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Trial Productibn of Wrapper Tubes of Advanced Material (IIB)

Hiroshi Teranishi®, Susumu Hirano*, Toshiyuki Osawa®

Katuhiko Matuda®*, ®ataru Unemoto™*, Shizuo Sasaki**
Abstract

The second trial production of wrapper tubes was made on the carbide precipita-
tion hardened ferritic steel, followed by the selection of the suitable chemical compo-
sitions and heat treatment obtained from the plates. The addition of B was of partic-
ular interest in the chemical compositions of 0.1C-11Cr-0.4Mo-2§-0.2V-0.05Nb~0.05N
steel.

The test results are summarized as follows.

1) In the system of 0.1C-11Cr-0,4Mo-2%-0.2V-0.05Nb-0.05N steel, the addition of B-
with 20ppm was found ineffective in terms of such mechanical properties as tensile

strength and hardness, and rather resulted in degradation in charpy impact proper-

ties.

Work performed by Sumitomo Metal Industries, LTD. under contract with Power Reactor
and Nuclear Fuel Development Corporation.

Contract Number : 630D038

PNC Liaision : Nuclear Fuel Technology Development Division, Fuel Analysis and Devel-

opuent Section, Takanori Okuda
#iron and Steel Research Laboratories, Sumitomo Metal Industries, LTD.
*%Steel Tube Works, Sumitomo Hetal Industries, LTD.
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2)

3)

4)

The suitable heat treatment condition was chosen that could meet the requirement
of elevated temperature tensile strength with os (850°C) Z40kgf/mf and 0 o.2
(650°C) Z30kgf/mf which was thougth difficult to satisfy among others. When 1050
°C was selected for normalization temperature, tempering temperature was required
below 725°C, while normalization temperature higher than 1100°C could allow the
tempering temperature up to 760°C.

The requirement in impact properties (As normalized and tempered : DBTT=20°C,
B50°C X5 year service : DBTT=150°C) could be met even without tempering when
normalized at 1050 and 1100°C. While, normalized at 1200 and 1300°C, the require-
ment could not be met, even when tempering was given at 750°C

The chemical compositions (0.1C-11Cr-0.4Mo~2F-0.2V-0.05Kb-0.05N) and heat treatment
condition (1050°C normalized and 700°C tempered), which was established on the
plates, was extended to trial production of wrapper tubes and they were evaluated
in terms of quality and properties,

The results are as follouws.
@ Dimensions and defects met the specification.
® Microstructure was full martensitic and grain size was fine.
® Elevated temperature strength met the requirements. |
@ Toughness was satisfactory.

® The uniformity of wrapper tubes was good in terms of hardness measurement.
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&aRE C | Si | Mn P S Ni Cr |[Mo | W | V Nb |sol Al B N
0.07 0.3 10,0 0.3 [1.7 j0.16] 0.03 0.03
Bl v [<0.1) ! | =0.030 |=0.030 | =0.80 t ? t ? ¢ 2
0.13 0.75 12.0 | 0.7 |2.3 [0.25| 0.07 0.07
A
H #10.10!0.05 | 0.5 11.0 (0.5 {2.0 {0.2 | 0.05 0.05
F w2 |0.1140.07 0.8 6.002 0.003 | 0.48 |11.22 }0.42(1.75[0.20| 0.070| 0.001:0.0001| 0.068
e C | Si |Mn P S Ni Cr |[Mo | W | V Nb |sol AlL B N
0.07 0.3 10.0 |0.8 [1.7 |0.15| 0.03 0.0020 | 0.03
# Bl Y [<0.1] ) |=0.030 | =0.030 | =0.80 t t ? ¢ 2 } !
0.13 0.75 | 12.0 |0.7 [2.3 |0.25]| 0.07 0.0030 | 0.07
B
B £10.10]0.05}0.5 11.0 {0.5 {2.0 |0.2 | 0.05 0.05
F w2 [0.12]0.06]0.60| 0.001 0.003 | 0.42 |11.06 {0.43 |1.73]0.19| 0.064| 0.001{0.0022 | 0.085
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A, B

1050CX 1 hAC

As Norna

6850°CX 1 hAC

7000CX 1 hAC

7256°CX 1 hAC

750CX1hAC

800CX 1hAC

11000CX 1 hAC

As Norma

B850°CX 1 hAC

700°CX1hAC

7255°CX 1 hAC

750CX 1 hAC |

800CX 1 hAC

12000CX1 hAC

As Norgma

750°CX 1 hAC

1300°CX 1 hAC

As Norna

Cl|o|OCjO|OC|O|O|O|O|O|O]|O|O|O|O

750CX 1 hAC
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700°C X200 h
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700°CX 1 hAC O @) O 0
( 800°C X 5 £E40X)
100CX1hAC | 725CX1hAC O O O O
750°CX 1 hAC O O @) O
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5. GIRBHTRETEZLL, B X LEEORE
(A#:0.11C—0.07Si—0.43Ni—11.22Cr—90.42Mo—1.75W—0.20V —0.07Nb—0B)

