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ABSTRACT

Investigate the Influence of Post Weld Heat Treatment
on Weld Characteristics of Water—Cooled Wall Tube
Used in Stationary Once—Through Variable Pressure

Reheat (SOVR) Boiler

Kim Sun—In

Advisor : Prof. Bang, Hee—Seon, Ph.D.
CO-Advisor : Prof. Bang, Han—-Sur, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

In Central and South America, the cheapest coal in Stationary Once-
Through Variable Pressure Reheat (SOVR) boiler can generate power
around 350 MW, steam of 5000 T/H and pressure of 250 MPa. SOVR
boilers are being built and operated, and large—scale SOVR boilers will
continue to be built in Central and South America. In particular, Cr—Mo
steels are widely used to improve the heat resistance, wear resistance and
corrosion resistance of the power plant internal structures such as the re-
heater tube which works at high temperature and high—pressure conditions.
However, joining of re—Heater tubes with retaining high tensile strength is a
crucial issue.

The purpose of this study is to investigate the effect of heat input in gas

tungsten arc welding (GTAW) on the appearance of weld cracks due to
improper bead shape geometry and post-weld heat treatment. Hardness
test, chemical analysis, non—destructive test and post—heat treatment are
performed for in detail analysis.

In the present work, Martensitic steel SA213-T91 was welded by GTAW
process. No defects were observed in the welded parts, and the condition
of back bead weld was also excellent. The heat treatment was performed
for both specimens. No external defects or internal defects were found with
no evidence of localised high—temperature exposure. Also, inside and
outside of the tube confirmed that there was no deformation due to stress

_\/|_
Collection @ chosun



relaxation or exposed to air during long—-time heat treatment and that no
metal surface was oxidised. The metal biopsy test of both specimens did
not show any microscopic cracks in the heat affected zone and the base
metal, and both samples were free from hydrogen embrittlement cracks
after post weld heat treatment (PWHT). The specimens which passed the
visual inspection after the heat treatment was subjected to RT Test based
on ASME Sec V.

Pendant Super—Heater for the water—cooled wall of SOVR Boiler was
manufactured by 9% Cr—1Mo SA213-T91 Steel by heat treating specimens
at 720C~750C. The PWHT for an additional 120 minutes was considered
to be safe as it eliminated the lamination defect formed due to work
hardening in the structure. The PWHT showed the reduction of the
hardness of the welds, HAZ, and base metal of SA213-T91 steel. It is
therefore considered that the post-weld heat treatment temperature is
required to be 730°C ~ 750°C or more to lower the hardness of the weld
metal and HAZ.
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Mot €2l 018X UL L™ S8 &0 O|ASEA IS M2 &
PC E229 THE 20t Jsee D2U%, Watsh & LHEAIH0| 246
M=z, D22 2 02 2dEIt 228t Headers, Pipes MZ, 12l =
At =2 22 UEUETE 2= Re-Heater Tubes & 0| HAA
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e
gt
0%
0%

= AFA0M AMEE=E A= 9Cr-1Mo &2 Tempered—Matensite HE AtE
ot &A™ ot ], SA213-T91 2o A FHESH X2 2ot HAZ ZH
O &0l =1, &F Matensitedl =0 FAHMQ =42 g & = JAse =
Q QKo [ME2SH XATE ol /oA =2 A0 AFESIRUCH 0] ATHES &
S D& L DAUA ot Al JIAHAFC dE2 RXAot, £&t N9 32
I 250t £2 MHEOICEH ASME Sec Il Part A Tube #32l Size OD 50.8 x &N
7.9mm<e| SA213-TP347H2 Size OD 50.8 x &M 10.6mm< SA213-T91 ATHE
2280 A&otALCt

Ohas 28U AEsE 2822 38 828 20| 72.4 %2 Ni, 20.0 %2 Cr,
3.0 %2 Mn, 2.2 %2 Nb ¥ 0.3% Ti 2 AIE0I 1, sts 822 ASME
Code Sec Il Part C 0l #&E ERNICr-3 Welding Rod 28 4=t 2X
ol 2SS &0l GIRL (Table.1 &)

Table.1 chemical composition of the welding rod element (Wt—%)

