L7 /8 28 28 /9% 4674 078 ES IR, )02 23

wmiEA 2f Cr-1 Mo §HOME 1757

=i 2'/: Cr-1 Mo $OWrFE:

L, B OB MEAET R 1 % e

Study on 2'/,-Cr 1Mo Steel for Elevated Temperature Service
Katao M1IYANO and Takao ADACHI

Synopsis:

21/4Cr-1 Mo steel are generally used for the huge reactor vessels that operate at high pressure and
elevated temperature, because of its good short and long time elevated tensile properties and its good
resistance to hydrogen attack. Requirements for higher operating volume and pressure have accelerated
a demand for reactor vessels of extra heavy gauge wall thickness and upgraded mechanical properties
throughout the thickness. '

To obtain informations needed for effetive uses of 21/4Cr-1 Mo steels, a fundamental and systematic
study was carried out on the heavy gauge steels of 100-400 mm in thickness. In this study, the effect
of cooling rates from austenitizing temperature on microstructures, the effect of cooling rates and
tempering cycles on mechanical properties and elevated temperature tensile properties were investigated.

The results obtained are as follows:

(1) Uniform bainitic structure is obtained when the cooling rate is faster than 6°C/ min, and the
blockish ferrite increases with decrease rate, which deteriorates mechanical properties.

(2) The effect of various heat treatment cycles on room temperature tensile properties is shown
as a function of LARSON-MILLER’s tempering parameter, and 2Y/4Cr-1 Mo steels in the ultimate tensile
strength range from 56 kg/ mm? to 90 kg/ mm? can be manufactured by the suitable tempering cycles.

(3) To maintain excellent notch toughness, the cooling rate faster than 6°C/min is desirable
and in the special case of manufacturing high tensile steels which are tempered at low temperature

“(UTS is over than 70 kg/ mm?), 10-15°C/ min or faster cooling rate is recommendable.

(4) By applying the results mentioned above, 365 mm thickness forged shell was cooled in agita-
ting water and the excellent mechanical properties and satisfactory bainitic structure was obtained

throughout the thickness.
(Received Feb. 25, 1970)
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Fig. 1. Master cooling curves simulated by automatic

controlled cooling device.
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Fig. 2. Relationship between cooling rate, tensile strength and yield
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Table 1. Chemical composition of specimen (%) .
c si | Ma P | 8 Ni G Cu . Mo Al
013 | 0-24 0-59 0-014 | 0-009 0:38 239 022 098 ; 0-005
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Fig. 3. Relationship between cooling rate and V-notch Charpy impact

value of 2} Cr-1 Mo steel at 0°C.
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Fig. 4. Relationship between tensile strength and
tempering parameter of 21 Cr-1 Mo steel.
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3. MR LB M

Table 2 IZFT RS @ 24 Cr-1 Mo 0T DV T&HGE
B & BB, MBS 2

Fig. 9, 10 R LIRE LS oBfkE R Y. BERL
EEEAS 400°C ¥ TR SIS EELR T, BN
BEAS 15°CG/ min Ll Hv 340, 3°C/min ‘¢ Hv 310
MR ThHD. BHEHE O KEWDOR, BMELUERER
500°C E 5 CH{LAER® bihvs %5, 3°C/min. DHDIT
BEb BV IRIE 550°C e BER{EASIAE 525, B
EET X0 THIb %M R 5. SHEE S 150°C/min
D b DI HEHNRIRIK TORILAS I L v 25, ER TR
BEEEON X O X VS 2E . 40°C/min DB
DR ERR I b 2 T LERB K E V. 3°C/min
OLDOFTEHHEEDORKEVDLO LI L TEIMBKL,
BRLBEMAECKD L E LK ZOERMBHD X511k
DIEEORTA TS TEEINS.

Fig. 11 R LiBRE & mEoBEeRT. LR
BE & IPEEEIRE L ITIE—F L 600°C v HEl
HEEOXSITA S, EIBRTHREL T 55E8THE
IEFE OB K E V. ThbbgHEE 150°C/min

Table 2. Chemical composition of sf:ecimen (%) .

] B
i
P ﬁ

S

!
i

Ni o C ' Cu | Mo Al

0-009 |

0:007

!
|
f

024 ' 240 : 0-21

— 186 —



@i 2; Cr-1 Mo @O 1761

I I
—o0—  3°C/min
400
—%-=  6°C/min
360 A =-¢— 15°C /min
=e=40°C/min
%ﬂ?$$é\ _ .
ALAAL W ==a=|50°%C/min
~ 320 —
I
-~ o
@ 280 Af
g AN
g )
2 240 NN
T 3 N\,
N, \%
200 ° "\fﬁ\
\K‘\g
160

0 200 400 600 640 680 720
Tempering temperature (°C x Shr)

Fig. 9. Relationship between tempering temperature
and hardness of 2} Cr-1 Mo steel.
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and hardness of 24 Cr-1 Mo steel.
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Photo. 1. Microstructure versus cooling rate of 2% Cr-1 Mo steel.

(920°C x4 hr austenitized and 630°C x 15 hr tempered).
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14. Cooling curve of 365 mm thickness forged
shell water-quenched at 77" location.