“_I}Fgm' ‘z“"ig?" 1050°C 1100 1200C 1300C
Terper I%gﬁ&ﬁg Fo.z oo El Rd |B#f| co.2 Cs El Rd |B#f| o0o.a Ge El Rd | Bl | oo.z Ge El Rd | W&
g B (T (ef/eddy | Gef/eld | (98> | (88 Do | (hef/md) | (kef/ud) | (98) | (%) |BiE| (hef/ul) | (kaf/nd) | (96) | (%) | | Gef/ed) | Cef/a® | (8 | (96 | hui
RT 115.8 148.4 15 | 53 | A | 1028 150.3 14 | 53 | A| o923 148.4 12 | 3 | A 96.9 145.0 9 8 | A
s op 22 58.0 78.4 17 | 8t | A 608 gl.2 |17 | B | A| 63 87.2 1 | e | A 62.8 84.0 13 | s0 | A
850 3.7 51.8 20 | 8 { A | 4.0 53.1 21 8 | A | 427 58.7 18 | 8 | A 4.7 56.7 18 | 8t | A
700 27.4 35.1 m 90 A 32.5 3.7 24 83 A 31.4 44.6 21 83 A 35.0 44.6 21 81 A
RT 90.9 108.5 18 | 6 | A 83.0 108.8 17 | e | A - - - - |- - - - - | -
esc |- 18.1 58.4 22 | 8 [ A | 501 60.5 20 | 8 | A - - - - | - - - - - | -
650 2.9 48.5 2 [ 8 | A 41.8 51.5 21 g7 | A - - - - | = - - - - |-
700 2.5 37.1 25 a0 A 32.5 40.8 17 88 B - - - - - - - - - -
RT 83.3 98.3 13 | 6 | A} 5.8 101.3 17 | 68 | A - - - -] - - - - - =
00T 600 43.7 53.1 24 85 A 45.6 54.8 24 81 A - - - - - - - - - -
650 95.4 2.3 22 | s [ A]| 383 47.1 2 | 87 | A - - - - | - - - - - -
700 27.9 35.4 2 | o [ A| 308 38.4 2 | 88 | A - - - - | - - - - - | -
RT 9.2 94.1 19 A | s2.8 98.3 18 | 8 | A - - - - | - - - - - |-
600 40.1 43,5 25 38 A 43.9 53.1 24 3 A - - - - - - - - - -
[t e 32.2 41.1 % | 9 | a 36.2 44.9 %5 | 88 | A - - - - | - - - - - | =
700 - - - - | = 29.3 6 | 2 | 8w | A - - - - | - - - - - | -
RT 72.7 88.8 19 | 8 | A | 7.9 91.6 18 | 68 |A| =8 103.8 6 | 56 | A| 8.8 102.4 4 | 8 | A
o 35.4 45.1 2 | 88 | A a7 50.2 % | 8 | A 58 55.9 % | 83 | A| 1.0 56.5 23 | B |A
650 5.9 35.9 3 | 92 | A| 35 42.4 2 [ s0 | A| 389 48.1 % | 85 | A 39.3 83.1 % | 81 | A
700 21.2 29.0 2 | 1 | B 25.8 33.0 368 | s2 | A| 328 39.6 23 | 8 | B 31.9 38.8 22 | 81 | A
RT 58.7 6.9 23 72 A 56.8 76.9 22 0 A - - - - - - - - - -
500 29.5 38.0 2 [ %0 [ A| 308 38.2 31 90 | A - - - - | - - - - - | -
BT 650 2.2 30.4 37 94 A 21.9 30.4 32 9 B - - - - - - - - - -
700 14.7 22.9 33 | 8 [ A 1.9 | 230 22 | s | A - - - - | - - - - - | -

¥s UT El
B0 =% =10 =7



6.

BIEERHrRETELZS L, BLb X LEEORE
(B&6:0.12C—0.06Si—0.42Ni—11.06Cr—0.43Mo—1.73W—0.19V —0.06 Nb—0. 00223)

