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Modification of Stainless and Heat‘—Resisting Steels

by Meaﬁs of Rare—Earths Addition.

) Masaybshz' HASEGAWA;, Mdsayuki SANO and Isao TANABE

Synopsis:

The authors have made a study of some effects of rare earths addition to steel for these
several years. In this report, the influences of addition of the RE(rare earth) -Ca-Si complex

alloys (of domestic commercial product) ‘to stainless steels (AISI type 201, 202, 304 and 430),

stainless alloy (20 series, equivalent to Carpenter 20) and heat resistant alloys (Iron-base

Ni-Cr-Mo, .equivalent to Timken 16-25-6; Ni-base, to Nimonic 90; and Fe-Cr-Al alloys)  are

summarized. The ingdt weights of type 304 and 20-series alloy were 30~50 kg, and those of

other laboratory-made ones were about 4kg, and 0°15~0'6 wt% of RE-alloys were added in the

furnace just before casting. Besides, to check up the influence of calcium and silicon con-
tained in RE alloy, comparatxve specimens (added 0°2-0°5 wt% "of Ca—S1 alloy) of type 201,
202 and 430 steels were melted, respectively.

The authors investigated mainly the effects of RE—alloys upon m1crostructure, mechanical
propert1es, ductility at high temperature, anticorrosion and oxidation properties: particularly,
on the subject of ductility at high temperature, ‘sub-size 1mpact, impact-~ bending, torsion,
bending and tensile tests were carried out elaborately. ,
~ Main results of experiments obtained are as follows:

(1) Treatment with RE-Ca-Si decreased the non-metallic 1nc1uswns in alloys, especially
A-series (ductile sulphides and ‘silicates) and B-series (alumina), and 1t appears better to
use RE-Ca-Si than to use RE metals or Ca Si alloy alone.
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(2) Microstructure was not markedly influenced, but RE treatment arrested the preci-

- pitation of impurities and harmful carbides at grain boundarles, so that the corrosion resis-

tance, particularly to the intergranular corrosion, was improved. Moreover Ca- S1 treatment
delayed the coarsening of ferritic grain-size of Fe-Cr-Al steel at high temperature

(3) .As RE elements tend to stabilize sulphides in steel,

the hot-workability and high

temperature- ductility were improved remarkably.
(4) In an oxidation:test of heat-resisting alloy series, RE- Ca Si . alloy treated specimens
showed an increase in the scaling resistance because their ox1de ﬁlms were fine and hard to

spall
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Specification and qualitj of rare
earth (RE)-Ca-Si-alloys (wt %).

" Table 1.

Grade |Total RE¥| Ca Si ‘ C< P )

| 25 | 30 | 45 |0°15>[003>|0*02>

I 30 .'8 46 |0°15>>(0°03>(0%02> -

* Average RE contents: La(30%), Ce(52%), ‘
- Nd(13%)- and othe_rs(S%), . :
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Table 2. Chemical compositions of tested specimens.

