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Effects of Molybdenum and Heat Treatment on the Microstructure
and Hardness of 15Cr-14Ni Heat Resisting Steels

Synopsis:

Takemi YAMADA and Toshio FujiTa

The effects of molybdenum and heat treatment on the micro-structure and hardness of 0-15C-15Cr-
14Ni heat resisting steels have been investigated in both solution treated and aged conditions. Struc—
tural examination has been made using optical and electron microscopies and X-ray diffraction analysis
of electrolytically extracted residues. The results are as follows:

The carbon solubilities of the steels after solution treatments were determined by electrolytical isola—
tion method. It was shown that the dissolved carbon content decreased progressively with molybdenum
content. In these conditions the undissolved carbidies, mainly M,,C,, tended to coarsen with increase of solu-

tion temperature and of molybdenum content. Below 1% molybdenum, the coasening was not remarkable
but over this content there was progressive increase in the diameter of undissolved carbide. It was founed
that the distribution of this particle increased with increase of molybdenum content and with decrease

of solution temperature, and had an important effect on the hardeness and the austenite grain size,
During the aging of the steels, massive, cubic, and ribbon-like M,;C¢ and rod-like M C precipitated.

From the results of the microstructural observation and hardness testing, it was found that there was a linear

relationship between the logarithm of distribution density of cubic M,,C; plus rod-like M;C and the lo—

garithm of amount of age-hardening.

(Received Jan. 9, 1974)
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Table 1. Chemical composition of the steels investigated.

C Si Mn Cr Ni P S Mo N
S—1 0-16 0-40 168 15-61 14-03 0-008 0-010 — 0-015
S —2 0-17 0-38 1-20 13-60 13-63 0-009 0-009 — 0-024
S—3 0-14 0-36 1-19 14:48 12-52 0-009 0-008 0-45 0-017
S—4 0-12 0-41 1-37 15°69 14-08 0-008 0-010 1-00 0-019
S—5 0-16 0-39 1-31 14-80 13-78 0-009 0-009 1:85 0-019
S —6 0-14 0-37 1-37 15-30 13-93 0-009 0-009 3-84 0-020
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Fig. 1. Plots of hardness and austenite grain
diameter against molybdenum content
for solution treated 0°15C-15Cr-14Ni
steel.
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b) Dissolved carbon content.
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c) Carbon solubility in S-1, S-2, S-4 and S-6.

Fig. 2. Effect of molybdenum on solution treated
structure and carbon solubility in solution
treated 0°15C-15Cr-14Ni steel.
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Fig. 3. Effect of molybdenum content on size
and distribution of undissolved carbide
particles for solution treated 0°15C-15
Cr-14Ni steel.
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Fig. 4. Age hardening curves of S-6 solution

treated at 1250°C.
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Fig. 6. Morphological diagrams of precipitation of carbides M,3Cg and M¢C in
g g 6 6

0'15C-15Cr-14Ni-Mo steels.
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Table 2. Comparison of experimental results obtained on coarsening process of
cubic My Cg for the steels, solution treated at 1250°C.

Steel No Frepuency factor ‘ Exponent Activation energy (cal/mol)
- S—1 4:0x 10¢ 0-35 22 600

S—3 3-4x103 0-32 23 500

S—4 ) 1-8x103 0-29 21 900

S—5 2:3x104 0-33 23 400

S—6 3-5x103 029 23 600
Average 1-4x104 0-32 7 23 000

— 102 —

N



15Cr-14Ni F 2L BARME & XK K X T Mo L #BEOKE 1525

BRRTWD L 5 CREN B, S-1, $-3~S-6 I£DWVT, 4, n, Q #kbH 5L Table
» dytyscs = AL exp (—Q/RT) wevvvvvnveceenn (5) 20k3iTiks. Mo EHROBLICEDLS, Thb

T ZT duyes FILHWIR MasGeDFEIIEE (1), 4 OEOFHIE(LERED LT, FHIIIRD X 5w
VSRR, ¢ BReiRsR (ho), 2 TERL Q BMK Ehs.

", (LB T DEMAL = A V¥ —, RIZHT AT, T3 datyce= 174X 104- 10732 exp (—23 000/ RT)) -~ (6)
» HEE CK) TH 5. 1250°C CHEELOMER T o7k FBRAVITIE, MG D ALIBRIE Mo EFEICIZE
v
u 1 T
a)
e 5-3 (0:45Mo) /L L
) A S-4 (1'00Mo) — o A
' a §-5 (I'85Mo) /§ ,__é /—“"’T
4 03[— v s-6 (384Mo) & |//é/’ é
_‘/-/__ |/_/—’& _/_I-—-—'"::’a
-‘)z _ /1’/‘ ’/0/_/7/-//g’// :
5 /Z/ A/ | /A/// .é ____ v
. ol ‘ i - ¥ P i b
| 02 / - L/ ’/ J;/ ///’V A/l
-l = - /i —/Y/ o e~ A/%/
:La’ ?/‘, A/”/ /A// // /./A
L2 s 7 I T leeT ¥
5 003 S P I
»: 5 .V/// 2
: a . 1250°C~1hr, WQ
5 a 600°C
g ——— 650%C
s 00l
- —-— 700%
—--— 750%
+ . 0003 o 30 100 300 1 000 3000 10000
- Aging time (hr)

a) Aging at 600°, 650°, 700°, and 750°C for the steels solution treated at 1 250°C.

