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New Aspects of Research Trends and Problems on Pressure Vessel Steels

Byung-Ha Chi, Jeong-Tae Kim and Hwa-Soon Park
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1. M 2 Aes & & Ak olelg #A2 ARAD ST

A 7V 7EER @7 dlEEY mEtA 4818

A8l AHEEE RE, o4, B9 59 &3 Aad A% ke 8719 AFde Az By 3
zAn g719 @Ad wel B9 AAZ ALRE . 93 olEirt 87E S & S QY

itk Table 12 tEAQ ¢ L7149 &%, =z EA oY 487 %Ez_ut 4 v, o

AW AEAAE JER Ao fBE 1 gy 3 B8 /MY ASFEY 948 A (pressurized

Table 1 Operating conditions and materials for reactor pressure vessels' .

Reaction Condition
Process or Facility Temperature Pressure Material
c siti
() (kgf/cm?) omposition
Incoloy800, HK40,
Eth ~ ~ 5 H,, Hydrocarbon, Steam,
Thermal ylene 700 ~ 900 L Modified HP
Decomposition . . . r-Mo Steel,
H Oil Up-gre 4 ~ 20 ~ C - i
eavy Oil Up-grading 400 ~ 500 20 ~ 40 rude Oil, Heavy Oil TP321. TP316
Hydrocracking 350 ~ 500 70 ~ 170 |He. Hydrocarbon Cr-Mo Steel, TP321
Cr-Mo Steel
Joal Li facti 400 ~ 550 140 ~ 300 {Hz, Coal '
Catalytic oal Liquefaction 0~ 3 2 TP391. TP34T
. ) Sr-Mo Steel
Cracking He: il Up-gradi 100 ~ 5 ~ “rude Oi : i ! ’
eavy Oil Up-grading 400 ~ 500 100 ~ 250 |Crude Oil, Heavy Oil TP321. TP347,
Fluidized Catalyti
icined Latalyte 450 ~ 500 1 ~2 |Gasoline, Diesel, Steam | Cr-Mo Steel, TP316
Cracking
. |Petrcleum Catalytic 420 ~ 580 | 35~ 40 |Hs, Hydrocarbon Cr-Mo Steel
Catalytic Reforming
Reforming Steam Qatalytic 350 ~ 950 5~ 40 Steam, Ha, CO., HK40, }n??l?ySOO,
Reforming Methane, CO TP3108, TP316
Synthesis of Ammonia 350 ~ 600 100~1,000 |Hz, N2, Ammonia Cr-Mo Steel, TP316
Synthesis of Methanol 300 ~ 370 150 ~ 340 |H., CO;, CO Cr-Mo Steel
Synthesis of Gas 800 ~ 900 10 ~ 30 |Hs CO, CO;, Methane HKA40, Incoloy800
Cr-Mo Steel
Etc. i ~ ~ H,, Hydrocarbon ’
Dealkylation 600 ~ 700 20 ~ 40 2, Iy TP316. Incoloy800
Cr-Mo Steel,
Hydrodesulfurization 200 ~ 500 | 30~ 160 |Hu HiS. Hydrocarbon | 0= 200
I(\Ipuvcx;;?r Power Plant 300 ~ 350 | 150 ~ 180 |Steam Carbon Steel
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water reactor) €3 ¢EYoldY HHAA Tl 3}
GEPELLE Y $ gt 94 1000MWHF 3=
£ AAEH 2A A (1000MWe, 175kgf/cm?, 343
) 1719 AF7FFA%E Nuclear Steam Supply
System, NSSS8)ol Al&HE ¥ &7 dxi=
(reactor vessel) 171, &71'& A 7] (steam
generator) 271, 7}71(pressurizer) 17] & %
1000 tondl| &t S &717) ALEETh, ©olE 4E
4719 FAs HU 280mmel @3, yie A9
austeniteZ] stainless % =+ Ni-base super
alloy® overlay &3& A3 =Hol A, ol
g A8 NSSSe 49 4719 AAze A S
Efro] <hdA, Byl AAE wEed 94 A4
271 FE AA7A] Ll 7135 AAZRAL g
714 Wshg R AFoel AF WA A
glo] Mn-NiAl Agg7deol AMgEHol o, o] 79
& AAA, 58 83849 5 Az fol4d A7)
te] FHRE ALE B £4 Fo2RE $F A
WA # FAYE FEL 1S Aoz AgEn
kA NSSSel ##d At 2 359 kAl
Ao HFHA doenw, Aze 2AY A
(fabrication) H-&] #d A2e A+Fe avdx &
waka] ok 4ot

