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The Effect of Alloying Elements on the Properties
of Precipitation Herdenable Stainless Steels

Toshihiko SASAKURA, Tsunco KUNOU and Kiichiro SHINJI

Synopsis: '

A study was made of the effect of alloying elements, carbon, nitrogen, copper, molybdenum and
niobium on the properties of precipitation hardenable stainless steels.
- The results obtained were as follows.

1. The carbon content, the austenite forming element, is required to be lowered. In the case of high
carbon content, carbide stabilizing element niobium is necessary to be added at least about five times
as much as the carbon content, because carbon stabilizes austenite and lowers Ms temperature to near
room temperature. '

2. The nitrogen content is also required to be lowered, because this elements has the same behavior
as that of carbon. ‘

3. The higher content of copper is desirable, because the element has the remarkable effect on
secondary hardening by precipitating ¢ phase. Above 3% of copper, however, lower the Ms temperature
remarkably and give harmful influence on the forgeability.

4. Ferrite forming element molybdenum lowers Ms temperature and a large amount of molybdenum
added decreases tensile strength of the steel. The higher content of molybdenum is desirable to improve
the corrosion resistance, but the efficient value is found to be about 19, because the improvement
effect by molydenum addition becomes gradual above this content.

5. Nb is required as the carbide stabilizer. In the case of niobium-free steel, austenite becomes
so stable that it does not transform to martensite by single aging treatment only. In addition, the

corrosion resistance of this steel is lowered owing to the precipitation of chromium carbide. Nb is
necessary to be contained about five times as much as carbon content.
6. Aluminium addition with molybdenum and copper is beneficial to the improvement of the co-

rrosion resistance of the steel.

(Received Jan. 17, 1969)
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Table 1. Chemical composition of materials used.
Sweell ¢ | si | Mn P S Ni cr | Mo Cu | Nb | Al N
1 o-11{ 0-71 0-68 0-008 [ 0°009 | 462 18-02 | 0-97 2-52 0-31 071 0-057
2 009 0-49 0-69 0-009 | 0:0I2| 4-49 17:00 | 0°94 2:15 037 079 0-025
3 0-10| 0-59 0-64 0-010| 0-012 ] 4-49 17:03 | 0-84 1-27 0-38 0-80 0-024
4 (004 0-68 0-64 0-008 | 0-017 | 4-07 17:52 1 0-89 2-53 0-36 0-77 0-065
5 0-03 ( 0°69 0-72 0-009 | 0-013 | 4-04 17:58 | 0°93 2-00 0:39 ; 0-80 0-060
6 |003| 073 0-76 0-009 | 0-016 | 4-06 17°49 | 0-87 1-07 0-40 0-71 0-065
7 0:02| 037 0-57 0-010 | 0-011 | 4-54 16:72 1 079 2-60 0-22 — 0-048
8 0:02| 0-42 0-55 0-009 | 0-011 | 4-60 16°65 | 1-43 2-54 0-25 — 0-054
9 0:02| 033 0-53 | 0°010| 0013 4-60 1671 1 2-11 2-49 — — 0-058
10 | 0'09) 0-33 0-41  0°015 0016 | 4-54 16-91 0-83 2-52 — — 0-023
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Fig. 2. Ageing hardness curves of the steel No 4.
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Fig. 3. C-curve for carbide precipitation during
reheating.

bLivshs, HrC 30 BECHIH@LA A7 v 24 E L
TOF SNBSS hicy. Zhidt—2 57
F4 bERTHEC, Nx XU Ni 5 <, BRIbAEk
HET-Ha7s r >MZRESIZ Z SV ichTh DH. Liohd
DT ERRB LI C, N % FnanR{by
e LCiitiEd, Ms S ERELDH0ESH
5.

17Cr—4Ni §0IT 35\ T RALI AT Hi L ob 5 173 1050
°C THMWACAREL U 72356, WpshQEliREE & MR OB iR
X Fig. 3D RT T L TH%. Fig. 3-Cix 700~900
°C TH DL THLHIIRILMOW HAERST A2 &
ZARLTWS. T7adbb, Fig. 1 (b) @& < 700°C
T 2hr REFL, BRiLY), M EHHTHE LD, &
BIC X VIRIRCIORIEFSh & 1772 5 L bR S 5.
ZOBA DOREFEEL 450°C ¢ HrC 41'5 iz FEL
7. L LEMSC, NEEDF —27 54 MEETE
BEERINSNCTD, Rk, EhEEbrtEL LT
Nb, Ti 75 &%+ IEE (CLERRE T OB
A —=2AFF4 PEEADEL, FoMZERTASTRID
—ERX OB EICHa B {b3 435 2 L R2TER L <.
—%, G, Ni Kk No 4 13 Fig. 2 iR+
X S WCHERLAOERIREE I 33V T Ms S HiBLLEIC S B
72, BEHE y >MERMSRZ D, BEA — 27 F4 b
b A  B—sh T+ S 7 NS SIS .
3-2 y2M TR

T 2M ZEFE AR T 5700, BERitc X-Y
recorder % {558 L o TAEARMBEEIE L 2.
REAER HhiR & Kb T 5700, HRERMEEE Nol &
X Ot No 4 Ozl Hdhif%x Fig. 4~TFig. 7 iRy,
MhBEXOZE(LIE 0mm | ot 5L R LD
DTHY, FAEEEE 5°C/ min, BENITNTER L
L.

