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(=) i EHE S i PO2 s B s e B PRAR
i FH R %~ (Martensitic Steel PO2H.& <5415 1 i »
B1 POLAPELLES - [F{E Mo JTEEE » NN 1.5-2% W JTE » K
B B JTE - M PO EHIEEEESIEL POLME 7 » PO2§F i
RGBT BRI M R R 1 Bk 2 -
1. ASTM A213Vrf PO1EL PO2R 43651 P25k 4%

ME P91 P92 PO
UNS | K90901 K92460 —
C 0.08~0.12 0.07~0.13 0.08~0.15
Mn | 0.30~0.60 0.30~0.60 <1.2
P =<0.020 =<0.020 <0.02
S <0.010 <0.010 <0.01
Si | 0.20~0.50 <0.5 <0.60
Cr 8.0~9.5 8.5~9.0 8.0~10.0
Mo | 0.85~1.05 0.30~0.60 0.30~0.70
V | 0.18~0.25 0.15~0.25 0.15~0.30
Ni <0.40 <0.40 <1.0
Al <0.04 <0.04 <0.04
N 0.03~0.07 0.03~0.07 0.03~0.08
Nb | 0.06~0.10 0.04~0.09 0.02~0.08
W — 1.50~2.00 1.50~2.00
B — 0.001~0.006 <0.006

5 PO2§7iE > Mn+Ni<1.50%



2. PO2SR(F=IR MHME (& PWHT760C/2H)

YS (MPa) TS (MPa) Elongation( %) CVN (J)

=440 =620 =17 =41

PO2SRIANIT C~V ~ Nb~ N~ BBl W 5513 » SR =
TESFRER 2 BV ATER] - RgR R P BRI 2 (PWHT > Post Weld
Heat Treatmen} #8 % Ay & & Jaz 7> ik FH AR 38 AH 88 0 J& 0 (B Y

(250C~350C ) » W& 3 B H s SAlfHS (L& (CCT Continuous
Cooling Transformation Fr » #0& &2 25 FHEEEAH SRV S RE
TEBEIE 2 JT > FoRECRTS B SEEERY[ODK R RS, - $R1& R I8 2 1] DA
AATERTA R O BUR (L RORE (M > 150C ) » —RE R EER(K
1A 100C -

C Cr B8 Nb
Chemical » L Ad Cu Cr N Mo v w B N
cammnov'r»ow o 12410157 042 jON2 10 001 0004 | 010 232 024 0.49 020 1.75 (0001 3] 0055 0 049
ass v
| Auntenilizing tempersture 1080 °C

Holding time 30 min

] Geminsizer ASTM 7

NCTTHI ] |1}

T T
N
NI

TH
TN - L] e
soo - TX: b T 3 {L » 4 . |
A~ =sio-c|ll \ I[Nl | ] T ) [
700 IS \. ‘ A+ F+C s A1
e | ' TN {1\ | |
600 : —- \"-* HA— AT Y TN
@ ! | N
e i t 1 1 1
S ot AL LN HEHYHI
i | ! | | | M |
400 +Ms tber : AW
E T ‘ | N
B i Ll i i - 3 3 3 i = =
300 AL  Avgstenite + Carbide f" &T M .'77,
F+C Ferrite + Carbide \1 | | ~
200 4™ Merteonite - + - .
», Mariensite start temp Y
M, Marteneite finish temp. | | | AL Mg )-. L i . 15
100 1 5 55 % ransformation product | Raa1) (a38 453 421 437 430, 430 387,
o Herdnesa HV 10 { 1! i l
0 v sk - . '
10° Seconds 10’ 10° 10° 10" 10* 10*
1 A A AL A
1 10 Minutes 100 1000 10000
L i A
1 10 Hours 100
—e— Tim@ ——————

CCT-diaaram of T/P92

E3. T/P92ili~ CCT g4z
6



SEPE R STIEATRERE(E LY Ry 400HV10- 548 760C HYSE14 s H
PEEBEEAE R TS| 250HV10- H Rz B (ROR IR 7% 85 B
EIE R IEAE o B H R T T K - #788122 % (Cold
Cracking) AYJEg H#E -

KBS SCRRFE ) PO2§i > $71% B BRI AT 730C~780C »{H/A
EEIRE R EEEREEEREURE (41 750C ) > $EIEEE
390HV (Y&l 4) » BIERFRED - Al AT R 2 B T - A5 2
SRIERIME: K B AR EDR S (41 790C ) » $7E0H S fy 230HV »