Norwal ization

& o 1050°C 11000C 1200°C 1300°C
Temper %}5&% Go.2 Ts Ei Rd | B | o0o.2 ce El Rd [B#| 0o.2 e El Rd | Bf| co.2 ¢s El Rd mz
B E| (O | Geffed) | Ggffad) | (90 | (%) || (kef/ed) | (ef/od) | (96) | (9%6) |G| Ckef/md) | CGeft/md) | %) | (%) |2 Cefrmdd | Gefmd) | &8 | 50 |
RT 101.7 150.3 14 B8 | A 101.9 151.0 13 51 A 99.4 153.5 13 “ | A 97.3 146.3 7 8 | A
800 60.3 81.2 17 7 | A 60.1 79.6 16 5 | A 68.1 90.2 16 7 | A 6.0 87.2 15 88 | A
s Nor 650 8.2 51.3 21 8 | A 41.0 53.3 22 85 | A 3.8 51.4 19 8 | A 43.4 59.1 20 g | A
yii] 2.6 33.1 22 8 | A 31.8 39.8 21 88 | A 35.3 45.3 2 82 | A 34.8 44.9 2 81 | A
RT 88.4 105.4 18 68 | A 92.7 110.4 18 58 | A - - - - - - - - -
800 47.8 58.0 24 81 | A 50.4 61.7 21 83 | A - - - - - - - - - -
80 850 8.2 8.3 23 87 | A 0.6 51.0 22 B | A - - - - - - - - - -
700 30.1 38.0 23 8 | A 33.0 41.0 24 87 | A - - - - - - - - - -
RT 83.1 98.2 17 6 | A 85.4 101.0 18 86 | A - - - - - - - - - -
600 43.7 53.1 23 85 | A 47.4 56.2 23 8 | A - - - - - - - - - -
00e 650 31.8 44.0 21 87 | A 39.0 7.4 23 87 | A - - - - - - - - - -
700 2.7 35.6 25 88 | A 3.2 38.8 23 8 | A - - - - - - - - - -
RT 79.6 91.8 18 6 | A 81.7 87.3 17 g6 | A - - - - - - - - - -
_—_— 600 41.2 50.9 20 8 | B 3.5 52.8 26 8 | A - - - - - - - - - -
850 32.4 41.7 19 8 | B 34.0 3.5 29 8 | A - - - - - - - - - -
00 26.9 36.2 2% % | B 29.1 36.2 22 89 B - - - - - - - - - -
RT 76.9 22.2 17 66 | A 79.9 95.3 i8 8 | A 86.5 102.9 18 58 | A 85.6 102.2 15 5 | A
600 38.9 18.1 31 88 | B 41.0 50.6 2 8 | B 47.8 57.5 P! B3 | A 46.7 56.56 23 80 | A
ot 650 26.5 39.8 31 8 | A 33.0 82.5 24 8 | B 38.1 17.3 % 8 | A 39.1 8.5 23 8 | A
T00 25.0 32.2 33 82 | A 26.3 34.0 23 W | B 32.7 399 | B 87 | A 33.1 40.3 22 8 | A
RT 55.9 T7.5 2 | A 58.7 77.8 21 0| A - - - - - - - - - -
600 31.1 39.1 32 s | A 31.1 39.6 29 @ | A - - - - - - - - - -
800 650 2.4 31.1 33 2 | A 21.4 30.6 R 93 | A - - - - - - - - - -
700 14.5 23.0 31 5 | A 15.2 23.2 29 99 | B - - - - - - - - - -




RN, EEHMANDBROSERBEFR
(A D
Norwalization
1050°C 1100C
E i1
Temper | BBEERER| oOo.2 Os El Rd Go.a Os El Rd
# OK THTRIE g
#OE| D Chgt/md) | Chgf/ed) | (98 | (%) Ckef/ud) | C(hef/md) | (96) { (96)
RT 59.1 T1.3 22.3 71.8 A - - - - -
640 30.5 38.5 33.7 88.9 A - - - - -
650°C
650 2i.9 30.4 5.3 92.9 C - - - - -
700 15.4 23.3 40,7 4.6 A - - - - -
RT 58.5 75.2 22,3 71.6 A 59.1 75.T7 21.3 73.3 A
600 29.9 38.3 31.7 | 88.8 A 30.8 38.8 32.7 | 88.8 A
T00°C
650 21.2 30.4 30.3 92.0 B 21.6 30.3 31.3 92.9 A
T60 14.7 22.9 37.3 | 9.3 A 15.9 2.2 5.3 | 93.8 (o]
RT 59.8 5.7 22,0 | T1.6 A 58.2 7.1 2.3 1] 7.6 A
600 31.3 40.0 28.7 | 81.8 A 30.7 38.8 30.0 | &7.8 A
725C -
650 22.9 32.1 3.7 | 92.9 A 21.4 30.3 37.3 | 21.0 A
700 15.0 22.9 48.7 85.3 A 15.4 23.2 38.0 95.3 A
RT - - - - - 58.5 74.8 22.0 | 69.8 A
600 - - - - - 30.4 38.8 40.0 | 90.0 A
750°C -
650 - - - - - 2.8 32.0 3.0 | 92.0 A
700 - - - - - 16.3 24.0 28.0 94.6 B

SN ¢ T00°CX200hAC
(600°C X SSEH )
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Ve E—-HERRE R

