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Synopsis :

In recent years the demand for fuel oil desulphurizing reactors has unexpectedly
increased, bringing about a tendency to substituting ultraheavy steel plates for forged
rings as for the steel grades of ASTM A 387 D. A direct desulphurizing reactor came into
service just recently in an oil refinery, using 185mm thick heavy plates of A 387 D with
remarkable performance, delivered by Mizushima Works, Kawasaki Steel Corporation.
At present, a large quantity of heavy plates A 387 D of from 131 up to 268mm thickness
is produced in Mizushima and the mechanical properties are entirely of satisfaction
even in the case of ultraheavy a 387 D plates of 268 mm thickness, in spite of more
severer heat treating conditions; namely slower quenching rate and higher value of
tempering parameter of 20.6x10 3. For instance, the tensile strength even at the center
of through-thickness is around 58 and 47 kg/mm2 at room temperature and elevated
temperature of 432°C, respectively, and Charpy impact values are higher than 20 kg 'm
at 10°C. Besides, the difference of the mechanical properties between at quarter and
center through-thickness is very small. Internal and external qualities of the plates are

also very satisfactory.
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Synopsis:

In recent years ths damand for fusl oil dasulphurizing reactors has unsxpectedly incresased, bringing
about a tendency to substituting ultraheavy steel plates for forged rings as for the steel grades of
ASTM A 387 D.

A direct desulphurizing reactor came into service just recently in an ci! relinery, using 185mm thick
heavy plates of A 387 D with remarkable performance, delivered by Mizushima Works, Kawasaki Steel
Corporation.

At present, a large guantity of heavy plates A 387D of from 131 up to 268mm thickness is produced
in Mizushima and the mechanical properties are entirely of satisfaction even in the case of ultraheavy
A 387 D plates of 268 mm thickness, in spite of more severer heat treating conditions ; namely slower
guenching rate and higher value of tempering parameter of 206 x 10%. For instance, the tensils
strength even at the center of through-thickness is around 58 and 47 kg/mm?® at room temperature and
slevated temperature of 432°C, respectively, and Charpy impact values are higher than 20kg.m at
10°C. Besides, the difference of the mechanical properties between at quarter and center through-

thickness is very small. Internal and external qualities of the plates are also very satistactory.
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Table 1 Requirements {or materials
] Case 1 Case 2 ‘ Case 3
l Thickness(mm) Weight(t) | Thickness{mm) Weight(t) ‘ Thickness(mm) Weight(t)
Plate size Shell : 185 37 Shell : 131~ 164 35 Shell : 268 35
Head : 110 15 i Head : 75~85.5 ‘ Head : 188 29
C:0.15max. Cr:2.00/2.50|C:0.15max. Cr: 2.00/2.50 l C:0. 15max. Cr:2.00/2.50
Chemical Si:0.50max. Mo :0.90/1.10' Si: (.50max. Mo : 0.90/1.10| Si: 0.50max. Mo :0.90/1.10
compositions Mo @ 0.30/0.60 Cu : 0.20max. | Mn : 0.30/0.60 Cu : 0.15max. | Mn : 0.30/0.60 Cu : 0.20max.
osition
P P:0.012Zmax. Ni:0.20max. | P:0.012max. Ni:0.15max. | P 0.012max. Ni: 0.20max.
S 0.010max. 5:0.010max. 5:0.010max.
{ Y.5. 1 31.6kg/mm*, minat RT| Y.S. : 31.6kg/mm?, min.at R.T.| Y.S. : 31.6kg/mm?, min.at R.T.
:31.2 min. at 438°C 1 29.0 min. at 435°C 1207 min. at 432°C
T.S :52.8-70.3 at R, T. TS5 :52.8~70.3 at R. T. T.5. :52.8~70.3 at R. T.
Mechanical 1 46.8 min. at 438°C 440 min. at 435°C 1 44.5 min. at 432°C
properties EL : 182 min. . : 18% min. El : 18% min.
R.A. 1 40% min. R.A. : 45% min, A : 45% min.
E. 0 5.6kg-m min. Ey:6.3kg-m min. : Eyp @ 5.6kg-m min.