Specimens 1 : Chemical compositions (%)
] g sas ‘ I . ; Coor | €8 k ‘
.Type Marks Additiont (%) . C {Mn | Si P S Ni Cr "M o | or N Al| La| Ce | Ca
. : 5 -
: ' Mo  [Cu
S—1 | None 0°034] 1°6 | 0°47 | 0-054{ 0-009| 1132} 17°22} 0°17 | 0°24 | ,
) . ) Mo [Cu ‘
18—8 ° 2 RE-] :0:3 0°036] 1°6 | 0°47 | 0°049| 0-006] 11°14] 17°63| 014 | 0°24 *0°007 0004
(AISI 304) : : . Mo |Cu
3 | None 0039 1°71 | 0°41 | 0°049] 0-011} 11-39} 17°38] 0°20 | 0-24
Mo iCu
4 | RE-1:03 0°034| 1'68°| 0°51 | 0°046] 0°006| 11°28| 17°34/-0°19 | 0°22 0°010{ 0007
S R Mo [Cu
| C—=5.| None - | 0°006] 2°14 | 0°84 | 0°047| 0°006| 27°23/19°47 | 1°97 | 4°12
20—29 . . , o Mo |Cu
S 6. | None 070231.1°17 | 0°84 | 0°050| 0°005| 27.37| 19.59| 1°93 | 448
. . Mo |Cu : :
7 | RE~T:03 0°019) 207 | 0°89 | 0°042] 0°004| 27°78| 19°59| 2°16 | 463 0°004| 0°004
F—02 | None ~|-07157} 1711 | 0-62 . 17°55 g
05 | Nome | 0°045| 0766 | 045 | 0009, 0°015 0°21 | 17°43 g-ogg:* 07005
: , o -0 .
21 | Ca-Si:0°2 0°149| 1°12 | 0°59 470022 | 23°09 0°003** e
22 | Ca-Si: 04 0°150/ 1°00 | 067 IR IR B A3 T . _ ‘
18—Cr =25 | Ca-Si:0°2 0.062 094 |.0°68 17°58 ‘ 0-08
(AISI 430) | - 27 | Ca-Si:04 0°100| 0°95 | 0°70 1763 N IR X
: < 41 RE-Y :0°15 07143 1°03 | 065 22°39 0°005| 0.009 :
42 | RE-J:03 0°125| 096 | 064 22766 0°010| 0033
43 1 RE-{:0'5 0°149) 1°16 | 0°57 2227
45 | RE-L:0'15 0°082] 0°60 | 0°71 . 117°63 07005 0°007
46| RE-F:03 07092 1°10 |'0°78' - . 1.17°66 0°003/. 0:002(.0°08
47 | RE-J:05 0-087) 0°90 | 07647 0°013{.0°011} . .| '17°63 /0°008{.0°007| 0°017| 0°07
MB—03 | None ~ |ov1o1 6v04 | 062 | | 451 | 22740 o o,
06 | None - o096 7°30 | 0°64 | 0024 0-017] 4205 | 18-23 - | \8-0({‘21* 0.008
| . ) . . *3
o 211 Ca-Si:0°25 - |-0°180| 7°44 [.0°57 | - 431 | 21°64 - 0+ 002%*
Cr-Man .22} Ca-Si: 05 0°196 6°54 | 0°68" 21-51 :
(AISrI 201) 271 Ca-Si:0°25. 0:110/.7°15 | 0°74 1 4°63 | 1762 022 0,005
© 28| €a-Si:0'5 - - ['0°085| 7'57 | 0°70 4-59:| 17°63 0°20 07010
4| RE-§:02 0°170| 654 | 0°58 : 22°26). 00091 0°032
42| RE-F:04 ~ |0°180 674 | 058 1446 21773 027 107006 0-041
45 | RE-[:02 .0°110|.7:07 | 0°68" © 1473|1808 021 "0°005} 0-013[ 0°007
46| RE-F:04 .0°041] 7°10 | 0°52 0°012| 4765 | 17°55 0°20 0°001] 0°010| 0°006
‘MG—01 | None : '0°206| 7°57 | 0°43 (506 22780 Ooigg* .
05| None - v 0-098| 9°70 | 0°57 | 0-018 0-015| 4°95 | 1900 g-ggg:* 0-016
21| Ca-Si:0°25: . [0°219 7°85 | 041 | 5410 | 2283 0-001*% 0°016|.
Cr-M . 23| Ca-Si: 05 0°217| 7°04 | 0°65 ' 5°02{ 21°37| - ~ 024
(ATST 20y | - 28| Ca-Si:0:25 ~ |.0:083 894 078 |5.19 | 1854 019 0°001
oL - ' 26 | Ca-Si:0'5 0°106| 894 | 0"61 5.00 | 18°07 0°20 0°009
4| RE-F:02 0°201] 7:55 | 0°58 504 | 2456 028 07009 07033
42| RE-1:04 0°212/ 7°95 | 0°36 508 | 21°81 024 0°018! 0°041
45| RE-F :0°2 0°100! 870 | 0°77 5°08 | 1825 023 0-005|- 0°013| 0°002
. 46| RE-F 204 0110/ 862 | 0°71 506 | 18°68 022 0-006| 0°016{ 0009
o
: RT-—10 | None 0705 | 2°11 | 0°77 22°69| 16°62| 6-97 0.039
-Fe-base heat | © o | RE-] :0-15 © 10037/ 1-91 | 0°43 2254 15791 725 | 0°051~ 0°009; 0°021
resisting : T . ) : : o
steel 2 30 RE - :0°30 0705 | 2°04 | 0°57 : 21°61| 17°14/ 6765 | - 0064 0°009| 0°025
4| RE-T :0°60 0064/ 2:10 | 0°38 22°58 17°21| 6°95 07034 0°018| 0°039
o RN=—10 | None - 0088} 0°24 | 0°53 58°03| 19°97} 14°08| 180 132
N1—base_ ) )
heat resis: 20| RE-T :015 0°080| 0°26 | 0°43 55°85| 21°48) 14°21] 1°5 0°9 | 0-010| 0-005
ting alloy ‘ ) ) .
. g 30| RE-X:0°30 0°065| 0°33 | 0°27 56°26 22°64|-1505| 1-58 1°1 | 07026| 0-047
RC—10| None = - - 0088 0°90 | 0-44 K 29°2% 610
11| None 0°080| 0°82 | 0°47 2782 638
Fe-Cr-Al | - 55| RE-J :0'15 07080| 0°85 | 0°37 .. 28°88 63 | 0-005] 0°005
steel 30| RE-F:0'30 -|0°094| 0°94 | 0°56 27°57 6°43 | 0°011] 0017
40| RE-T:0°60 0°081) 0°83 | 0-46 . 28°87 6°15 | 0°016} 0°035