ERNICr Mn P Si Cu Ni Ti Cr Nb+Ta
-3

(ASME 3.0 0.004 | 0.09 | 0.01 | 72.4 | 0.42 20.0 2.46

Sec | - - - -

Part C) | 2.5~3.5 0.03 | 0501050 67.0 <0.75| 18.0~22.0 | 2.0~3.0

Collection @ chosun



(LhHolSy gAS2 2 S2HAGEN LU 0|28 g0l MEAol vE Ids
olgs YU ZHOZ ASES oLt 28 YHozE=E GTAW &8 %=
i SIGCH, &8 XAH2 22& EX AFZM Oreidl UAU= GTAW &
HOoZ 2F O AEIIULE (Table.2 &HX)
Table.?2 Welding Parameters_(WPS)
Preheat Post backing Current (A) Volt Tev.Speed
. . P.W.H.T _
temp(°C) temp(°C) Range Range | (cm /min)
Min. 300°C£30°C 750°C +£10°
205°C X I\/Iin_2Hr C_ 100~230 12~20 5~18
(Only15E) ’
2.1.3 @Xxc =A
Ohgx™el gA A= Ootehel Fig.l J& 20| Detst €22 Local Post
Weld Heat Treatment &3, 20| A2 5 A LS X2 oIRCH &
MO HE fAXe z0s S 8F M= 2H0 ®IX otUCH SEU, ST 2
HE &9 3R Z&ALE xS =0F o) fol 22 5001 € 4012 &H =
A

lo_eJle_ofo ofe ofo ofo ofe ofo o]0 o]o oo ofo ofo efo of

000Q00CQ0

le_oJlo ofe oJfe oJo o)fo

ofo ofo o|[e oo o|o oo o]o o]o o]

Fig.1 General PWHT Design
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Fig.2 General PWHT of Actual Furnace Boxes
(CHAM EXel 8 282 ot Fig.3 E2F 22 PWHT = SHEfZ AH
2 Xl 8AH T = Tempering PWHTIF CHEGHA A &EGHACH E X el
Al & HEE2 Matensite AEHOIA "as—designed" OIMl ?X0I3. &stE
HAZOIA Sl =4 F 3 282 =2 U224 =0, Heating ¥ Cooling Al
2T Mo 22|t 2-dels ool D= Eez 88 & g, 28
& £ 4 H0ol3, dell S8 2= £ 24Hr OILHUI PWHT & & BFA L.

Fig.3 PWHT arrangement for SA213-T91 steel
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Fig.4 Test Sample Specimen

(0h) g H™el =& Holding time Al 2242 OfeHet 201 2JtX ez Ix
£ oD, 229 Xl A2 oted (Hh, (AHQF 201 A&t

i EXcle =t 308 % =222 0teilg Fig.5 18 PWHT ez
et 20l ASME Sec | PW-39 TableOll #&E& 20 O E2 Al2Zs H#8 &
=oAL, SXcl £2H2 Ot 2 FALH.

oo T
ol

Holding Temperature : 720~750°C

)
2) Holding Time : 30min
3) Cooling Rate : 250 °C
4) ot

Otell Fig.6 AFRIE AH X2l &Y =3 AIRISZ |nsulation AlE&2
4 Box 220 Heat Loss ZMGIK LXE== GHALE.
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heating time holding time  cooling time
& — > ———> ¢

-

>
>

Temperature, (T)

holding Temp.

Time, (minutes)
Fig.5 General of PWHT Graph [1]

Fig.6 General PWHT of Tube Condition for 30min
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WHT ZlcH
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(ANSET SHel=s =D 12082 25 X2H490=2 otellel Fig.7
9t 20l ASME Sec | PW-39 Tablelll REE ALECH H

o I
g Y AEoIRLD, SH-el =AHE Ot 20l HE =0l

o 5o |
270 o

Holding Temperature : 720~750 °C

Holding Time : 120min

Cooling Rate : 250 °C

OtcH Fig.8 AtEE2 &AMl EXcl &g el At
0 Box 220l Heat Loss &5t = t

—_

W

&OZ |nsulation AISZ2 ol
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heating time  holding time  cooling time
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Temperature, (T)

holding Temp.
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Fig.7 General of PWHT Graph [1]
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Fig.8 General PWHT of Tube Condition for 120min

22 2Hzl = BHEL

Jm

o 1

uzt

OLAAS dSL ASME Sec | PW-33 Visual Inspection Ol [etA ZAIE
1, ZAF J1E2 otef 2 Table.3 & & Otefel 1) XA 20| algol
A

