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Synopsis :

Along with an increasing trend toward larger pressure vessels for chemical and
petroleum refining industries, higher grade and greater thickness are required of Cr-Mo
steel. A steel forging as seen in the title has been manufactured at Mizushima Works
with the outer and inner diameters of about 1.6 and 1.1m, respectively. Main problem
overcome was an extremely narrow range allowed for the postweld treatment condition
in realizing higher tensile strength of base metal and lower maximum hardness of weld
metal. Both an increase of C content and the quenching from a higher temperature are
effective for the expansion of the range. While these steps must be limited from the
viewpoint of impact properties, these measures are found efficient enough for the above

steel forging to satisfy the standard for mechanical properties and weldability.

(c)JFE Steel Corporation, 2003

AIIROR—VnbEETEET,




48

UDC 669.15 26' 28-194-134
66.045.1:621.772.43

AT ILF 5 2 R LA 9% Cr-1%Mo 8 o) 5%

Manufacture of a 9% Cr-1%Mo Steel Forging for the Channel of Heat Exchanger

F B #&/ - LSS ¢ A
Toshikazu Tabe Toshiyuki Kano
%= B &H F

Shingo Sato

Synopsis:

Along with an increasing trend toward larger pressure vessels for chemical and petroleum refining industries, higher
grade and greater thickness are required of Cr-Mo steel. A sieel forging as seen in the title has been manufactured
at Mizushima Warks with the outer and inner diamseters of about 1.6 and 1.1m, respectively. Main problem overcome
was an extremely narrow range allowed for the postweld treatment condition in realizing higher tensile strength of base
metal and lower maximum hardness of weld metal. Both an increase of C content and the quenching from a higher
temperature are effective for the expansion of the range.  While these steps must be limited from the viewpoint of

impact properties, these measures are found efficient enough for the above steel forging to satisty the standard for

mechanical perperties and weldability.
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Table 1 Target range of chemical composition of 9%Cr-1%Mo steel forging

B, TobblAn, BLEIL, BB URE
EBIE (PWHT) 2L - THER ML, AET
HIRsiZDWTHBREMIBITL 2,
INLHDRBENCI LBLE LSS\ (E PWHT
FMF B RET 2000088 kR TR
BRABLEL AT A—F— Pr BV LIS,

Pr=T (20+1ogt) x10°?

ST TIEE (CK), ti3ER] (h) TH A,

ELAHT, BEREHER H,, ¥ FHETE%
HIZHITIITE L7 ER, Mo PWHT %
9 ZEHNHFE L v, ZHIZBMOMEE L FEi
ETEHE, L P LOLHE L rgtoEl
WKENEBM OB EIIEIZ He, £ Y 1ERGOT, H,..
D ERE S B TIRE S R SR 5 2
BLELBEU PWHT &4, HA5EICIRES
e,

—lE LT 0.06%C # &4 9%Cr-1%Mo 8§
20T, bAo Prizit 3 H..., BH® 0.2%
w7 Y.S., BIEESE TS, 0°C Toliile 2 /L%
= vEy B L UMEEBREE vTrs ®M{%E% Fig. 1
ST T, Huao (32 JIS Z 3101 Vi B 800880

(wt%)

c Si Mn P | s T cu Ni | Cr Mo | SitMal X °

0.15max.‘0.50”1.[)0 0.30~0.60 | 0.015max. | 0.015max. | 0.20max. | 0.20max. | 8.0~100 | 0.90~1.10 | 1.20max. 23max.
{ .
* X =(16P+55b+4Sn+As) X102
Table 2 Tentative specification for the channel
- ) Y.5. > Tro+154,Tr,"
Mechanical (kgﬂfmmz)‘(kg/mmg)‘ EL{%) R.A.(%) Hy (kg‘l:n) viTa (nc)v 4 Huax
properties - ] |
59.8min. l 38.7m|n.: 20min. 40min. | 223max. | 5.6min. | 38max. Hg 225max.

) Austenite grain size(ASTM No.) Cleaniiness **
Optical )
properties

Finer than 5

|

0.10max.

Tension test specimen ! ASTM A370 Fig. 6 specimen 1,tangential

Impact test specimen
* vTryt 40ft-1b transition temperature

“ASTM A370 Fig. 11 type A, tangential

A Trap  Increment of v Tryy by embrittling{step cooling as shown in Fig. 8)

«+ JIS G 0555, dsoxs00{ %)
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Fig. 1 Variation of mechanical properties with
tempering parameter, Pg, in 0.06%C-59%Cr-1%
Mo steel
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Fig.2 Variation of maximum hardness by JIS Z 3101
with preheating temperature in 0.12%C-9%Cr-
1%Mo steel
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Hardness (H.)