Fig. 4 12 C, Nk XU Ni g0t No t Bl

MR REE LT, ISR T o b OTH D

75, TR CAOTIR Y DINHAD &, 650°C {1 T4 D
Mo 1 IZREASED B . 1025°C 70 B DWHITHE 7
SMZREAR T BF Ms SURHIRME L% 2 61, 2

09

0753 / 7

Y

o5 /
VY
/)

o3 / Hold at 500°C for Ihr
0 7
Ol

O // 1 1 1 - ) |
WOOZOOI‘SOO 400 500. 600 700 800 900 1000
: Temperature . (°C)

{mm)

Change of length

-0l +

Fig. 4. Total dilation curves of the steel No L.

_ 7
08—+ //

Hold ot 500°C for ‘hr Hold ot 700°C
o5 L for thr

v/

Y

N /,/
77

(mm)

Change of length

Ol
O (l 1 1 ] ]
200 300 400 500 600 700 800 9S00 1000
_ Temperature  (°C)
o1k

Fig. 5. Total dilation curves of the steel No 1.



834 % : @ H 55 4 (1969) B9
% Rt oML S & RL X 5 650°C
Y HETEFOM— ¢ FLEEREZ D, 700°C TD 1 hef
o6 4

o5}

/7

Ho'd ot 500
A/for Thr

7

(mm)

o
W
T

Change of length
o
™~

o)
{

O\

AN A1 |

o 2%° 3097 400 500 600 70O 800 900 10CO
Temperature  (°C)

-0l

-02 L

Fig.’ 6. Total dilation curves of the steel No 4.
06 A7
05 |-

/

Hold at 500°C for Thr

—~ 04
£
£ / /
03 |-
5 Hold ot 700°C
5 for thr
5 o7 S
2 2
[ =
2
(8]

W

N N N

200 /5 400 500 600 700 800 <200 1000
Temperature  (°C)

—02 -
Fig. 7. Total-.dilation curves of the steel No 4.

DOF —2AFF4 PBEEHLTWS. LA TEHRHLT
LBESETEATLHOHRTHS.

Fig. 57% Fig. 1 (b) X >TH—-AF7 44 FERT
#C, N & Riblh, Ems LTiflid Lo 5am
L LT 700°C T—REgEhEfT, ZEESMLEE T
ot D THDH. BERLLIERY oo Tl Fig. 4
LRCEMTH B, —KEEFHE LT 700°C ks

Bz XoTRbm, ZthomiBicX s & Bbh b IiE
BRDLNS. TTTHFRILMAITHLTw 5o,
F—AFFA FEIREEELRLD, HMBERD 140°C
T oy M ZRENRE I S. ISHITHHEIEREE LT
500°C CIREEENE1T78 5 & BT b T IEED 2 5
o, SHBRTRHENLEZEEIA bR .

—%, Bl caEilEs g onili No4 o
gt HIghie % Fig. 6 3k Fig. 7 wR¥. Fig. 6
RE—RENAIEER AL, BB Nol U X 5 skt
ALERA Y OINELAETR T 650°C fhitic M— y WiZiRE % 4
FT5H2, B Nol XV XS IcHbhTw5. %BH
BT 120°CHHEX D r >M AR D, BEA -2
T4 PEDSBRCHLERYLEOLEDIL L, B
— T REERE LS.

Fig. 7 iR UatEl No 4 ic 0T, 50T 248
FLTHIESHZTR 2D THS. HRLLEEY
OMEGSHI T Fig. 6 LR UCEmMETT. —REZID
700°C fpEhcid 1025°C B0 & LR U & 5 1T 650°C
fHATM— P EERESR T D, FRWHTIE 150°C fF
EThTIC r >MZRENS 5. L LZERDEfT
StciE, —REEho 700°C InERCiEmEshE s b, =
W% 772 CH B kiXbTH T, B—EEhLio X
3 BB A SR . Bk Ok BIIEAEEE thiRo
fHmE L &% Lk,

3-3 @EEME
3.3-1 F—=x7FF+4 bEKTTEC, NI Cu 0
s

FEHIT ST AL L 72 b DT, 1025°C THEAK(L
AELtE, 400~600°C TRe%IL, FREDZLEFH .

Table 2. The ferrite forming effect of the various
alloying elements.

Change in § ferrite 9
Element

For 0-1 wto, For 1 wtg;,
N —-20 —
C —18 —
Ni — —10
Co — — 6
Cu — - 3
Mn — — 1
w — + 8
Si — + 8
Mo — +11
Cr — +15
\Y — +19
Al — +38
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Table 3. Maximum mecharical properties and the heat treatment of each steels.

Steel Mechanical properties
Heat treatment* 02% yield | Tensile | Reduction
No strength strength Elor(lg/a)tlon of area Ha(rgnt)ess
(kg/mm?) | (kg/mm? ? (W i
1 700°C X 2hr,450°C X 2hr — 139-2 10-0 29-1 388.
2 1500°C X 2hr 1074 132-2 17-7 52-0 363
3 1500°C. % 2hr 104°2 133-4 16-7 47°5 331
4 500°C X 2hr 1247 130-3 13-0 452 401
5 500°C x 2hr 1160 119-2 1-4 1-6 388
6 |300°C x2hr _106-6 1176 16 16 363
7 450°C X 2hr : 119-6 134-2 16-7 53-1 388
8 [450°C % 2hr 1060-3 1255 18-9 475 363
9 [450°C x2hr 1C6°2 129-9 211 552 388
10 [700°C x2hr, 450°C X 2hr 105°0 131-0 13-4 36°0 388
*  Solution treated at'1025°C for lhr, oil cooled.
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E at 700°C for 2hr . 04 a
130 +
g or 10% H,SO, Boil \ |
e o) ] e
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£ ok \o = 392 N N
2 ~ E g
2 100 E A
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\ 2 .
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Fig. 14. Mechanical properties of the steel No 10.
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