. Note: * Soluble in HCl, ** Insoluble in HCI
+'1) RE-1 (or I) shows grade T (or 1) of RE-Ca-Si alloy (See Tabl—l)
2) Ca-Si means Ca- S1 alloy containing 20~30% Ca+50~55% Si i : e
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Table-3. Yields of R.E. elements in check
© - analysis.
: Chemical ] -
‘ .| Addition analytical Yield of
Marks . of results total R.E.
. . |'R.E. alloy | total R.E. %
' % (La+Ce)% ,
S-2 03 - 0°011 133
03 0017 - 2247
S-7 0'3- 0008 - 10°7
F-41 0*15 . 0°014 29°2
42 0°'3 0.042 442
T 45 015 0°012 2540
L 46 03 0°005 53
47 0°5 07024 | 15°1
MB-41 © 02 0°041 652
L 42 04 0°047 37°0
45 0°2 0°018 286
44 0°4 0°011 - 87
MG-41 02 0°042 66°7
.42 04 0°059 46°5
& 45 S002 0°018.. . 286
46 L 04 0°022 - 17°3
R T-20 0°15. 0030 62°5
30 03 0°033 . .34°9
40 0° 0°057 ©30°0
RN-20 0°15 0°015 - 31°3
30 0°3 0°073 769
R C-20 0°15  0°010 208
30 0°3 0°028: 29°5
40 0°6 0°051 268

~1230°C ICHEL L 90~120min {E#5#%, 18Cr Rz E
B 1050~1150°C , FEB 950~1000°C, #7z Cr-Mn
T3 FBRE 1150~1200°C , TERE 950~1000°C OiREEH
BT L. SR EREREC X VEREF R e
L7ed, ZEL 4 0Ty FOERCHE TMER
EFDwA 0 - ¥ Ty Y RRDIEET, &R

rEZBNDLY Ty FRRARENT, ZZTHREMLER

DEH BV T & Ta 0.
DLED X 5 CERRANTHE & SR T 2 O R EE
THhHoFDT, Fe &, Ni #¥ X0 Fe-Cr-Al %k

AbeTs OBV T, R OIMIEEIC S, 2>

7 DEREI T CEEL, 77 v ZROBES L0
TSI X0 THNT M T B R RET L ThTe. 3
ﬁb%lﬁ%QQQMKanﬁ,2&mnf¢mﬁﬁf
%% TR 5~ 6 BOBEIEE 27, 25mm § RICiR
L 73Rl OFE IRV Photo. 1 ©Z & { RERHE

- filedbiivy RN-10 TR, kX V)J:ﬁﬁk:bf: UE €2

DERBRD SIS, REAS 0015% HIMLEL 7

RN-20 Ci3% O$nid7s<, S5 0°3% KMo RN-
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Specimen  No. RN-10, RN-20 and RN-~30
RE-Ca-Si alloy (%) none 0715 030

Photo. 1. Comparison of the surface appeara-
nce of forged specimens.
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Fig. 1. Results of nonmetallic inclusion counts according to JIS specification.
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Table 5. Results of 'grain size test of ferritic -
or austenitic alloys.

