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Main Factors of Cracking by Elevated Temperature Embrittlement in the
Weld Heat Affected Zone of Austenitic Heat-resistant Alloy Pipe

Synopsis :

Keiji SONOYA and Yukio ToMISAWA

Cracking may occur in the weld Heat Affected Zone (HAZ) of Alloy 800 H, one of the austenitic heat-
resistant alloys during long-term service in the temperature range of 600 ~ 700°C. The authors have
conducted a series of restraint cracking tests to consider the mechanism of this crack formation and method
of ameliorating the cracking. The following results were obtained.

(1) This HAZ cracking can be reproduced by a cylindrical type restraint cracking test.

(2) Intergranular oxidation and cracking were detected at the bottom of notched HAZ area of as-welded
specimens in the temperature range of 600 ~650°C. The area of cracking coincided with the area of 7’

phase precipitation.

(3)The intergranular cracking occurs when weld tensile residual stress acts upon grain boundaries whose
cohesive forces are severely reduced by the intergranular oxidation and precipitation of ¥’ phases in

matrix.

(4) A solution treatment which reduces initial weld residual stress, plating of Ni-1%B for preventing
oxidation, and the reduction of Ti and/or Al contents which prevents the precipitation of 7’ phases are all

effective to reduce this type of cracking.

Key words : weld residual stress; 7’ phase precipitation ; solution heat treatment ; intergranular oxidation ;

intergranular cracking ; plating.
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Table 1. Chemical composition of base metals used (mass % ).
Heat No. C Si Mn P S Ni Cr Al Ti B Nb N
A 0.08 0.50 1.00 0.014 0.006 32.24 22.07 0.17 0.17 0.0021 0.06 0.032
N 0.07 0.41 1.04 0.013 0.001 31.76 20.30 0.35 0.58 — — 0.014
H 0.09 0.51 1.00 0.014 0.006 32.94 22.36 0.75 0.75 — — 0.021
Spec. 0.05 30.00 19.00 0.15 0.15
JIS G 3467 to <1.00 <1.50 <0.030 <0.015 to to to to — — —
(NCF800HTF) 0.10 35.00 23.00 0.60 0.60
Table 2. Chemical composition of filler wires used (mass % ).
C Si Mn P S Ni Cr Ti Nb+Ta Cu Fe
Filleses 82 0.02 0.17 3.0 0.01 0.007 73.5 19.9 0.46 2.6 0.06 0.25
Spec. 25 18.0 18.0
AWS A5.14 =0.0 <0.50 to =0.03 <0.015 <67.0 to <0.75 to <0.50 <3.0
(ER NiCr-3) 3.5 22.0 22.0
Filler 82
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Fig. 1. Sampling location and dimen-
sion of specimen for cylindrical type
restraint cracking test.
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Fig. 2. Stress and strain circumferential direction

of ring whed ends of ring are joined by welding.
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Fig. 3. Result of cylindrical type restraint crack-
ing test and precipitation curves® heat No. N.

I 7 M E S L C v 7l 412 600°C T
30h THRFEALA AL, ZD1% 1000 h TEIAATA L
7z. Photo. 1 iZ N #M® HAZ lho—Fl%, %7, B
HDOEEREFHEMBES B % Photo. 2 137759, Hhid
EROBEW I CRETHLDEBIMTED, WHIC
B> THREHINICERE L T, SN aEof R
ISBRAEIE AT R S 7. BIREIRERICHTI L C v 2 i
te X ~1 2097+ 7 1%~ (EPMA) 4547 L
72#ER % Fig. 4 1R, SINERICE Ti, Al 8L Cr
%% Rich ZBALMASEES S, SR SN IZE -
T Cr PRB LTz, F7, BEEOR BRI I A4
FoEIE I .
3-2 BhEIMICRIFT AL Ti DR

MR R E RIS & 5 L Enid v MW S 2
MEHEATEE LTV 2, ¥ HERTECTSH
A, TIOGHE*MEZA - AMBLOSIZHEL
ZHMICOWTH MR RSN AR 21T 72 A #
BELU HMIO W TREEN £ IR & S 0% RERML
BLUANEZMOMEL £ &0 T Fig. 5 L0 Fig.
6 1R Y. NMOWAIZ 1000h CEINAFAE L2 H
FTIE 300h #5BT B L RFRBIL L EINAFELTEY