9o AAAEZE A2 300~350C
150~180kgf/cm®e] S71270M A== R H]
alo], SISt E AMRE = 2+ 479 B¢ 3
ggle) BEF A2e 229 st wel ¢y
£7] 1719 F%e] o 1200 tondl] o]2% ¥ 3},
480°C o]l oA FaEG 300kef/cmisl &}
T I 18493 § BYfE AR 71Eg] Y
ato] gkt AAlel g At o] Folx g

webA EaolME AlA s we S22 P
T SEENER AH LI F TN 78 AHEEA]
A7 star A=e] ofH Y ALY 487 AA7es
Azdta e Cr-MoA £4H7F wg 47
(hydrogenation reactor, ©|s} ¢3A¢HL7]))E 7
< FHOR AT T HIo AT ARY
+ hot issuedl| thate] 7keks) 3|3t} &tsict,

%0

2. FHYSI|S Lol Hwo| st BH
o S8

AR A szde wit FAF 8l (hydro-
cracking), & AH €% (hydrode sulfurizing)
EZ2A A T AL 0Sra A AdEE S
gg7)9] g 2702 318 vhge &3 9% A

REERHREREE 184 198, 20004 25

&} 25dH AASE nelsid 43 e
3 U E /A duAgezA A
I Ye 4848 (coal liquefaction) Z&

839 reactor® YA 3ot AR ARAHA
ZEM2FAAN 7 MG Z2A A 59 gyl
Adesd 489879 HAAzA 450T,
150kgf/cm®Q] Aol vgte], o] g M2 Z2A A
 4807C, 200~300kgf/cm €8 Rog o=
Ha 9o

ol2|g M2 ez A 20 e W $Y§
719} 3& 5kst 9 sl g3t 11 B UE
A 44 2AZ AEEY conventional 2+4+Cr-
1MoZ%el g AYrt Aoz 1980d n=
Denverels ASTMI} ASMESY &% 73& s}
(Application of 24Cr-1Mo Steel for Thick-wall
Pressure Vessels]®] FAE symposiumo] 7135
Az, 2 2#E ASTM Special Technical
Publication 755& £%#3l3ct. obgd] &7 vt
< 428 ol#d Fd9 conventional &4 F Ul
A A2 739" At Foo gk A7-71 80d
o) 2WHEE Eds) o] Foix gttt 1 A wod A
T B 7K MRS FFo] MEEo] ASME code
HAEE AX dAe A dF8 4719 Mg e
long-term data®l FATA ] Tt
olo] Hlg| ol AE 90l 2 AN 5 A
A AAE ZhE S EFUES =33l v}
2 ) 1A, Ald o] mE Atrae T, &
Ao WE oilF F FFFFHA Fol F-33l
of A% FYd d&shd FHEH L1 T4k} Al
ZAH ATt & oA ol g Ul 22 3gt
q &7 A el tiE g9l AT program
< MEd oz dustanl gt

o fok

ot 1

2.1 O|=2o| JHet 345

rar
(lok

AFAAE 8719 Hd Faxdat Al A
we) F23 g0 e vTe] AS-, o] oA
A ENE projectw 19833 API(American
Petroleum Institute, " =4 #332)9 MPC
(Metal Properties Council)®l (API/MPC
Program on Materials for Pressure Vessel
Service with Hydrogen at High Temperature
and Pressurelo] 98jA] AJZH YT}, o] TRIOPL
Table 20149} Zo] 3¥AlZ P, JAF EF & ¢
SAoA Al Y NEDONA F#3h= Agt
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AR AP HEE