{(2mm V notch)
I Normalizing
) mm
Quenching : 940°C »x 1hr/25.4
Tempering : 645°C x Lhr/25. 4
PWHT : 700°C x 19hr

Heat treatment

of test piece

(Zmm V notch)
79407 Thr/25. 4 Normalizing 925°C % 0. 75hr/25 4| ‘Normalizing : 940°C x 1hr/.25 4

. PWHT(1)

(2)

l {2mm V notch)

Quenching : 930°C x 0. 75hr/25 4‘ Quenching : 340°C x 1hr/25, 4
Tempering : 655°C x 0. 75hr/25. 4| Tempering : 645°C x 1hr/25.4
: 640°C x 30hr

1 695°C x 18hr ‘

620°C x 18hr
1 687°C x 30hr

'PWHT() :
2

PWHT : Post weld heat treatment
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Table 2 Manufacturing process of A 387 D Plate

Process Process chart

I
Equipment |

Check point

Steel making | () Desulpburization of hot
' |  matal
; () First refining

(y Final refining

1
) Vaccum degassing

> Ladle analysis
_.‘ - PR [ [ —

Basic oxygen furnace
(180t/charge)

ASEA- SKF process
(100t/charge)

ASEA-SKF process

Forging ) Forging
J

\
)y Conditioning

e

Annealing

{> Visual inspection

¢
<

Rolling Plate rolling

Surface inspection

. Plate rolling mill

6000t hydraulic press

Slab dimension

Chemical composition

Chemical composition
Tapping temp.
Chemical composition
Temp.

Degassing time
Temp.

Chemical composition

Temp.
Time

Surface condition
Dimension

Finishing () Heat treatment

|
() Levelling

C'_) Gas cutting

() Surface grinding
I
|
¢> Nondestructive inspection
|
¢> Dimensional and visual
| inspection
(> Marking

: ¢ Final inspection

o
() Shipping

3000t leveiling press

Automatic surface
grinding machine

> Step of inspection

Dimension

Plate dimension

Surface condition

Temp.
Time
Flatness
Dimension

Surface condition

+ Internal defect

Surface condition
Dimension
Contents of marking




a =38
1 =19

Frequency
to

L=

6 7 8 9 101112

Phosphorus content {7 X 11?)

[RCRE S

(hi n=34
roonh
20 !
z 16y
g
= 12)
o
Q
[
e
4 56 7T 8 910

Sulphur conteat (%X 103)

Fig. 1 Phosphorus and sulphur content of A 387 C, D heavy plates

Frequency

[
T

April 1974

314
Sn{?,

5678 910
K1)

€234
Shi% %103 )

Fig. 2 Tramp elemnts of A 387 C, D heavy plates

-
15 12
8 " iy
< g I
3 :
z 4F g 4
N |
Lo =
b ol
12345678910
As{2 % 10°)
31-2 F # W

ROBEIIFREC Y DBECIL, 50 TE
AL Ty TIBREALT AT E = v b
BT AT B, B EAERAECES, A
A2 Ty TEREHATLEEIILILTHS, 4
ey, BEMHLLTLDEF#sE AT 20
T, BEL EUSHECEREL s LT Sh, Sn,
Asip FOTHANT LA K, Lo T LD
BIFL D= v ETHEIWA LR FIL, ETHFEKE
DEBAALED, BEMIKOBMERE LTk
HThbd L2 D, Fig. 2 2208
Ro-—-HThs

3-1-3 BHAWR

LR F Ol Lotk L0, BIUNER Y
HLTwado ks, BROBRCENAELTMA
LTWL I EicERBTFERL, Toioniiren
RH, DHEDRE Y AR EOWREGO L 5w,
AFROEMOREICT M 5 WA AR O HY

T A T, AR R A,

5678910

Freguency
= o
T

[

Fig. 3 Hydrogen content in

molten steel (ppm)

Frequeney
-
T T

[§=3
T

=1L

C\l(’)‘?‘l"@t aomc
[ pa} O‘-‘O o0

DDDOODODOC

Fig. 4 Cleanliness of A387C. D

o, 907

heavy plates (%)



Vol. 6 No. 2

,m&m],w w A ASTM A 387 Gr. D W/EE OELE

221

RS OBETEE 4, A JE i T 5E K R il HRE
LRIV, Ll TBA AEOTREL
BOVCIER BN EHORIIT, RN T
5, Fig. 3 11kEFHE, Fig. 4 3feBEL
it JIS O TR L LIt L D THS

314 & pi

By 7 7 2 ~ Ao > B il Al
WMRBEEI 0t B2 2L DT EAT .wtm
5100t o AFEEEARG-BRA00 Tl T H
L, FDicdih AR EGER LRI &, AT
PO RITR R B e bt it &
Tolve BIEIZ-DThL, mads Ar ¥ — A {1
STed 2 TOTFEECLY, BAECHELTL #
SFHROE RS, EAREOME LCERI LY
%Lty %, Table 3 vk, 60t $EBLA B~ TH
m;ht%WWﬂk By 3T Y F A AT,
FEAERIMIEBR I,