LR FRES N Aan)fifE (810C ) » HerberP B2 fis7 (% 2k
BORE Ry 760C » [RDf 2~4 /Ny » ATRECR$8 28 (8 B )M BLER A -
SE 50 AFEEH T/P23~ T/P24~ T/P91~ T/P92Ei1 Super304Hi4E -
TSR ER FHRVIERL » 4001E] 6 -

450

e

350 * HB
" HVY

Hardnesse
8

{180 - = - . - - |
s wldod TE0 770 TED 730 800 810 B20
PWHT = Temperalure in "C

&4, $F1eE DR PO2SFEE Y &
(3EF} © Thermanit MTS616 Mn+Ni=1.43%)



1000

TEO"C £10 (P3Z)
800 - T70°C £10 (VM12-8HC)
E 600 Heating rate Cooling rate
£ —_— 80 - 120°C/h| *~100 - 150°Crh
(P92)
400 200-280°C
(VM12-8HC)
@
=
200 - < 400°C
cooling in still air
1 | 20 - 100°C
0 T ] :
preheating walding necessary cooling down after welding

Timeg —+

[E5. PO AEEL PWHT Jjifs

Base Metal
T/P23 TIP24

BOHLER-Brand

omparison of matching Filler Metals
BOHLER-Brand / T-PUT-Brand

T/P91 T/P92 VM12-SHC Super 304 H

P BOHLER | BOHLER | BOHLER | BOHLER |BOHLER | BOHLER
P 234G P 244G CO9MVIG |P92IG C12CoW-IG | ER 304 HCu-G
SMAW BOHLER | BOHLER | BOHLER BOHLER | BOHLER BOHLER
FOXP23 | FOXP24 FOXC9MV FOXP92  FOXC 12CoW | FOXE 304 H-Cu
3 BOHLER | BOHLER | BOHLER | BOHLER [
RO 23U P24UP  COMV-UP P O92-UP
SAW-Flux BOHLER BB 430* BOHLER BB 910
T-PUT-Brand AT
Unibﬁ [ Thermanit ] FRCe
P2 ] I R24 T ,.,,M,Ts 3 | Thermanit Thermanit
Thermanit Thermanit | Thermanit Thermanit | MTS5 CoT ' 304H Cu
R Al Chromo 9V | MTS 616 |
| Union Thermanit
| SP24 MTS 3
uv P23/ 24* Marathon 543

# Congress. Sngapare July 097 201
s, e et o O

* for welding membrane walls Bohler BB 305 or UV 305

FILLING HIGH DEMANDS

R

6. T/P23~ T/P24~ T/P91- T/P92Ei Super304HsE i Fl k!



(=) FRHEBEZM P92 2 Mn+Ni TR S BHIHE
TEER A EN POLME » AT SURE 5w Mn+Ni (97T
ZosEEMENEE  SIHENII NI & 2gFH K POLMREE
SEIE BT AWS #EE POLERIETE Mn+Ni TR & & FIR A 1.5%
{ERAE PO2IER} AR BIFE APIEAE » —MEAESETLZ 2R Mn+Ni
a8 R 1.2% Mn+Ni TEEEEE Acor/SUE 7 B3 3
& Mn+Ni TTZEE 85 0.81+0.65=1.46% £ A BTk 776C » &
Mn+Ni TTZE &8 0.36+0.41=0.77% H Ay JBfE 5 818C » #iE
Mn+Ni JLE & E Fy 1.46% HEfTIR R 760C - B A coR[EEH
16°C 7Z25E » I F BRI RS PR o (HE 22K Mn+Ni JTE S
Fy 0.77% HEFEMMIEELLS Mn+Ni &8 (1.46%) $73E7%E > 0
HE CVN {HE 223 B S Mn+Ni TTZ &S558 500 4175 4 -

asowr
A vowstmpe.
. - ® ¢
4
O
©
£
2 B
Q.
£ %
j ————————————————————————————————
i
1
o ”
1
i
L]
]
!
B s e i
R et T
1 1
I '
' i
A Ni
Ac1 - Temperature inrelation to the Mn + Ni — content of P92 weld metal

E7. P92 Mn+Ni stZ S &Y% Acl AfEia 2l
9



#£3. P92 Mn+Ni TTZ&S 8% AclBEE2E (ASTM

1033-04)