200
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C content (%)

H, : Hardness of base material quenched by the
same condition as in Fig. I and tempered

Hy : Hardness of martensite rapidly quenched
from the same austenitizing condition as
in the base material and tempered

Fig.3 Variation of maximum hardness by JIS Z 3101
{Huux), Hy and Hy with C content in 9%Cr—
1%Mo steel.

Tempering condition for H, and H, is 750°C
for 5k { Py =21.18), equal to PWHT condition
for H,..
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Fig.4 Influence of C on tensile strength of base
material of 9%Cr-1%Mo steel when maximum
hardness by JIS Z 3101 is 230(H,).
Quenching condition of the base material is
the same as in Fig. 1
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Fig. 6 Variation of hardness of martensite with
’ tempering ‘parameter in 0.12%C-9%Cr-1%Mao
steel quenched from 930°C and 1200°C

B—Ab 2 FT—20nF 2 —F B (=log iy
—19 840/ Ty ) & AL 2, Fig. 7oy ¥ 42, =@
Polzyyms s Lo s (Tt id P>
—1B3OHE TR~ by T LS i—E L TH
Wil S B A, Be=-13 O T B = AT
FHLEE— L AGEAT L s X 200 5,

Plozrssn, T,0LHd L0 8 DR
R OMRIE T R S 8 B TRETH S,

EZEN T o R v iR RIL R (72,
WEER O Sibd B v L & UMb a i
mEhd,

Austenitizing temperature (°C)
S ]
e 1000
sa0l ® 1100
» 1200
- Tempering : 750°C X 5h (/7 = 21.18}
E —
.
: L
£ 220 .
T
5 o
sl
- f
200 <
°
(=]
180 1 | 1 1 1
-17 —15 13 -11
Py
Py-log {p 19840. Ty

Ty . Austenitizing temperature ' K»
tr Austenitizing time ' h

Fig.7 Relation between hardness of tempered
martensite and austenitizing parameter, P,

in 0.12%C-9%Cr-1%Mo steel
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Embrittling treatment
{step cooling)
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0 Before embrittling
* After embrittling
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Fig. 8 Variation of +Trs before and after embrittling
treatment (step cooling) with austenitizing
temperature in 0.12%C-9%Cr-1%Mo steel.
Average guenching rate is 20°C/min after
holding for 90min at each austenitizing
temperature
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Fig. 10 Location of test specimens

and heat treatment of the channel

Chemical

I

{wt%)

C | Si|M! P | s Mo | Cu | ™ Sb | Sn | As |SitMa| X

N oozjo002] | . | 14

composition [L-adle| 0.13 | .61 ' 0.44 | 0.012 | 0.006 | 0.94 | 0.0 | 0.10 Om(;[f Omax. 0.002] 105 1 %
AL g

0.002 | 0.002 : 1

Check| 0.12 | 0.65 | 0.44 |0.012 | 0.006 081 001 006 T 0002 109 | L

Heat Quenching

950°Cx8h,oil quenching

treatment
Tempering

700°CX16h, air cocling

+ X ={10P+5Sb+4Sn+As) x10?

Table 4 Test results in process of channel manufacture

TS, | v.S . ’ _ ' \
K/ mm? . sy EL (%) R.A.(%) Hp v Eg(kg-m) v Traot dv Tr(°C)
Mechanical properties (kg/mm?) (kg”}"m) - B
653 | 583 26 57 201 | 128 —27

Optical properties

I Austenite grain size{ASTM No.)

Cleanliness {dsos o, %)

8

0.02
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Fig. 11 Temper embrittling of the channel by step

cooling shown in Fig. 8
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Fig. 12 Variation of tensile properties with PWHT
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Quenching : 950°C X 8h Table 6 Welding condition for testing
Tempering : 700°C X 16h of weld joints
PWHT  :7i5°C X 15h +690°C x 18k Welding meth-2 SMAW
Tangential specimen at the center N Wire diameter , Smm
100 of thickness Welding current 2004 -
90 - Arc voltage 20~26V
ol Welding speed | 50~240mm/min _
Number of pass 102
Il Interlayer temperature 330-*340237 o
60

PWHT &ftoa o Pri2xi L T Hy,, H%E

o\

Strength (kg/mm?), elongation and reduction of area (%)
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Fig. 15 Result of elevated temperature tension test
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g 70+ \0——0
Tahle 5 Impact properties in several ey
locations and directions v B0r 508
E__' . h N 1 L i L
Location | Surface Center
Direction T L T i R 2ar © WM. \.__.
i — e » HAZ
vE; (kgem)| 115 10.6 120 ¢ 7.0
vTrs (°C) 0 —5 5 { 5

Tempering : 700°CX16h

vEy (kgm)
=
T

5.6
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0 1 1 L | i 1
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*Fv» Table 6 (2R £HTEZRFIT- 20, Hix Pr
o PWHT %#HiL, SRR, slkiEbs LUk Fig. 16 Influence of PWHT condition on the
BESE S A 4T o 77 mechanical properties of weld joints
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