Table 3. Chemical composition of 365 mm thickness forged shell at some locations (%) .

i

Location | G ! 8 Mn P s Ni Cr ! Cu' Mo Al As Sn

| s* '0-15 02 055 0-013 0014 016 245 | 016 1:06 . 0-002 0-013] 0°009

Top | 3T '0-15 026 0-58° 0-013 . 0-014 0-16. 2:40 '0°16 ' 106  0-002 . 0-012| 0-009
| §7 ,0-15 0-26 056 0013 0014 015 2:45 {015 1:07 ; 0°602 | 0-013| 0009

| s* 1014024 0531 0011 " 0014 0'15. 236 ' 0'15! 1:02 ' 0-003 | 0-012| 0-009
Bottom | 7 015 0°24 °0'55i 0-0ll | 0-0l4 016 2:39 |0-16  1-:04 | 0-002 | 0-012 | 0-008
AT 10150241055, 0012 0014 0'16: 239 |016| 1:03 | 0:002 | 0-0Il | 0-009

*: 20mm from surface
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Table 4. Tensile and impact properties of 365 mm thickness forged shell water-cooled
and tempered, and post weld heat treated of 24Cr-1 Mo steel.

Heat treatment Tensile and impact properties at RT ! Tensile properties (457°C)
WG and | 1 Location | ¥YS = TS  EL | RA |vE15.5°C| Y¥S | TS | EL | RA
tempering | L WHT* (kg/ (kg/ | ; - (kg/| (kg/

: mm?) mm?) | (%) | (%), (kgm)  mm?) | mm?) | (%) | (%)
S* . 544 699|263 750 20-9-21-2%; 458 | 530 206 72°1

Top |4T . 554 70'8 262 73:0| 21-2-23:0! 458 . 531 21-7 738

As 3T | 55°0 703 | 24'5 74'2 | 22:6-23-7 | 450 | 55'9 204709
 tempered S* . 556 | 71-7 1252|746 21-8-22:3| 46:9| 55-1 21-4 {704
Bottom | 37 | 57-7| 71-2 1 25-4173-4 22:2.93-1) 4566| 550 205730
; 4T | 58°0| 71-2| 257|738, 22:4-24'1| 458]| 554 205|696

° ;

BT HvteTn s | 45-2| 61-5|28:7|73-9| 22-4-23-1| 353 | 45-6]23-0( 738
| Top |iT 45-8 | 61'1|285|73-9| 216-22°7| 355| 46°7|23-0|71'3

and 690°C x - | 4T | 45'8| 61°5|29°1 | 743 | 22:0-23°0| 36°6 | 46°1 | 21-5| 704
660°C x , :

16 hr 30 hr s+ | as5-2| 61-1]305]75-9| 22-7-22-8| 355! 45-8| 24-0! 75-4
Bottom | 47 | 45°4| 60-8|31-0 ! 74'3| 20-8-22-3| 37-1| 46-2 | 24:0 : 73°8

tempered $T | 46°1| 604297 735| 24:9-207 | 364 47-1|21-3 696
s* | 48-3| 63-0!275[743] 216-22:7| 377, 4776 217|738

Top |4T | 49-2| 63:5!128-9|76°6| 20:1-22°3| 39-5| 48-7 22:2|72°1

675°C x ST | 49-4| 63:5|27°5(72°7| 21-3-23-3 | 39:8 | 48-3 ' 21-4 | 73'8
30 br s* | s51-4| 650|266 735]| 21-3-22:0! 39-0| 48-9| 230|754
Bottom | 47 | 50-6 | 64:4 | 27-7|73:5| 20°0-20'9 | 40-3 | 49-1 | 21-5| 696

£T | 48-7| 63'5|27-0|74'3| 239 404 | 49-6| 220 70°6

PWHT™ : Post weld heat treatment, S**: 20mm from surface
FIER UL/ T 2 — 2 LSRG DR E X< —5 T 5. 5. ERL/T 4 — & LERMS DRAREHELH,NITL

Photo. 2 WWHAARBI BT HREMESHER L Rd. Fm, oo BN EBREL, BEREBOEE TS EITXD
3T, 3T OBEMEHEBIIS LAY RALTCH -4+  56~90kg/ mm? OFFERIIIND &5 KIEBCHET
4 PRI AR L, Photo. 1 OWENEE & FEIMESHE: x5.
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BEiEE 25 Cr-1Mo oW 1765

N
A 'i‘op,surface B:Top, 1/4T C:Top, 1/2T D: Bottom, Surface E :Bottom, 1/4 T F : Bottom, 1/2T
Photo. 2. Microstructure of 365 mm thickness forged shell watercooled and tempered.
M : (900°C x 19 hr austenitized and 600°C x 16 hr tempered) xX400(3/4)
7) BR: ER&BEHW, 12 (1960), p. 482 5 ?
8) R. E. Lorentz: Welding J., 41 (1962) 10, p. (EIE])
433-S T TORKEELE 2D LAE 500mm ¥ T 6°C/
9) R. D. Stour, et al.: Welding J., 40 (1961) 9 min LEOWHEE LB/ L LABWARETHS. FHE 500
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