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Effects of Nitrogen Content and Tempering Treatment on Creep Rupture
Properties of 9Cr-1Mo-V-Nb Steel with Simulated HAZ Heating
Atsuro ISEDA, Yoshiaisu SAWARAGI and Kunihiko YOSHIKAWA
Synopéls

Creep rupture properties of 9Cr-1Mo-V-Nb steel welded joints change with chemical compositions and

heat treatments.

Therefore, simulated HAZ heating below or over Ac, temperature of 830°C was con-
ducted in order to investigate microstructural changes of welded joints of the steel.

Effects of nitrogen

contents and tempering treatments on hardness and creep rupture properties were discussed. The results

are summarized as follows.

(1) Hardness and creep rupture strength of the steel heated at 850°C (simulated HAZ heating) de-

creased significantly after post-weld heating at 740°C for 5h.

It was confirmed that recovery and soften-

ing of martensitic structure were accelerated by partially 7-transformed heating just over Acy temperature.
(2) On the above simulated HAZ heating, finely dispersed Vanadium Nitride (VN), which increased in
amount by addition of nitrogen, was observed. These precipitates were confirmed to retard recovery, and

to improve creep rupture strength effectively.

(3) In case of relatively low temperature tempering at 620°C, excess free carbon and nitrogen precipi-

tated as fine VN and M23Cs during simulated HAZ heating and post-weld heat treatment.
tates were confirmed to improve creep rupture strength.
9wt%Cr steel; creep rupture strength; hardness; recovery;

Key words : heat resistant steel;
nitrogen : precipitation ; carbide ; nitride ; HAZ.
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Table 1 (2, &M O{LFE 5% R7. 0.1C-9Cr-
1Mo-0.2V-0.08Nb (HHix wt% ) % FEARM & L, %
FRMEEZEL S ¥z, A~D $i1d 150 kg B 22514,
BPSRGEIC X DR S 20 XPE 200 X & & 400 (mm) O
CIMT L7, £72, E#E F#iE, 50t BRIPIBHE,
SEREE, BEFMEIC LD, ES 25 XIE 1000 X £ 2
11000 (mm) DM E L7z, B L LTI, 1050°C X
1Th Zeimhese & Lk, 620, 780°C X 1h 224 #HEd & LAL
BET- 7.

EEAEE (HAZ LH7) HAM OB L7 —
THBERE R TERBMBEOLZE RO 2T 572
%, A~F #8822 T Fig. 1(a) 2R3 HAZ 240z
17 7o, InERSfEiE, 1250~800°C X 15 min 2215 4L
ME L/ 22T, 15min DR, HBEH—ICL
WA OHBELREEICT A THE. 7o, BEERBRINL
B (PWHT &859) & LT, 740°C X 5 h 225 % 47 »
7-.

DEI, BELELIREOEELHL M, T L0, 12
BEEED CH (0.043wt%N) I22WnT, 1050°C X

ThZedBen s Lk, 780 B L0 620°C X 1h ZBiHEd
Y UM % 1T - 72, Fig. 1(b) k¥ HAZ Hl24 hn#kst
Bk, BE1E 13mm, £33 130 mm OAEREBHN BV,
BEEMEME 92 10mm) 12X DT 7. Ik
R, BATLE)IIKRIEORLIHAEF L Ay M (#
830°C) B E® 850°C &, H# & LT A HET®
820°C iI2H W T, 1min REFHEEG E LA S5,
PWHT &, 740°C X 1~30h 225 & L 7-.

NSO (BRSO LEED & L) 3L HAZ M4
MiZonWT, PWHT 0 X 2% L 72z, MG HA
ELT, RMEBLUEAEBMBBIS YT 2. $ 72,
FritoEg& E LT, IEKEHIMIZRAED LSO &,
X A ICLBRIE T - 72, P omiiig, 10%
TEFATETF—b-2% 7 —NERTT, 10mA/cm?
X20h DEBRFMHTERL 2. T4, bz
FOMITE, 70 AT X FIOVERIC L DI L o ikiE %
vz, 70— 7HRWTEERIZI1E, A 6 mm, BERE
BE 30 mm ARG IREER A & H V70, 638 E I
T, EEEO PRI HAZ #2420 88 (3
10 mm) 2513V 5 XS IICL 7.

