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Effect of P on Properties of 18Cr-12Ni-2Mo type
Heat-Resisting Steel (Part I)

(Effect of P on properties of heat-resisting steel—I)

Naomichi Yamanaka, Kunio Kusaka and Akira Tonooka

Synopsis:

Studies were made on the effect of phosphorus on properties of several heat-resisting
steels containing 18% chromium, 129 nickel, 29 molybdenum, 0°8% columbium, 0°7%:

vanadium and 0°2% nitrogen.
The results obtained were as follows:

(1) The phosphorus addition increased the maximum hardness obtained by aging after
solution treatment, and decreased the aging time necessary to attain to maximum hardness
and accelerated overaging at a temperature higher than 750°C.

As a results of metallographic, electric resistivity and magnetic permeability studies, it
was considered that the phosphorus increased the strain energy of the austenite lattice
which accelerated the precipitation of chromium carbide particles within austenite grains.

and hence produced hardening.

(2) The phosphorus greatly improved the rupture strength, but the rupture elongation
and the impact value decreased with increasing phosphorus content. ;

Small addition of boron improved the rupture life and ductility of the 18Cr-12Ni-2*5Mo-
steel containing 0°1489; P. The stress-rupture values of this B-added steel at 650°C were
equivalent to hot-cold-worked 19-9DL and Timken 16-25-6 alloys and those at 700°C were:

higher than hot-cold-worked 19-9DL alloy.
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Table 1. Chemical composition of steels tested.
Steel Chemical composition (%)
No. C J Si Mn i P ‘ S | Ni Cr Mo Cb { V ; N, | B [ Ce+La
“HRP- 1 [0°10.| 0°57 | 0°99 | 0°010 iLo'oM 12°19 | 18°12 [ 243
- 21008 ;055|110 0069 | 0014 12°09 18*09 | 246
- 31011 [0°54 ] 104 0°113 0012 12:50 1793 | 2*39
- 41012 0*55 | 1°29. 0'190-, 0°015 12°23 18°03 | 244
- 51010 | 0*56 | 130 0-231 ¢ 0°014 11+75 1809 | 2+47 :
-6 30‘13 0°51 127 0*010 i 0°017 11+80 17°63 | 2*46 | 0*83
- 7011 | 0°47 | 1°29 0061 i 0017 1248 1800 | 2°49 | 0*84
- 8010|056 | 1°29 O*%a7 ¢ G wuir i 11 oy 1ITve .27 UT9LA
~ 9]0 11047 | 1°07 | 0+207 | 0011 | 12+18|. 1806 |2°92 | 0°85 |
-10| 006 | 0°43 | 1°26 | 0°011 | G-uuo| 11 o8| 1818 234|092 ! 0°74 |
-11 1006 | 045 | 1°20 0078 Q008 12:08 1818 | 2°00 | 086 | 0°74
-12 | 006 | 045 | 1°30 0158 0°010 1218 | 1821 | 2°14 | 0°91 | 0°72 ;
-13 1008 | 045 | 120 0+291 0°012 12+03 19+39 | 222 | 0°8% | 0°71 |
-14 { 0°08 | 0°44 | 127 0-025 0006 12+24 | -18*24 | 2*13 | 0*8% { 0°83 !0'20
e —-1510°07 | 0°42 | 124 0086 0006 12-55 18*18 | 2°22 | 0*80 [ 0°92 | 0*21
-16 | 0*08 | 042 | 1*30 0164 0*005 | 12°19-|7 18*27 | 2°00 | 0*92 | 069 IO‘IQ :
-23 | 0*C9 | O*50 | 1°18 0202 0°005 12-14 1829 | 2°16 | 0°94 : 0*71 1 0*20 021
-33 1013|048 | 121 0+ 148 0014 12°03 1805 | 2°05 | 0°048} -~
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1A : HRP-1

Photo. 1.