1) All weld bevels and weld surfaces shall be free from cracks, porosity,

slag inclusions and other Weld grooves and adjacent parent metal shall

be clean andfree from paint, oil, dirt, scale, oxides and other foreign
material detrimental to the integrity of the weld.
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Table.3 The tolerance of alignment (ASME Sec. | PW-33). [7]
ALIGNMENT TOLERANCE OF SECTION TO BE BUTT WELDED
[ SHELLS AND VESSELS (INCLUDING PIPE OR TUBE USED AS A SHELL) ]
Section Direction of Joint in Cylindrical Shells
Nominal Thickness(mm) Longitudinal (mm) Circumferential (mm)
Up to 13 incl. 1/4 t 1/4 ¢
Over 13 to 19 incl. 3 1/4 ¢
Over 19 to 38 incl. 3 3/16 (5)
Over 38 to 50 incl. 3 1/8t
§B89 HAZR &&&= 2
E =34t

£H

= 0IMl d0IE ¢

ME AEH ZF Weld Pool28

. BT AIE = & Oorellel 22
s2AI|=)

(JF) ACCEPTANCE CRITERIA (
Max hardness value — Weld metal : 240Hv(P-No : 1, 3 and 4)

For tubes;

Max hardness value — Base metal : 240Hv(P-No : 1, 3 and 4)
Max hardness value — HAZ : 240Hv(P-No : 1, 3 and 4)

For P—-No : 5 and 6 Max hardness value for Weld Metal, base metal and

HAZ is 280Hv [9]

2.2.3 "Ity Al

yo 10

2= ok
NE ZDs

(7]
_13_
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(a) Any indication characterized as a crack or zone of incomplete fusion or
penetration; (2, SE2%, 28 252 LIEtUHE XAl
(b) Any other elongated indication on the radiograph which has a length
greater than:
@ %in.(6mm) for t up to %in.(19mm), inclusive:;
@ M4t for t from 2in.(19mm) to 24in.(57mm), inclusive;
@ 2in.(19mm) for t over 24in.(57mm)

Where t is the thickness of the weld excluding any allowable reinforcement. For
a butt weld joining two members having different thicknesses at the weld, t is the
thinner of these two thicknesses. If a full penetration weld includes a fillet weld,
the thickness of the throat of the fillet shall be included in t.

2012 =1ol= Jt=10 21 Xl Al(elongated indication)
t)Jt 3/4 in.(19mm) OISt : 1/4 in.(6mm)
t)IF 3/4 in.(19mm) — 2% in.(57mm) : SISl 1/3 20|
t)JF 2% in.(57mm) =1} : 3/4 in.(19mm)

o

SHZ BWIIGI IS AEES Z w02 Mus

1S E& Butt Joint®H AIE€® ZHlotll, SA213-T91 AN

_$_
o 2 XZ Al 9
AR 8%, 2L (HAZ), 2M2 OIM=Z 2EXE LIEHWHD] ol & LA
&A2s 0|28 10% nital solution & AE0 &QI5HALCEH

SA213-TP347H &2 =&0| LAHLOIE XHFPXZAM 22 OI=2HMOIE =
HAXQ 22 Etching 8¢ 2 stst® 240 HHAREZ 10% oxalic acid
solution2 AIEot0 HMHAM 22 eatching & &dt1), SA213-TP 347H Tube 2,
282 21 Oqoqét?—oIEI OIMEZE PXE AEOIRUCH S22 M=z ES &
ot flol Zs H0lZE AIESIH EHR2 SE4= DEGISL
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3.1 &8

3.1.1 8329 JIAHHE =S4

A EX

o

=
ol
on
0x
AL

Z4& & Final Super—Heater Tube MZ& atsf 2222 ZAHS AIE0tH =4
& Final Super-Heater 22| sIStdE2E & &6t L], OtcHet 201 20 gis &
OIGHRLCH. Z0t= oY ASME Code Sec Il Part A2l SA213-T91 star A=21t &t
-4 Ar22 Table. 40l Z2ME EOIotUCH SA213-T91 Tubell st&td 42
ASME Code Sec Il Part A2l SA213-T91 YXlot= ZUE &olotA 1, L&t
SA213-TP347H Tube &= ASME Code Sec 112 stst® X4 Specificationdt s
St Z gt2 Ofell ZE2F 20| &0l oIULH
Table.4 Mechanical Properties of the tubes (ASME Sec II)