C Si Mn Cr Mo Ni \% Nb w N | Mn+Ni| A

0.10 0.3 081| 85 0.5 0.65| 0.2 004 | 16 0.04 | 1.46 776C

0.09 0.3 036 | 8.4 0.5 041| 0.2 004 | 16 0.04 | 0.77 818C

aF 1 Bwt%

T4, AFE Mn+Ni JTEEER PO $7 18 2 i E

LM ¥S_|...TS_ | FElongation| CVN
Wit% MPa MPa % J
Max. 1.5 Min. 440 Min. 620 Min. 15 Min. 41
0.81+0.65=1.46 633 761 16.5 50
0.36+0.41=0.77 613 744 16.1 22

(I9) Super304H A gsie {4 2 7R PERE

Super304HF g [N B (B S e e - sPialbtt - SHiaRs
JBERRETST - BZ SRR SR B S B GRS - HE R

J3H1%% 50 Bl TP304AHMELLEL - Super304HA G NER(LE BT
Cu~ Nb~ N#IB - ik Mn Bl Si T » JERE CutdZ d/ Mty
g1 NDC~ NBN ~ NDCIN~ M :Ce 7 24E B (LA S » B 45 2535 600C ~650C
ELEEREEE TP304HAME =4 30%

e A R VR T SRR - SR A B R RS A R
Az - PEPRRERTEEET ~ (EEEHVE L » B REE N i ES
Y R VERE B B MR IRE - Anas¥E2E ] Spranktronics

Indentation Creep Testingfit Super304Hfg# #7228 (GTAW ) EiL}

10




2 TESEESE - 3 4E 5 HIAE 600C ~ 700C ~ 800C T » 43 HiljiiBE
15kg i 20kg - ELfFEfEREEE 2 (SSCR: Steady State Creep Rate
PHERFA R - A6 8 - SREASFE P EE SILL T WA R R
ifbRE (Activation Energy &55R41% 6 @ MIE AT H 5kI/Mol
R85 (Dislocation Creep > “&7H{LAEAY 11kJI/Mol HI By & 5t
VEF% (Grain Boundary sliding Y25 » HH L Super304H:E44HEEE

¥y 4.7~5.3KIIMob [EZEHBEE(T 1y > MHHE R TR BRI -

#5. ASTM A213Y1 TP304- TP304HEE Super304Hik 4y

%=} TP304 TP304H Super304H
UNS S30400 S30409 S30432

C =0.08 0.04~0.10 0.07~0.13
Mn <2.0 <2.0 <1.0

P =0.045 =0.045 =0.040

S <0.030 <0.030 =0.010

Si =1.00 =1.00 =0.30

Cr 18~20 18~20 17~19

Ni 8.00~11.00 8.00~11.00 7.50~10.50

N — — 0.05~0.12
Nb — — 0.30~0.6

Al — — 0.003~0.030

B — — 0.001~0.010
Cu — — 2.5~3.5

11



9.00E-05
©8.00E-05
27.005-05
¥'6.00E-05
25.005-05
& 4.00E-05
5.3.005-05
®2.00E-05
& 1.00E-05

0.00E+00

Steady state Creep rate comparison

B S304H Base metal

S304H Weld metal

[E8. SSCR4EE

726. JE{bAE

Super304H Base metal

Super304H Weld metal

Load (kg) Q (kJ/Mol) Load (kg) Q (kJ/Mol)
15 5.3 15 42.66
20 4.7 20 32.37

Bz H g1 Super304H sisi BEA BT 78 2 AR SH A > 4fE] 9 -
Super304HREA Ry AT A E - I 5] Nb (C» N) BE1E Cu
MHZEW M) - IEE Cutatr ) L= RS DUEERETT - #7181
EHTIRHREE I - WEki Nb (C > N) BiE Cutd Zi/ M i p7Ed
aIk (Worm-Like) #rtHi#) - B&R{& Super304HA s LiA4 B3
ZptHsHeAnE 10 82 11 /R > BURE mE{RE 600CTeT%] 800C -
FH i Mt BETRCD o B 12 BUREEA L 800C/20kg

12



e iRt Z HIHEN ZES LB -

(a) BIHf (b) ##iH
9. Super304Hii” EEEERIEAH (500%)

(a) 600C (b) 700C (c) 800C
[&10. Super304Hit 2 /& E T i Mif e fH (500x)

13



(a) 600C (b) 700C (c) 800C

[E11. Super304Hii 2 & E gz §7 iE5AH (200%)