1D : HRP-12
%X 600 (3/5)

1C : HRP-1%6

Solution-treated at 1150°C, aged 30h at 700°C. Etched by mixed acid in glycerol.
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X600 (3/5)

Photo. 2. Solution-treated at 1150°C, aged 1000h at 750°C. Etched by mixed acids in glycerol.
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Fig. 2. Effect of P on the hardness of 18Cr-
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Solution-treated 1 hour at 1150°C, water-
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Photo. 3. Sotution-treated at 1150°C, aged 1000h at 750°C.

X600 (3/5)

Etchant : Electrolytically in 10% oxalic acid.
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Table 2. Change of the magnetic permeability by aging at 700°C after

solution-treatment from 1150°C.

Steel : Magnetic permeability ¢ (H=200 oersteds)
No. 1150°CW. Q. 700°C xX2h 700°C x6h 700°C x24h 700°C x100h 700°C x500h 700°C X 1000h
HRP- 1 |. 1+003 1003 I 1°003 1°003 1003 1003 1°003
-2 1003 1003 1°003 1°003 1°003 1003 1°003
-3 14003 1°003 1°003 1+00¢ 1°003 1°C03 1003
-4 1003 1°003 1003 1+003 1°003 1003 1-003
-5 1003 1003 14003 1+003 1003 1°003 1003
-6 1°C03 1003 1003 1+003 1003 1°003 1°003
-7 ﬂ 1°003 1°003 1003 1+003 1°003 1°003 1°003
- 8 1+004 1°003 1°003 1°003 1003 1+003 1°003
-9 14003 1*003 1003 1°003 1003 - 1°003 1°003
-10 1°098 1062 1+033 1°023 1°013 1°003 1+003
-11 1*278 1*174 1*09% 1°037 10086 1°003 1+003
~12 1+445 117 . 1+072 1°025 1°006 1003 1°003
-13 >2°10 1177 1037 1°005 1003 1°003 1+003
-14 1-003 1-003 1003 1°-003 1°003 1°003 1003
-15 1°003 1+003 1°003 1003 14003 1°003 1°003
-16 1°003 1-003 1°003 “1+003 1003 1°003 1°003
T H 5.
(2) BEhic X iR
ELIEROZL

>
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4D : HRP-12 4E : HRP-15

Photo. 4. Solution-treated at 1150°C, aged 1000h at 800°C.
Etched by mixed acids in glycerol.
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Table 3. Mechanical properties at room temperature. Solution-treated
1-5hours at 1150°C, water-quenched, and aged 30 h at 700°C.

Steel | Yield point| Tensile |Elongation | Reduction | JP8TPY | Brine | Charpy impact
(0°2%) strength of area ;I:Faec . value. after aging
No kg / mm?2 kg / mm? % % kg~n}11/c;m2 hardness | 200h at 700°C
HRP- 1| 34°0 700 57*8 696 23°8 163 1549
-» 36°0 69°4 56°7 66°8 17°2 187 14°3
-3 46°0 790 458 640 182 212 86
-4 60°0 900 372 54+2 116 241 6°6
-5 590 89°5 412 56°0 . 107 241 6°6
-6 . 37°0 714 476 640 18°3 187 10°4
-7 42°0 798 45°8 560 155 207 101
-8 42°0 794 " 45+4 57+6 146 212 ’ 107
-9 38°8 76*8 49+3 624 19°4 202 9*5
-10 32+0 65°0 422 59+2 173 179 146
-11 364 70°0 504 69°6 17°8 187 95
=12 40°0 744 42°2 592 95 202 7°2
-13 620 81°0 234 338 2°5 248 1*5
-14 540 86°6 412 526 66 269 58
-15 520 86°4 36°2 526 64 277 5-8
-16 52°0 88°0 © 37°6 50°8 6°4 269 5°1
-23 5445 92°0 344 472 6°0 277 46
Table 4. Mechanical properties at 650°C. Solution-treated 1°5 hours at 1150°C,
water-quenched, and aged 30 h at 700°C.
Steel Yield point Tensile - Elongation |Reduction of |Charpy impact value. kg-m/cm?
0+2¢ strength ar
No. kg(/ mr/xig ktg/mgmz o, ge/:' 1150°C W.Q. | 1150°C W.Q.
. 700°C x30h | 700°C x200h
HRP- 18°0 48°6 39°7 52°6 250 185
-2 21+0 496 38-6 508 21+3 16°7
-3 30°0 524 348 56°0 17°8 156
- 4 450 580 255 56°0 16*°0° | 118
-5 ] 464 60°8 245 49°0 160 91
- 6 22°0 48°5 380 57°5 20°5 14°2
-7 250 49°0 375 570 17°4 14-2
- 8 280 52+1 380 56°0 167 14+2
-9 28*5 525 34+8 54°2 1674 15+9
-10 220 476 344 526 202 159
-11 240 52°4 362 560 213 12°1
-12 | 28°0 * 518 3444 490 11°8 94
-13 i 390 6274 22°7 316 4°5 31
-4 30*4 590 38°0 332 117 10-7
-15 i 33°0 580 266 398 10°0 94
-16 | 33°5 595 260 36°0 107 84
-23 388 62°4 276 472 91 81
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Fig. 7. Effect of P on the rupture strength of