, 03 1
7 650°C o) 1
» /“/"/2
e
£ o " a .’:‘:-e"’- __rae®
'] - - A—_ e = ..
2 ‘g%;/":igf':;‘gg:""’a g
~ S Ra— — —— /
? - e Y
< = o =T o
- S 1= T ge
/’/AA'A - //8
o ,-‘//// *p8 == oo
» 2 003 — e -
i o :'A/"/’/'/ |
9 . ///
» 5 . o 1050%C~!hr, WQ
5 * 1150°%—1hr, WQ
el
< 0ol & 1200% —Ihr, WQ
= 4 1250% -~ [hr, WQ
!
By 0003 |
' 10 30 100 300 1 000 3000 10000

Aging time (hr)
b) Aging at 650°C_for the steels solution treated at 1050°, 1150°, 1200° and 1 250°C.
Fig. 7. Growth of cubic M,3C¢ in 0'15C-15Cr-14Ni~-Mo steels.
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b) Aging at 650°C for the steels solution treated at 1050°, 1150°, 1200°, and 1 250°C.
Fig. 8. Growth of rod-like MgC in 0'15C-15Cr-14Ni-Mo steels.
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Fig. 9. Relationship between distribution density of
cubic M,;C¢ plus rod-like MgC and aging
time for 0-15C-15Cr-14Ni-Mo steels.

T & T dyge VWEHEIR MeC D () THh 5. Fig. 8 a),
b) »HHL,E X S ik MG DilFik Mo &H a0
iz & b vWHEAET A EmE R T

SE5 IR E R O R BE R TR0 1§
L LT, Fig. 9 a) iz 1250°C THkitoms -
7= S-3 ™ 600°, 650°, 700°, 750°C CH{%hh, Fig. 9
b) iz 1050°, 1150°, 1200°, 1250°C CisMA{bimsR
{Tle-o7 5-6 o 650°C cEpshdho, XU Fig. 9
c) iz 1250°C T BIMLB % 1178072 5-3~5-6 @
650°C Eh R DS HwmEOEILE T hThiRT. fthok
RHEDT, BEHCRT L, HHEBEEIRRIOETIC
EBVIEEL, HEBMTRASHEELRLEDD,
WRBAT 2 ERE AT ERSMEELRRE 0K
TH LB EREREED ER, Mo &FEOMEMIT &
DIRVEWEETL, BHEEO LR, BIRLOIERE
OFH, IIU Mo &£HEDBIMNT & b7 WAERERHEN
Bbhs X5k d. EEATHBEEZRLCOLD
SATERE QI T G Mo #1113 FEIE T b IEmE T
1200°C TIEAILAER % {775 D7z S-4 & S-6 % 650°C
TEFZN Lo s & OMmBERE (3L AEHBRILW) 2K
LTw?b G, Cr, Mo, Fe sk xh%h Fig. 10
a), b) R, S-4 T C, Cr, Fe BAEINOEFT

o
& ® . ] ‘ | boa)
5 1200°C -1 hr,WQ ; H
_3 S-4 (100 Mo) : R
2% i lecC (x10) R s S
25 . er L
— ' Pt
8 E & Mo (x10) Y )
Q oy . | -~ il {
gg 03 |- . Fe —F "’]/'/)
g1 i - Py
— I L .
8% ’,/’o/o e {..
gg Ol == R O R
28 e i =t = ‘
3 == .
003 | i
| 3 10 30 100 300 1 Q00 3000
Aging time plus | (hr)
a) S-4
3 ‘ ‘ | !
ST '
o = - X o) ‘
28 Lo ¢ (x10) —F
[ ¢ Cr -y
835 a Mo »/ﬁ(r-” /
58 « Fe _A_‘,:_’_'_;/f' /
B3 odp 4
7 & -
8 = e
£, 0Ol e
8 8 = =
g
L8]
§% oo3
] 1 3 10 30 100 300 1000 3000
Aging time plus | (hr)

b) S-6
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1 200°C solution treatment.
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Fig. 11. Effect of molybdenum content on onset
of M¢C precipitation at 650°C for 0-15
C-15Cr-14Ni steel solution treated at
1 200°C.
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Fig. 12. Effects of distribution density of undis-
solved carbide on hardness and austenite
grain diameter after solution treatment.
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