19 4.0 17.8 0.14
Steel Chemical composition (wt%) C 186 —25 6 —-31 6.0 19.5 0.26
€1 C Si Mn P S Ni Mo Sol. Al Sol.N D 182 —40 —13 —46 9.1 19.5 0.33
E 188 -3 —7 —40 7.7 18.6 0.37
A |0.17 0.25 1.52 0.006 0.008 0.57 0.58 0.027 0.0038 F 181 —40 —12 —48 89 19.6 0.52
B 0.20 0.25 1.44 0.010 0.009 0.57 0.53 0.031 0.0043 G 176 —35 —17 —49 9.4 20.0 0.57
C |0.20 0.24 1.46 0.008 0.008 0.57 0.53 0.030 0.0078 H 170 -4 -9 —48 9.0 19.2 0.78
D [0.18 0.24 1.42 0.007 0.011 0.57 0.53 0.027 0.0088 I 168 —40 —11 —50 10.1 19.8 0.87
E [0.20 0.24 1.52 0.007 0.009 0.57 0.54 o.ogg 8'8%(1)2
F [0.20 0.28 1.54 0.008 0.008 0.57 0.53 0.0 ) TaoT oTrsr oTo30 © °Co o E—12 o Eqo ¢ kegf-m
G |0.20 0,24 1,54 0.006 0.010 0.57 0.54 0.015 0.0086 w07 oTrer oTr30 2 Co 0 B2 o Eao : hef
H. [0.20 0.25 1.41 0.011 0.007 0.60 0.52 0.020 0.0155
I [0.20 0.25 1.41 0.012 0.007 0.60 0.53 0.020 0.0173 20
P~ A Eaak TnoT vTrs
%) A533B
< 10kNE ¢ i—i— C=0.17%
L ] ® vTrs A _4A A C=0.20%
Table 2. Chemical composition of materials (A 5 of \A\ . .
387-22 steel). B (st AN w H
) & -10 o SENE A
Steel Chemical composition (wt%) aE) \.B D Ag |
tel 1 C Si Mn P S Cr Mo Sol. Al SoLN = =20FTyor ON\C
5 S S
J |0.14 0.02 0.57 0.011 0.002 2.46 1.10 0.001 0.0059 S -30 o, .. G
K [0.15 0.17 0.56 0.011 0.002 2.47 1.10 0.001 0.0074 = A\ $
L |05 0.30 0.55 0.010 0.002 2.47 1.12 0.001 0.0072 € -40 Ok O —————p—0—
M |0.13 0.02 0.56 0.011 0.002 2.45 1.10 0.008 0.0057 s D F hAl
N ]0.14 0.15 0.55 0.011 o.oog 2.49 1.15 8'88‘1‘ 8'88;3 = e
O 1014 0.32 0.56 0.011 0.002 2.48 1.12 0. .
P 1013 002 057 8'8%8 8'883 %2% H% 8'8%; 8'8822 0.102030405060.7080.9
Q |0.14 0.17 0.57 O. . .51 1. . .
R (014 0:31 056 0.012 0.002 2.48 L.10 8'8%% 0.0054 sol.N/sol.Al
S [0.13 0.02 0.56 0.010 O. 49 1. . . . .
T |0.14 0.17 0.55 0.011 0.003 2.48 1.12 0.021 0.0109 Fig. 2. Effect of Sol. N/Sol. Al on transition
U 10.14 0.31 0.55 0.012 0.002 2.46 1.10 0.014 0.0099 temperature.
Steel p
920C X 4h 880C X 1h T.P.=19.6X10’
A533B AC 645°C X 20h
<100C /h ! .
<100C /h <855¢C/h
925C X9h
Ac T.P.=20.4X10°
A387-22 i 650C X9h 630C X14h

H.R.
<100C/n

<100C/h

12C /min
C.R.
H.R. A.C. H.R. <85 /h
<100C/h <55C/h .

Normalizing
Fig. 1.

