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Synopsis :

The present paper describes the record of a ten-ton liquid ammonia spherical tank made
of surface-softened, two layer clad steel plates constructed in Chiba Works, together
with research works performed concerning the actual tank. The main results were
obtained as follows: (1) No difference was found in properties between enshrouding roll
clad and welding roll clad steel plates. (2) No cracking was observed by the in-service
inspection of the experimental tank, which had been maintained in the actual operation
conditions that were severe enough to nucleate cracks in ordinary steel plates. (3) It was
confirmed that the thickness of the softened surface layer required to prevent stress
corrosion cracking by liquid ammonia was 1mm. (4) Dressing the weld metal for high
strength steels with soft weld metal was an effective measure for preventing stress
corrosion cracking by liquid ammonia. (5) Port weld heat treatment was not necessary
for preventing the surface-softened, two-layer clad steel plates from developing stress

corrosion cracking by liquid ammonia.

(c)JFE Steel Corporation, 2003
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Application of Surface-softened, Two-layer Clad Steel Plates to

Liquid Ammonia Tank

Taketo Okumura, Yuji Mishiro, Yoichi Nakai, Yasuharu Uesugi, Masao Hirai
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Synopsis:

The present paper describes the record of a ten-ton liquid am-
monia spherical tank made of surface-softened, two layer clad steel
plates constructed in Chiba Works, together with research works
performed concerning the actual tank,

The main results were obtained as follows:

No difference was found in properties between enshrouding
roll clad and welding roll clad steel plates.

No cracking was observed by the in-service inspection of the
experimental tank, which had been maintained in the actual
operation conditions that were severe enough to nucleate
cracks in ordinary steel plates.

It was confirmed that the thickness of the softened surface
layer required to prevent siress corrosion cracking by liquid
ammonia was | mm.

Dressing the weld metal for high strength steels with soft weld
metal was an effective measure for preventing stress corrosion
cracking by liquid ammonia.

Port weld heat treatment was not necessary for preventing the
surface-softened, two-layer clad steel plates from developing
stress corrosion cracking by liguid ammonia.
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Table 1 Design stress, . for spherical
tanks {at 407

Steel grade 5y kgt /mm?)

SPV24, SLARY 0.3
T SLAA 4.3
sLA3T TR
SIPV4E 18.5
SPVEQ i 19.8 B

Tahle 2 Vlate thickness reguired to spherical tanks made of
different steels with respect to geometric volume and

design pressure

o De5|gn prLssure kg‘f; em?) 10 77207 B 30
Valume {m*) 500 1 1000 | 500 11000, 5
] i . : :
SPV24 . -
. CLAe 26 LER T | 62 1 73 g2
2 HLA&JA T B 35 4] 2] 6
T S1.A37 Ry 2 32 11 8 | &0
0 SPVA6 15 19 ] 28 %] 42 52
o SPV50 Rt 18 27 33 5 4y

IYimensions of mnl\&. for caleulation

(reulmtn( valume (m3} 500 1000

Inneirwrilam(‘tu fmm) 9560 T 12 S(E"
W v|d(‘(i joint efficiency 1.0 | 1.0
Corrosion margin {mm} 1 ! 1

Table 3 Number and dimensions of spherical tanks with wali
thickness of 38 mm required to contain 30 000m* liquid
at pressure of 10kgf/em®

T
! sSpvzg |

Steel grade Sl S1.A33 $1PV50
_Number of tanks T & | 2
toner dismater | 15.64 I
_Geometric volame (m) 2000 S060 | 15008
I‘hu‘knesrs nm) | ® m

Weight of shell platesitl; 3436 | 2531 | 1754

T b
FallE D10kef/cm?, BAMK T mm & L TH5ES 8B oy i
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Fig.1 Appearance of a 10 ton sphericas
liguid ammonia tank

Tahle 4 Design specifications of a 10 ton spherical liquid
ammaenia tank

All welded spherical tank o

Type |
77mjﬂi o ’ ! Liguid ammonia
Capacity ) 19 ¢
.(;eumell ic \fnlume T IE- l-ﬁrn T
) IJ"I.I:I(‘I diameler R 3 320mm
T Design '[J[T(-’_‘\_H_ul e o lﬁri(;gr'f,"cmz-c .
Design th;)ex ature G-40C
Specifi Hh?ll G.58 (dl 40.(___3_________ ]
Rra\lt» L»uppmt 0.64 {at 017"} o
W elded qunt e-fflcan(w 100%7 S o
"_”“Turrns-l(m margin 3.0mm -
2kgl/cm?+G )

H)druuh(. test pressure

I
A|r tight test pressure | 18kgf /em®- (¢

Farthquake coefficient ' 0.45
1204k ]\gf m’

Wind pressure !

e et -

Regulalmn of hlgh pressure gas
Design specification of steel

Design code
structure

h - Heght uf eyuipment flom ground
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Fig. 2
ammonia tank
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FEnshrouding
roll elad
Weiding roll

seftening surface of welded bead

Unfolding figure of a 10 ton spherical
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lEnshrouding roll clad (ER) ‘

E!EEE{ mild steel sl::rirhrin mold

Ingot_making by Lottem pouring

Slabbing
1

Slab cutting and dividing
‘ .