Table 1. Chemical compositions (wt% ).

Steel C Si Mn P S Ni Cr Mo A% Nb Sol. Al N
A 0.10 0.24 0.48 0.002 0.004 0.09 8.62 1.02 0.20 0.08 0.003 0.003
B 0.10 0.27 0.45 0.007 0.004 0.09 8.61 1.02 0.20 0.08 0.005 0.025
C 0.10 0.27 0.43 0.005 0.002 0.06 8.60 1.02 0.21 0.08 0.014 0.043
D 0.11 0.25 0.4 0.002  0.004  0.09 8.54 1.02 0.20 0.08  0.010  0.052
E 0.10 0.39 0.41 0.013 0.001 0.06 8.77 0.98 0.20 0.09 0.008 0.052
F 0.09 0.38 0.38 0.007 0.001 0.06 8.57 0.93 0.21 0.08 0.016 0.062

SisoIM. 10.08/0.12 0.20/0.50 0.30/0.60 =0.020 =0.010 =0.40 8.00/9.50 0.85/1.05 0.18/0.25 0.06/0.10 =0.04 0.030/0.070
1250~800°C x 15min
1050°C x 1h
-~ Ac;(920°C)
350" Ac, (830°C)
- - C,I °
780°C x1h  800°C
740°C x5h
AC AC AC AC
(a)
1050°C x 1h
----- Ac3(920°C)
850°C x lmin
° = 830°C)
780°C x1n 820°C A
740°C x1h~30h
x 1hAC AC AC (a)Effect of nitrogen content
(b) (b)Effect of tempering treatment

[Norma. }—={ Temper }—+{ Simulated HAZ J—| PWHT |

Fig. 1. Simulated HAZ heating test
conditions.
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Fig. 2 12, ‘HAZ #H %% o PWHT (740 X 5h Z2%)
HBOWS LMBREOERERT. HEAM D A sT1d
#7 830°C, Acs M3y 920°C THB. Ac FiLLEomEk
T, VT NOIMEABEO LR E L BT ENEL 2 5.
Acy~Ac; HiBEOIEATIX, BiRIZE yEETLEE
AHIML, »oRBIWOBEEIRESNL D, HH
HOWSHLERTHEEZOND. Ay SILLETIE, %
LI yEREL, &S5 IRENMDORBIRE S DK
B OEwe LT oS MBI AR EEZORSE,
THOWMTL, BMLHILLTWENDIIR, A HE LD
850°C MDA TH H. 72, BEENBVIEL IO
BRALRE & 2385 < R BN H D, L L, 1250°C B
U 850°C Mz % & Z Lo REOMELTIE, HEK
MEFBICLLEIOES NS W, T2, BHB
PWHT #4088 & OFEiF/hE v, 1250°C EADEE I,
HABFREOLVEREMOWEIFE 2 b I L HHE
ERhAH. 720, 0.003wt%N 8 (A ) 1, 1250°C
MmEzxn, 7254 PEAERL, ISR 257
LEZOND, U, WIRbL LT A b EANR
HMThHAHI LR L TV 5.

FAERP S, Ao BE LNEM O PWHT 12 & 5 ¥
RO ARE L, T2, BERENMKIE L HAZ bR
EL bl dibhrs.

Fig. 312, #ExH LELEL T oM &, PWHT
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160} Minimum 4
PWHT : 740°C x5h AC
140 L s fo L 1 | [ Sl
1250 950 900 850 800 NT +PWHT
Heat treatment (°C) x15min
Fig. 2. Softening behavior of simulated HAZ

after Post-Weld Heating (PWHT) at 740°C for
5h. Steels were tempered at 780°C for 1h before
heating.
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Fig. 3. Effect of nitrogen content on creep rup-
ture time of base metal and simulated HAZ crept at
650°C and 8 kgf/mm?.

