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Synopsis :

Since Fe-36% Ni steel (Invar type alloy) exhibits low thermal expansivity, it has been
used as the membrane material for LNG facilities. However, there is a drawback of so
high susceptibility to hot cracking during welding due to its complete austenitic
structure. As a result of study on the influence of chemical compositions of various
elements and some conditions in manufacturing processes, it is made clear that both
lowering of impurity elements and addition of tantalum can markedly improve the
resistance to hot cracking during welding. This is in accordance with the result of a
thermal cycle simulation experiment. The study is also made on physical properties
including thermal expansivity and mechanical properties of this improved steel (KCS's
low thermal expansion alloy: KLN 36) to show that it is totally furnished with assorted

characteristics as the LNG material.
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Development of Fe-36% Ni Invar Type Alloy
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Synopsis:

Since Fe-36%Ni steel (Invar type alloy) exhibits low thermal expansivity,
it has been used as the membrane material for LNG facilities. However, there
is a drawback of so high susceptibility to hot cracking during welding due to its
complete austenitic structure. As a result of study on the influence of
chemical compositions of various elements and some conditions in manufactur-
ing processes, it is made clear that both lowering of impurity elements and addi-
tion of tantalum can markedly improve the resistance te hot eracking during
welding. This is in accordance with the result of a thermal cycle simulation
experitnent. The study is also made on physical properties including thermal
expansivity and mechanical properties of this improved steel (KSC’s low
thermal expansion alloy: KLN 36) to show that it is totally furnished with

assorted characteristics as the LNG material.
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Table 1 Chemical composition range of specimens

(wto%)
Basic elements Impurity elements Additional elements
C ‘ Si Mn ] Ni Al P s 0 ‘ N Ta | Ti, Nb, V, Zr | Cr Co
0.017 | 0.16 I 0.31 34.97 | 0.001 0.0005 0.0004 0.0012 0.0007 0.001 0.1 0.1
! { P i ) ) t 1 1 t 0.05 ! t
0.047 .51 ] 1.04 36.30 0.026 0.012 0.008 0.0067 0.0086 0.05 0.5 .5
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Fig. 1 Shapes and sizes of weld-cracking test specimens
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Table 2 TIG welding conditions for weld-eracking test

Test Voltage | Current Speed
V) {A) {mm/min}
1st pass 12 200 100
Varestrain-type '— | | e e
2nd pass 10 150 ]OO
1st pass 7 40 100
Tension-type - .
2nd pass i1 60 100
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Photo 2 Micro hot cracks in welded cross bead
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Fig. 2 Influence of P on hot cracking during welding
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Fig. 3 Influence of 3 on hot cracking during welding
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Fig. 4 Simultanecus effect of both P and S on reheating hot
cracking during welding
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Fig. 5 Influence of oxygen content in mother metal on hot
cracking in varestraint weld-crack test
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Fig. 6 Influence of nitrogen content in mother metal on re-
heating hot cracking in varestraint weld-crack test
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Table 3 Influence of compositional elements and final cold rolling conditions on reheating hot cracking during varestraint weld-crack test

Composition (wt%) Cold rolling
d* CR Ann.
C Si Mn Ni N Co Al P s 0 temp, GS
(%) 1 (°C)
0.002 0.10 0.20 35.5 0.003 0 0.003 | 0.001 | €.001 | 0.002 0.02 40 850 5
Range { 1 ! i ! 1 t 1 1 ! t ! t 1
0.06 0.20 0.35 38.4 0.010 1.2 0.02 b.012 0.012 0.012 0.13 80 1100 10
Crack** - - - — - - - -~ S — - — — -
. -
Notest* 0.6~ below
1.0 0.005
* Cleanliness
¥ Susceptibility to crack:
/" ; increase with increasing element
— ; 10 correlation with element
™ ; decrease with increasing element
##+ Ref. 8)
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Fig. 7 Influence of alloying elements on hot cracking in welding
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Fig. 8 Influence of Cu, W, Mo, Ta and Hf on hot cracking in welding compared with the specimen containing

reduced P and S contents
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Fig. 10 Shape and size of welded specimen (a) and heat cycle
(b} in Gleeble type tension test after quick heating
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Fig: 12 Results of salt spray test of Fe-36%Ni specimens
with and without alloying elements
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FREZL B, HEE-CIIRTAEDY 55RO L AT
HOFE® 2Zz BRE, o ovi JIS OBKMEEERR URE,
RERBIC X - CHE L MBITHRES RIS L oW AR
B LS R, Fig 12 XSk BRERIC KT 28 EED
BENEZELYT Lod 0T, WH O Fe-36% Ni #iit 100 S
CIETHMEEARBELTLE S, ZHICHL Cr, Ti 4 L<ix Co
TRINFLLE R A TR S ARIER T 5, MEcEmE
AEEBHBIC L - TLRESLTEY, ThoAEDS BRI
LoaThk VOBERNSEAUREND L ARV Sk, HR
DEEDCZNLTEOFMTIEHOBH CHAMPERNY LR &
WH LAYy, foril, TiEitEERxseL, BRELrSH
ST Table 3 (7R L L 50 EgEsh 2 H>ocFE L
S, FRIEHEAESREBMOBRICED L, Co 28 1% MBS
FhEEHNBRRAMAT S, -0, WEEER Lo Ni s
ORFCARMEIE Co DEFOEFERFELLEWS 0D,
EHEEANERECHIDLEFRIE 1% ERcT 200k,