SA213
Element T91 Tube SA213-TI TP347H TP347H
Carbon 0.1 0.07~0.14 0.04 0.04~0.10
Silcon 0.36 0.20~0.50 0.30 1.00 max.
Manganese 0.47 0.30~0.60 1.59 2.00 max.
Phosphorus 0.016 0.020 max. 0.029 0.045 max.
Sulphur 0.003 0.010 max. 0.005 0.030 max.
Chromium 8.29 8.0~9.5 17.56 17.0~19.0
Nickel 0.15 0.40 max. 9.00 9.0~13.0
Molybdenum 0.96 0.85~1.05 0.23 Not specified
Aluminium <0.0005 0.02 max. 0.009 Not specified
Copper 0.11 Not specified 0.39 Not specified
Cobalt 0.02 Not specified 0.11 Not specified
Titanium 0.003 0.01 max. 0.003 Not specified
Niobium 0.093 0.06~0.10 0.45 0.32~1.10
15—
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Vanadium 0.20(approx.) 0.18~0.25 0.005 Not specified

Nitrogen Not specified 0.030~0.070 Not analyzed | Not specified

w
(N
I
ba
n
-

el exel S

0| EME 0|52 E& Sample €M = TAHO=Z2 N
2 A20] OtH SA213-T91 2% X2HO=Z EX2E £=HOIF
Fig.1 E2F Otchel (1) Datas= Exlcl 2= S &0l oFULC.

SA213-TP347H
1, OteHel O

heating time  holdingtime  cooling time
< — > ——> ¢

v

Temperature, (T)

holding Temp.

Time, (minutes)

Fig.9 Post Weld Heat Treatment Graph [1]

(1) {2 €xel deh= 2o Datas 2totH AelotH L.
1.1) Heat Rate : 250 °C & Holding Temperature : 720~750°C
1.2) Holding Time : 15min & Cooling Rate : 250 C
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(L}) Pendent Super—Heater Tube =&

Super—Heater Tubel Z<Z0| £€ME ZEEF X
M HMI&EE Pendent Super—-Heater @22 & &
HAE Y 2HZ0l SOVR B2He A, X

A O &40 2ME2 UM ZoI6HALE

e .

O A

Fig.10 Weld—-Joint Failure Position in Super—Heater Tubes of the
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UCS Coal Power Boiler

PN
=]

(Ct) StZ A ¥ IHE

Jm

oo 40

ZZ0| 2dE 22 FES 2 SOVR A2 32 UWRUA AtE=
FE0I04, OteHel ARl Fig.11 Ol E= 22 20 E82 238t HE &
Ot L SA213-T91 FE9 2Af HEz2 )| RALZRH E3otJ|
HeIE HMelet 2= &0 ot Jointe= SA213-T91 |2 FHo &
2(HAZ) 2 et N3 el 28 FOF &IGHAt. 2 2
o Z0HZE LS= di2k 20| Brittle ot #2 A222 AL =L

(1) Overall view

0x 09 0T Jo
[E 00l 0% O

Weld Start and
Stop Point

Stright Crack

(2) Close up of crack area
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Fig.11 Cracked joint section as received
2 B8 Ho S8R FE R 236z

Ct. &2 SA213-T91 |E A W0l =2
s

<!
Y

10

M

z

N

>

™

1o
0T
2

o

SA213-T91 SEZE=2 BHIHE SA213-TP347H 22t el = or &stE2 &I
Of 2loh =HolE Hiet 201 LHE EH0 XSH2=Z D] 2401 Z4s =01 5t
Ct. SA213-TP347H 22 & =52 Ul RA2 8l= 4HES &2 g =+
UALCH (AHE Fig.12 &X)

Otchel AtM2 SA213-T91 FEJ WEHUA AlXStls 222 JXE2z 4g
O 22 M6t O HEHUA S8 FEYH 2= UM HEECZ 220 &
== LEY 222 &0 & = U/AL. 222 84 BEsS 728 RF20AM FE
HE &S & Us Hd #2 F2S 2E0H UWRUA AR=Z S &01e
= UAULCH

Fracture Line
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Fig.12 Close up of inside surface around weld and fracture
Al

(2f) E4E ME FEO ST ZAIA 2

OtcHel Fig.13 SEM At&l(a),(b) & @22 AMNLS A6t 229 Sas &
oIots HAE SHACH AN HOIF(SEM)S AFEoH0 mEEel £& JAXE 2EF
st 20 O ME2 EY & 22 FE oF HUUAM 24 HEIH Ot 2 242
2 AMZELD 24 el G0l 270t ALl MEE JAUA EEFO &

A

A W SE-0l ot 2 =22 g = AU

ZZ22 HZ= EBXAE2Z UWRUA AR HEHS ol O JdHAD S HF
NUA 22 BEoz 232 28l A Hz=s & 228 LU (Fig. 13(b)
AHEL EX) OF Q= FBES YA MUS LEH 222 AtZECH

L

O tur

-

Q -
(;( ™ Elat Fract e ‘.

