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Development of High Strength 2% Cr Steel Tubes (HCM2S) for Boilers
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Synopsis
e o

A new high strength 0.06 C-2.25 Cr-1.6 W-V-Nb steel (HCM 2 S) has been developed for boiler applications. The new
steel has extremely high creep rupture strength, approximately 1.8 times that of conventional 2.25 Cr-1 Mo steel
(STBA 24). The weldability of this steel is much improved, making it superior to conventional Cr-Mo steels, and the steel
needs no pre-weld or post-weld heat treatment. This steel has already been approved for ASME SA-213 as Code Case
2199. Furthermore, the new steel has been installed in the superheater of a utility power boiler and field tested since April,
1993.

REHSRTRELHT LV 2.25 % Créfe LC HCM 2 S#(0.06
C-2.25Cr-1.6 W-0.1 Mo-V, Nb, B) #Bi% L7z, 4R

®ER Vol49 No.1(1997) /P77

B, BRANK - LIRBOSROMES 6, KHRES
7Y MZBWUE, EREEOB2ERE OB S HTER
ELTw3, ZOBAEOFEHRRECHRPERETITIIHIES
BIENDE7 274 F RBGROBAFLEL L), X
STBA 28/:)k STPA 28(ASME T 91/P 91, 9 Cr-1 Mo
-V-Nb) V% E[E % &iaEd e LC, HCM 12 A(ASME
T 122/P 122) 2% NF 616 (ASME T 92/P 92)¥D k5 7
9~12Cr EpaE 7 = 74 + REPBARIN T 3,

—7%, Cr &5 5 BLITOEASIICH L TR, 20k
THREFAES LS, BASMOT TERELIEHRED
STBA 24/STPA 244 (2.25 Cr-1 Mo) B4 - T
ZFEHINTAS, 22T HRD 2.25% Créflons ) —
TIRE T KIBICED, 20, RO THFEWIEDY

IKDWTE, P54 4 A &Y, EREERDRERS
TOBEEGE L LTEERREMET L LIS, TR 74
6 Rizid, ASME SA-213 T 23 O#84% T Section 1
Code Case 2199 & L TEgRI N,

ZIT, FRMOBSHRENEES L URIERE o
HIZDEBRNB & EBIT, 2.5 £ F TOEGFEHETIER
RICOWTOHRET 3,




F’78/7R'f jﬁin—.:u?ﬁfs 2Cr#(HCM 2 8) D%

2. BEMHCM2S)D
Bt ARG L UL

Ezﬁ:&n ll..,\u_,\

% 1} HCM 2 S sat BB 2Ry, AHIK
AEROB TR 2SN TS STBA24(2.25Cr
-1 Mo) SRS & v 9 AL fHTTH D, 2.25 % Cr 2%

2-1

AR Lz, CEUL, EHROTE - BREVLE I LK
T, 5 £ COEHZATRICT 2729, ko) STBA 24
MEDEDICEREL. 71 —7HEEICONWTL, V, Nb
ORBRTRINC & ATHIR AR EZTERTH L L 1T, Mo D
b Dic W 2i8RFIET 5 2 ik D EmEfbz R - 72,
MEH B, 7Y —7wENm EICMmZ TRAEZMEL
TEY, MRS GLELRED ¥ LA 4 FE

2-2 HCMe S HEn Ltk

HCM 2 S $#E 0L s L USRS BRIER O 1Tk
EIRIORT. CRIEHERLEOS, 6 0.1 %LUTE
L, W, Mo, V, Nb, B#imE#iFz7 ) —75#5E
EEHELTRELL,

3.

HOM 2 5 el

8-1 HEM

RIGRED A %8 1 RIORT, WRbARE
RLTV 5, HIIEE 1ITRT L) 12, BbY LA+
4 BRI H 5. SEISE 2 RIS I TAR CRE
L, BY0I3 1050°CREL L, T80°CRELE L 24T 72

M E LD T2 L7z,
Weldabilit Toughness Creep strength
Max Hv=350 Hardenability Solution strengthening
B addition ; High W
. Low C~0.06 mass%
Fully tempered Precipitation
: bainitic structure strengthening
;V, Nb, B

%xopmh&amnasdgmzzft
g dfter veldine |

Matching welding
filler used without
PWHT

Fig. 1

Table 1 Specification of
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Development philosophy of HCM2S steel tube

£ 1x HCMR SHEDLH

HCM2S steel tube

1. Chemical composition (mass%)

- . T ! o 7 - ]

- _ _ @ .
HCM 2 S 0.04 | = 0.30 = k = 1.90 | £ 1.45 0.20 0.02 = ’ = =

0.10]0.50 | —0.60| 0.030 | 0.010 | —2.60|0.30 | —1.75| —0.30| —0.08 | 0.030 [ 0.0060 | 0.030

2. Room temperature tensﬂe properties

. T emﬁe § 0 m{mi g Blonzation ) ‘

§ strength wf:e% {‘*" - 1

- .

i HCM 2 S ‘ 2510 l =400 ‘ =20

Note) Tubular specimen(JIS No.11)or strip specimen (JIS No.12)
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Table 2 Chemical compositions of materials tested