+
Hot rolling.

i Clad ratio -

Heat treatment

13. 5%

Quenching : 880°C X 95 min W.Q.
Tempering : 620°C %95 min

Mild steeis

Mold

56t %2 slabs

Molten steel

(5) WERHMOFEL SCC 2t T 4726, FHEO FIEBHRN
NP ERAA S,

(6] AR FEIIHENNE NIRRT TR T4, L
P2 THIREE# 2 BBEHRET 3,

7 b 7ELURIAZ IV dh—n, S ANEER
DAt ziE, PWHT (3T $FEEN T 2 THET 5,
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RS voh—AEsFIc L3RG AME Fr 7N
~DEFERM O AR T ER Y 5,

4., E¥E5 L oDLE

4-1 S|HEOEE

2HOEmE/L B 7 7 v FEIROBLE L Fig. 3428
T, WTIROBEEIE L S BRS BT, Tl KRR
Ttk TH b, MROILFRT & BMETEHE % Table 5, 6 (2R
T JIToIEARE L OEEARKIT BESEESLLOL,
KR L/ bod 2B >wWTir» el L 4 SPVLQ @
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[ Welding roll clad (WR}]

Surface conditianing of slab

Overlay welding of mild steel
T on slab by MAGLAY process
! 5t X2 Layers
Het rolling
L Clad ratio : 5%
Heat treatment
Quenching [ 430°C X 70 min W.0Q.
Tempering . 660°C X 85 min

Mild steel strip electrode

Magnet

Inreciion of slag flow

MAGLAY process: Electro-magnetic controlled

overlay welding process
by electro-slag welding

Fig.3 Methods of making clad stecl plates

Table 5

Chemical analysis

Cladding method material - - Qh?fi?l}‘&_!_(‘?}'?!}ﬂQthn 1 Lt %)
— C Si Mn vl s Ni Mo Vo Cu | Pew

, Base metal Povs [oss | 135 [ oo ocod | 033 | 0185 ¢.036 | 0.4l | 0.23

ER Cladding metal 904 | Tr | 030 0015 | 0013 | — - a0s | LT

N o Base metal | 014 | 026 : 1.4 0.017 | 0.008 | - © T ooss | 036 | 022

WR ' Cladding metal 004 ' Tr (a2 [omz|ens, - | - Jows |
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Thickness of soft layer
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Table 6 Mechanical properties

. V Charpy |mpam. I(‘S't"'*
Cladding Plate Specimen Lonsile test T (kegf - m B .
method {Thickness) | type Yp Ts. | E . . . .
kgt /rmn?) o/ mm?) %) Cdirection | L-direction
o T4 [Ave. | 15.5 | Ave.
A 60,2 67.8 31 4.7 147 | 17.0 | 16.6
ER-A N [ 14.6 17.0
(Odmm) | Tids 17.9
B £2.7 0.0 29 [15.5]15.1]18.0]17.8
. i 152 17.5
17.2 171
A §1.6 67.9 1 30 |16.316.9|18.718.2
ERB | 7.1 18.7
(13mm) 15.9 73,8
B 63.6 69.8 29 [17.5(17.alz1.2]21.7
17.8 | 20.0
12.5 17.3
A 59.8 67.2 27 [13.2]13.1]18.1 7 176
WR-A 13.6 | 175 |
{13mm) 14.3 17.8
B 82.1 59.8 25 114.1)13.8[18.5]181
13.0 17.9
T 120 19.4
A 57.4 56.5 30 [13.2]12.7)182]18.9
Wi WB-B L 12.9 (9.2]
{13mm) 14.5 185
B 59.6 68.7 20 [13.1]13.6[19.5]|19.1
13.1 19.3
19.0 16.4
A 57.6 66.7 43 [18.8|18.2[17.4]15.9
WR-C [ 16.7 14.0
(26mm} 21.0 19.3
B 58.2 67.2 a2 120721001900 19.7
21.2 20.7

A 1 Specimen with sofl layer

B I Specimen with soft layer removed

7
777

1. 04

n
ER 16
WR 16

0. 5

x H
i.44 0.13
112 0.08

T
722

T
1

n

Fig.4 Thickness of soft layer

T
5

BRE LR E Fig 41005 T, F7:, AR P Fig. 5 12m
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4-2:1 FHERIESER