[E12. Super304Hii 2 JEE T ER L BIM 22112 SEM &

(ZL) Super304H A gsF (< K RIS ehdr

S E K I R K~ IR - LI EEIREE TR
HIGahREDRT - BISBIR R > B ESURESEIEL  &E R
HEHE AL - B PR E R IR - e R — R
HEAEEEE LS IRE N - Thiree e G THBE AR TR - HEim
REAER - ULRENE RRVEERE - &P R B S &S Sk
SO, - WIRABLER EFHYEE - R RL SO - IR LI ER © PAREH
EFEEITE > WAV EGE EHE - E R S EYIRHE S Bl
fE > PR EEEEAD - Jitendr&VE2EHZE Super304Hfi{E 600°C ~800C
ALK eR T R » F5HHAE 750C PAE - Pre&MEHVE L ERGHTE - &

14



ZUGERERY NaCI R RIER T - SRR e ERIES > AR 7 > §7E
Y RS SR AR IR B > 4] 13 -

7. Super304HTE A ELRE A EERR

R JEaEA (mm/yean) JEaERA (mils/year)
600C 0.026 1.0236
6500C 0.0928 3.6535
7500C 1.1566 45.5354
8001 17.9624 707.1811

16

comparision of wt loss of base metal and weldment

P

Loy
S

P
Pt
|

oy

[}
|

=—#=—hase metal

o o
[=)]

wt loss in gm

=f=—weld metal

=
I

0.2

T 1
o]} 20 40 60 80 100 120

timein hrs

13. Super304H:i B 5 E 1Y B2 S R Ak

(73) {&& S5 T/P23 B2 T/P24 G715k 1%

T23 3 2 {LERER ST 4072 8 Ao - REFIARIN W TR L BEIA (L
fEF > A0V ~ Nb 82 B SrR LM HRE(LIEA > 7800 B ST EN IR
fbRE - HERR[EDKEFE (Bainitic) &HER - T24 e AE T22 i FLEE

TR R ERE > NIIME Y Ti - BFILE  FEP-S
FHECR G E > (£ T24 s PEMERERE T224 5 © B2 T23 gaAHLEL »

15



T24 52 W I - 52 Mo JTRRYEEsSR (bR - aHakE R0l
K] (Bainitic) dH&% (41lE] 14) > T24 5l 2 {LE2R 413 8 A -

#<8. SA213T22(10CrM09-10) ~ T23 (HCM2S) ~ T24

(7CrMoVTiB10-10) £ T241E}} (Unionl P24) {EE2RG 5T

ME T22 T23 T24 T24E%]
C max0.15 0.04~0.10 0.05~0.10 0.08
Mn 0.30~0.60 0.10~0.60 0.30~0.70 0.49

P max0.030 max0.030 max0.020 —
S max0.030 max0.010 max0.010 —
Si 0.25~1.00 | max0.50 0.15~0.45 0.23
Cr 1.9~2.6 1.9~2.6 2.2~2.6 2.29
Mo 0.87~1.13 | 0.05~0.30 0.90~1.10 1.00
Ti — — 0.05~0.10 0.034

\% — 0.20~0.30 0.20~0.30 0.24

W — 1.45~1.75 — —
Nb — 0.02~0.08 — 0.007

B — 0.005~0.00600.0015~0.00700.002

N — max0.030 max0.012 0.014
Al — max0.030 max0.020 —

16




[ 14. P2ARI AT REGIAH S

15 %y P244fiHy CCT iy - —MESFEAVLAIEERT - $7E0H
FEL By 340HV10~360HV10 HerberE B oe 4t BT » 45 T24 5
AR E<10mm 54K TEZR 100C ~150C - JEfEE & B 200C ~250C >
H#F&EEE<350HV10> fE 16 - $F4-2 n~ FH#EfT PWHT - & 9
= SR T24 S gR(RAT IR E - $24F4KC 740C/2h By PWHT R -
S IE R AR RE] 250HV10 HEAF &K PWHT EZEE Y5 {F CVN
ENRAEE I » TR RZ IR BT $TIE R
ZIROK IR R o i CYNEAZRAK -

TIP24ASH K 2 FITE K& BB B - (EE AR 2B R MR A E
FH P24Ag%LE > AuerkarfE2 15 H LRSI TR IEVE A - AT
$IE AR AT - AE 17 PR - T8 P24ASTE L SR B 22 F 34T -

17



temparature —»

1200

1000 -

 1000°C - 10 min.
 Acl, Ac3 nach ASTM

600 - A

400 |

200

_1-30.000

time —

[E16. T24 $FiERERE (48 PWHT)
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229. TIP24M&tRME

Test Temp. PWHT S TS Hongation CVN Hardness
‘Weld process
°C °C/h MPa MPa Yo J HV10

Base metal

. 730 - 760 =450 585— 840 =17 =27 =250
requirements
GTAW 20 — 664 803 19.2 =250 =350
@24 mm 20 740/2 595 699 203 =250 =230

