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Rolling and Heat Treatments of Heavy Section Low Alloy Steel Plates

Hitoji Nakao, Ryota YAMABA, ltaru AOKI,

Tsuguyuki KAwAlL, Hidesato MABUGHI, and Shogo TAKAISHI

Synopsis:

The heavy section low alloy steel plates are used for pressure vessels for nuclear reactor, desulfurizer
of crude oil and so on. The integrity in quality, therefore, is required for those plates.

The factor affection the internal soundness and notch toughness of heavy section low alloy steel plates
are discussed in relation to the rolling process from ingot to plate and the heat treatment after rolling.

Theoretical analysis concerning constrained yield stress in rolling direction was applied for the rolling
of extremely thick plate and it is concluded that adapting high “shape factor”, that is, high reduction in
the stage of final pass in the rolling process is effective to reduce internal defects in plates.

Precipitation behavior of aluminum nitride in A553B steel plate during heat treatment after rolling is
discussed in relation to the austenite grain size and notch toughness of plate after final rolling, and cooling
down to 400°C before normalizing is recommended for obtaining good notch toughness.

Selection of temperature and time for dehydrogenation at ferrite region is discussed and it is shown that
the optimum temperature for dehydrogenation must be determined by taking the microsegregation in

the plate into consideration.
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Photo. 1. Example of microcavity in 300 mm thick
low alloy steel plate detected by ultra-
sonic test.
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Fig. 1. Schematic drawings of stress distribution
in roll gap during rolling of heavy sec-
tion plate®.
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Photo. 2. Effect of shape factor on the deformation of artificial voids in plate. Photograph

shows a half of thickness.
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Fig. 2. Effect of shape factor on the ratio of
compression zone in thickness direction.
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Fig. 3. Effect of the shape factor at final stage
of rolling and plate thickness on the inter-
nal soundness of heavy section low alloy
steel plates.
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Fig. 4. Schematic drawings of heat treatments of
heavy section low alloy steel plates.
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Table 1. Chemical composition of steels for the heat treatment experiments at laboratory (wt 9).

Steel& C ; Si Mn | P | S { Cu

LN e | Me | R N R

A |0.20] 0.29 | 1.38 | 0.006 | 0.006 0.04
B |0.18) 0.25 | 1.30 | 0

0.64 0.05 0.54 0.024 ; 0.0080 | 0.0004

4 0.62 ‘ 0.11 0.52 0.023 | 0.0070 | 0.0058
|
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CHEMICAL COMPOSITION OF TEST SLAB (WT.%)

HEAT NO.| C© Si Mn| P s Cu | Ni Cr | Mo |T.A2

RE11347 | 0.13| 0.23| 1.32)0.005( 0.005| 0.07| 0.59| 0.12] 051 0.029

SLAB:FORGED FROM S0TON INGOT AND
DIVIDED INTO 3 PIECES,

PLATE : ROLLED FROM THE SLABS

500"X 3, 0074, 00"sn

160"X2, 000%X6. 000" m=

HEAT TREATMENT OF PLATE  HEAT TREATMENT OF SPECIMEN
12720°C—2hr T

|

I NRORMALIZING 925°C—6. 5
| .

| QUENCHING  880°C—6.Fv

| TEMPERING  660°C—5. 0w
!

" PWHT 821°C—4%v

Fig. 5. Conditions of heat treatment experiments
at mill.
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Fig. 6. Solution temperature of aluminum nitride
in steel B.

g% ¥

FPRY

"

.

3-1.2 ERERIIVUHEE

(1) AIN oREFERE

MBIz DWW T A — AT F 4 MLBEE N as AIN
BLOBGRE Fig. 6 TR L. HHERADIES, AIN
DEFRER 1150°C fhAEThdh, HEMMAK VT
HITFEFFEOKERTHY, 25Tk s AIN B0
BRSO LRE» Dk 311 o (1) 0T T, B
% 1170°C L LD ZDOERICLLEILLDTHS.
Az Lesuie, et al.19) iz & & FEEEk» HE-2HEE
ZRLIc ZOFHEBIERREMCTHEONZBETHS
A5, WEREETIE 850~900°C D{EIE(H|% v T LESLIE,

S,
3
P

:

(b) Microstructure
Heat treatment a, b, c, d: before quenching, e, f, g, h:after tempering+PWHT

T2 temperature a, e: 200°C, b, {:400°C,

c, g:600°C, d, h:800°C.

Photo. 8. Effect of T, temperature on the precipitation behavior of aluminum nitride and microstruc—
ture in steel B at laboratory heat treatment experiments.
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Fig. 8. Effect of T, temperature on the austenite
grain size before quenching.
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Heat treatment

1004

a, ¢, e, g i, k:after dehydrogenation

( - il ~

b, d, f, h, j, 1:after PWHT
T3 temperature a, b, g, h:300°C, ¢, d, i, j:400°C, ¢, f, k, |:600°C.

Photo. 4. Effect of T, temperature on the microstructure and precipitation behavior of aluminum
nitride in A533B steel at mill heat treatment experiments.

Table 2. Mechanical test results of the heat treatment experiments at mill.

[

Tensile test ; V-notch charpy test
T NDT**
: Trans.* Cv Energy at 50% FATT (°G)

Temperature v tnergy R

(‘ZC) —12°C (kg-m) (°C)
YS UTS EL

(kg/mm?) (kg/mm?2) (%) Long.* Trans,* Long.* Trans.* Trans.*
300 | 52.0 62.9 30.2 15.7 14.6 —34 —28  —30
400 50.6 63.4 29.4 12.5 11.8 —16 -8 —20
600 48.6 61.9 28.6 10.8 9.2 - 2 o -10

* Specimen orientation, Long.: Longitudinal,
#* NDT by drop weight test

{RIBAERE LI{ET LT 5.

Al 2 NEBOBWEEFET AN ofic ks XiET8
RN TORE T DV HH~<7: Morean, etal. D&
Ti, BT 0301 AIN OXEIREELXR X
EXIH, AINTHBOSHICZE %2 5 JIE LKL
BEXETIELOTREVHEHEELTVWS. K

Trans. : Transverse

T 523 Cr-Mo $8ic 5 TEEITIE AIN ko
KESIWZEELEVE LTWS. AWK TSR B
CTOEMMIOFEZ#RET Lichd T3, B
TofREchrrb 5T IHIERKLERMEOZ Lo
L, BEIMIOFEEIIILEAERVWEEZLNRS.
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Fig. 12. Variation of hydrogen concentration dur-
ing dehydrogenation heat treatment of
heavy section steel plate.

Plate thickness : 240 mm
Dehydrogenation temperature : 650°C.
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Fig. 13. Distribution of hydrogen concentration in
heavy section steel plate after dehydro-
genation heat treatment.
Dehydrogenation temperature : 650°C
Dehydrogenation time : 96 hr
Initial hydrogen concentration : 1.29 ppm.
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B steel.
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Table 3. Test results of hydrogen induced crack susceptibility at the interface of matrix and

microsegregaticn of A533B steel.

Temoperature ’ 640 | 660 ’ 680 ] 200
cG) | |- j |

720 740 760 780 800 | 820

1
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Photo. 6. Example of microcracks due to hydro-
gen and transformation induced stress MATRIX *FERRITE

during heat treatment at ferrite+aus~
tenite region in artifitial microsegrega-
tion of low alley steel.
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Fig. 14. Schematic drawings of hydrogen move-
ment during dehydrogenation heat treatment
in low alloy steel plate.
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