BB # 2 # * #
& 1050CX 1 h 1050CX 1 h 1050CX 1 h 1050CX 1 h 1050CX 1 h 1050CX 1 h
+650CX1h +T700°CX1h +725CX1ih +750CTX1h +800°CXih
HE (N1) W 2 <] 4 s
BE\ (& B O ENWEE(F 8 E ENRES | B @ E4RES ¥ 8 | SHUES | & B | EMEBRESE|E B EH|EZHREs
A\ (CON Ckef-nred) (%) (hgf-n/ed) (%) (ke f-m/cd ) (%) Chgf-m/cd) (%) Chgf-m/ed) (%) (kg f-m/ed) (%)
- 100
-~ 80 1.5 0 1.0 0 1.3 0 4.8 5 6.3 10
- 60 9.8 40
- 40 3.3 5 2.8 0 6.3 20 5.8 20 7.8 40 1¢.3 80
- 20 3.8 15 5.8 15 6.3 70 8.0 40 9.5 60 19.0 100
0 5.5 20 6.5 30 10.5 80 16.5 100 1.3 100 20.3 109
A
0 6.3 30 5.5 30 11.8 95 10.8 70 16.8 100 20.8 100
20 8.3 70 8.0 0 17.5 100 18.0 100 19.3 100 20.8 100
40
60 13.0 100 15.8 100 15.8 100 17.3 100 16.8 100 18.5 100
30 13.8 100
100 14.3 100 14.0 100 15.3 109 15.8 100 16.3 100

HE AR

tEXWIOX55—-2V ) v F




9.

Yy W E—HRABREE

BRESH # n ) % #
& 11000CX 1 h 1100CX 1 b 1100CX I h 1100CX 1 h 1100°CX 1 h {100CX 1 h
+650CX1h +T700CX1h +725CX1h +750CX1h +800CX1h
HE (N2) 3] (/] {8) E) {5
B @ B OE|EHEWES | F R M| EHRER |4 2 O ZHREDe (& 2 o ClnEs | & ¥ 6| CEREE|® B B Efmms
g\ O\ Gef-n/ab) (%> Chef-m/ich) (%) Chg f-m/ch ) (%) Ckef-m/ed) (%) Chef-mied) (%) Chgf-miofi) (%)
=100
— 80 1.0 0 2.3 5 2.3 0 5.8 5
— 60 7.0 15
— 40 2.3 5 1.0 Q 3.8 5 5.8 15 5.8 20 10.5 50
- 20 4.0 10 3.8 5 1.8 10 6.3 20 5.8 30 18.0 100
0 4.5 15 5.8 20 6.0 30 8.5 60 9.0 60 20.8 100
A
0 4.8 20 4.5 15 6.0 30 9.8 70 9.8 70 19.5 100
20 6.0 60 5.8 30 12.0 30 17.3 100 14.8 100 20.0 100
40 13.5 100
60 11.5 100 14.8 100 13.5 100 14.8 100 16.0 100 20.5 100
80 11.5 100
100 12.5 160 13.5 100 16.0 100 16.3 100 14.5 100

HERER:

tEXWIOXS5—2 V) vF




Ve BE—@FHEBRBABRER

BILE LY n H % E
() 12000CX 1 h 120000 X 1 h 120000X 1 h 1300CX 1 h
+750°CX1h +725€C X1h
3 {N 3) ] (N4> @
B O [ BUMWES | R N EMRES|(H B ¢ EUREs(s 2 @ EenEs
(ke (T) (kgf-m/ch) (%) Chgf-m/ef) (%) Ckgf-n/ed) (%) (kg f-n/cd ) (%>
- 100
— 80
- 60
- 40 1.5 0 2.8 5 0.5 8.5 1]
- 20 2.0 )] 5.0 5 0.5 1.0 0
0 2.5 i0 3.5 5 0.5 2.0 5
A
0 3.5 15 3.3 5 0.5 2.3 5
20 4.3 20 6.3 60 0.8 2.8 5
40
60 8.8 100 11.0 100 1.0 3.8 40
80 9.3 100 10.8 100 1.3 5.5 70
100 9.0 100 10.5 i00 1.3 6.5 80

HEBHAER: t 5 xXWIOXE5-2V 29 F




F11. ¥ E—FREE

Norma | Tenper Ve E—igdgE
. o vEo vTrs
) (O | (etwfed) | CC)
As Norna 5.9 13
850 6.0 13
700 11.2 —30
1050
725 18.7 —30
750 16.86 —386
800 20.6 —5b5
As Norna 4.7 17
650 4.9 17
700 6.0 12
1100
725 9.2 - 6
750 9.4 - B
800 20.2 —40
As Norna 3.0 33
1200
750 3.4 15
As Norna 0.5 -
1300
750 2.2 68




gIE

712, Y e V¥ — @ OB R BB
n|EH # n L) S S
& 1056CX 1 h 1050°CX 1 h 1050CX 1 h 1050CX t h 1050°CX 1 h 1050CX 1 h
+650C X 1h +T700°CX1h +725CX1h +750CX1h +800CX1h
HE (N1) (i1} 2 3 @ {5
e o OB EunEsSs | F B @ Ze4uEsld % WS CHwER|E B | EEREE | & 2 @ EMEESE | H OB {|E4nER
gEE\ Ty (kgf-m/ed) (%) Chgf-n/cd ) (%) (kg £-m/ed ) (%) Cgf-u/ed) (%) (kg f-ulcd) %> (kg f-n/ed) (%)
- 100 6.0 5
— 80 1.5 0 1.3 0 1.8 0 2.3 ) 3.0 5
— B0 8.8 30
— 40 3.3 5 4.3 5 5.3 10 5.0 10 4.8 10 10.8 60
— 20 3.8 10 4.3 10 5.5 20 §.5 40 6.8 30 18.8 100
0 8.0 30 5.0 20 2.3 60 13.8 100 11.3 80 18.5 100
B
0 6.3 30 5.3 25 9.8 70 14.0 100 11.5 85 18.8 100
20 7.8 70 10.3 90 16.8 100 15.5 100 15.8 100 19.3 160
40
60 12.0 100 14.8 100 15.5 100 13.5 100 14.8 100 19.0 100
80
180 11.3 100 13.5 100 15.8 100 16.0 100 14.5 100