Quenching Tempering PWHT

Heat treatment conditions for materials.



BESROBEICRIZT Al & N DF 849

N/Sol. Al DI L BB DE{RE RS, AS33B#TIACE
PWEBIZKELPELRIFTOTY, CltisB%
727, R XNiE, Sol. N/Sol. Al ® o BEhNIC X
DEIMAHEL, ZOHA0.5 D ETHESEMICE
ET 5.

3:1-2 37 o s AR RAE
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Fig. 3. Effect of Al content on tensile strength.

WA HHE LA FE SRR (E F. G S. : Effective
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Table 4 12 A387-22 SOBMAMME 21T, EXRP

40 T T T T Az |
—~ A387-22 C.R.=12C/min
£ 9l T.P.=20.4X10°
or Q 1
\\
—20} A :
m %’Q N=100ppm
[ S = -
s 40 N'=.50ppm\b\ o 9
-60} ~ed ]
0Si=0.05%
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Fig. 4. Effect of Al content on transition temper-
ature.

a,e: Steel A, E.F.G.5.=12.9 pm, Sol.N/Sol.Al=0.14
b,f: Steel C, E.F.G.5.=12.1 pm, SoL.N/Sol.A1=0.26
¢,g: Steel G, EF.G.S5.=9.0 pm, Sol.N/Sol.A1=10.57
d,h: Steel H, E.F.G.5.=7.3 pm, Sol.N/Sol.Al=0.78

Effect of sol.N/sol.Al on microstructure and effective ferrite grain size (A533B steel).

Photo. 1,
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DEL Al RUNRNEOBBEE Fig. 3 12, #keL
DOBtE% Fig. 4 \ORT. Al OBMCHEERW SR NI
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Table 4. Experimental results (A 387-22).

R T  454°C Sol. N Sol. Al »G.S.No.

Steell y 5 TS, T8 oI oTra0

J |45.4 59.8 46.2 —2 —6 0.0059 0.001 5
K |43.8 60.2 46.9 —21 —27 0.0074 0.001 5
L |44.7 61.7 47.5 -3 —10 0.0072 0.001 4
M | 428 57.2 44.8 —40 —48 0.0057 0.008 9
N |43.2 60.0 46.3 —36 —39 0.0049 0.004 5
O [45.3 61.4 47.1 —25 —37 0.0052 0.001 1
P {426 58.8 45.7 —65 —60 0.0053 0.024 6
Q |42.2 60.2 46.3 —~61 —66 0.0044 0.017 8
R |39.2 60.6 45.9 —54 —61 0.0054 0.012 7
S |31.9 53.9 43.8 —43 ~—51 0.0121 0.025 1
T |33.6 55.8 44.3 —46 —50 0.0109 0.021 11
U | 332 57.9 45.1 —42 —49 0.0099 0.014 11
Y. S, T. S. : kgf/mm?, Ty, ,T,40: °C

3 Al OFEIMC L D 2B ET %25, NEISWKYT S
LA CETT 5. '

SiiEME b T HLRBEDN LR L HAEOET 28 < 25,
Fig. 3,4 IR L7z & 512 AL N = &8 - B0k
WL TIRPEL RITE T, SiclT2ERIEN .

3:2:2 F—ZFF A4 MRE, 37 v, AW
RPE

Table 4 IZR L7= & 5 (2, A387-22 0 7G. S. 13 LA
FTo=k&icRagashs OrG6 S.<5F CHAL) : Al
RN (Sol. Al<0.005%) DA, @76 S.=6~8 &
(FLTH AP B V) AL TN (Sol. Al=#
0.010%) 7> NE#T0.0050% AT &K < Sol. N/Sol.
Al<0.45, @7G. S. = 11 F (AR - Al 45 (Sol.

a: Steel K, 7G.S. No.=5, SoL.N=0.0074 wt%, Sol.A1=0.001 wt%
b: Steel Q, 7G.S. No.=7, Sol.N=0.0044 wt%, Sol.A1=0.017 wt%
c: Steel T, 7G.S. No.=11, Sol.N=0.0109 wt%, Sol.A1=0.021 wt%

Photo. 2. Effect of Al and N contents on YG.S. microstructure and effective ferrite grain size (A387-22 steel).
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Fig. 5. Effect of d, on transition temperature.
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Fig. 6. Effect of d,on d,.