3.2.2 ¥iPahds S UNMRROIER

7 i —8 Fe-36% Ni @0 A TH 5 MEES RS L
O EE (f) oo T B - A& 1T - o BE, R aERs
ffls L UCMEBASTARNCI - CZhbEodELtns o
LMoot FOBERME LT, Table 4 LS ICRAFTIE
L7zmAs, FHiicf@% L7 vos— 5 Fe-36% Nifg (KLN 38) ©
HHW, Fickhh, HEEHINEFOLHIIP S5 0, N »E
BL, Ta =@FNdT3, MEBHGEDD G, Co #PRSF &
Do (TaFizLzaatb7r o 7o B\AUEED P, S EKE o SBE
MRS ,)
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Table 4 Chemical composition of newly developed Fe-36% Ni steel “KLN 36"

S {(wt%s)
e [ s | me | E Ni N o o | a
Composition range % %0.04 <0.3 ‘ =0.5 ) =0.015 =0.005 35.5-36.0 =0.003 irﬁ§0.0(}3 =0.05 ‘
Typical example ‘ 0.03 0.2 ‘ 0.35 a | 0.005 0.002 35.9 0.0020 1 0.0018 0.03 _

Others:
ASTM Standard:

Table 5 Physical properties of newly developed Fe-369Ni
steel “KLN 36"

Temperature

Value

Ta, Cr or Co addition (Ex. Ta=0.02, Cr=0.25, Co=0.22).
C=0.10, Mn=0.50, P==0.025, $=0.025, $5i=0.40, Ni=35,5-36.5, Cr=0.50, Mo=0.50, Co=0.50

No. Properties

| Thermal “Pa““*i(‘?g_i) —185~20°C 1.4% 108
Young’s modulus o

2 (kgf/mm?) 20°C 14700
Specific heat

3 (calfg-°C) v 0.10
Electric resistivity

4 (x-£2-cm) " 6.8

5 | Pensity {gfcm?®) " 8.11
Thermal conductivity .

6 AP ’ 0.030

7 | Curie point 9] — 250 (ferromagnetic)

L OEOHMEEE Y Table 5 (nFiT, HBUTFCIERCM
WEAREIR R B AR R TS, Table 4 1K/R LizfBEHD —185°C~20°C
ORERHEOPEEREREREIFETRO L < 14x109°C L+
FITENMER BB T WS, &2 —gld 250°C FHlE S i,

LNG ff= LNG B k4 v 27 o s, R0 BEABEE TR
—162°C T %A%, Table 6 23 L v BEFRBORLKBRRRE
LEEC BT MR (S1ESE, T, CAM, KRR
EY T, Shabiabhs b5 CHBERIIER, EBOTFH
Wbt Bl IC UAEYT T2, URESHL
¥t hiedic 0.2mmR © V s o FAEREA & ERRBRR T B
WA B[RRI A SR R L ORE T » 7o, RRIRBCRT L Sk
SOVIRBZEIT-FHDE G ERT IV, £, WRD FEET
BEHFEBL LUBoRERDY 0- SUIRESHBREREY Fig. 13 R
T, HEREERE —196°C ¢, EERBAARAVWTT -7, BN
Bl SN T A EHEORKR, Wwitho s —RILBW T 0.5~
06 TH—27+4 baF L2l Al S8 EKEN,

80 — — '

T+ _
g 60 0~ Tension
Z sk -
u - e~ Alternating
% 40 T - —~ ...bgn_f_l.nig i = Ténsion |
T a0f 2000 .‘-7‘-"“--....,__ ~<4 ]
= Alternating bending ™= -
& mf- s
L —
o™

10- ]

0 L | L |

10! 1409 108 I

Cycles

Fig. 13 Fatigue test results of newly developed Fe-369%Ni
steel **KLIN 36" by tension and bending fatigue

323 Ta—i-5HESRUVEFLY - 7~OEH

ING + o F Vv o OBEITICBLTIE, MBO7:—1 w4
BAERIND, LU EERMOCERE, UARRERE RS
LLEBIHREIND L5, HEEO 7 2 — 2 > FEIEEMIC
FCATWD, BE, SHICED >BHRMTEBRYT-1268E K
& 0.5~1.5mm (24T FHEAREA LD DL A% BTl
WHEE TH ok, i, 71— 2 &7y rgB0CHiE 0.5mn
DFEFIT2E, 50x5000mm o 90° 5k or 180° kXML AF
2TrE A, HFMITEERE TR EZZERT, a0 kE
UAEER LB CH 7o ALRECOEE 3mm, {F4mm 0
BT ow TRV, EhiE, 0.7mm XY L0mm E
DEEHI S0C mm FHo 7 5 o ofhi C00mm &) X vH 73
U (700 mm B) 7.t & 0, v, o, EHAN, &
HF ABIC7 I v OHERERECRTLEDTEDL I+ — 8
SHRBIFCH -,