: Chemical composition (mass%;)
Steels (ISII:I:")
C Si Mn P S Cr Mo W Vv Nb [sol. Al| B N
A ¢ 54.0xt12 [0.06 0.20 0.46 ]0.014 |0.001 |2.18 [0.09 1.54 0.25 {0.05 0.001 [0.0023(0.002
B ¢ 54.0xt12 {0.06 |0.20 |0.47 |0.006 |0.002 [2.27 [0.09 |1.50 |0.23 |0.05 |0.009 [0.0039(0.008
C ¢ 50.8xXt 6 [0.06 0.22 0.48 0.006 10.002 |2.25 [0.09 1.55 0.23 10.05 0.005 |0.0032(0.008
Specification 0.04~|= 0.30~ | = = 1.90~ | = 1.45~10.20~|0.02~ | = = =
: 0.10 |0.50 |0.60 |0.030 |0.010 [2.60 |0.30 [1.75 |0.30 [0.08 {0.030 |0.0060|0.030
Steel A and B
’ Melting ‘ —> ‘ Forging | I Extrusion l —> |Cold drawn ‘ e ‘ Heat treatment
Hot rolling
Steel C
Heat treatment : Normalizing and tempering
g2 HCMe2 S fiEDSETHE
Fig. 2 Procedure for HCM2S steel tube production
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Photo 1 Optical microstructure of HCM2S steel
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Table 3 Mechanical properties at room temperature for HCM2S steel tubes

Steel Size Tensile properties'" Charpy impact value® Hardness
(mm) | Tensile strength (MPa) | 0.2% proof stress (MPa) | Elongation (%) | Impact value at 0C() [Brittle fracture (%) | (HRB)

A ¢ Hdxt 12 596 504 24 429 0 91.2
436 0
411 0

B ¢ H4xt 12 559 461 30 372 0 88.0
376 0
378 0

C b 50.8X16 552 421 26 265 0 87.8
277 0
282 0

Specification =510 =400 =20 - - —

(1) Tensile test specimen

D¢ 6XGL 30 mm(JIS No.l4 A)

W 10X GL 45 mm{JIS No.14 B)
(2) Charpy impact test specimen : 1010, 2 mm V-notched
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Fig. 3 Elevated temperature tensile properties for HCM2S steel tubes
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Table 4 Chemical compositions of GTAW and SMAW filler metals

(mass%)

Basemetal 0.06 0.20 0.52 0.013 0.002 | 0.10 | 2.26 | 0.11 | 1.58 | 0.27 | 0.05 [ 0.003 | 0.026 | 0.0074

GTAW 0.04 | 0.50 | 0.49 | 0.004 | 0.005 | 0.49 | 2.19 | 0.10 | 1.59 | 0.24 | 0.03 - - -
SMAW 0.06 | 0.32 | 0.79 | 0.004 | 0.002 | 1.00 { 2.24 | 0.10 | 1.56 | 0.30 | 0.40 - - -

Base metal :t 15 mm plate
PWHT : As welded, (715°C %X 30 min A.C)
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Table 5 Welding condition for GTAW and SMAW welded 400
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300 -
N e
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GTAW| g2.4 | RT) [10%A0 g
2 nd No o & L 4
6| 180 [ 17 10 | 184 | ppy [100%Ar ,§ 200
[
jasi L |
. - o Lok |
AW st 70 23  5-8 ®D) 2 mm
2nd 90 2 7-11 No a = ]
-12th (RT)
0 1 I | 1 1 b 1 1 1 1 1 i
£6% BREHMFOERRCHSID Vv IVE-FHERE () GTAW
Table 6 Charpy impact properties at 20°C for GTAW and
SMAW welded joints 500
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. - 400 + SMAW -
oraw | No | 6712071 |125,224,200|343, 244, 174 & o Vveld metal
' (As-welded) | Awve. 86 Ave. 216 | Ave. 254 7 = -
[}
5 300 - -
<
jus]
. . B 1.0mm
34, 32, 40 53, 32, 34
] ) t ] 200 -
(As-welded) Ave. 35 Ave. 40 e8og ez
SMAW _ N
. 3 62, 107, 110 {142, 213, 227 L
TFCX30min |y oo o3 Ave. 194 U S S
Test specimen : 10X10, 2 mm V-notched . (b) SMAW
gz 3
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Table 7 Elevated temperature tensile properties for GTAW Fig. 1 Hardness distribution of welded joints for HCM2S
and SMAW welded joints steel tube
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Fig. 12 Creep rupture strength properties of welded joints for
HCMZ2S steel tubes




P84/ A SHEME 2 Cr fl(HCM 2 S) DBIF

72, 2N H DB 13 RIS BEGEONEICIFA

L7 4-2 FAERBR

WESEDTRIIIME 38. 1mm, AE6.0mm THY, 4-2-1 (LW
148 LU 2.5 FREEHM O EEZFERIZ, &%, 9200h, W& LI LR SR 8 O RITRT, Wi
20509 h THh 3, NOE L ENENOFUE, ARERELTH2S

e )
\} )

Super heater
(Upper)

[t
,)J

l [(‘ Super heate
@ \ (Lower) —

JULF

HCM 2SS steel tube(¢ 42.7%t9.0)

JT

&

Reheater ﬁ)}]

@
% 3B #HEBEOEALE
Fig. 13 Position of HCM2S steel tubes in the boiler

BIR HEPROLELERSIFER

Table 9 Chemical compositions of removed tubes

(mass%)

1 year 0.06 | 0.19 | 0.48 | 0.016 | 0.001 | 2.23 | 013 | 024 | 0.057 | 1.67 | 0.006
2.5 years 0.06 | 0.19 | 0.48 | 0.021 | 0.001 | 225 | 013 | 02 | 005 | 1.66 | 0.006
. 0.04 | = 0.10 | = < 190 | 005 | 020 | o002 | 145 | =

pec. /0.10 | 0.50 | /0.60 | 0.030 | 0.010 | /2.60 | /0.30 | /0.30 | /0.08 | /1.75 | 0.030
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Fig. 17 Creep rupture strength properties for removed HCM2S steel tubes
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Fig. 18 Thickness of steam oxidation scale for removed tubes
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