AW

M 20 740/2 577 689 18.1 150 <250
4.0 mm

[ 17. P24 5 75 34T
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TERETTHE 2 2 25 40 (18 18) » I F8E (A B I A
Elm 7= (Misalignment) 157 > 40lE 19 - H & H78E AT
PRAFE AL - 15 SR ERE BB ER (F F BLER B R BABTE - RN IE
19 FiHpE » RO 55 B -

[ 18. J57 574X
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2. $FiEENEER (PWC: Preferential Weld Corrosion Z % :
Spowag€ 5 & sh T E 8 Al AR (B 20) BAREIA - T
ERAHE TR IR EY) - AR EIVEREE Z S b
B 2% (AT IR B AN S A b Rl - 28 SR AG DN 2R S e

( FAC > Flow Assisted Corrosion E4 > 4B 21 i 0 &
RCAREEHY$EE (VhNEfEfSi ) BEE M S b (KEfEkz
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Direction of flow

Flange weld / Undercut due
N

Weld Elbow

[E21. $FE R R
TE I BB S 28 (5] ¢ IE ZlS R 1Y 2 BASS HA 25 A HO T {1 5
O SNEE 22 Fiw o BER ORISR A K& S 20
Y& - B B UG & (Intergranulan 3 4UE %
D EHZ A (Transcrystalline &L > 41[&E 23 - BYET I _EHY
A1 U NatEES > HEmEEeME (B 24) f o 87
EHKEST AR FA o B ) R B T S B 13 -

HIHIIII||I|I||||I|IIIIHHI\II|||||H|IIII|I|II||||||||II|I||||||I|\|III\|ll||i|ll|l|

9 10 11 12 13

[ 22. ISR S NI -
(a) #MAT - (o) WS- Cc) PT &Ml P {A]
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[E23. B SEM 214

6 i 8 9 10 11 12 13 14

(24, 1SR R (STEHPTIERE R )

SUEEEZLI2y (Hydrogen Delayed Cracking @ fE¥RfC A T 2
WENSFIEAVEE RE > WG DISF AR > MRV IR B
I I S B e L < e AR ] o T (o e A 2 A
( X H%4%4 Cold Cracking) /4 Ay & A - Teres& £
FUMH R s D A I B ALY U7 0k - AIE] 25 3R I ST B A E 0
(41 50C ) &K 20 /NEf1% - AIEATHYEERESY 3mm» Jff B
= SRR EEROE o TP R EUER B - A E R REEE R
it G B A A IERCE - WE 26 - Teresaff &afgt 15
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a0 Dt E IR RS EEL
Base Material
» Choose heats of base metal with the lovaeseptable yield strength.
Welding Consumable Selection
» Choose consumables with the lowest acceptableé sieength.
» Choose consumables with low diffusible hydrogeteptial.
» Choose consumables with low moisture pickup.MMMAW, choose
those with an“H4R” designation.
» Specify low moisture shielding gas. Use ISO or 3Welding gas
specifications as a guideline.
« Store and handle consumables in accordance vattufacturer’s
recommendations for low hydrogen processes.
 Protect consumables from condensation when mdsétgeen low and
higher temperature areas or during temperaturegstetween day and
night time.
Material Preparation
* Remove rust and scale from the weld joint area.
* Remove cutting fluids, grease, organic and wadsed cleaners from
the weld joint area.
* Preheat the weld area thoroughly. Measure teryreran the opposite
side of heating or soak for 1 hour per inch ofkhiss.
Welding and Post Welding Process
» Sequence welding to minimize stress wheneverilgless
» Minimize shrinkage stresses by not over-welding.
» Weld the most rigid components first, or use sskanblies.
 Avoid areas of significant stress concentratigminimizing sharp
transitions between weld and base metal.
* Increase preheat and interpass temperatures.
» Weld continuously or maintain interpass tempearatluring breaks in
welding.
» Use oil-free and water-free air for vacuuming éaehsporting
submerged arc welding flux.
* Reduce cooling rates whenever possible.
* Reduce the thickness of individual passes.
* Reduce cooling rate after welding with thermalulation or by
maintaining heat on the joint.
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Diffusible Hydrogen (ml/100g weld)
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- w50 C
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E —~8—100C
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& —#—200C
a 300 C
10 —=—400C
0 T T T T 1
0 20 40 60 80 100
Diffusion time (hrs)
[E25. 1 #F 6 N SR T 5
SAW Hd -- Polarity Differences
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mAC

W DC+
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