9 A
- faca ‘{

= 2 g ' y 1
[ . F b4
1092 20.0kV x1.00K'SE “ g W80 .ofim

(a) [Close to inside surface. Approx. magnification 1,000x]
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1103 20.0RV TS50k SBw.

(b) [Close to inside surface. Approx. magnification 1,000x]

Fig.13 SEM Fractography of flat area
PH O (Fig.14 SEM AIXl) XZ RXE AHEH £ H&E L&
MOl A FGE LIEIYHES 0I5t (Fractography 2 Fig
E2 HIZ2EQ JIERE2N MZ g2HAE 22 222 2AXDI
Dimple Fracture 0| &&= 2192 WEGIZ2 Qs 2 & A0
(o]

ol & = UALCH.

U re 1A
0 1 0&

Lol ML &2 42 FH0l Y= R U=F6t #E€2 220!
E SZ0A MH otHL EXlots S ZHUS ItsHE0l IMH, £
=L 2 Qo0 RHEE HE 422 Q8 FFRHO X 2oz
[HE D0l ZMY = U= RALZ, RACHH SA213-T91 FTE
HOUUAN ARHHSZ AlHote =4 Fd=2Z2 € =X SHO 2
= Ct

_21_

{“/Collection @ chosun

ol

32 00 0
e v

e OHE
14 (b)Fx).
He
LIEHLS

YY e
10

0

s
=
i

=
=
=



S5 Embrittime g

Fractur

(b) Approx. magnification 1,000X
Fig.14 General Factography of rough fracture section
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PN

(0H =3 &

v
ro

g2xcl 2%

o
Jm

2 ZN™AH|I2l Pendent Super-Heater Tube 0|Z & SHOt LME SA213-
T91 XHIHOF WPS / PQR & Welding Procedure J|&EC g 2& 228 = €2l =
212 ASME Sec | Boiler PW-39 0l et Oteiet &2 THez =dxelE [

o2 EOIGHALE.

JedLt ASME Sec | PW-39 J|E22 Z X2l Holding time (15min) &2 &
o BHHEY 25s SX2Iot &KX RES &RIGHRAULH. Lt EXel 5 22X
Insulation Covering, Thermo—Couple, Monitoring Couple |IXl 2%, &8 &¢st
& Bead &=z Qlst =X g2 L &8 AT &0 O2tM Local PWH
Process Ott! Furnace Type EX2Iot =& 0{0F ot=0 DA +=HEX| R6t
0| = ZIUS A2 AIZE L

1]
0 o 4o

52—|

Local Post Weld Heat Treatment &2 ZXcdl = = =&
S EXME 2 22l 022 2ol AT ASole e &Y, ©
gt Holding Time Eé %§8+II =0t Holdlng time S0l =

a ble.5 = ASME Sec |

Table.5 ASME Sec | Table PW-39 Mandatory Reguirments for Post Weld
Heat Treatment

o Minimum Holding Time at Normal Temperature for
Minimum Weld Thickness (Nominal)
Material Te;c;'s:gtgure Over
°C) Up to 2in Over 2 in.(50mm) 5in.(125m
(50mm) to 5in.(125mm) 'm)
2hr plus
P-No. 1 1 hr/in, 2 hr plus 15 min 15min for
. for each additional each
Group (595) (2min/mm), . . i
No. 193 15min minimum inch over 2 in additional
R (50mm) inch(25m
m) over
_23_
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HUME 910 RNBs AHe

| ==
AT M BF SFS HOIGACL AU 52 ¥ IHR(HAZ

Matensite 0111, &Il XZHHez S28HE UWRHAM
HARAEO HE JIZEEL =2 450Hv 20| &0l ot
dAS 220M LHREHA ZE0| &M & NS He=z

A FH 7#ZE2 SA213-T91 & SA213-TP347H 0I1&E2x% ESNMES #Z8 &M
2 0leiet 22 eez QU8 £ Al

1) 25 LI 018 FEEA UWE 2H0 28 2250 &F d&dssd
AE=S0| 2220l 2018 2X4 2HE

2) g ¥ =9 el VE Butt Joint 8 & XA (WPS) Olall &=,

3) HIIID AL 2 HEHES9 Qo =gdoz &g

4) 282 UWE / A8 HIE2 JlotstEol HAOZ 018 X ¢Mo=z
sSg&EH 28 2HE

5 & gXel Al 285| Furnace €XelJl OtHl 28 dXH2lZ2 QI8 Heat
Loss HMO 2 2EXMOZ2 JIHI0IE Ot EJts (0teH Fig. 15 AFEl & X

