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Synopsis:

The effect of heat treatment condition on mechanical properties of ASTM A387 Gr, D heavy section
plates were investigated with ralation to fabrication procedure flor heavy wall hydrodesulphurizing
reactor pressure vessels. As the plate material receives high temperature stress relieving for many
hours, the high temperature tensile strength of the plate material decreasss lo low limit specified in
ASME Code Section VIII design basz in spite of quenching, strengthening heat treatment.

To meet the specification at high temperatures, desirable chemical compositions of A387 Gr. D heavy
saction plate are to be in the upper range of specification especially in carbon content.

The effect of tramp elements on embrittlement phenomens for high temperature operation were
investigated, and some relation between framp element contents and shift of transition temperatures
were found.

Based on the data from investigations, fabrication proceduras have been established for the reactor

vessel, and Japan's first reactor vessal made of A387 Gr.D plate has bsen completed without a problem.
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Table 2 Specified strengths of A387 Gr. D (normallzed) material at various temperatures'®’

399(750) | 426(800) | 438(820) | 454(850)
. ,:, . . ‘ -
7.9 472 6.8 46.0
e P __..i‘ - I
J 3.5 31.2 30.7

(1} Calculated from cles1gn base under ASME Sec. Wii. Div. 1 & 11

— 122 —



Vol. 6 No, 2

PP Y 7 7 7 B ASTM

A3B7 Gr. D He T 253

HE liot lurming
G Quenching
T Tempering
L\ iz ] EIP C Fdge preperation
QJD( 4300 . WD Welding
50 620°C 00 L ‘
. —\ - WE I Eleetroslag welding
Top head \/ /—f\ \ Ol Stainless overlay welding
s 1 = 1 T I ISR Intermediate SR
M‘ w lT7 T w5 \(J!, (INWT? uvlh\s @l)m)\‘h? SR Final SR
AN VA o P L
i PT ! Liquid peretrant examination
Y MT © Magnstic particle sxamination
500 - T Ultrasenic test
FONELE 6201 RT © Radigraphic ¢xamination
s | ‘Jt ~\ HT  Hydroalic test
pper shell = HE * Haw hack
] -\f_u, ()) (Tr\ W?@f&w @‘)\_‘7 a0 - o rB;;L
.
] o W ~
L AN v T e 1Y fanY )
L7 | Y Nogzle T f m
950« © T WETY 6D [ @R T (’)wu? Q)
o 50 ¢ hZU( 520 € T o AT
i ; ‘_‘ I QT/ \/ RT;
m\ \\D fu U iy @‘“\}\WTF W f\am Gl @ @m (nlj (ZD
A v R/
] j
;
R 60 bzt)( GQDl azn(
Rotiom hewt T
[g T %ﬁ‘\*?@r‘ng:;jw\ ﬂg;(w' ®@¥@¥C )7
Overlay "iozzlt
welding of skirt "sk\r[
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Table 4 Qutline of plate manufacture
Maker ‘ Steel making i Rollin; ‘ Slab size Plate size Rolling ratio
) R . - ] , [ I
| | t ;250
A EF R : - w2000 RI=3.6
| {22000
: wt: 7.9 ‘I
! —_ —_—— —_
t 500 Lot 150
B EF PoR w 1600 w 3000 RI=5.5
I :2620 L4000 RS—3.3
wt: 16.3 wt: 14,1
t @ 500 t @140
. . RI=6.3
c EF P4+R w 1 1600 w2420
i I 12660 I 13170 RS—=3.6
‘ wt: 16.5 wt: 8.4
t - 400 ¢ : 200 i
L0y . RI=9.8
D LF P4R w2200 w 3140
{3140 {24400 RS=2.0
‘ wt: 21.7 wt: 21.7
. . . : _ Ingot thickness
EF : Electric furnace R : Rolling = Plate Thickces
LF : LD converter P : Forging RS— Slab thickness
wt : Weight () w : Width (mm) Plate thickness
t : Thickness{mm} [ : Length{mm)

Table 5 Chemical compiositions of test plates obtained from four domestic and foreign manufactures

o Chemical coTposition %) oy |Grain size
Thickness c | si JMnJ P s fcr Mo v %Ni|Cu|Al‘SntAs Na.
Maker : - 7 -
(mm) 0.15 [0.30 2.00 0.90 ! | ' |
Spec. |<0.15: 35, 0-30_ 1<0.035|<0.035%: 3 0% | — i ! _ . _ | _
A 250 | — |0.13]0.19 |0.50 | 0.006 | 0.006 | 2.35 | 1.00 | — | 0.11 | 0.07 | 0.026 0.008 0.031 2.3 i, Q) ”
B 150 - |01z 0.17 | 0.67| 0.019 | 0.009 | 2.42 1 0.57 | — | 0.19 | 0.13 | 0.015 0,015 0.017 26.7 |, o2
c 140 | — |o.11|0.25|0.57 | 0.011 | 0.006 z.szio.as 0.04 | 0.00 | 0.05 | 0.014) 0,008 0.008 15.0 |5 42 ()
D 200 | — [0.130.27 [0.61]0.013 |0.007 | 2.38 1 0.90 | — | 0.03 0,04 | 0.012 £.003 0.008 14.6 | 6‘,‘;2_0)
Note: 1y X- (10P13SbtiSn+Asmem
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Fig. 10 Outline of heat treatment on test pieces
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Fig. 15 Shifts of transition curves by step ageing
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Table § Relations between chemical compositions and shift of transition temperatures by