AL B A 2] AAN LT A FLsttt. MPCe vl
=9 223 AATHE JEAL AISI, ASTM, ASME
9 9oz FAE U3 EA, FEAE B data
o] £3 9 ¥ E3l, ASTM, ASME codeAl &
2 Ao PR3 V| ZAEE ATt ok WA &
A AAL L7 &1L ©] API/MPCH 23
FrE 2 vk dx Flo] o},

Phase I 7129 conventional &Alo] &3 1 %
oke] WiZ A8E 3, £F. & AA data
baseE T&38}1 'API publication’ &2 &7tét= 3
& F9 W&oz 3= AoY. Phase IlE
conventional 2+ Cr-1Mo% e &HFEA
(PWHT) 3tgt2zel AL nFFEdded o
modification® 2 AAREE F7FAAH Nelson
curve(3.1.18 #=x)9] Aokl wa} 454C (850°F),
140kgf/cm® ©1/¢9] 444} stoll M9 Ao E7Hed
Aol FHE 454CoAM AHE 7hsd AoR WA &
2hog ARFHAY. ol ALFA e, vFdL
e, 3V1e 5o LEE AAd vE A¥
Aol AA &g Ax, AMEIA AgAEE 2
7} ol o g Fxlo] 7hedtA € Aotk Phase
[I1E 7129 conventional 24+Cr-1Mo7e] A-&-3
A dold M2 45 Al #e zeg, 04
I 90 & 24 Cr-1Mo-V Z9 7Ee] gsso
HZ ASME® SA336 F22VE SAlEA2H, @
F7) (k) o 48717 ARE 7HE Fell Aot

2.2 YE9| JHe s&t

Qlok

dEEr19 Ho AT dEIAME Sunshine
Projecte] YH 24 B4A4ee] NEDO(New
Energy Development Organization, AloH#] &
A7) el 28] coal liquefaction ERA 2o A}
£HE 494718 Agr Mol v=9 API/MPC
Program¥ A2l 4 Al7lo) ARHAG?, Ad
EX+E 4807C, 200~300kgf/cm®e] FAE-$7]0A
AE 7Hed Oy gE 8] ATles SHELE &
Hale AL R 2 14 API/MPCY 7 &3 A9
Zdsit}. o] AL A A 2 Aol MEEY
olu] ASME code®] #E°] ¢a=daL, dA AAA
o < 10719 447171 7Hs Sl Ao,

23 =Uo| JHE =X HE

Ol

st 7)o A& AAl(plate) & AAA FEA
¥ % long seam SHOZ G (shel) e AZ3A
U, Fig. 1914 Be AR Zo] @& (ring forging)el
o8] Azd dAS AF(girth seam) 4 <4
AAsto] AzEc), dutFog dxAA7 gdAwA
o Hlg] A7 ool Az A% Al FHEI Ha
oz AHEZZol NEBEFE AT FALEFE
plate®] bendingel 2% AZ4Eh e <3t
shell A& o] B & Aadct, olgg dxA9 A

Table 2 The API/MPC research program on the hydrogenation reactor materials.

STEP PHASE 1

PHASE 1II PHASE TIII

Conventional steel

Enhanced

94 Cr-1Mo steel Higher Performance Alloy

* Evaluation and summary of

* Modified 2-+Cr-1Mo steel for
increasing tensile strength

data for conventional reactor |, . Resistance
) Decrease min. PWHT P . .
materials AN ¢ ¢ Incresing high temperature
‘ emperature
* Data Base P strength

(875 — 650%C)

* Improvement Hydrogen Attack

TS at Room Temp. 52.8 / 70.4 kgf/mm®

' 59.8 /77.4 kgf/mm®

59.8 / 77.4 kgf/mm®*

(Min: / Max.) (75 / 100 ksi) (85 / 110 ksi) (85 / 110 ksi)
Max, Design . . . .
i {4547 (850 °F) (4547¢C (850°F) 482 (900 °F)
Temp.
Max. Design ) 5 )
{ 100 kgf/mm { 200 kgf/mm 200 kgf/mm?
Pressure