(A) 2EFE PWHT L 28 48 =3
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SHMz {2 fMES X AP Z2UE LAotH Matensite BIEIIL 22 &
A Material 2 Weld Metal 3% < 730°C~785°Col 2Z0HM 2Hdal =HA
Hard—Martensite OIAl &It Ferrite?t =& Etgt2 A2 B& gt 28 196Hv
~265Hv 2] E8t=2=Z HEE K XoliOt ot=0l 28t ez A=<,

GTAW E& =& Al, HE& 0 E,

A S22k, 28 5L, E8 8EE =3
& AMEA0 XA 2HGHA RotH #E2 YL = =) SH=x=E M3GU2H, £
st HEl B8 o2 88 = SUBME Sotd =X Ff=s L9 22 WO
EZHIEE |SXGHA X8 2 2015 Otelt (Fig. 15 AFMEZX) PWHT &

Mel HEE 28 g8l &
CHE 2220t HX Ret HeZ =01 GHALH
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Fig.15 Un—control PWHT Condition
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3.3

s8s ZHe

3.3.1

Oteiel Fig.16 PHWT Chart
& EOI5HALCEH. PWHT Chart 2 &8t
720~750°C AROISl 22
oHE AU A €M™= Chart &2 2XMES 2ALX 210,

= UXUCH

— (]
= A2

sl0| st

= =2

cl & ACH

Ss o}

2 xcdl Chart 2&

S0l 2 EXele 2K Al 25 JANMoZ &
Z 1t Heating, Cooling, Holdng time 12l1}
ZH2IEASE Chart A ZHQIGHALCH 22 AIE@EHE
2 ASOHH EH

3.4

X
alil
it
2

Jm

Fig.16 Actual PWHT Chart

A

o

3.4.1 S8 ©H AA
OfeHel Fig.17 & 18 & AIEHEH 25 AKX 20| 2FMEH 2 ARl D2l ¢S
St 2EAENSl ProfilesS LIEIH 2Ho =2 SQIGHH L.  Specimen. 1 & 2 2
Sample AIEEHE SHHZE =olst A G A|HE 0|MIst 222 LIEILHX &£
1), EStFunsion Line 2 E0lst Z1 24HSHH 2ot 82 B0, Os 2
& Al 28 & =2 QAU= Ho =2 EHOIGHULCH. Post Weld Heat Treatment
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SA213-TP347H

Fig.17 Metallographic Specimen 1 —additional 30 minutes PWHT
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SA213-T91

Fusion Lines

SA213-TP347H

Fig.18 Metallographic Specimen 2 —additional 120 minutes PWHT

35 gxel 3 8FY sS4 I}
3.5.1 |0t A
Fig.19 & 20 AlEEES 28 28 ZE0|Lt §E otZ9| |8 Fage LA
&2 *904 =220z N2 == ST YALX L2 NS SOIGHALCEH L&t
a2 AIZE EXel Al SHESEoZ QI HE SHL EHdel = o] & AIHQ|
CEDNH 25 HOHO| MSE BEE gl Aoz &0l GIRLH =IJIE Furnace
Box £ 2JtXl A& ™ Pendent Super—Heater SE0 CHollAl EXcl =85 ZH}
OleHel AFRIDF 20| 2&2tatoz 2RI g, 82 23 Ol WHe =HME
C YHAGX L2 S EOIGULCEH. EAl EHel =0 2ME £ A= HEZDE2
AFRI D 200] 2MGHR] 22 WS EOIGHATH
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Fig.19 SA213-T91 & SA213-TP347H Weld Joints After Additional
PWHT (30min)

Fig.20 SA213-T91 & SA213-TP347H Weld Joints After Additional
PWHT (120min)
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3.5.2 3 AlE

OlHOl Fig.22 APRIZ ATAIBS HE0l 33 AFRIOIH, SA213-T91 £E29
2SS ZH HAZS JEE HelE +#sAS B2 HAZ =9 O
0 <

= 280Hv 20 ¥2 2UE Jb 280Hv g0l EelE 2Af

HEO J2 sgd 2= SHE 20 280Hv B2 &k g2 JlE BHE
st @xclz elot & & et sdeE 88 AT AMSES 2 2 &

%S =
o 420Hv B+ A0 S 2B =G

E8t I EXel 12022 =& AMEEHUA EER =52 = 24170 ~
= ol ExXeldt EACH=
Z 5 AME8EUAM SA213-TP347H FE2 2

ez ZIUE QoL FIAEL

M Z2Ee? e QAHU0IE 282X BX g of 175-220Hv 2 A,
SA213-TP347H JE22| 2 & 2SR = EFO0ILL = EXelz 2
st I EXMel0 2 Sets B @Ee2 N2Z 2 UE HHOIGHIC