3-1-5 {EFERSOHEH
PO BL T HEE(LAR G K R

Lokt BELEERCDETHL, FHIZ
A 387 DEROERIC ST o WL, EOBEREND
R IR R LU D 2R, AAHESERIEE
iE, HE A b S TR R AD T, LT
SoFFAEmAAEE, LRFTOEMTIL

b L e Ea )

INEREGE A AT L, LG ORGHE AR TLA
b RSB X Y, A O{LFER

DATYRAELSTLIENTELDT, HELY

BHYOEFEEF B LHERTH D,

3-2 & 2

FEERMLE, A & RFNRE BT R
Rk L, BETCL- TRME THRFL, B
IR OEE (b Bay 2 L d
W RIEEEE L, BRcERSr s LiE Sy

it aicdicit, TEORO T v 2 TR
BenoT, HERERL X OBF#MEOSE
L, A b D BE Y e e AR 2 R

. S L2 T T ERET AR, RidO X
57‘;:1‘41631?&%{11475:2 B3 Ll bhEhbhkoicA
7R AN D, BB L CREATER

Ho T

Table 3 Result of check analysﬁ of A 387 C, D heavy plates

! Chemical comp051t10n %)
Kind of steel Location e ———— e T :
. c s | e } P | S Cr Mo
e e [ 1 e [
A387C Ladle sample 0.15 0.55 0.61 0.008 0.007 1.35 0.54
Plate top 0.16 0.57 0.64 0.009 0.008 1.34 0.52
Plate bottom 0.15 0.57 0.60 0.007 ~ 0,007 | 1.34 0.52
N — _ A
Ladle sample 0.14 0.59 0.63 0.009 (. 006 1.35 0.55
. Plate top 0.14 0.62 0.65 0.009 0.007 1.35 | 0.54
} Plate bottom | 0.14 |  0.60 0.64 0.009 0.007 1.32 0. 54
| |
R ! . )
A 387 D Ladle sample 0.14 0. 41 0.50 0.010 | 0.007 2.41 1.01
|
. Plate top 0.13 0.40 .52 0.009 0.008 2.36 | 0.9
Plate bottom \ 0.13 0.39 0.51 0.009 0.007 2.34 | 0.99
. _ o ———
Ladle sample 0.15 0.37 0.55 ' 0.010 0.005 2.45 1.00
Plate top 015 0.39 0.56 | 0.010 | 0.006 | 2.39 0.9
Plate bottom 0.12 0.38 0.54 ‘ 0.010 0.007 2.40 0.97
P I T ,
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Table 4 Recent results of chemical composition of A 387 D heavy plate
o 1;late ‘ - . —I-,adle analysis (%}7 %Check analysis (%) ok
Project | thickness: R ¢
mm) c | si [ Malp | s |cal n cr Mo | As | So | sb
Case 1 185 | 0.14 | 0.34 | 0.56 | 0.011| 0,007 0.19 | 0.14 | 2.45 1.0310.002% 0.002 <70.002| 0.00130
0.15| 0.35 | 0.52 | 0.011] 0.006 0.16 | 0.14 | 2.43 | 1.05 | 0.008| 0.002] <0.002| 0.00131
0.15 . 0.37 | 0.55 | 0,010 0.005 0.15 | 0.16 | 2.45 | 1.00 0.008% 0.002| <70.002| 0.00125
0.1550.34 0.56 | 0.010] 0.006 0.19 | 0.19 | 2.48 | 1.01 | 0.004 0.002 <0.002 0.00122
0.15 ; 0.36 | 0.58 | 0.009) 0.007) 0.16 | 0.15 | 2.42 | 1.04 0.004i 0.002| <C0.002 0.00112
Case 2 164 | 0.14 | 0.42 | 0.53 ' 0.010{ 0.006 0.11 | 0.11 { 2.40 | 1.06 0.003% 0.002 <o.002§ 0.00121
0.14 | 0.38 | 0.53 | 0.012| 0.007] 0.13 | 0.09 : 2.42 | 1.03 | 0.003] 0.002 \'_0.002! 0.00141
0.15 | 0.41 | 0.53 | 0.011| 0.005 0.12 | 0.10 | 2.34 | 1.05 | 0.004 0.002| <0.002{ ¢.00132
0.14 | 0.40 | 0.54 | 0.011] 0.006 0.12 | 0,09 | 2.35 | 1.05 | 0.004 0.002 <0.002| . 00132
0.14 | 0.39 | 0.56 | 0.010| 0,007 0.010 0.09 ' 2,36 | 1.03 | 0,003 0.002 <{0.002| 0.00121
Case 3 268 .14 | 0.38 | 0.55 i 0.012) 0.006| 0.08 | 0.11 ] 2.43 | 1.02 | 0.003| 0.002| <0.002| 0.00141
0.14 | 0.39 | 0.54 { 0.010] 0.007| 0.11 | 0.09 | 2.40 | 1.04 | 0.003| 0.002 <C0.002| 0.00121
0.15]0.38 | 0.55 | 0.009 0.006| 0.15 | 0.15 | 2.37 | 1.03 | 0.004| 0.002| < 0.002| 0.00112
0.15 | 0.41 | 0.56 | 0.011] 0.007| 0.13 | 0.10 | 2.34 | 1.04 | 0.003| 0.002 <0.0062 0.00131
0.14 | 0.40 | 0.55 | 0.011] 0.007 0.13 | 0.14 | 2.39 | 1.04 | 0.003| 0.002 <0.002| 0.00131
. T (101_’“+55b+45n+As). ' S
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Table 5 Condition of ultrasonic test