PR sk finimsish LR R BER () KETWTERRELL,
BRI LU TR B £ % Table 7 12781, RERRMIZ
60kgf/mm? SR iRk R R IATEYE KSABSTIHIEL 2 b &,
BREAE > B I8 13 BR A A (/K 3% RIS KSG6L # Hv, (5%
R LM 2T 5 7o, IBEMEOIL R SO EL T Table8 (2
AT, L, KEEETBOBETAALERITILON
ABTHRT.L2:, ZALOBFTICHBITL8|HE%S, Vi vl
I A AF—FeTREBEE S 2 & LT i Rs
iz,

F7, MFEOEMIT, BT, MdTREE s R
WITHRAL L o7z,

4-2-2 WIEH

KB & = 7 ML L% Fig. 6 (8 ¥, Fig, 2 0WE0 4
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100 Mild steel -
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ER-I
20t r e e
180 :
140 - SN

100 (— Mild steel

100 Mild steel

K SPV50Q —- ———J
- WR-A

220 n—

g %0 W
=]
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o

- /

w 140 L

v

-

2

=g

sV —————

230 WR-B

e

180 }
140

Mild steel

100 f=-orm

-+t SPV30Q -

WR-C

220 A
180
140 K{
100 ’Mild sl‘m(-l

T T

5Pvs0Q

Fig.5 Hardness distribution over plate thickness

137 3% 800.78%, fBIHT0.30% & K& v, wTFnofiRd
IHLOWEELGNT 2iT- T L EAEREH R -7, il
BT A EIERERENR A 7 2 PEHOPT (Penetration test)
RTEAERD RT, WiErE I RMBIIEETH 1,

THHAGE S A - U TR VBTN L 72 KS66L LLA 250
kgf/mm> B TS KSATA % S s B8 Is Mo Em L
720 (Fig. 2 B84y, / XN, = R—ADEECEREH7 1 v
KT43% Hlv 72 TIG L2830 L 72, KSATE, KT430 E4is
DAL s % Table 9 (234, STl L7227 v 7 DEHIITED
KRR & Bl R (Fahd - xa—F 7)) THE L2
THYE IR AR, BABSMAL, ST b HOHREA100L) T #
L LTz,

¥ 7RG L F Photo. 1 12a5¢,

4.3 | EREAEO Y » oRNBERSR

B 73 LR, EROMMEHE 7 - 70 Ecd
HAETER L 2, Fig 72 e ~ g o —fl 2Ry,
1HEMER R EE S 2 DAL TH T T

NS R gk Vol |5 No. | 1983

PT, MT (Magnetic particle test) ¥ & 17 - 7 HUR FA 1145 18
ThH-rn, MBECASZRBER L L0 TELLEE L
ERFMIS A X 0 i SCC A3/ 4 A2 ufetkizid & A ¥
FTrMERS,

5. FrOoRECHTLTIT>-EEARER
5.1 7 7BRMCLIBRICHBRANEERAR
"R

22 13mm OEREN TRTOMH & v, B e STk o 4
e AR AR B R L7, TEIE SR B R AR () KS66
L, KSA7GLSkmastr oo 3 %Mt Lz, BN oBE K,
PRBUALRE, F-tins Fig. 8, 9, 37, FlB8AFnE
i3 % Fig, 10, 110)3, b &% SCC R ER BRI
L7,

T fE B A TR LR 7 £ = T RACO k4
LT 1 ket/cm*ofs &% EmL, 2.0V vs. Pt 7/ —
FRB A L dmoER L2, ABNiEE Fig 12, 13
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Table 8 Chemical composition of welding electrode {wt %)
Wolding rod ¢ | si Mn | P s Mo | Standard | Application
K566L 0.004 | 0.48 G.30 0.014 0.006 - . JISD4316 Final layer
KSAE@_" ] o007 0.45 1.35 0.013 0.008 0.25 j JIS DL816 | Other lavers
( Fabrication in mill ) . .
Center ring
jeldd
(to field) Crown plate
Installing Installing laner welding
Shell Cold press Cutting Installing zignnoczle base nozzle & manhole Inspection of groove Afp;e-heal at b{("C)
A Ay Ay A
Nozzle, Manhale _ Cutting —~ Welding ,_\PT. RT
p— p—y p
Removing
Guouging rT Outer welding —~ EE —~ Gouging —~ MT, RT, UT

{pre-heat at 50°C)

t Fabrication in field )

Ry

{to field)

S NS

Installing Setting
zig —~ Setting suppur[n shell plate Inspection of groove —~ Ouiler welding —~ Gouging rT Inner welding
sy S Ry U A\
(pre-heat at 125°C) l_/
(pre—heat at 50°C )
Removing zig ~ Grinding RT Pressure & airtight test o MT post-heat at 150°C X 30min. (horizontal only)
O O —)

Frashing zig mark and inner
Dressing outer bead

&

head

)