 JIS grain size No. of
Marks Ferrite Austenite
As As |As - -
annealed |solution treated| sernsitized
S-1-| - 44 4t
2 ) 47
& 3 4°4- 49
Photo.- 2. Typical form of RE-sulfides in high 4 4°6 444
sulfur forged steel sodium picrate C-5 o 43 405
- etched. -Xx1920 (2/3) 6 . 444 4°0
' o 7 — 43 4°0
Table 4. - Results of macro-streak-flow in : ~
rolled specimens by JIS method. F“gg ?513 — —
: } 46 6°9 _—
Marks Macro streak flow
, MB-06 — 57
F-02 3°6—10°8—(3) 7. — 5-¢ i
05 4°2—63°0—(15) 46, _ 60
25 0o— 0—(0)
46 84— 8°4—(1) MG 05 _ e
' 26 — 5.3 _
MB-03 0— 0—(0) 46 546
06 12°6—966—(12)
27 o— 0—(0) ‘
45 0— 0—(0) Table 6. Condition of heat treatment of tested
MG-01 3°6—28°3—(8) specimens.
05 8°4—25°4—(4) - -
21 7+2—82°8—(15) Specimen - Conditions of heat treatment
46 ©8°4—12°6—(2) -
s . 1050°C X 40min
Solut
RT-10 10°8— 7°1—(1) . olution treating ot W‘IQ’
20 21°6—27*0—(3) i ter soln.
30 0— 0—(0) 221;1?20 Stabilizing At 850°(13 X 3hr
40 36— 3*6—(1) - ter soln.
» ’ Sensitizing " 630°C X6hr
RN-10 21°6—46°8—(3) )
20 7°2—28°8—(6) 18-Cr “Annealing 800°C X thr . F.C.
30 10°8—23*4—(5)
: . - 1080~1100°C
RC-10 10— 20—(2) CrMa Solution treating X 40min W.Q.
11 0—  0—(0) Sensitizing After soln.
20 5— 25—(5) 700°C X 3hr
30 0— 0—(1). - . ' -
40 , 15— 5—(0) FeN?f]f:S%nd’ Solution treating (1100°C X 2hr W.Q.
Fe—Cr—AI Normalizing 900°C X t*5hr A.C.
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Specimens of. ——
heat treatment none RE—Ca
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16— 8 treating
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.- Solution
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e Solution
N850 raating
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DI E V53, FABROBEIIIEERD Shz.
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“Table 7. Mechanical properties at room temperature.
- = = ' _ ,
As forged : o . As heat treated o
N 0°2% sy | Reduc- Impact' 0°2% , . | Keauc- lmpact
Marks Proof | Lensile | Elon tion | value Proof | Lemsile | Elon- | T "1 Gofve
strength | gation o strength | gation °
stress (kg /mm3)| (%) of area| at 20°C stress (kg /mm3)| (%) of area | at 20°C
(kg /mm?)|* € /MM VR | (%) | (kg-m) |(ke/mm?) € 27 1 (%) | (kg-m)
S-1 29°0 63°3 54 67 15+3% 211 546 64 70 -
2 33°3 64°0 53 68 28°9% _ 207 554 64 70 C—
. 3 28°1 62°5 53 67 15+3% 205 54°9 64 70 S
‘. : 4‘ 31°3 638 54 67 25°8% 24°1 » 56°0 63 . 70 —
‘ C-51 282 65°8 46 62 | 11°9% 22°5 572 51 65 —
6 446 67°5 41 57 11°9% 22°5 56°9 52 66 —_
7 © 396 684 | 48 60 13°5% 217 . 57°2 53 69 —
. Foo2l  — | &2s i2 18 - 56°0 3B | e - -
. o .05 —_ ) 86°6 14 . 29 0 25%* — 53*5 31 69 0 9%k
25 — 96°6 14 16 0°*30%* — 56°8 32 65" - 1 6**
27 —_ 91°0 16 14 Q*25%* —_— 553 32 - 68 Q°7%*
. 45 _— 93°5.: 11 - 19 0°48%* - | 572 33 67 EAS R
- 46| — 91°8 16 28 0 43%* — 57°1 T 36 70 L 26hE
47 — 91+7 17 26 ko — 558 33| 67 —
MB-06 —_ '89'0 : 41 65 | 13-e¥k —_ 696 65 71 290k
27 — 87°9 38 63 - 16°1%¥ —_ 704 65 73 29<Hk
28 — 85°5 45 64 110 %% — | e84 | ez 73 29 ¥
45 —_ . 946 37 63 1" 14e3%% — 70°5 60 71 20 *k
46 _— 96°5 41 60 13‘1** — ' 718 64 73 . 20 < Kk
. MB-05 — 85°9 36 66 - 19°g** L 704 59 69 | 28+6%k
< ‘ 25 — 82°8 35 67 17 1%% — 67°8 64 71 20 < **:
26 — 90°2 35 67 20 5¥* —_ . 69°9 62 71 29 < ¥k
45 — | 9te5 | 41 | 67 | 2105wk | — 7249 66 | 72 20wk
46 — 922 38 _ 69 | 21°1%* — » 730 69 72 29<i**
Note:  * 2mm U notch, ** 2mm V notch
Table 8. Results of gas an’alyéis (method of =D LT, BRCETLERMEEOmE, < j1a-5/14
o vacuum melting) o HOWASPHING DT, £ U TS X 08
. . . L Z; : 41 e g N
Gas analysis (cc/100g) Fﬁbuil&%ﬁﬁ?é%@@nﬁ%ﬁ%{#nbTntcy , TD