CIS2 Fig.21 AFESl Post Weld Heat Treatment =JF 302 &S AMEHO Z1}
SOISHARLCH EHelE =IF Algst 12022 Post Weld Heat Treatment2l Xl
(280HV 500gfolgh ol 2 ALL O =Cs Z2UE &0l o}

"R

of gXels FE A0l =2 ZBE G0 B HEE AH

OIot ), = AgsS SoilA It 30=2 ExXcl Sd2 SHUAM A
=

o
0

=
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CHOSUMN UNIVERSITY

Weld Bead

Fusion Line

(b) 1.5 mm below ID surface
Fig.21 Hardness profile across T91 HAZ, Specimen 1
(30 minutes additional PWHT)
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CHOSUN UNIVERSITY

(a) 1.5 mm below OD surface

(b) 1.5 mm below ID surface
Fig.22 Hardness profile across T91 HAZ, Specimen 2
(120 minutes additional PWHT)
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(Oh T91 2= 2

Otciiel Table.6 HE 2% E&F Ag¥ 30=2 It XMl 22 & g0 2
2

2(HAZ) B2 OHA-I Material Spec J1& 280Hv 2EC+ =1tole ZUE &0l 5t 1D,
OIA 302 FIF 2€Hdele 2R 888 ¢ HAZE 229 dAL g2 &dLE Spec
Ol et=ot } IUHI&*&' HASIE(HAZ) P29 Z2E 22 280Hv =1totd S MG

EJHEIE eIt L.

28 =Xl 1202 FIt EXcelel 82 0t Table.7 HE BH &2 &
2HSE(HAZ), 25 25 Material Hardness Spec 280Hv 0l 2+=56t0d 302 =
o €xXel Bl 1208 I €XelIl 838, 2SR (HAZ) 22 & s
SE=0 02 2450 JgT=ARE &g = JUJULCH

Table.6 Hardness Test Result (SA213-T91) Additional 30min

Base Base HAZ HAZ HAZ HAZ HAZ HAZ HAZ Weld
Metal | Metal (3) (4) (5) (6) (7) (8) (9) Metal

238 235 250 266 289 291 306 312 315 183

Table.7 Hardness Test Result (SA213-T91) Additional 120min

Base | Base HAZ HAZ | HAZ | HAZ | HAZ | HAZ | HAZ | HAZ | Weld
Metal | Metal (2) (3) (4) (5) (6) (7) (8) (9) | Metal

242 253 262 268 | 274 | 275 | 267 | 240 | 262 | 280 | 175

(Lt) 347H 3= 2t

Ote Tab|e8 &9 HE EH EZ AMEHE 30= It Xl delld EE AIE
B 12082 It €2l 2 =523 QAHUOE FX0AM=s HEAIZE EXel
-

== |E
e XZ&0s older SHatlr 8, 3 gt BFAH2 ZUE EOIoHAL
Ol =X &0 SHIL Sl0A 0185=sh 8 = FAIZE X2I0l HohA LAHIL
OIE Z=Z&0l= MOt AS=S ChAl 8t =ols & &= JUCH
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Table.8 Hardness Test Result (SA213-TP347H) Additional 30min

Weld
Metal

170

HAZ

(5)

182

HAZ

182

HAZ

(3)

179

Base

Metal

188

Base

Metal

180

Table.9 Hardness Test Result (SA213-TP347H) Additional 120min

Weld
Metal

180

HAZ

(5)

178

HAZ

175

HAZ
(3)

181

Base

Metal

180

Base

Metal

172

3.5.3 "l & Ak

20l
tOI ASME

i
Ll

0

AL EDFA

Fig.23

AL (RT) OtchHel

St

il
t 30

Sec.V Ol MetA

}

A

I.

