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Effect of Titanium on the Microstructure of 15Cr-14Ni

Heat Resisting Steels

Synopsis:

Takemi YAMADA and Toshio Fujira

The microstructures and hardness of 15Cr-14Ni-Ti type heat resisting steels after solution and aging
treatments were investigated in order to obtain some information for the development of a high streng-

th heat resisting steel.

It was found that the hardness of the steels increased with increasing titanium content and with

decreasing the solution temperature.

This is due to the dispersion hardening caused by undissolved

titanium carbide particles, as explained by Orowan’s by-pass process.
The solubilities of carbon and titanium carbide at solution treatment temperature were determined
for some steels and the result indicated that these solubilities decreased with increasing titanium content.
The diameter of undissolved carbide particle increased with increasing titanium content and with

increasing solution temperature.

The dispersion density of these particles, which showed the maximum

value at 0-3624,Ti, decreased with increasing the solution temperature,
The chronological change of chromium and titanium carbides precipitated during heating was ob-

served morphologically.

Coarsening of cubic M,;C¢ carbide during aging was interpreted by Lifshitz-

Wagner theory, and was controlled by the diffusion of chromium. The precipitation hardening in the
investigated steels was attributed to the dispersion effect of chromium and titanium carbides.
(Received Feb. 17, 1973)
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Table 1. Chemical composition of specimens(Wt%).

Steel No ‘ C ‘ Si Mn p S o | Ni Ti Fe
S-1 0-16 0-40 1-68 0-008 | 0010 15-61 14-03 _ Bal
S-2 0-16 0-40 1-39 0-007 0-012 15-52 14-13 0-02 ”
S -3 017 0-43 1-38 0-007 0-010 15-56 14-08 0-07 y
S-_4 0-19 G-43 1-28 0-007 0-008 15-52 14-13 0-15 Y
S-5 0-17 0-44 1-42 0-007 0-011 15-61 14-22 0-36 ”
S-6 0-19 0-48 1-38 0-007 | 0-012 15-61 14-32 0-60 ”
S_7 0-15 0-41 1-43 0:002 | 0007 14-38 13-79 1-16 y
S-8 0-17 0-38 1-20 0-009 | 0-019 1360 13-63 — y
S -9 0-17 0-43 1-19 0-008 | 0-009 14-46 13-78 0-66 p
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Fig. 1. Plots of hardness and grain diameter
against titanium content for solution treat-

ed 0°15C-15Cr-14 Ni steels.
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Fig. 2. Relationship between mean diameter of

undissolved carbide particles and titanium
content for solution treated 0-15 C-15Cr-
14 Ni steels.
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Fig. 3. Relationship between distributed density

of undissolved carbide particles and tita-
nium content for solution treated 0°15C-
15Cr-14Ni steels.
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Fig. 5. Relationships between solubility products
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for solution treated 0°15C-15Cr-14Ni
steels.
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Electorn microstructures of S-6 after solution treatment.
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Fig. 6. Arrhenius plots for mean diameter and
distributed density of undissolved carbide
particles in S-6.
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Fig. 8. Age hardening curves of S-1.
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Table 2. Age hardening properties of S-1, 2, 5

and 6.

Ageing Steel No

temper-

ature S -1 S -2 S-5 S-6
Onset of| 600°C |10 000hr| 10 000hr| 3 000hr |3 000hr
.y ©Y 650°C | 3000hr| 1000hr|1000hr | 300hr
g cin 700°C 300hr| 100hr| 10Ohr 30hr
agemng | 750°C 30hr 10hr|  10hr 3hr
ﬁ?ﬁﬁg} 600°C | 50Hv | 49Hv | 46Hv | 41Hv
7| 650°C | 43Hv | 42Hv | 42Hv | 35Hv
awehar. 700°C | 39Hv | 40Hv | 44Hv | 43Hv
d%ning 750°C | 39Hv | 39Hv | 48Hv | 35Hv

LTWwa. DSEIgELE: — kL, Ak bz
WKL EFRT 5. —WREE(LIZ 1 hr BghikicthE v =3k
TE{Lix 600°C pFEEhC 100~300 hr p5%hi%, 650°C Tk
10~30hr, 700°C Cix 3 ~10hr, 750°C Cix 1 ~ 3 hrig
BT AT D, —WIB LU KRB BILET SRR
Ti EFRICITLAEKRE LY. BRI 2 BE3
SR & A {EEZ S-1, 2, 5, 6 DOFFIRERKERIC
DWTFHN, Table 21Tk Uiz, &30k & @RhER(L

ZBIGT HEERIRNEE O ER, Ti &FEOHEnC
LB VWERBCBTTS. —ARKRKELEIEES
IR Ti EHRECHEVERFELAEVTH 42+ 8 TR
hs.

Photo. 2, 3, 4 iz 1200°C ‘Cig{bmm L= S-1,
5, 6 @ 700°C CTRf%) LB FIAMEHBIO —HRERL
7z. S-1 (Photo. 2), S-2icx\Tit 1 ~10hr Epihid
B D L < BT oEFC IR0 RILI D Hh,
10~100hr )b Eeshifkic Sz FHIRRIL 23580 Sh
5. ZhHDRIEMIVThD MGy THSH ZLHE
FHRAETOHRE SN 2. ZhHDOREBORR S
MG X TN TBNTERETE DT, TDZODHR
LR G % T T3 &

PR MG (Rr5 & £ D) 5
R AE—RE—THR _
SEEERIR MesCe (REFRATE A HRIP~)
HRE—RE
DX 3l s. S-5 (Photo. 4), 6 (Photo. 5) Tk 1
~10hr BREEhHMIZ IR D L REE TiC OEFEITH]
WD BRR WA 38D b, THHDRILHE KR

a) aged for 1 hr, b) aged for 10hr, c)
e) aged for 3000hr, f) aged for 10000 hr.

aged for 100hr, d) aged for 1 000 hr,

Photo. 2. Electron microstructures of S-1 after ageing at 700°C.