ChbERREMOER, JIEHEBRTEILTRIFCHDBEN
HD, BREREOCHESY O 7TEBR e —LIEE, JMEENS a5
g AFLNAFEARED TR LD, e GT

Table 6 Mechanical property of newly developed Fe-36%Ni steel ““KLN 36" together with notch toughness

Mechanical property | Notch toughness
Temp. | 0.2% Proof stress Tensile stress Elongation | Hardness Charpy value To.2uf0 Gunnla A
°C) da.2 (kgf/mm?) a, (kgf/mm?) A (%) (HV) (kgf-mjcm?) 0-2:nf00-221 wiafFurt | wlfL
20 30 30 35 135 33 I o7 1.06 | 0.95
—19 | 63 90 37 — 24 | 1.12 Los 1 0.9
]
n: notch specimen
f: flat specimen
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50 cm
——

Photo 5 LNG mode! tank built using newly developed Fe-
369 N1 steel “KLN 36

(Gaz Transport) e LNG #3+ > 7 L o # » & @ Dimensional
Tolerances ZionH il LT W41, s 5 RIBTEMAZ B ERO T
EE 75— MR T, GT 3 LNG fiox 71
e wF N LD BTk (Phote 3), TORE, FHFEM
ORI A~ BT, BESRERE S, TED ) —
FFAFOKBELEE o, TRBOERES,E, MR
FOREEERLCHERA S v I TCEN L2200 8826

hi,

4 ¥ &

7 =Bl Fe-36% Ni 0 MESTh 2 EERREH IS L O
D ORMMMBR O B A L, TOSRCESVTIRD
DA WE L il 7 o i—4a8 (KLN38) 2L, &
FLUzmo LS EHEND,

(1) BEAEZRCH LT RlnEo PS50, N s
g C oFRERKE L, WEhErmEI Dtk n
LERGRERTLIBERS L, [PI%+351%=9x10"%% 7
LEFEWHITISICLD, HhEERXKIECERTES,

(2) #£i, BESEHICH LTI Mo, Ta, Hf e ED&FST
FEOWBEAZEN T, L Ta dPEIAE LY, 200
S - FUHBC L ATIRERER S D L U-O b,
V, Nb, Ti, Zr, Ca # XORMSBRN T,

(3) EMomsstEswiET 201 Cr, Co, TifgXoLREInH
BRNTHZ Lz, BREY BHCE LD Ti
WIS L ¢ v Cr, Co oiEmMA L <, —haftEs
OETFORMIFMOBE TH D EREEELHLI i,

(4) Bbab, iWESEREHRE - HEEORFAF L7 v
—fG&E LT P 8 O, N L EoRElpmikxEe L Ty,
Cr, Commé (KLN 36) =% L. T LTI oMEO=HE
BIUERER (—196°C) it 29E000 o X O BmMEE S
ALY,

(5) &7, MREHEOEIBRAMAVTZ 4+ — & v VHELT -7
L ARFIRER R R, ST a— 1 5, GT Ao
LNG #o=70 4% 7 OBECHEE LR BEHhR
e, U—47 2 FOKRELRIFTH- T,

K0, EENNOBRGCE LE2O TR TEW R
BETPHAROBRAEASE L OB BTF, Bkl
S EINTITETR O B A TG S X GRS EE R HELrE L £ T,
Fi, Pa— i v FHRBIGEFAS CIBE~DEAONEY
By T sl 2 A BT o )y BEREK, B
B, AEHERcEE L E T,

B ¥ X M

1) M. A. Hunter: ‘“Metals Handbook', 1 (1961}, 816, [ASM]

2) F. Duffaut: “LNG Workshop", Paris, (1983)

3y AREERAL thINRD, WEANES, BUEhEs, RHER, BHEME: B
L E, 69 (1983) 13, 51160

4) ulEsE, BURmEk, RRRSE, AR, NI, BRARE
£ L 80, 67 (1981) 12, 51391

5) H, Nakagawa, F. Matsuda, A. Nagai and N, Sakabata: Trans.
JWRI, 9 (1980} 1, 197

6} #@EEA, RIS, rEAdhE, IR, TTRER, MHIREE X
LA, 70 (19843 5, S648

7) H. Nzkagawa, F. Matsuda, S. Minehisa, N. Sakabata, A. Ejima

and K. Nohara: Trans. JWRI, 13 (1984} 2, 69

8) A FRbi: gkE g, 65 (1979) 4, S476

9 veEF . F o744 Y 2T U Fa
i3 46-26220

10)  HAsha:  REDHNE 53-83921

1) fAMEA, SR, CRAAR HomimG TRk, BIEAE &
W, U

12)  Jiifdge:  450ANE 56-044749

13)  Jg8es%:  $5BARE 57-207134

) iEsEk:  (LASERRSIRIVA

15) Gaz Transport: Ext. Doc. No. 3384 (1979) 3; k¥ No. 338C (1982}

o= — 1 B

S SleRFER Vol 17 No. 2 1985