%47 -7 HAZ %M, 650°C X 8 kgf/mm? 2511 5%
7)) — THEWTEER ¢ REBOBBRERT. WThLER
Botme & bIo, BEEERIZEC %5, HAZ HS54
3, BMICHERESERY. L2 L, SEEHMO HAZ
MU, REZEMOBM LD 7)) — THEER T E
{, BREMOMRIROONS.
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HEFE L HAZ HUH 0B S, 7)) — 7THEIEEOM
BZOWTEBEMOBE L SR L 2.

Photo. 1 12, 0.052wt% N i (D %) & 0.025 wt% N
%4 (B #) o HAZ #44 PWHT # o HIEEHEME %
FT. WTFhOMOEECE LWEL L VT Y4 1
FEHHETH LA, T AR (ST 251 M
FEVHLER) &A% 7 AHERO o OEEBSRAE L T
A, %, WTFho#Tth, Fih7 2514 MELAKE
%7 x4 FRIN CREREMHIE) &, SIHEIR,
7 2R, H v RRUSNAD T ZPSHLRA L L 2247 il
Wh v, e LT, KRERMDIZ) 25, HkoS#E
T7x54 MEABEETH 5.

—%, M7 T ARG T, EMEEIENE .
OIS T ARBEIE, 850°C @ HAZ MMM T v &
BEL, BHPICTILy Y a7V TF A NIk o2
BeErons, Wb 7 AEEORBERLICLD,
L AHEREICEIL LTSS, REFHO L, X nEHE
7294 MEAEE L I s R 5.
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Post-weld heated at 740°C for 5h
(a) Steel D, 0.052 wt%N (b) Steel B, 0.025 wt%N

Photo. 1.
15 min.
450
?@E?r Heated
500k o | 620 |820°C x1min
e | 780 | +PWHT
a | 620 |850°C x1minl
a
o R\ a| 780 | +PWHT

300

250}

Hardness, HY (10kgf)

2001

150

1 1
As heated 1 5 10 30 (h)

(HAZ) PWHT at 740°C

Fig. 4. Softening behavior of simulated HAZ.
Steel C with 0.043 wt%N was tempered at 620 and
780°C for 1 h before heating.
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Fig. 4 {2, 0.043wt% N # (C #) » 620°C B L
T80°C Db & LMo WT, Aq BIEEEIIIZR L 72
HAZ # &% o PWHT () #kib %8 2 7% 4. 780°C
BEDL & LA T, Fig. 2 O#EHED L5 12, 850°C finsk
MOBALATKE V., F /2, 820°C gkt Okl E 12/ &
v,

—7J5, 620°C $EdH & LA T3, 820°C Nzk ¥ £ °H
HV300 & &<, PWHT (2 - Ci#kfb 4 %. 850°C fnzk
FETIHTBOCHEDLELL L% TH LY, 2DHOK
bR D, >0 HAZ HYH @ 740°C X 5h LL