=
sF Y

CHo

ol

tRXD, ASME Sec | O [tetA
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i0J
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o
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_
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160

<+
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=
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Sy
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Oteil Fig.24 At
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ASME Sec.V 0Ol

i0J
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Fig.23 Radiography Test for 30min Film

Fig.24 Radiography Test for 120min Film
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CHOSUN UNIVERSITY

3.5.4 OIMI 2

(JF) SA213-T91 Z=Z AL

2EEE 242 25 ZNAAMUAM CISU 22 ZUE EOIGIUCH & AIgEH 2
C 2N e AUST S AST 2 Z20|1YS LIEHHD, ofell Fig.25 (a),(b)
ANMEEHNME=E s DIMe 20l 2982 2L 2 220lM LEHLHX 22A
S SIS E£&F FIHEQl PWHT = Z2Xel 010 =4 Fa #Z222H
O E Hoez AIZEC. & E20AM SA213-T91 X9 2N ¥ Sd2= &
AXOl HIZE Ferrite Matrix & 24 ESIE22 4 S0l LD, AIEEHO

|

SA213-T91 Tubell HAZ 2%l= Tempering = Martensite 22| A

Jlol AIEEOl I Z€Xe2l 3022 OIM 2=EIJF AIE@E =1 12029 &
OIZ2HIAIOIE HEHE KXI0 AMES] B ANHAZR3IES E0I6IYLEH 0212 PWHT
FIF 120201 PWHT FJt 30220 O g&eIANe2 A&l & E2 25
A SA213-T91 FE9 Bz B&FQ MZSH Ferrite Matrix ¥ =4t B2

Sl e (S{E

(a) Additional 30min. Approx. magnification 500X
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(b) Additional 120min. Approx. magnification 500X
Fig.25 Microstructures of T91HAZ immediately adijacent to fusion

(L}) SA213-TP347H ZZ At

Oteiiel Fig.26 AHMS 2% SA213-TP347H Tubell 2= F&aHel 08 24
HILIOIE Z=2(Cr 38) &322 Z= dils 28 YAHE Ot 452 =
Ct. (V LILE) Est22 DIME 20l & AIEES 2AHUO0IE ZEEUA A

o e HeZ Atz

OteHel Fig.27 AMt&IE 2™ SA213-TP347H Material
&K (Funsion Line) 2 M2l ZAAMA2 2N 250 S
SCH [TetA =JF PWHT 302 &&= =0t PWHT 12020
Ol &R0 2H&2 0IXIX LgACls HS &ol &=

S £ AEBHO ZER
B DI BEES =tolst
SA213-TP347H £=9)

48
ol
=
I

UULH

o
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CHOSUN UNIVERSITY

(a) Specimen 1. Approx. magnification 200X

(b) Specimen 2. Approx. magnification 200X
Fig.26 General micro—structures of TP347H Base Metal
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CHOSUN UNIVERSITY

(a) Additional 30 minutes. Approx. magnification 200X

(b) Additional 120 minutes. Approx. magnification 200X
Fig.27 Microstructures of TP347H immediately adjacent
to fusion line
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CHOSUN UNIVERSITY

(Ct) SA213-T91 & TP347H s&tdd ZEALA

Ol2hol Fig.28 & 29 ZXAZES 2ol
Sxe HARO LX|M DN PES &

FIF A& ALD F=IHHO Post Wel

S AEHS 282, HAZ Ol 2MEQ
SIOIGICH. S Dendrite Z2HIE Mk A=
d Heat Treatment= & AgHO E2&=2=%

o

2 DIEO O|M RRRX AESS 0|XIKA LUCHD Z2HE SHOIGHACE OfeH
Of ARG HEAIE 2JHK =& Sampletl A SA213-T91 Tubell 2= HAHOI
MYE HEII0IE MHEEA L 24 EH5lES (Specimen.1.2)0 A &0l & AU

Ch. 2t2to] AIE§HEHE OIAXZA ARz 2 I E€Xellt 285 3= A
OISR D, 2K &=HME E2E Sample WA HE Bead IIE0| 2EE Notch £
Of gL S0 2N Y SEHoz ZFI0| LM JEFS N&AN 26
Ol Sample AMIEH Type 1,2 SERf= 8 = EXH & 220 £X| R&t
S0l CH3t Smooth Grinding =2@idt0d ASME Sec | Code J|&0 LUAU= 2
M SHY Weld reinforcement JI&E22 & H&H1D =02 Grinding at0d X

cl = AABAME oA =0 SE8 notch FAE &AL =+ 8l =AG
5

Weld Bead &0l =38t X2 H0t2 = 80 38 EF sdds 2
A1) Back bead L A2AMOCIZE LSE SHEHZ O A= RS &0

g & UARULCH

(a) To T91 tube. Approx. magnification 200X
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CHOSUN UNIVERSITY

(b) To TP347H tube. Approx. magnification 200X
Fig.28 General microstructures of weld metals, additional 30 minutes

(a) To T91 tube. Approx. magnification 200X
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(b) To TP347H tube. Approx. magnification 200X
Fig.29 General microstructures of weld metals, additional 120 minutes
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