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Effect of P on Properties of 19-9DL TYpe Heat-Resisting Steel. (Part 2)

(Study on the effect of P on properties of heat-resisting steel—II)

Naomichi Yamanaka, Kunio Kusaka and Akira Tonooka.

Synopsis:

The effect of phosphorus on properties of 19-9DL type heat-resisting steels with or without
addition of boron and rare earth elements was studied. The results obtained were. as

follows:

(1) The phosphorus increased the maximum hardness obtained by aging after water-quen-
ching from 1150°C, and the addition of phosphorus more than 0°29% accelerated overaging at

temperatures higher than 750°C.

(2) The phosphorus greatly improved the rupture strength at 650°C and 700°C, but the
rupture elongation and impact value was decreased with. increasing phosphorus content.

Small addition of rare earth elements improved the ductility of the 19-9DL type heat-
resisting steel containing 0*15% P, and the stress-rupture- values at 650°C or 700°C were
equivalent to hot-cold-worked 19-9DL heat-resisting steel.

(3) Small addition of boron improved the rupture life and ductility of the 19- 9DL type
heat-resisting steel ‘containing 0°15% P with or without addition of rare earth elements.

The new type heat-resisting steel invented by the authors contained 0°3% C, 199 Cr, 9%

Ni, 1°5%

W, 1°59% Mo, 0°59% Cb, 029 Ti, 0°159;, P, Q'l% B and 0°3% rare earth elements,

and the stress-rupture values at 700°C were higher than those of the LCN-155 Alloy.
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Table 1. Chem1cal compos1t10n of steels tested
. Chemical composition (%), . .
Steel No. -— . :
C Si Mn P S Ni . Cr |\ W | Mo |Cb | Tii| B |Ce+La
S]IIR 93 | 031 | 0°61 | 108 0:008 | ©*0l6 888 20°30 | 1°55 | 142 {"0"48 | 0~ 14
: ~118 0°29 1063 | 1°16 Q067 0015 2*04 20°14 | 141 | 143 | 0°39+ 0-21

-117 030 | 062 | 1°04 0132 0013 913 20°14-| 1°4t | 1°4% | 0°40 | 0°18
~-114 { 0*30 | 061 | 1°10 0231 0°011-|. 9°19 20°C4 | 161 | 159 | 0*44 | 026
-115 [ 0°30 | 0r6l | 1°08 0°333 0-012 919 2001 | 161 | 1°53 | 0*43 | 0°26 -
-149 0°29 | 0%47 | 1*26 . 0°109 | O° 005 9+43 1956 | 1*51 | 1*70 | 0°39 | 0*15 1 018
-168 | 0°34 || 0°60 | 1°25 | 0150 0°007 | 10°00 20°23 | 1°54 | 1*54 | 0*50 | 0*18 | 0017} -0*20
-169 | 0°30 | 0*56 | 123 | 01517 0°005 995 20°40 | 1°56 | 1°58 | 0°48 | 0°18 | 0+044] 0°22
-170 1 0°32 | 0°51 | 1*22 0°149 |- '0°007 | 10°05 20°18 | =55 | .1°56 |-0°507| 0*19 | 0070 040
-171 0°31 | 0*56 | 127 0°141 0-007-| 10°09 20740 | 1*55 1°58 | 0°48 [ 0°20 [*0*160, 0°23
-172 [ 0°30 | 0°69 | 1*22 0°144 0:018 9-38 20°01 | 152} 162 | 0*49:] C*25| 0°017
-173 031 | 0°71 | 1°22 0°157 0018 979 20°06 | 1°58 | 1°71 | 049 | 0*20 | 0°054
-175 | 0°33 | 0°79 | 120 0*165 | .0*021 | 974 19°93 1152 | 1°71 | 0°50 | 0°19 | 0*210[
-160 1 0°28 | 0°59 | 1L=14 | 0O-118.]: 0°00Q2 | 1006 20433 | 1°48 | 1°58 | 0*47 | 0"20-|-0°180;* 0*25
-161 | 0°28 | 0°54 | 1°16 | '0°06l-f 0°004 |-10°02 | -20°33 | 1°54 | 1°56.4 0748|0725 [-01175/: 027,
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Table 3. ‘(A) Chemical composition of steels

tested with B-addition a‘lon_e.

Steel No. C | Si | Mn| P S  Ni ‘Cr | Mo | Cb. | Ti { v
SHR-141 |0°32 | 0769 | 069 | 0°009 | 07007 9°10 | 21-18 ! 1412 | 139 | 0728 | 0°20 | 035 —
-112 | 0°27 | 0°72 | 1*27 | 0°012 | 07005 | 882 | 20°54 | 1°69 | 1°61-| 050 | 0°14 [ 0*38 | 07020
-142 0'30_ 066 | 0°67 0.010 0°008 8°95 2069 1 1°34 | 1°50 | 0°36 | 025 | 0*38 | . 0048
-143 {0°29 | 068 | 1+25°| 0°010 | 0°008 | 893 | 20°98 | 1°64 | 1°38 | 0*34 | 0°42 | 0°40 | 0°102
-144 | 0°30 | 0%68 | 1°34 | 07009 | 0°008 | 9°05 | 20°58 | 1°52 | 1°48 | 038 | 026 | 0744 | 0°152
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, =142 263 390 72 420 540 250 )
: ~143 655 274 213 50°0 55 41°0 XC, ZTDLHIP, ,B"
-144 236°2 334 67°3 260 27°0 37*5 ’ . N
' : : AT RN A O M
kg/mm? ORBEHBOBR T, P 0°18% OPE  KEZLBEEHLXLH, PREMEFICBRTOR
BB DEBFTSNIHRERRL TR Y, Thi I P2E MOPEE LS00, FH S Table 3(A)IKRT X

I B L H>THAHE T2 57+ 2 L50 b bio
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Fig. 8. Effect of P and B on the Charpy impact value of 19- 9DL

type heat-resisting steels.
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