Transmission electron micrographs of simulated HAZ heated at 850°C for

FEORE X iE, ZIFMUETHD, Wb 780°C #ED &
LMD SAE, $4bb, 620°C B & L,
HAZ #:24n#ut > PWHT (24F S dkfbAHg s h 5.
Fig. 5 12, HAZ Hi4M D &7 V) — FHE Wi BR & % 7%
3. 820°C MEM © 7 ) — THEWTGRIE 12, 780°C #Ed &
LAIZEE~, 620°C BED & LA Emuwb oo,
WG R OV IR A A TH B, —F, 850°C Nk
MO, WL M ICIE~Ky. Lo L, 780°C
BED & LMICIE~NT, 620°C HED & LA F70s, BiBER
TSR T AN & W, £ 72, 650°C X 8 kgf/mm?Z @
7 ) — THEMEER X, Fig. 3 ORI~ H» 4 ) He.
OB, HEEEMAIC LS HAZ %ALEE (8 10
mm) (27— TERIERL, B O EALT
WEL--oLEZ LMD, Fig. 3 ZREBAE&ED
HAZ M4 <, HBWEVWY—EE0%k, (UOh%
EFBHIEEHRL TV,
3-4 HAZMHEPMOHEBEMEE LBEORE
Photo. 2 12 850°C fNZk ¥ ¥ » HAZ #H %4 0B
MZERY. WTROMIZL, BIKEOZEVTL v v a
TNT A b O (Y REEE) L, EEE O
WAEREEIE O FRO SN D, KRB ORI % s
B L, 620°C BED & LAICHE~, 780°C #Ed & LAf o
UEEE,Z VKL, #7254 MELTwa, F 77,
780°C BE b & LIS IR KA S BERD S 5.
Photo. 3 12, HAZ #2444 y EREMHIN O PWHT %0
MM AERT. 780°C BED & LMHIcIb~, 620°C BED
ELME, EBMEESEL S AEEEZRL WS, &
72, ZANOHHI AL D0 THS (Photo. 3
(b)). ZToONHIE, MyCs tRIE SN, LR
MBSO R 25, 620°C B & LK%, HAZ MY
o PWHT (205 Mk o mE8RL A/ & v & HIKT© X
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15 i
650°C . SA213T91 (Av.)
10 A~ TO 00—
& ~ - - = ~ - \\\
E 8 = A \?A\\ ~3
5 ~ <z
4 ~—
- Temper | Heated
0 O | 620 {820°C x1min AC
2 o| 780 | +740°C x5h AC 1o 6%"
ub—1 o | 620 |850°C xImin AC '
al| 780 | +740°C x5hAC 1 omin TAS"a’
3 L | ] i ! '
10 102 103 104 105

Rupture time (h)

AS : Allowable tensile stress (ASME standard)

Fig. 5. Effect of tempering temperature on creep rupture properties of simulated HAZ (Steel C
with 0.043 wt%N) after post-weld heating at 740°C for 5 h.

(a)Tempered at 780°C  (b)Tempered at 620°C
Photo. 2. Transmission electron micrographs of simulated HAZ (Steel C, 0.043 wt%N)
after heating at 850°C for 1 min.

(a)Tempered at 780°C  (b)Tempered at 620°C
Photo. 3. Transmission electron micrographs in 7-transformed region during simulated
HAZ heating. Steel C with 0.043 wt%N was post-weld heated at 740°C for 5h.
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3-5 HAZ HYAM ORI DOEE)
Fig. 6 13, F &+ L1 s 74 (780°C D &

L#) o, MHEREFO VB Nb &L @ERNE
DERTHAH. BREMEBOEME &£ 12, MHE#ED
DV &AW A, Nb 2% (0.003wt%N) Tb,
BMEDIZE A EDPHHLTEY, il Nb B3 ER
MEELSTIRFETH A, L ->T, BERMC

0.15
7
52 L d i
ot
Zz
© //
=
= 0.10F o] .
(%2
Fud
h=}
E I =L = -1
|13} -l
2 O = === & Nb
4+
3
£ 0.05f O =
o]
=
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o
o - -
> o
0 1 | Il
0 0.02 0.04 0.06 0.08

N content (wt.%)

Fig. 6. Relationship between nitrogen content and
amount of vanadium and niobium in the extracted
residues of base metal after tempering at 780°C for
1h

Ko THmMT % VT, VN IEWRHEE #2056
% (LT, VN &BE3)'D. & Cr o VN i3, &%
TREEMBEICANTH L LAY, EERNCX
%, HAZ AWM OELOHIH & 7 ) — THEWFHIE O 1
L&, BEBRIME L LI HUEORIMT S VN 2945
LTWwaheEZzoNb.