REBHFER: t 5 XWI0XE5-2V ) uF




#13. Vel BE-HBRBRER
MAEREF & & ) 3 ES
& 1H00°CX 1 h 1100CX 1 h 1100CX 1 h 1100°CX I h 1100°CX 1 h 1100°CX 1 h
+650CX1h +700CX1h +725C X1h +750°CX1h +B00CX1h
HE (N2) 3] (U] @ 2] g
iz # OB @ CHRES | T B (| SUEMES |8 B | EHRES | H 9 | EeREs (8§ B @ ENuES | & ¥ 0 H| EHUES
HE\ (TN Cugf-mled) (%) (kef-m/cd) (%6 (kg f-m/ch) (%) (ke f-m/ed) (%) (kg f-n/eh} (%) Chef-m/ch) (%)
- 100
- 80 1.5 0 2.3 0 0.5 0 2.3 0 5.3 5
- 60
- 49 1.5 5 3.9 5 3.5 5 4.5 5 3.5 5 6.8 30
- 20 3.0 5 4.5 10 5.3 25 5.3 20 5.0 15 12.5 60
0 4.5 10 5.0 15 5.8 30 6.5 35 6.0 25 17.3 100
B
0 5.5 20 5.3 20 4.0 20 7-3 50 6.0 30 17.0 100
20 6.0 50 7.0 40 8.0 70 10.5 920 16.0 100 19.0 100
40
60 10.8 100 13.3 100 14.5 100 14.3 100 14.5 100 18.5 100
80 11.0 100
100 12.0 100 15.0 100 15.0 100 13.3 100 13.8 100 16.0 100

HERER: t 5XWIOXE5—2V v H




#14.

V r WV E —BBRABRBER

R # L 2] ES
N 1200Cx 1 h 1260CX 1 h 1300CX 1 h 1300°CX { h
+750°C X 1h +750CX1h
L3 (N3) a (N 4) 2
mE m OB | ENEBESEEF B OE| EMRETE | & ® | EHnEs % % §| ZHnEs
ki CCON| Chef-m/ed) (%) (ke f-n/ch) (%) (kgf-m/ed) (%) Chgf-n/ed) (%)
— 100
- 80
- 60
- 40 1.0 0 2.5 5 0.5 0 0.5 0
- 20 1.8 0 1.3 0 0.5 0 0.8 0
0 2.0 5 3.5 5 0.5 0 1.8 5
B
0 2.5 5 4,3 5 0.8 0 3.0 5
20 3.0 20 5.0 20 0.8 0 2.8 15
40
80 7-3 100 11.8 100 0.8 5 4.5 40
80 7.8 100 11.8 100 1.0 5 6.0 70
100 0.8 100 12.3 100 1.3 5 7.3 70

HERER: PS5 xXYVIeXS5-2V 95




B15. oo R

Norma | T emper e E—FBREH
0 X vEo vTrs
© | © | tetw/ed | (0
As Norns 8.2 12
650 5.2 12
700 9.8 - 8
10560
725 13.9 —-15
T80 11.4 —15
800 18.7 —47
As Norma 5.0 16
660 5.2 16
700 4.9 10
1100
725 6.9 10
750 6.0 10
800 17.2 —28
As Norna 2.8 30
1200
750 3.8 30
As Norna 0.7 -
1800
750 2.4 68

_ao-




3K 16.

EHMMABOY + VE—HERBER

SR # L 21} % #
(O 1650°CX 1 h 1050CX1h 1050CX 1 h 1100°CX 1 h 1100°CX 1 h 1160°CX 1 h
HER +650CT X1h +700CX1h +725CX1h +700°CX1h +725°CX1h +750°CX%1h
HE OB | EUmES|FH OB | ENUEs | F % | EMNTmEs | 8 | EemEe |4 v @ Egnns| s % @ | EUuES
# (%) (kg f-m/ed) (%) (kef-m/ed) (%) (kg f-n/oh ) (%) {kgf-n/ed) (%) (kg f-m/cd) (%> (kg f-n/ef) (%>
— 100
— 80 6.0 10 6.5 10 6.5 19 6.5 10 4.8 b 5.0 5
- 60
- 40 10.3 40 8.8 30 10.8 50 8.8 30 8.3 20 9.0 30
- 20 18.0 100 17.3 100 17.5 100 16.8 100 17.0 100 17.5 80
0 18.8 100 17.0 100 18.0 100 17.0 100 16.5 100 20.3 100
A
0 18.5 100 17.5 100 18.5 100 17.3 100 19.0 100 18.8 100
20 17.3 100 1.0 100 20.0 100 17.8 100 18.3 100 19.0 100
40
60 17.3 100 17.3 100 18.38 100 19.5 100 17.5 100 18.5 100
80
100 19.0 160 18.0 100 17.8 100 17.5 100 16.8 100 19.5 100