Fig. 6 Fabrication and setting procedure of a 10 t spherical ammomia tank

Table 9 Chemical composition of welding electrode used for

softening surface of welded bead

{wt %)

Welding rod C Si Mn P S Standard Apptication
KS5AT6 0.07 G.48 1.40 0.012 0,003 JIS D5016
- - ' Final layer
KT43 0.06 0.02 0.54 0.017 0.013 -
B, NLEMRINT 5 &k SCCBEHNF % 2 o/

10t spherical liquid ammenia tank

Photo. 1

(2, MRS Table 10 (233, S h b RBE RS, G ANO
HERZ L2 I TSR E R, L iEEs
BOWE AWM FT H =202 5 L0TL LA
UChrs 3 BEHIZET 5. Z0BI2WTiEESBNIL
FHRAERLESCCOBELNE L/ 25, 0,8 MaBgid ¥

NI RIS Vol 15 No. | 1983

BHMNCL L0, NIBIEMCLAEEDEREE LD,

1.3 13mm HEE D 7 F 7 EIHNT 27V A Tiko
R (TR &) TR ERBR S L7, A
AEHE D OWN A Z /KR 3 B BE T & 2B
HEEEBRE T~ 7, AR ok, Tik% Fig. 1412, #BER+
Table 11 (2557, LIEOEE, MIEOFKRMOIEEABRREY -
EBS 7 OMBREEEA L —RL T2 LMLk
f{ ] f:ﬂ

5:2 R#FIOATOEEAYRRARER

TP NBEFDLONERCHESCC R RES VY
FETHor O, S L EER O TE
PR BET LT, THEEOMM AR L, S b
EE D FFE, WL, 1LEir & Table 1242, &%)\ o) [
Hh# Fig. 15 12R¥, BEHIZ 1 ARE—F+ o710 — b
TITVRRRHIBR Lo h & U milir o i % G000 L 2, imdeHel
SR T LD FIENSE BV AR 5 k]/om @3 A
BuZ U Tl SCC B i, Heid Fig. 16 (/i H
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Table 1# l.aboratory test results for stress corresion cracking of clad plates before press in liquid ammonia
(Shell plate, ¢ : 13mm)
7 Applied stress* (kef/mm?) -
Specimen . e
10 20 30 40 50 60 70 80 90 100
. Clad steel ] @] o ] { & C o @] | 3
FR clad T g
Base metal ] O L J [ ] L ] [ [ [ ] [ ] [ ]
Clad 5tee| [ O o [ o 0 Oy o [ [
WR clad - doe : 1 I O SR
Bdm metal & )] [ ] [ ] [ ] L [ [ ] [
KS6BL — O — — - 1 = -
Welded specimen [~ " — - - - H -
of ER clad KSA76 _ 1 S
KSAB6 ! —- - ' —
‘ , KSeel, | — — — — - — -
Welded specimen + - - R
of WR eclad KS5AT76 i R = o 1 = -~ _ o
KSA86 — — o T = - - —
O No cracking, ® Cracking
»  {LCalculated value
Table 11 Laboratory test results of stress corrosion cracking of clad plates after press in liguid ammonia
{Shell plate, 1 : 13mm)
. ] Applied stress* (kgf/mrnz) o
Speclmen ‘. T N A A e T
| 10 20 30 40 “ 50 60 70 80 50 : 100
H - 1 e
ER-clad | 9] O @] O [ O ol [l & ; i
, —= -
| Location** . - ! - B
: A : ‘
Welded specimen | -— p B —
! B — - — e - - -
i _ o ,
| O -t \ | f :
ok

* Calculated value

Table 12 Chemical composition and thickness of pidtes for stress corrosion crackmg test in liqguid ammonia tank {wt %}

No. Steel C 5i Mn P S Cu 'NI Cr Mo v % B Nh Thickness
1 |ACEBD 0.09 | 0.3¢ | 0.91 [0.014 | 0.003 | 0.26 | 087 | 0.50 | 0.391 | 6.034 | 0.0011| 38mm
2 |ACE624 0.08 | 0.2 | 138 [o0.018 0000 | - - - | 0.148 | D.037 | 0.0012] - 24
3 |SLA33A 0.09 | 0.40 1 1.60 ; 0.036 | 0.004 | 0.11 | D.3] | 0.05 0.027 | - - 3
4 {SLA3B 0.06 | 0.25 | .41 | 0.019 0.005 - - - - - 30
Clad steel : _ . -
5 |WR clad oot | Te 0.22 ) 0.012 | 9.013 1 - - 13
N Clad steel | B B _
6 |ER clad o0a | Tr 0.30 | 0.01§ | 0.013 , -~ 18
7 |Controbrolled HT50 | 0.08 | 0.25 | 1.45 | 0.005 | 0.062 | 0.20 | 0.14 - - - [ 0.029 | 28
g guik s voi. 15 No. | 1983 27 —
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