A387 Gr.21, Gr22
ABA2 Type A
A336 F21, F22

ASME Code

AB42 Type C, D, E

Ab42'Type A. B A336 F3V, F22V, F3VChb
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Fig. 1 Shell forging for steam generator of
1000MW nuclear power plant
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mock-up testE& AXH* M £ AEAR g5
Hch 3EA 24 Cr-1Mo-V(ASME SA F22V)
29 A BAY gL oln fRE o, A
A e A 2 A9 FAAQd Az LA 20
e AF0F 2 Sl k. Fig. 28 2949 A%
AR doj AJAF9 EA3 ASME B & PV
code®l ¥ design stress intensity® vlwal A
o8 FHe A vlg Hold 227 =54 S VY
Temperature(°F)
200 400 600 800 10I()0 . 1290

LAMARS MEA St atises Sens et Mastitet) T Lismtonn {

s

.
: Creep Dominant

+_Range

i

©w
1=}

o~

(=

1.1/3xT.8.

oo
<

..........

P
:
s
)
B
1
‘
.
H
.
’
s
'
h
'
H
¢
h
s
v
'
oo
v
s
=
I
=3

SA336 F22 Sm(Div.e) ¥ /‘i A‘@ “o
SA336 F3V o, (Div.1) ; A
SA336 F22 0,(Div. 1) + A,

Design stress intensity(kgf/mm®)
= 3
\'
SR
Design stress intensity(ksi)

—
<

0 0
0 100 200 300 400 500 600 700
Temperature(C)

Fig. 2 Comparison of design stress intensity values
of SA336F3V(3Cr-1Mo-V) and SA336F22
(3Cr-1Mo) specified ASME B & PV code
with 80 ton 3Cr-1Mo-V mock-up test results
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3.1.1 Alloy design® 7]¥ 71
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O =45l WE design stress intensity 43t&
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Increase Design)|
Temperature [
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Material Problemsf]
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Control Poi
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[Hydtogen Induced Disbonding of Weld Wrerlay ;L { Optimum Welding Parameter }

Hydrogen Attack
(Limited by Nelson Curve!
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Fig. 3 The trend of pressure vessel design and
material problems
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Ae AA gl AHE AR Ee) Cr e W
TE g Aoz 4 Erle AR 523 A
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Ags- AR e

FH GE878 A ML AL oS 2ol aA
5 7HA i o2 Rgs oA gk AR, A 27t
2| AL Aol Fysta 1 vt Hold 24 Cr-
IMoZ-& 712E, X8 219 M, & e
P 9 V 55 gokslod 4 A A e S
O A7l ety ERE S A S &
Ao R Cr& 24 %A 3% 2 SHAIT|aL, 2R Qs
CABY ddE e Y EREGEE V, Nb § nAe
FE A 429 AVE, £4324 APE AR
U3 ALAEE A Ade|vl, o] T 7x] A
W dhgko] tiete] Axbe wl=he] API/MPCH <3,
a3 ko] A9 2 AR 2 wolAd o)
Jhde] AT, o A FAVL WA A48y o]
ASME SA336F3V, SA336F3VCDh %9 codeZ 3
st en, @4 £ 10719 4E-E7171 7t Sl o
th, AAFe] ZA$-SA 336F22VE codeF E-& ¢z s}
Qo A&yt Uz gol #A stE Fe
reactor®] & €53 Arh. 28 24 Cr-1Mo-V
7ol 4% ASME coded] 7HE AA 3L}
482TC(900°F) & 3Cr-1Mo-V72e 454 (850°F) 9
Hlg] 28T (50°F) &7 wl&o g2 3Cr-1Mo-VA &
tiAsted 1 871 F43] $71E Ao A