R R LB L 7.
3:5:1 HEIREZ R IOEREZHTHE -
S_3 14 g i o ~“Table 10 1k 18-8 ¥k X% 20 RicoW TOEIEM
4 8 3 HHBER T, WFhd 2[E0OFBEERRLTWS.
DOFEIE 30kg ~cm NI pov CERERE A BV C 5X5

o H‘ N

Table 9. Typical results of hardness test of x28mm(/ v F7a L) DB A X 5 BHEEARR &R
R specimens. i ' '
P : ) ‘ Table 10. Results of sub-size impact test at
_ Rockwell hardness number (HrB) o high temperature.
" Marks' |, ' ' As’ As " Impact absorbed ez —e
2 As sé?ution stab’zd |sensitized Marks P ‘nergy (kg-cm)
received | ¢ oateq - | 2fter after ' 900°C | 1000°C | 1100°C | 1200°C | 1300°C
. soln. tr. | soln. tr. o -
S-1| 804 65°1 | 6776 798 S-1 59 7°9 6°8 6°1 | - 5°8
2 1 83°2 67°4 |  67°8 | 85°2 : 2 5°9 7°9 . 7°0 67 6°5
.3 79°5 714 | 67°2 - 800 3 58 - 7°5. 7°5 64 6°2
) 4 824 - 707 676 84°4 4 .58 . 7°9 75 -7 6°8 -
C-5 84°2 68°1 | 686 8247 C-5 6°2 7°1 67 542 5°3
6 87°8 . 719 : 70°3 85°0 6 5°8 7°2 6°8 50 52
7| o sstz | 70% 68*6 | 87°0 7 5°0 | 74 6°5 .| . 671 6°2

— 65 —
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BENHHEEDIE . LR RL TV
7 Emgifdafure ‘ Addition 5. . C
kind -of notch Speeimen none Ca—-IS'/' RE-Ca-Si S it Table 111 Fe 3k, Ni Hfi#ia
’ 8 o 43 X} Fe-Cr- Al &SR oW CH
1 41S) 430) BRORBRE LiciRy, PR E
/000°C PR TAEORERICOWTRLED, 2 bic
IZme N ravsr 2om DVWTHRERIBENE 51T CRELE
VvV notch PEDpYs AR & FRERRUR & ORIIEDZE AR E < B
(AlS1 202 ) PN TW5S. ¥F7-RELSEDOHRIE L O
| w-cr R oWTiX, HAHIREETIERERER
| rars) 430) s, ZORFREZEZ 5 LInE O
1200°C Cr—tin BN THEOER T I 5543 L
2mm | rarsr 201) TWb bbb, Ll ZORFRRE
U notch | r, _yp, PFHET B BRI OV T 5T,
(4151 202) 3-5-2 BWIRRDHABR |
Photo. 4 Appearances of sub -size impact-bending test - X 5T ﬁ{ﬁ[&%@ﬂ;fnﬁ%{{ﬂﬁ LU TIAR
specunens

BRIREEVE 900°C ~1300°C) ZAT272dbDTH%. ©
COFEE 18-8 RTIE 1100°C % TR EEsR & IR
1200°C BL ETIx R E st
OFRKRE LTI VX R LdL, 205 T b REEI200
°C BlETREMERBOEESHFEEShTVE T
LELHLTWBR, X DIEEMmT RS 2775 ol