]
Testing area T 100% one major surface
i

Diameter of

probe 30mmg

Calibration Gakushin type-TI Vs 23=80%
Frequency 2.25MH:z
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Fig. 10 Relation between tensile, yield strength and other tensile properties
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Fig. 11 Effect of PWHT conditions on yield
strength and tensile strength
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Fig. 12 Results of high temperature tensile test



Vol. 6 No. 2 iFHE s s R ASTM A 387 Gr. D WM& DLy 227
B T1/{ S
o ur “5 \g\
';)2 E \\u ]
<+ 52+ £ o H
{ = .
e @ LN
[=S] ﬁ oo -
Z S0 ~ 1) PR L e
z .
= 'S s &
481 //
ot P
— — 4
:4& by o/
—_— b o
o = A o 'Ir
& & §
44 g ’f
1 | i ] 1 ] : v s/
56 58 60 62 64 66 68 ] /
Tensile strength at RT, {kg/mm?) g 1 ,:f " Thickness : 185mm
Fig. 13 Relation between tensile strength = v/ Location ! Center
at R. T. and 432°--438°C j,' Direction - Longitudinal
;.

e e e et 0 - R T
AR R AT SRR B, R U= o ==l —20-10 6 0TI

Testing temperature ("C)

FEOEGE & ATT, e = 50 — Ofaf
(ENMEL e T B2, B * L T, +
TR OH LM T H b 2L MEESV, XHC
268mm OIBE O LA fo BEERK O PO
HTHEEAEED B 7o SUlEHZTL
fo, Fig. 153 ¢ b © — EHBIEE R0 -f4C,
185mm DIRE T 4%, WIS BRI —47°C
EJRENCE , Zhuesh 4 A 387 DB I
PIEHICRIFCHE Z EHdm D,
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Fig. 14 Results of 2 mm V notch Charpy impact test at 10°C and 20°C
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Table 6 Mechanical properties of ultra-heavy plates of 268 mm in thickness
. e e | e e . e
i i’;tzhg? Tensile test at R. T Tensile test at 432°C me A
Plate Corres- - Through- quench- .. _— . e ——— - — notch
ponding | thickness | ing Yield Tensile Elonga-‘ Reduc Yleld Tensile - I;k)nga "impact
No location  location | (800¢C - Strength strength | tion tion of strength |strength| tion ; test
" | iningot 400°CS (kg/ (kg/ larea (kg/ (kg/ | at 10°C
! 1 (°C/min) : mm?) mml){ (%) | (%> : mm?) mm2)| (%) (kg m}
I LU LI B i e C
1 i Quarter 12.3 41.6 @ 58.3 P30 73 38.3 47.6 23 19.9
T{)]J — R — . i —_ | - .___._i [
Center 1.5 | 40.2 ! 58.8 . 30 73 | 372 1 469 | 22 18.4
) ) I S [ A P N R
Quarter 14.0 39.4 57.9 ’ 31 75 35.8 ¢ 46,0 23 22,1
Bottor e —i- - ] S - | = =
Center 12.8 39.1 57.9 . 30 73 34.9 46.1 23 18.9
| |
- i : ; N
2 Quarter Pl 39.3 57.1 i 30 73§ 3.1 46.9 21 27.2
Top . ! S S R [ S S _
Center ! 12.2 41.7 53.4 ! 31 73 38.0 47.7 21 25.4
Quarter | 14.2 39.1 | 57.7 33 74 | 35.3 | 46.1 22 i 28,6
| 3
Bottom ————— i~ o—ees JE N (S —— _%__ | — e
Center 13.7 1 37.9 57.3 , 30 73 ‘: 35.0 46.4 23 24.6
R — J__ | . _
Quenching of test pieces : 3T method
Direction of test piece : Transverce
atie Lind, 7 » 7Y — 2 —CORANSEHLED
S5y R FEL, EREOFEMANKCED R R
HTHDHHHEERCH LEREW, Thbbhingd * Hate e
Ok 5 A IR B A NS EEE T, MBI = .
B S LT DD T h o ks W T I Iy
Bashic, #RO—% Table 6 i, = i
LD LN OENE, IURENLOR . fla‘l e 5 ) T T o1 2@
Surface enler