— 63 —



1940 % & @

s 59 4 (1973) B4

# . s by o > g
£ .~
: Ak

a) aged for 1hr, b) aged for 10hr, ¢) aged for 100 hr, d) aged for 1000hr,

e) aged for 3000hr, f) aged for 10000hr.

Photo. 3. Electron microstructures S-5 after ageing at 700°C.
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»bhicds, ThiakEE TiC oEHF{ETH 5 AHE
3HY, THLTBITTHLENDD. 100hr DL EDRZED
BRI TR OIS AKX M2sCe DT SRR L
BH LRI, ZORKTHEMIBEFREROKRE, TiC
ThdTEBELPERDIZ. Hik TIC O T 5%
AOMMRBZE L EER T2 &,

BRIk MpsCe(Fi R D LR Z fhE & REE TicC

f531)

- ERAESEE -THR

SLH IR MG : ERE-KE

Ak TiC : RAESFKE
DX D. T TREEANCR{IEORIKZBRIK,
SR, RIRTIR L72A3, BIR MoaCel3 i3 2T sk,
Bk, =AEK, TrEI4 MRAEEFORL BREY,
SEHHIAM:Ce VIS D EEEIR, K, =ARRR E
DR LR E, &Ik TiC v MRk 53 L
2 L2 SR ERINCIEL DFIKORILH O KE AR
CEENDDIOTH2LD, MERAERICRERIEZIR

THONTEDT, EVbFLThLERGLTHT 5
VERLVWEEZLND. —F D3OSO LEDOSE
EIRCTIDLTHT DO L L, TOERE
AR THOTHE LRV, SIHEIK MaCe 3£
stkHiz 3\ 600°C T3 1000hr LA E, 650°C T
100hr BA b, 700°C -¢yx 100hr DL E, 750°C ¢ix 10hr
DL RS2 OMBRIC D S h . AEBROFHETIZILS
ik MpsCe OFFHIEIRIC S XIET Ti OZHRITIT LA
I bt ik TiC 1 S-5, 6 WD A%
Sh, T OWHBIBINL ARk M2sCe DT EIT LA
FRICTHB. MGy & TiC pdftic#Hr+% S-5 &
S-61z F\ > TYE 600, 650°C EEhDIGE MaaCe DT HIA
WX ERI TS D, 700, 750°C Tk TiC o#f A K
B CTd 5. LK1 S-6 o 750° CEEEhMLECIasL Ak
B MysCe BT LA SN kD, 01K TiCG
DOFEFEEI ST AL MGy OFNIZ HERELL/NE
V.

Fig. 90 S-1, 5 @ 600~750°C iz 3513 BREhH DT
FiEk MaaCs OFHRIFEOELETR Lz, THIIRFSh
#BoOFED» SR L 3 EME LV 7Y OERETRV,
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a) aged for 1 hr, b) agedifor 10hr, ¢) aged for 100hr, d) aged for 1000hr,

e) aged for 3000hr, f) aged for 10000 hr.

Photo. 4. Electron microstructures of S-6 after ageing at 700°C.

12~60 tHEF 0T FIRAMBMABTEH» 5, 30~300 {EHD
SEH AR MpCs #EEREOCHL, F DR FEEEE L
7= O DOFEINFEEE FHREE L. LRRE—5UE O &K
(LR ERES AR L, v 7Y v ERIK X 5Z
(Lradi <, s UARRCX LA REW. T5wD
o RE A VIR ERE S L BIERILhOBEESLT I LI
X b EIRT S LM TER —RCRILO FERE
Dy 13 ,

D= At" exp(Q /RT) e (6)
CRTCENTESD. 2T ABEERT, IR
B, niXRRoRRMEE, Q BHRERDEREET v
¥, REFAER T REHRECHEMRETHS.
S-1, 2, 5, 6 I O>WTHIE LicksE R SRl X
A DMEFTIC & SV 0:60 25 0-080 < S WETEIL
T AEMERT. ZOREHORAIIBIRRINIT L
Echd Mro&HBo 4, n, Q OFHEZRD,
Table 3R L 7. REPHER » I EHAYC 0-32 2R L,
SEA AR Mz;ac's DOFEDS P S 2R LT
B, EIHEEET A1 38x100 T Ti SHEOZL
i b7 5 REAIZLIE RS bR . BRE ORI

TR AF— 2§ 22'2%cal/mol ¢, Ti §FECITEA
EIRFE Lo V. 600~750°C iz 33\ Tix 00029 Ti i
e X 3 R{EIREROZE(LIXIE & A B Shit w3,
0-369% Bl bt Ti ofshmc & b3 7RIk MG 15
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Table 3. Comparision of experimental results
obtained for various steels.

Steel No gr:t%?ency Exponent | Activation energy
S-1 4-03x 104 0-35 22600 cal/ mol
S-2 2-83x104 0-34 22100 cal/ mol
S-5 4-40x 104 0-27 22 300 cal/ mol
S-6 3-80x 104 0-31 21 800 cal/ mol
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