OB K DT AR X ERIEE 2 W T 5 ke RS
. ﬁiﬁ%ﬂ{ﬁ“ﬂ"f 2% 5X5X27°5mm CmmV & 721X 2
mmU v »F) & L7%. Photo.4 [T IOOOOC B IR
1200°C T 18Cr % E Cr-Mn RiCoW TR
REIC XD RA OB RS, CHTH bR LS
R EQER BRI 0Ot B D X5 REIRBB D T
L, 7254 bR 18Cr AT VWT & RICHEETH S
3:a%ﬂ%hk.QECbSiﬁ@f%%%ﬁ%@i%

FIRA ST 5 ERERE Bz Cr-Mn &R,

‘Fe 3k X Ni EREHAETOVT, 37 - ¥4 25K
B CEfTHEE:

10mm § X 60mm) ZFVCHEIEL
7. BERoO—I% Table 12 WAL TH5S. Tiadbb
Cr-Mn T, EERDGENE LR O-FHOHD
SREMBOHEIEISI D X5 Thsb. 75aCa-Sig
U, B X IEE AL DRV O, B
L QITRIFTRVEE MG-28) Zflvw/cicde %
2 b, Fe ik X Ni #it#a4 <3, RE il
ROBHOIR 1 501 5 JBANERBORNC Hoin s D K STkl 2
, TR EIE R RRL TV S,
oWy, Fe #ETiE 003% & 0°6%, Ni #Tix
0°15% & 0°3% O kENR L, THIIIESBANLE
¥, a<kﬁm%ﬁ N OBPIERER E—FH LT3
3-5-3 RS BRI

R E 5&0ONE

Table 11. Results of impact- bendmg testing
at h1gh temperature. Table 12. Comparison of the results of high
» temperature (1000°C) torsion testing.
Bending ang-le =
Marks , . - f;la'stnc ¢ | Maximum | Torsion
1000°C | 1100°C | 1150°C | 1250°C Marks hear stoesgShear stress, angle
- . shear stress (kg /mm?)| 10-3(rad)
- | (kg /mm?) g a
RT-10| 24° . 28° Rupture - ' :
20 26° 320 ” — M G-05 2°9 4°1 4°8
30 25° - 32° v — 28 2°6 .38 5°0
40 26°° 31° ' 44° — 46 2°7 59 7°3
- RN-10| 19° — 44° 45° RT-10 349 54
' 20 16°5° — 28° 36° 30- — 6°1 58
.- 30| 21° — 28° 29°. 40 — 7°8 6°1
RC-11 24°5° — 33° Rupture RN-10 — 42 4+9
30 190 - - 21° 33° 20 — 65 55
40 19° — 30° 28° 30 — 6°5 57
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‘Table 13. Results of high temperature
~tensile testing.

Table 14. Results of JIS boiling 5% H2SO,
corrosion festing. ’

0°2% |Tensile B
Test proof | stren- |Elonga- Rteizggc
Marks | temp. | stress | gth tion of area
(°C) |(kg/ (kg / (%) (%)
mm?) | mm?) o)

S-1 650 | 15°9 | 32°0 | 32°0 | 62°8

2 650 | 16°2 | 32°6 | 35°4 | 63°9

3 400 | 13°4 | 42°7 | 410 | 60°3

4 1400 16°9 | 44°5 | 42°2 | 66°4

C-5 650 | 24°8 | 40°t | 40°0 | 61°5

6 650 | 21°4 | 40°8 | 40°0 | 57°7

7 650 | 19°6 | 38°3 | 38°6 | 57°7
MB-06 | 1000 — 84 | 20 59
28 | 1000 — 87 | 29 86
42 | 1000 — 8*6 | 30 86

Table 13 IEHEBIERBOBRTHH L, 16-8%F
T O20R TR VTR ORE S REQBEIC X 5 ERITNE

R, COBEDRWHERIEE (400°C 3 XU 600°C) T

VEBAEE, Witk RE MEOBENRVTEERLTY
%. L LCr-Mn BR&HIcE > T1000°C ikiF 5
BiERa55 L, REAETRIEL L ORIEREOD

DL T, & I, WO DERKEL, 20lb
VW OERITE D LEEAOHRSM D X5 CHbh s 2

&b,

3:5-4 IR EER .
WEBRIINTIC 315 MTEN2HHR L, RELHET
I HEEL TS B TR 2T o7,
ﬁﬁﬁ&%sxmxmmmnkb,ﬁ%ﬁ§1mmCT