Fig. 7. Effect of amount of theoretical AIN on d,.
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Fig. 8. Effect of solute aluminum on d,.
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THHZ BB L, +F— X754 MURBICHET RN
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BllXatantt, UTOEEKEYILD. FELIC
&% M-A-B =R B T2 HIKT A,Bg @ OstwaLD
BEBATAE R % AIN @B L, Da<Dn(Day, Dy:
Al X UO'N O L8R3, 880°C 2B W T Dy=6.7X
10710, Dy=2.0X1078 2329) 2@ % & AIN OfE
HER(3)RNTRENS.

7 =((8 7*Du* Ca* Qun )/ (9R+ T)J/ 2+ £1/3 ooeve (3)
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Car: BB Al OFBE, Qan : AIN HF D ENE,

R:SAkER, T:#xiEmE, ¢ KM

(3)RED rocCh® %Y, Cy HFEWIZL AIN
DEEMNREL, T72(2)ROBEFE»S 7G. S. 9K EL
LhT EHbdh. A533B BV TIX

\.-' L i i

a: Steel C, Sol.N/Sol.A1=0.26
b : Steel F, Sol.N/Sol.A1=0.52

Photo. 3. Effect of Sol.N/
Sol. Al on the morphology of
AIN(A533B steel).

Tum
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1 L 1
AIN Solubility sol.N/sol.Al  A533B
200} Product e 1
|(Leslie et al.®) | =0.50
{ Slow Growth 4
1 of AIN H
— 1501 Precipitates J ® .
&
R ‘Stable
|Prec1p|tates
} F
100*‘% ' I
z ||
T‘?’ ! 0. 14
50+ \ Steel } =
Easy Growth
f AIN
Precnpnates ~ <lé”recnpltates
at 880C | e e e o e
o 0.01 0.02 0.03 0.04
sol. A2 (%)

Fig. 9. Schematic presentation of aluminum
nitride precipitates morphology.
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37 O ANA 4 FEEOBE, 76 S. O
HNEH# E F. G S OFiEEZXRT A0, 76 S. O
PP, QR yG S MV J~0 X hEE»E
ns.

4:-2:2 7G.S. L Al &, NEOBR

A387-22 128135 7G. S. £ AL N Eo BRI,
A533B S DA L % L. Fig 10 1 A387-22 $ »
7G. S. & Al N BEOBBRERT A, 4-1-3 HTHh~/-&
42, AINOHHLZWH#ERI TR 7G. S 13 4~5 %
oMK, AIN AL L 23R Tk 6~8 FOM
ki, AIN 20T 3 2 8 I ik 11 FRE OHM
TR
4-3 A533B $8, A387-22 SADEM - MECRIIET Al
N BO¥E

PEoEE, S, AS33B, A3R7-22 MFHICB VT, Al
BUNiZ AIN O HEE 2 A LTSO8 - HEEIC
MY RIZTT LB LL ThbbLHEMIcBNT,
AIN OWHTERERY vG. S 12 RixT Al E NOREER

160 -T
ine Grain .:’ A Region I
140} I
| "
Austenltlzung Temp.
~ 120F =925¢C
g_ Number : G.SNo.
= 10071 A¥7-22 |
8 2 ]
or SO
Medium Grain
z 60 r’5 @ § @ =1
© 4 Vg
9 40F .
2ok Q.\x\x\\ ]
AN Solubility Product
0 1 1 1 i 1
0 1 2 3 4 5 6
sol.AZ (%) X107

Fig. 10. Effect of Al and N contents on austenite
grain size.
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P BMEARHERT A OOR#EL Al RUNORNE
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