CHNEEMEE S 72 — T, A MOBA ks RS

HAEL T L, 10000 h £ 5 THBH TERADD &
n7:. Fig. 712 Al, Ti && 7 MO OHED S
ERYD. CORICEBENMBLUHMIZIE ' 4
DT 45, A BICid 7 MR L 20 2 & 2555
5. AMDENBRZUEIE S Lo, v HOBEES
HNEZMLEOL L0 LHE SIS, L 25T HM
T Y LI T B 600~650°C RS #F Tl A
FEL TV, AT 7 M2 L2 i b 2



702 B or 8 774 (1991) E ST
Aging time (hr) Microstructure Result Aging time (hr) Microstructure Result
0 No Oxidation
. IG Oxidation
| (Depth : 0.25 mm)
30 e e IG Oxidation 3000
lf‘ {Depth : 0.3 mm)
. i Crack
. {Depth : 0.55 mm)
100 IG Oxidation
{Depth : 0.4 mm)
300 : IG Oxidation
{Depth : 0.55 mm)
/ IG Oxidation
| (Depth : 0.1 mm)
10000
|G Oxidation Crack
(Depth : 0.5 mm) (Depth : 0.55 mm)
1000
o Crack
{Depth : 0.05 mm)
0.1 mm
i

Photo. 1. IG oxidation and cracks in HAZ of Alloy 800H after 0~ 10* hours’ heat treatment at

600°C, heat No. N.
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Fig. 4. Results of EPMA analysis in tip of crack.
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Fig. 6. Result of cylindrical type restraint crack-
ing test and precipitation curves®’, heat No. H.
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Fig. 9. Mechanism of IG oxidation and cracking.



=275 4 b RBBESOH

B FHORELE RO XRAT 705

UZfZ G+ ssrvrereateseessteenaseeeenennsissnssssonensen ( 3 )
ZiE T HUEND D,
(2), (3)»SRRKRPRANL Y LIS CEE

%w#~#¢§<ﬁ%tﬁﬁwﬁﬂ%%ﬁ#ﬁks<

ERERRIARE T RITE NI RE LT n o t#
557 %. Alloy 800H @ HAZ #lh o34y, Wi
Wﬁﬁi&éh(ﬁﬁ@%@l%»¥—uﬁTT%.~
T, =Ry 2 AREEHERT, Y MRS A
WEDEE LT RDIEN @0 5. 20720, KR
ERADHIFE L ME RS KEL 2D, MRFEAED I~
MUy 7 R EHATHICEIE S 5. KR EZE 258
7% o FRLF S EHFRRIE ) R R IZ s ) S b g
IWHAER L, 205K ARAE : om 22 2 &
RREINAFET D, 8512, 600~650°C @ 7" AHATFH
M THNEZEIKREL TS, 0B, ¥
HHTHBE TR 2 ) — ZIEMEABIR G 2 n L E5bh
TWwa® 2Ly —HT 5. OREREETIRERiEH
BT LTHADPHR AR LR T 60 TH D Lt
EaENBRW,
3-4 FhBSMOBREE

Z OO HAZ Hinig, Fig. 9 oBCITRT £ 9 12,
RSB T K D AL B RR OB (% um)
T SERESME S TR X 2K RBLD 7 o 1B R
HNOGG %o 72RFIS, B15E 0 QBB A4
Lf%ﬂttémt%méh&.%cf,ﬂn@%ﬁ%
KT 825 72D 13 OB LAILELC X 0 B IEH
PR B, OB ISHEM= » ¥ L5 & (Ni-1% B)
LTRRILZEIC, AL TiBZEEL T ¥ HoOFH
THIZ B, HhEZOND.

3B OEI MRS HEDOBRFEIZ >\ T, 600°C THBE
RER & MRS R AR NG BR A (N M) o)k X i)

Table 3. Several reducing methods of HAZ
cracking.
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