HEHER: toxXWIOX55-2V /v F

R massH 2 700°CX200h




#17. ERHEN&AROY vV E—HRUEH

MO KB | VeV U HREE
FERS LB EL vEo vErs
(‘C) (C) (kef-n/cé) (C)
650 18.7 —40

1050 700 17.3 —40
725 18.3 —40

700 17.2 —30

1100 795 17.8 —30
750 19.8 —30

BRI N#SH: : T00TX200h
(600°C X S4EAHE)




R, M TR B EZE
Hv: 10k
T emper % vad
e Norm 650°C 700C T25°C 750C 800°C
X1hAC | X1hAC|X1hAC|XI1hAC|X1hAC
1050°C
1050 o | ms| s 308 291 269 235
1100°C
N0 | 49| 336 313 300 291 237
A
1200°C B _ _ _
1200C | 3 319
1300°C _ _ _ | _
18000 | a4 315
AL b HEHE
Hv: 10ke f
\Temper 2k &
fa Norad 650°C T00C 5T T50C 300C
X1hAC | X1hAC|X1hAC|X1hAC|X1hAC
1050°C &
180T | 453 328 305 299 283 287
1100°C
VT o | ms| s 311 508 299 244
B
1200°C _ _ _ B
L200C | 468 320
1300°C _ _ _ _
B300C o | 483 325
il 5 SEEE




R19. REHDBR O, SHBRER
Hv ! 10ke f
T emper B O & L £ #
Norma 850CX 1 h | 7000CX1h| 725CX1h | 7T50CX1h
1050°CX 1 h 241 238 239 -
1100°CX 1 h - 236 239 238
B 5 mSEIE

RIS ¢ 700°CX200h (600°C X 5EEH %)




- L8

3R20.

wmoH B’ E SR E R

e
T

1056°C 1100C 1200°C 1300°C
enper
BE (OONgif| Fe| Cr Mo Ni ¥ V | Nb | Fe | Cr Ho | Ni Y V |Nb | Fe] Cr Mo | Ni Y V | Kb { Fe| Cr Mo | Ni Y V | Nb
As Norm 0.12]0.024| <0.001| <0.001(0.007(0.004| 0.054{ 0.14 0.022|<0.001 {0.001] 0.007| 6.003] 0.042| 0. 13| 0.023| <0.001| 0.001{ 0.007]{ 0.001 | 0.010|0.1410.027 |<0.001| 0.002 | 0.008( 0.005| 0.009
630 0.34]1.29 | 0.070 0.008 0.2-0 0.066/0.053(0.36(1.33 | 0.070(0.008{0.21 (0.085/0.057 — | — - -} - - - - - - - - - -
700 0.39/1.33 | 0.065] 0.006/0.21 |0.084|0.0564{0.40|1.34 | 0.067|0.007/0.22 |0.083]|0.051| — | - - - |- - - - - - - - - -
125 0.41/1.33 | 0.061]| 0.006{0.21 [0.097;0.067|0.41{1.29 | 0.059(0.005(0.21 {0.097{0.083 — ! — - -] - - - | - - - - - - -
750 0.421.33 | 0.058] 0.005/0.21 |0.10 j0.0686(0.44{1.32 | 0.057(0.006|0.21 [0.11 |0.066(0.45]1.29 | 0.058|0.008{0.21 ]0.11 |0.059)0.43/1.23 | 0.057}0.005|0.21 |0.11 |0.058
800 0.43(1.31 | 0.054| 0.005/0.20 {0.11 }0.068(0.44/1.28 | 0.052|0.005|0.20 {0.12 |0.063 ~ - - N - - - - - - |- - -
As Norm 0.14(0.024( 0.001| 0.001|0.010)0.004/0.046| 0.16(0.024| 0.001|0.001|0.608]0.003|0.035| 0.16/0.025{ 0.001|0.001}0.010|0.001|0.0080.17|0.030| 0.001}0.001|0.010(0.003|0.006
650 0.39(1.38 | 0.077| 0.007|0.23 |€.086|0.056(0.421.31 | 0.067]0.007|0.22 {0.071|0.047} — - - - | - - - - - - - - - -
700 0.43|1.39 | 0.070| 0.007|0.23 |0.08170.057|0.38/1.35 | 0.075|0.007/0.22 |0.059|0.050] — - - -] - - - - - - - - - -
125 0.46)1.41 | 0.067] 0.007|0.23 |0.097{0.058/0.46{1.36 | 0.066(0.006[0.23 |0.088(0.053| — - - - 1= - - - - - - - - -
50 0.46(1.35 | 0.084| 0.007/0.22 {0.098]0.058{0.42|1.40 [ 0.087(0.007}0.24 (0.086[0.056]0.53|1.35 | 0.066|0.006{0.24 |0.10 [0.050/0.53|1.37 | 0.067]0.008]0.24 {0.11 |0.051
800 0.49)1.33 ] 0.058] 0.006/0.22 ;0.12 ]0.051}0.50(1.38 | 0.058|0.006[0.23 |0.11 {0.081| — - - -] - - - - - - - - - -