Fig. 712, 0.062wt%N #i (F #) 22>wT, 850~
1250°C X 15 min A%k U 7z HAZ #2454+ o3 5% 547
R EITRY. MysCs %M T % Fe, Cr, Mo i3, 850°C
MEU BT, L E LI MO 0% »5, BHEKEL
TWa EHBSND. $£7:, A FE Eo 950°C hnsh
TiE, B ALEAET A, fM Nb &1k, 950°C LA ET
WAT %A, HERKRBIE Nb (C, N) A% & HIlF s h
5.

=7, WiV &, 850°C LLETlRE LR E L LIS
WAL, 1050°C TIEEALERICHEGBT S, i
DR, BEEBOECMOIT 2, FHikE T VN A
ST H LGS NS, L5 T, Ag FUE BN
BT, SEREMEIE L, F L VWillEko BEKLAsH)
HlahsboLifEgsns,

DEI, BELELMEORBIZ OV THRETT 5. Fig.
812, 0.043wt% N i (C %) DiAH B L 0" PWHT i
%D HAZ Y H Ol FRE SR % 5. 780°C #E
bELMTIE, B & LABIZX D, o maEitas
B L THH, 80°C X 1min HAZ #H % ik & & o
PWHT (24 ) 5k & 0 &fb s 4 7% > Fig. 7 OFiH &
Wk, Ac MIH E® 850°C N#kiz 5T, REILW
DRIEEA DR, g, BB & HERINEO X

0.15 1.2
s =
=~ Acy oV g
~ R A Nb i B
3] (5]
3 ) aN 2
— | —
: e £ 0
5 0.10 N _ Ac,
b ! = !
o ! o |
ju S t
:% i 7 g B h
E LA = 3
o SER - oo
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g 0.05+ o pay — % 0.4F N
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As NT 850 1050 1250 As NT 850
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oL L
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Fel 4
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Fig. 7. Variation in amount of
alloying elements in the extracted
residues after simulated HAZ
heating. Steel F with 0.062 wt%N
was tempered at 780°C for 1h before

heating.
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0.15 1.5
Temper| V | Nb - Temper | Cr | Fe | Mo

N 620°C | 0 | & i 620°C [0 | a| O

= - {780°C | @ | & 4 2 L [780°C [ o | & | ® [ 4

= %
o

A .7,9 1510 o ./b |

— a) - -

] © S O

& -4 e

(=4 T A=l e = = 1 -~ —

bt . g/ Nb 3

s .

) @ = o)

= 0.05r 1 205t Fe

% -g A— —~ —/—A_::--— —a
o

g | HAZ :850°C x1min 5 | /’ ] Fig. 8. Variation in amount of alloying

> PWHT : 740°C x5h S A Mo elements in the extracted residues of
u- ~ ~ e gl base metal and simulated HAZ (Steel

0 ; 0 L C, 0.043 wt%N).

! i 1
AsNT HAZ As NT

HAZ + PWHT

Photo. 4. Fine precipitates in 7-transformed re-
gion during simulated HAZ heating at 850°C for 15
min. Steel C with 0.043 wt%N was tempered at
620°C for 1h before heating and post-weld heated
at 740°C for 5 h.

BIcXBEEZBNL. 6200C HEL & LM T, BMO
S, 780°C HED & LM O REEE T, HAZ AHH
ik, PWHT i, #zzc#iibL Twsb. PWHT %0
b, BXZ 780°CHED & LM AR T, HHiANT
FETLZbo0 LKW E A, FRIC, 620°C BED & LA
T, V #5 HAZ #H4pn#k e PWHT #i2 VN & L T8
KT A2 LB THSH. Photo. 4 1IIRT L9
(2, 620°C #Ed & L7z HAZ M4t (PWHT %) 243,

sz VN 2L TW5, I ORER2S, 620°C
BEdb & LM T, BT D VN R MpCe O AT
(Photo. 3(b)) #%, Mo mEH/LLIH L T 5 &
HWF s h 5.