1SminfiiE L 745, 500kg MEREMEET 180° HFH
B Uiz 2055 18Cr Ris XU Cr-Mn ROMH

4813 Photo. 5 WHIRL72Z:<, RE &4k IV
Ca-Si THHL 7% DIcidel Eng LU g o7hs,

Weight loss (mg/m?2/hr) -
Marks As solution As sensitized
treated or after solution
annealed treatment
C-5 1°83- —_
[ 1°67 —
7 1°36 -
F-05 C a4 —
25 . 427 —
- 27 419 —
45 448 —
46 433 —
47 | 430 —
M B -06 12°56 | 18°32
27 o 12°46 18°98
28 922 ' 1652
45 . 11248 16°29
46 10°92 17°61
MG-05 10°50 12°86
26 8°78 11°13
46 867 10°68

JeEst b TR S L HEN SRR b, T ThH
BRI R T 5 RE LEOZRIIA S THD
e : , .
LN BOBEOEE, REQIEOR BIZLINEI
FROAERCHVTLERIEOHRECHD L2500
Bk irotens, FOERIE RE & Ca-Si OFEER
LB MEBERE L < 1S OB L okEbic k&
BYERIC X o TEBN S 2RISR L ZE X Db,

3°6 THEMER X OER{LHE

361 BREFEH |
JIS BRIC X B 5 %RERIE AR Ok R O—fl% Table

Addition

14 FR U2 18 Cr RIIARIHGiER
DT VTR e, W OB D

Specimen

none Ca =57

RE-Ca —=Si

BRRENSAEL, RELAHIZX58FR
Vit O X o728, B L 7220%

/18— Cr
(4151 430)

A& TR, bTrEBRSLRELABEI XS
EBAEE OO BRD B, £z Cr-Mn
R OWTIE, BER b X OGUR LinEE

Cr — VMn
( A1S1 201)

L7z AISI 2014 4 Ci¥, RE ALK
RDIES b T HCBEREREED LI

Cr — Mn
(A1S! 202)

25, Ca-Si £7:1% RE A& DOHMED
% rh ODIFES BT L A B HME
TnhHEWIEERAZE . AISI 202

Photo. 5. Appearances of bending specimens tested at

~ 1300°C.

24 FTUE, —iRC201 24 FDOLDED
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DR X VAT, ATHEHT5HEE~OERI,
RE X DIl % Ca-Si WHLIBOEOI BNESLTY
DL BbNES, *OEAEHENEASREDEE
DR RHTC LT S0tk

735 Cr-Mn RiCoWT, =5ICEEREHRIC X 2K FE
B (&E Cu A DR - PRERERERTE) 285 L 7o
VPRI MBERRNE16 hrds KO 72 hr $GBL T v 7 0

o bhd, % P DR BV CEERRE D

ﬁ%Liﬁnﬁﬂm®%gbﬁ%m?%htbof®f,
 EBICCORKICE D 180° HITHBE L. HBRER
13 Photo. 6 DT &
. REQEEE 2 ERIET IO % D L Ehpazms b
7z, AISI 202 %4 7@ T T b RIBRIC IEREmER
& Ca-Si pEsARHz BN 2 &L 7225, RE stk T
m&éﬁﬁ%h#a?ﬁ&éht&%r%oh,:@:
LU & R AR Z 1B 35 R E ok
CEBIREVZ XS I RHUR(LEE L 225 0kRIE Photo.
7 DX 5T 72 hr OB CIRRIERBNI TR FRE L,
Ca-SULTERURL b AT % THRAI R S Cu 7228, RE
QEREEH TS O — R DR L 72 A2 HE T A R B3R E 48
OFPTBEIN TV EREEFEROEETH DRk, T
© X5 REOTRIMAR £k 2% T 5 LT OH
FETHLZEE2E O THIRREEL7-RE ORI
L DEEELEBMERIC LB DT, X BICHBLAET

<, AISI 201 % 4 7“@%@(@ ’

%%*aahﬁkfﬁﬁ{t%&éﬁb’Cﬁﬁilﬁﬁ T B
 PLRETLOLEZDNS.