#21. o BONEEHEMRE
M| T B N = EEE AL HBHOKAL Vb
1| & iR | BEEhiER =KCF o & s
2 | 8 B|4vLy b SR 4 vy VRS
3 i | e BBV A MITHEE
FHREF = v 7
Tfi%?".:v?
4 | B - - R
5| By ey PEEH | MBAEY . FRGE (B 008 KiE » THERE
(248%)
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SHEmA -
KILAER -
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HHEE - T2
SRR
8\ A 5 A B EIRENVFIAEL BTSN BRIBE
_ HE - B
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HE - B
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822, 7y "EOBKRMMESME

W5 5 L 1045°C X 1045

Bd &L 700°C X 604

#23. T v NEBoOoBRES
(wt %)
cC | si | mn P S | Ni |cr | Mo | Co | N |Nb+Ta] Vv | W
B Do), | <01 | %g g [=0.02] s002) %2 100 266 | <001 | 0% 1O % 00 | Zotee | 200
B #| 612 | 0.05 | 0.8 |=0.02]=0.02| 0.4 | 11.0 | 0.4 |<c.01| 0.05 | 0.08 | 0.18 | 1.7

v—Fn

(bv7) | 018 | 0.02 | 0.86 |0.002 |0.002 | 0.45 [10.99 | 0.40 |0.003 | 0.05 | 0.07 | 0.17 | 1.79
(¥Fa) | 0.12 | 0.03 | 0.65 [0.002 [0.002 | 0.44 [10.95 | 0.42 [0.004 | 0.05 | 0.08 | 0.18 | 1.80
F = v 2| 013 | 0.03 | 0.64 |0.002 {0.002 | 0.45 |10.95 | 0.44 |0.005 | 0.05 | 0.07 ‘| 0.i8 | 1.82




#24, WA EHEBEENESR
5 # x4 i} 5} i1} g
B8N % B 110.8 Ao R @ 114,8 2§80
- D B - E C - F
1 I m I I m 1 I Im
110.89 | 110.88 | 110.87 | 116.89 | 11L.01 | 111.01 § 110.82 | 110.%4 | 110.84 |4 i1
110.86 | 110.86 | 110.95 | 110.82 | 110.81 | 110.88 §{ 111.05 | Il1.10 | 111.08 | % i 2
111.01 | 110.97 | 110.97 | 110.80 | 110.80 | 110.50 ! 110.80 | 110.82 | 110.89 |%& i3
111.08 | 111.07 | 111.07 | 110.89 | 110.93 | 110.86 | 110.87 | 110.92 | 110.80 | & 7
gawrFs 1| 111.20 | 111.10 | 111.09 | t10.89 | 110.91 | 110.88 | 116.98 | 110.84 | 110.98 | %% i 8
110.85 | 110.85 | 110.85 | 110.91 | 110.95 | 110.81 | 110.88 | 110.9% | 110.91 |%& e
115.35 | 115.38 | 115.38 | 115.29 | 115.27 | 115.23 | 115.26 | 115.21 | 115.29 [N F#EB 4
115.33 { 115.34 | 115.33 | 115.24 | 115.23 | 115.18 | 115.22 | 115.17 | 115.21 [N K& 5
115.36 | 115.31 { 115.85 { 115.30 | 115.23 | 115.22 | 115.25 | 115.21 | 115.27 [ AN FER 6
110.80 | 110.87 | 110.89 | 110.83 { 110.95 | 1i0.98 | 110.95 | 110.97 | 110.896 | & & 1
110.93 | 110.88 | 110.93 | 110.98 { 110.98 | 111.02 | 111.01 | 111.02 | 110.98 [ & 52
110.96 | 110.83 | 110.86 | 110.80 | 110.87 | 110.95 | 110.98 | 110.98 | 111.00 | & 3
111.02 | 131.00 | 110.88 | 112.01 | 110.92 | 110.97 | 111.08 | 111.08 | 111.09 |%& i
BWFS2 | 110.85 | 110.81 | 110.87 | 141.64 | 111.06 | 111.08 | 111.00 | §51.07 § 111.08 |#% 8
110.85 | 110.88 | 110.89 | 110.97 | 110.88 | 110.99 | 110.86 | 110.99 | 110.85 |4 59
115.36 | 115.36 | 115.34 | 115.24 | 115.21 | 115.33 | 115.35 | 115.38 | 115.35 | A F#B 4
115.35 | 115.34 | 115.34 | 115.24 | 115.20 | 115.30 | 115.3§ | 115.32 | 115,30 y A F &R 5
115,36 | 115.35 | 115.35 | 115.23 | 115.20 | 215.31 | 115.36 | 115.35 | 115.35 iR v F# 6
111.02 | 110.88 | 110.98 | 110.88 | 110.%0 | 110.%0 | 110.84 | 110.88 | 110.88 | & 1
11,04 | 111.02 | 111.00 | 110.90 | 110.86 | £10.85 | 110.88 | 110.85 | 110.84 | & i 2
11,02 | 111,02 | 100 | 110.78 | 11070 | 110.82 | 110.93 | 110.82 | 110.88 % i
111,13 | 111,09 | 111,08 | 110.88 | 110.71 | 110.88 | 111.00 | 110.92 | 110.93 [%& B
83WFS3{ 11.00 | 110,85 | 111.00 | 110.88 | 110.95 | 110.94 | 110.88 | 110.83 | 110.86 | & # 8
110,98 | 110,59 | 111.59 | 110.80 | 110.80 | 110.81 | 110.98 | 110.97 | 110.86 |%& #8 9
115.29 | 115.33 | 115.35 | 115.15 | 115.10 | 115.12 | 115.34 | 115.32 | 115.28 [N w FEB4
115.29 | 115.81 | 115.31 | 115.13 | 115.07 | 115.12 | 115.33 | 115.28 | 115.28 (A v F&# 5
115.33 | 115.34 | 115.33 | 115.17 | 115.02 | 115.15 | 115.28 | 115,20 | 115.26 [N w F & 6
B o g
|2 T 7 8 9"
|
: : : : @
No. ) | 5 N fl)
45 §
AN B
Na )