18Cr-12Ni-2Mo-0*8Cb-0"7V and 18Cr-12Ni-
2Mo-0°8Cb-0*7V-0-2N; steels.
Solution-treated 1°5 hours at 1150°C, water-
-quencheds;—and aged 30 hour at 700°C. - ——
(c) 18Cr-12Ni-2Mo-0*8Cb-0*7V %
AFODOE 0°7%V WMefT/5 T & KX hEER
{LAEBIREEICCO0-7 = 94 PBE LB 5 ODTHIR
RTHEAR VI ED TIRT LR U HE L PESINC X 5 M:pEM

Ehzofeicit Fig. 7 (A) WRT I5K HEDX

&L,
(a) 18Cr-12Ni-2Mo-0*8Cb-0°7V-0"2N;
(FD DI No IEHITF 5 & B MEKEEI 35
W50-7 294 bAHKT D O THREE»R D BIFT
B0, PHEME{IRD & 650°C i) B REHTsAEE 23 8E
ZEREELHUEDIAEW. P 0164% o HRP-16 iX
Fig. 8 s> 5B 578 X 51T 650°C 3 X U8 700°C 100

b BHTIS X2 Eh 40kg/mm?, 29kg /mm? [TE

+5. ¥/ HRP-23 1% P 0°202% %&EFT5HD
T& b, Lan Cer Amp % 1% yshniL, Ce+La 5}*)1’-
fE 0°21% 2#HT5LDTH B, WIEREIIENR I
<h, 700°C, 27kg /mm? OE-SEEEER] 3030, 4$
W 15% %3R4, E7z 650°C, 34kg/mm?2 DOBEICIE
BEWTREMS 1240k, {0 13% %, 650°C, 40 kg/mm?
DL TIIREEGRY 166h, B 21% 2RLIK.

III. #&

oui

LLE 18Cr-12Ni-2*5Mo 3, 18Cr-12Ni-2Mo-0°8Chb

S0F— HRP3 7 7% - > N
90k 4% \dm\ktl-é: 0 2425 hrp23
P — E— P el |
e B N i e LA |
E— X L
205 R HRP-7 T
L 650
/0 |

ir [ ]

S P = g 7955

w——]

Stress (kg/mm?)
by

T bloe /
2| mm T TSNgeg il | | | | P23
ZD?JW\ - : ---53;5#;\\:4 —1
3 5\']5% i NN HRP-/ .
o HRP-/ R W% | T Tt ~/9-90L, HCW |;
- 700;’C l Ho L1 61/,?@ :
/0 C FEEEENS B | y [N}
10 2 40 100 200 400 600 (000
Time (4)

Fig. 8. Stress-rupture curves.
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