B LE3RLLT, +HMETELKES
B, —oZsix, Fig. 8 & 5 268 mm [
DEEA N P ENER (825°C-400°C) |
12~-.14°C/min THbH, S0 LS mt"ﬁﬁ&;\@
A 387D #Cix, FHEASEEES 6~8°C/min LY
e, ¥ 7 =25 4 F OFHO P —7e =
=+ P, EE L S ARSI
IR T A 2 ], BAREOEL VL35
A= B DRI IDRFE LGS EELOMEE
B iR ELNEI G ATHL 28 TH
D, LB ORIIER, A E T
ér%nf:o*cwé ZEIZIZLOTHRL L E bR
- ¥ 1= Fig. 16 @ fi# irif oW & 45747, Photo, 1

ITistance from plate surfare lmm!

Fig. 16 An example of hardness distribution
through thickness of 268 mm heavy
plates
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Photo. 1 Microstructures
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heavy plate after

LHEREDGEE O S B s T L IR T
ok tHG, Case | OBOTILEYT L E, FE

BEOBBROE EA ST, 20.3~20.4x 10 o
FLAF A= — YO &L L Ol Dk &
WAL AT 0T, (FAF7— 5 v Tt
20.7x 105 HHEID i A — F Offiz < T,

s ik Skg/mm?® BIEE e TV 50 B
L, BEAYERHBEEE ST D,

5. A 387 D SEMKORETHEEE

HEGL, TTICA 8T DEOBRMEE R
TR ARGENKE O BRI oW, R
AFERT LTS, KE 0mm #8355
T, SHLICEEEEKOBITSaHE ST 2
¥, EIDA 387 DEO T TR L SV TR GO
GO A B, WJE 300mm oL T S
LiEE R L -y kDL, FOE
MEHEE A A Ui, TOMEREARL M HEE
5°C/min @4, Photo. 2 okl ia X s
7 = 74 FOPHIASH AL DD, FEROJ
EikEscir, Table 6 @ X% 5 1CBE ARG ANEE
10°C/min OB L EH BREEY G L, EFR
SrOEE S 2 s i Aud, 300mm 2Ex 5
BN T LB+ SRA LGS 2 L
B toy ForEUMRE A 300mm &84 X 5 A Bl

post weld heat treatment EEBic e A b, FEERO S, BAEMELOTR
Table T Effect of cooling rate of gquenching on tensile properties
i Tensile properties ‘ Hardness
Cooling rate of | - —— — - -
Yield Tensile . Reduction ‘ i
quenching ' strength strength E"’E‘E/E‘)t“’“ of area ! (15}: Hg
(kg/mm?) | (kg/mm?) 6 % 2
——————— | - —
46.8 65.7 30 73 : 197 183
10°C/min
46.3 64.4 30 73 \ 199 187
; i
48.2 65.6 30 72 . 202 | 179
5°C/min
46.3 65.7 30 72 196 179

Check analysis (wt%) C:0.16 Si:44 Mn:0.58 P:0.010 S:0.006
Heat treating condition 700°C x 15hr,

— 99

Cr:2.44 Mo:1.01

Tempering parameter 20.6x 10°
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(b} Cooling rate (800°C—400°CY 5°C/min

Pheto. 2 Microstructures of A 387 D (as quenched)
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