(1)
3

/o /
(2) (3) 100m

m@ @
D




#®26. WHNERBERENESER

(2] il b [ic) i} i 1

104.600.40 (HE10.25) '
B @ N T Yy H
A - D B - E ¢ - F

I I m I H m I i m
164.72 | 104.74 | 104.7¢ | 104.76 | 104.8% | 104.77 | 104.78 | 104.75 | 104.76 104.76 | % g1
102.72 | 10076 | 104.70 | 104.61 | 102.89 | 102.62 | 104.86 | 104.89 | 104.87 | 104.75 |%& & 2
104.87 | 102.92 { 104.82 | 104.78 | 104.77 | 104.77 | 104.76 | 104.77 | 104.70 104.80 | % [EE]
104.86 | 104.80 { 104.80 | 104.69 | 104.76 | 104.73 { 104.75 | 104.70 | 104.74 104.77 |NoF#4
GBWFS1 | 102.87 | 104.80 | 104.82 |1047.67 | 104.74 | 10471 | 104.75 | 104.60 | 104.89 | 104.78 | A K5
104.87 | 104.88 | 104.82 | 104.63 | 108.71 | 104.71 | 104.73 | 104.68 | 104.72 | 108.78 |[Aw FERSE

104.91 | 104.92 | 104.86 | 104.74 | 104.78 | 104.76 | 104.75 | 104.71 | 104.64 104,79 | & W7
104.90 | 104.97 | 104.88 { 104.74 | 104.76 | 104.77 | 104.66 | 104.58 | 104.70 108,77 | & i 8
104.75 | 104.76 | 104.71 | 104.76 | 104.82 | 104.79 | 104.81 | 104.85 | 104.83 103.79 | & i 9
104.74 | 104.74 | 104.74 | 104.78 | 104.81 | 104.80 | 104.73 | 104.78 | 104.78 104.77 | & #R 1
104.72 | 104.78 | 104.72 | 104.82 | 104.82 | 104.82 | 104.78 | 104.78 | 104.77 104.78 | & i 2
104.80 | 104.87 | 104.82 | 104.76 | 104.74 | 104.73 | 104.80 | 104.88 | 104,83 10.80 | % i3
104.75 | 104.8] | 104.78 | 104.73 | 104.68 | 104.74 | 104.75 | 104.80 | 104.78 104,76 | Av FaR4
G3WF S2 | 104.75 | 104.79 | 104.78 | 104.76 | 104.69 | 104.72 | 104.78 | 104.75 | 104.76 10475 [ Nu F#ks
104.75 | 104.80 | 104.76 | 104.73 | 104.67 | 104.70 | 104.73 | 104.76 | 104.75 104,74 [ANvFEEE
104.76 { 104.87 | 104.80 ( 104.80 | 104.73 | 104.73 | 104.74 | 104.81 | 104.81 104,78 | & # 7
104.69 § 104.74 | 104.67 | 104.84 | 104.86 | 104.82 | 104.77 | 104.80 | 101.80 104.78 | % i 8
104.77 | 104.81 | 104.79 | 104.83 | 104.82 | 104.82 | 104.77 | 104.78 [ 104.76 104.80 | % B9
104.86 | 104.94 | 104.89 | 104.78 | 104.83 | 104.86 | 104.83 | 104.83 | 104.76 164.85 | & &1
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