362 ELaER

Fe 3, Ni Hfif#i#a4, %100 Fe-Cr-Al %0
oW T, 700°C X 1 100°C Z &z 1100°C F C&IR
BB T, KRR TOBILRBREITR Dk, *OfE
DR FEFE Fig. 2 WRLE. SOHETLIRERE
75% & R ERBEENIOI O BRILIZE V2%, IR ORE
e bIEO TIRERE X 0 DREE AL, B
OARRREEIEE T, REMBE R Ry —Y o Fikic
BWEEZL O EERL TW5S. BiREIC X oTiI,

R E M 133 5 IR A H 5 & SR e - LB

BRTEOBELH DA, T OWEOWETE, 00X
S HIRRIBEOFEIIRD bhisrode. R RE QM
VR IR ORI L i WAy — VBB L, A
MOTERILEZM L35 2 & 2R

3:7. ZOORER -

3:7-1 7= I4 MEROEKE
7254 FR Fe-Cr-Al MESMIIR IR CmE 35 &
A REL TRILT D2 RERDS. Lo Co T
VIIMBRES & RS ERIEE, 35 X OINBNERE & B S ORI

DWWz Fig 33X OfRT, #hciEEz, i
BT 7T 4 MEGKE (JIS REFRSICHEY) oWk

CHEEBETTm v b) EBIZR L. £hic g

Addition

R E fngaztphiacoo°C i s
' bié#aa@)ﬁ-&ﬁf)i Dk

Specimen Testing & QVS, JRREIRURHE
time , ' F—IBE T TIREME
“(h) | none Ca-Si | RE-CaSi DD HNG. e C O 4
; = - REIx 800°C M2 5 L&
. Cr = Mn 1 4s sotion | 16 WICR S 2 W 4 3523,
(ALST 20/ ) : RE @Eﬁﬁﬂbﬁiﬁkmﬁiﬂ@ 3
Cr = Mn reated | 7o DX VX DEIZDTTH
(AISI 202) ' %. TlbbREMMEIC X
Photo. 6. Comparison of surface conditions of bend specimens at room DEERDRELE™R L, »
temperature after HySO4-CuS0, boiling test. OHEERRE XN D BDE
Vesting. . ~
Specimen time| Addition
‘ (hl] .
, 455@”5’}7260’} , none Ca — S/ - RE- Co—5i
Cr—=Mn | affer sglu-| 72 . ,
(A1S! 202) | preg ,,,;;%”,« ' Disoppearance
Photo. 7.

Results of HySO4~CuSO, boiling test.
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20 B Bk / 1
Fe — base ,,%g‘”“‘ ; - 09 ° ° _
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10 4 i F oo 7T~ 10 © 0.6 ) ~ 2 om”} size -4 ;
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' © Tempergilure .
=7 — - Fig. 3. Change of ferrite grain size ‘and
IS Ni— base T il :
S 4 N oo o - hardness of Fe-Cr-Al alloy.
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R TS s T av-o » i . -
I mos RN 20 COWTHB AR AT O, REBRER T Fig. 5 ©
aa - 30 N ‘
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Fig. 2. Effect of RE-Ca-Si on scaling.

C HERENG.

3:7:2 » Y — TR

7Y — FRERDFER 2 Fig. 4 WHIAR L 7o,
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40 W 2 )~ FHBEL TS, 0°3%

(RT-30) FEDRINCIIIMEStR L 258

. COBERLUARK OB S

IR LI LD D DL EX - HREY

DXSTERDLNS.

C) RehEE(t :
Ao kb Fe ZEfiEL S &AL Hobr H

B, Ni FEEAEE v ITHE TSR

T DREIMELIHEIC s X T RELBOFE
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E/onga)‘/'on

Ca-Si 44T L 72548 O

B LT B x s

Vv, BbCA&ERR, BREE, SR, HE -
B Sic ks FETHRICOVWTREI L.

BONERYENT S, TROCLTES.

1) RE-Ca-Si &4 & % 0EL3IEE B A1E % B
L, ERICAR GEHERREDEs XOHERE) SXUB
% (ALOR) WBILCEZETH-7-. LLRE 1314
WMTHEWS X D HCa-Si AL 7213 5 BB FE T,

LERRIENTHS.

2) BEMEMBICIFE LB JIEIR VDS, BB
CEE T BASINS XOEERIL OB A MRS 5%
Enid D, LORDTEEZEL, & ICHRRETH
FHIEH R AT 5. % 7o R EMEE13Fe-Cr-Al 24

03 H - l/ ‘
AN

'5 /

650°C 24 kg /mm? w0,

A ' 0/
o2t i
ol
00.5 - 5 /0 50 100 200

| Time — (hr)
Fig. 4. Results of creep test of Fe-Cr-Ni-Mo heat

resisting alloys.
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Fig. 5. Relation betweén aging time and hardness.
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