HAZ

HAZ + PWHT

4. &

4-1 HAZ 84L& WIRMBORMAE

HALDOHE L v Ay S EINBTIR, o y LREH
Wk, REBEEI LTSS CORETIE, £
My:Ce B L, VN, Nb (C, N) OEBEED 4w
(Fig. 7). L7225 T, y KREHEBDSERT SN
F U4 ML, BED & LERIERIAE T LT B,
¥ 7o,y SREFHBICTEAY L o MR S b, b bt
Heosashrhn, oy v 7ERAMRTT 5
TENEILNL. LA oT, PWHT 2L 2%
Mo BEHRILAE L - BRSNS, £/, RKREMH
BT, HAZ HUMAGRREIZ B4 HHEKRILE & b,
REAbm O KA 3 A, SRALEIE OB & OB
WAL AR 2 LB (Photo. 1, Photo. 2). L7245 C,
Acy Bt Binscid, I o ERIEAKEC R
BrE¥Eizons,

—7J, HAZ S4B ERIC A B3 E, yEREED
Wz, E72, WEEHATERICARD, MxaCs, VN 2 ED
FEAESEE SRS & & bIC, KEREE, S v #HEA~
DEGETEOWMS BB EHBENS. LA - T,
T BN T A b, BEC, N %<,
Bed & LEALIKMIAE I 572010, B EETA. £
72, PWHT fR ik 28 b HsHrih L, Mo 2z
gL BIH S b & # 2 57 b (Fig 8, Photo. 3).
—F, FKERHEBOBL S, EEROHILEOHIRIZEHS
+5. L7455 T, HAZ #2244 ® PWHT (2 X % #l&&
ORIEHKILE, Ac HEEMAOBEGIELKEVEH
Bing.,

=
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NI TOMRRDPS, BROWMIZ, VN Ofiitii %
B L, REREHEIBOMBEO B ERIL LTG5, 7,
LKREEBTHRBHEZEIEZ T, v VT 91 M
DEEWICHFGTHLO LR SN D,

T/, BIALERORE L LT, 620°C KD & LI,
MEHDORE, BEIHFET L. b, HAZ i
mEke s, —&udkEmE Ll i v &
BEIBART S I L T, BT A EEZONS, T,
780°C BED & LM DIGA, REAHED & LA
L, #BfIflomE, SBREIETLALEVWEZEIONS.
L7255 T, 780°C BEdh & LM T, Acy & Ehnghrp
DREW O HFFE B, BB, v EREHEA
DiRFE, BROBHIVLEVERE SRS, 620°C HEL
ELDJAs, 80°C Mk T 2 oRBELI LV k
(Fig. 8), 7% 6 O y A REHIK O PWHT %D MysCe
DT ED %W 2 & (Photo. 3) 75, TREMTITHAD.
4-2 7V —THMEE & BEOREN

&, MV T A B O BRI IS
LTwa, —F, 20 -7@KiE, Sis ) —7Hics
B ERIEASE 2 & GO E ) &, T
WHRRIE LIS wZ & (B ENF) IKKBLSh B &%
AbNA, LhoT, Maifbrs, EREO ) —
THMRE 2 w5 2 L I3E L. 620°C B8 & LA
12, Ao EBALEA v oid, < 8 v 7 2Dl
RS Ed E@muDT, WHETDHBELA L LT
BiishhdhofcbEB2ZoN5. 71, GREEMOBA,
MAINTH T 5 VN i3, Vs % LR s49, [OE
AL LTI 28R 0 b 5 L MBS N b,

L L, Ac FE_ET y AR L HAZ S oL,
CNETIENEL)ICAHECHAD. LIhs T,
620°C Bt & LM OMEATH, 850°C ML L /- HAZ #i
MH D2 ) — TR, B X0 B o g
ENnb. LaL, 620°C HED & L L7 HAZ HH4Hd,
HAZ #4m# %> PWHT & O 0Hl % K531 (My3Ce
& VN) OFFHA L. £72, 780°C HEdb & Ltk b,
MO EEHLAEY. ChbndHEN S, 620°C
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