step ageing treatment

‘ . Before %tep ageing After step agemg Shift of transition temp.
= P Mn+Si
Maker X (2 e |
Z ‘\TIL<C>\ m(C)IJ\ n(cn\dmua
A } 2.3 ‘ 060 | 30 ‘ —25 ~30 ! —os | 0 i 0
- - T I i - N N 1 i T 7['7 T -
B ‘ 26.7 ‘ e I 1/ —-12 -5 300 32
: - - e | — _—— . . —
c | 5o ‘ 0.82 | —40 . —40 -2 | 0 ‘ 3 | 40
| i
S S E O ‘ N
D ‘ 14.6 ‘ 0.88 | -3 | —33 —12 ‘ — 5 ‘ 2 ‘ 28
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Fig. 16 Segments and dimensions of hydrodesulphurizing reactor vessel delivered to M company
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B2 ER&AR WO ERITY 280t THD
AR T R L OEAEEP TS S h Table 7 1={fif Ltsﬁé}ff&mt G D —i R
fo, BT IR 25 185mm [ x 2 200mm 4. AR SERRE o R AEE X 3

Table 7 An Example of chemlcal compomtlons of plates used

‘Tmckneas c | s ‘ Mn | P \ s | o | Mo | o | o

Shell-plate s oae | 037 | 05 ‘ 0010i 0007| 236 | 100 | 0.13 | 0.15

Head-plate | o o3 | 038 | o5e | 0010 o.007]| 240 ‘ 0.97 o | 05

Shellplate | s | 0.14 | 0.35 | 0.50 | 0.010 0.006 | 2.36 ‘ 0.99 | 0.13 | 0.3

(8 remained) | 0.16 ‘ 0.42 | 0.59 0012‘ 0.007 | z.41 - 104 L 017 | 0.18
. SER S : ‘

Headslate o | 3| o0 o5 ‘ o.00 0 | 28 ‘ 0.9 | 0.l¢ | 015

| 016 | 0.43 056 ' 0.1l 2.39 | 1.02 [ 037 | 0.16

Table 8 An example of mother plate test results (Kawasakl Steel Corp)

Thickaess] Test tngJ 438 C . Tess temp. Room.te“n_u-) | Impact value
(mm) " Yield Tensile Yield | Tensile Elongation (kg-m)
m strength strength strength | strength (g/) (20°C)y
e (kg/mm®) | (kg/mm*) | (kg/mm*) | (kg/mm?) -0 o
Sheli-plate 185 36.1 47.8 44.0 60.5 29 oz
Head-plate 110 3.6 1 49,1 45.6 1 619 o 188
[E— B P — ! P— ———— ' [
Sheli pldte A T " - - -
06 remained) 185 | 36.7~42.2 | 47.4~52.8 ' 44.3~50.3 | 60.8~64.6 | 23~29 6.9~18.1
Head-plate . i p . . . 0~19.2
{2 remained) ! 110 34.7~37.0 | 47.3~48.3 | 43.4~50.3 | 60.9~64.7 2629 9.0~19.

SR Condltlon after quenchmg and tempermg
Tempering parameter T (20+1logé) x107% :20. 73
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Photo. 1 Hot forming of plate by bending roll

Photo. 2 Quenching of shell plate
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Table 9 An example of mather plates test results after heat treatment at Kure Works

A387 Gr. D w0\

e T e e mmmen e o mmne B -
T . 438°
‘ ek _...____ESt teTE 8 C B Test temp. __R.(zom temp Impact value
(;flm“fbs Yield | Tensile Yield | Tensite | Eronsati (kg-m)
sirength strength strength strength (g/ ton ' (20°C)
| Ckg/mm?) | (kg/mm?) | (kg/mm?) | (kg/mm?) .
- —_ — — " . . -
| EE 487 s | 7 | 2.9 | 138
Shell-plate | 185 : 17.8
| o | a8 a6 | 622 } 26.7 ‘ 16.7
| 39.6 ‘ 50.6 47.5 63.8 ‘ w1 | 161
Head-plate i 110 17.0
| w3 | 49 7.3 634 | 303 ‘ 161
— — — ——— T —_ —. — _— 1 S __;_ — — —— _‘ ‘777 — ‘ —_— R
Shell-plate | 8.3 | a8z s | e 24.0 118
(6 remained) 18 | ! ! ! ! { ‘ !
\ | 439 | 523 | 494 649 | 30.3 19.7
— | —— ! S __|___ . 1 e ——— - J— — ————— — — —
Head-plate o { 3%3 4%0 \ 437 6%2 ‘ 2%7 | 1%7
(2 semained) |4 ‘ s2.6 | 531 7.5 29.8 ‘ 20.5
SR condition after quenching and tempering
Tempering parameter T (20+logf) x107% 1 20.38
il SR # i S ERCAEEL -,
TRtk oo ST IEFY & LT VS A B #F i Bl e ft 9. ¥ & &

b, F0EORH SR 1A FENc A RiTio
fo, KA HBRAC TN TOBEESAYERLE
HEBEEEEREY, REEE L L TEREHE
F FAL e (IEAS R A A I L A A R AR R TR
Mt - fo. KRB LEBRORE N T obh
P A LI A o e, Photo, 3 WV 7 2 &
—SERRFO A A T

Photo. 3 Hydrodesulphurizing reactor presssure
vessel in completion
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