Hydrogen partial pressure, MPa
3.{15 6.90 1034 13.79 1724

20.134.548.362.175.8
-

1500 oL B 7 800
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Fig. 4 Operating limits for steels in hydrogen
service to avoid decarburization and
fissuring™®
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Div.29l &8t A ot AL 7ol 5=
AAxol e AlEAES MA-SYZE(design
stress intensity) ¥ LEAAZEL 10°42F A=
ste) At el ok Al (74 1.1/3% 2/3) 8 ¥t
of A} F @& e ALt E A Ut At
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£ Fig. 20148} 2ol 450C |39 2% YHdre
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LAAZE Aujd el Aot E Aujd <
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& A A3t AA vesseld FAE 43 T2
U, AR 93t AdALE=7E 482T, W Stel
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Nelson curve®?] A<kl 23 Alg-o] FX|= o] 1,
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Div.2(FAE3) el 74 Hol A LBE, Div. 1l
TAZ AARRIAELRE H wall thicknesse
648mmel &g, ol2d FFE3 (HEHN(L) = A
Z ug, &Nde] BA Wk ojlE Ax A B
g, WY, 434, &3¢ § o8 A As
A FAAE YA vt ol2fdt EAAE 9
A7) Y e FARGE $£234 A3 g8
of AR ERRFEY Aol F83 AFIAE
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Fig. b The trend of alloy modification for Cr-Mo
pressure vessel steels
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Cr2 3.1.14eA A3t Ad} Zo], nPwEs} ¢
S AGA ] diste] Aute d&g slee A A
7hge] Aol A M S8 W) "o
AR 0 Aol oshd Cry Ve §EE WA
71 Cr-MoZel diste] EgAxdv 4 (TEM) &2}
Al {2 2 2Ate] §4 A2 Ry Cr $%0 9
g AYEFAAE A3he] d9de, Cr T uw
Cr—% ‘7F‘}‘<§ 5‘2_‘7‘:’. 5’]’{’? H] _1—17.7-‘4 ZEFH?'& M2305 type %
o] Aol X0 AYEARYE AA 719
Bk UM g ViCs type BHEHE Q] Ao JAEE A
o ZIQleke AL dEjAY. £ Mod YRE JF
of Wi A&e AL dAtEe A Zapdi)izo)
T A G WX A ot FAZEE A9 Ha
ZaZ e AsHE JAFOEN 10° A7 A8 Zabgt
QMg AA FIATe ABE s,

A3 2 199 AXE Y3 HrkE e Nig
3% A0 A BPgeht o 0.5% =9 Hge
L= 71X Y FEEEE A5 waA sl Hg =)

Feg AA AAGE A0} By
o] A Hrlekel Ao FoE g3y

¥, ¢ oon
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3} =793 A9 A FHER FAZF Ao o
AFHAAY Holexe o] EAA ", Yntao g
Cr-MoAl 7 FA 24 ~3Cr7-& tempering ]
o elsf 713 Agket7] F9m*, o) KTt Cr HrbeFol
BAY Aok #Hile] e v Hog dulA g
o WAty e HaAE] AFe] AGHA A
o] & & vTrd0(40ft-IbfHol =) Witz B}
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Fig. 6 Typical step cooling cycle for temper-

embrittlement studies®
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Ay g nae

o] 3z} o] €l gl A, HHAH LR JE vH|
L B4R 929 %}%* parameter® 3t 9
3l e dS5de 74]1-3"1 2 7FA| 7} At o]

Atk 1 F 'éuor-??l' A€ B9 UE3 2.

J-factor (Si+Mn)(P+Sn) X 10¢ (wi%) O
R Bruscato factor (X)  (10P+55b+4Sn+As) X 10 (ppm) ?)
JR Low factor (Mn+3i+208n) (wt%) (3)
Socal factor (10Sh+8P+4Sn+As) (wt%) @)

o]4ke] el 8 7trA] factor SOl FE EA 9}
£ 7o sty 2tz J-factor®t Bruscato factor?}
dubzg ez AMgET vk H 2o HHFH g A7
A e 48 BAsta] (281 + Mn) X X<
FA % AgtE o] vl Watanabe §30)¢ Eaio|
o8l 24 Cr-1MoZrel 7% Jakol 100 o] %Y o
9 # g7} ob|dvka gt
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