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STUDY ON TIMKEN 16-25-6 TYPE HEAT-RESISTING ALLOY (I1T)
(Change of the Properties during Tempe;ing and Precipitates)

Yunoshin Imai and Kazuo Tonosaki

Synopsis:

Chanze of the properties during tempering (0°~1000°C) of the solution-treated (1250°C x
th. W. C.) Timken 16-25-6 alloy were studied by measuremnt of hardness, differential
dilatation, specific heat, electric resistance and microstructure. ’

By electron microstructural studies, X ray diffraction analysis and chemical analysis of
electrolytically separated residues, the microconstituents of the aged (550°~900°C) Timken
16-25-6 alloy were studied. '

The results were summerized as follows:

(1) Two stages of contraction, heat evolution and decrease of electric resistance at 500° .
~550°C and 750°C ~1000°C by the precipitation were observed during tempering of the
solution-treated Timken alloy. The temperature range and the amount of changes of the
latter was greater than that of the former. It seemed that at least there were two kinds
of precipitates at 700°~-1000°C and the transition temperature of these was at about 825°C.

(2) From the dilatation change, it seemed that the precipitate below 600°C dissolved
once, and at above 700°C another precipitation occured, but the precipitate above 800°C
existed with the precipitate below 800°C.

(3) The microconstituents of Timken 16-25-6 alloy were composed of double carbide
M,C; {(Cr,Fe, Ni);Mo,;}C below 800°C and double nitride CrMoNx; {(Cr, Fe,Ni);Mo0,;}N,; as
well as double carbide MqC;{Cr, Fe, Ni);Mo;}C above 800°C.

No evidence was found of the formation of sigma phase in this alloy.
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Photo. 2. Electron micrograph of extracted
residue. X 10000 (2/3)
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Table 1.

The results of X-ray analysis of extracted residue.

Heat-treatment

U Precipitates

E"*‘”CXIh Ww.Q., cold worked 550°Cx 5h.
600°CX"Oh.

5°C X 3Ch.
750"0)(4011.
815°C x 8h.
815°C X 50h.
900°C X 20h.

1250° CX ih. W.Q.,
P

V/4
V4
”
As forged

> > PP PP P
0OONO0n0

I M,C (Cr Cs, CrMO\IX)
i (M,C, CrMoNx)

- M,C (CrMoNx, MgC)
.T M.;C, CI'MONX’ (MGC)
1 MsC, CrMONx, (MgC)
M¢C, CrMoNx

MGC, (CI':C:;)

( ) : Indistinct

X5 AFEFEIL Table 1 ©@T & {Té». Fe,Mn, Mo,
Si OEELE M C DFEH HEHM L Tz, 700°C AT H
HATS: H BB T st ds 750°C TR RO MasCs(ao=
10°684) @Y 6N B. S TRFRDID MC T
U7z, 815°Cx8h T & O 1T AR OEELE
CrMoNx (a=2-84A, ¢=4-57A, c/a=1"61) b
HTW3B. 815°Cx50hTid MyC e ANEESTIH R
D MeC(ao=11"03A) BB, &b BREHSNT
3 MeC & CrMoNx PEAEL T 5. EiROFEEL
EEZzEHTHE MyC H 5 CrMoNxz 8L MC ~
OEBE 3h FEHTI 850°C fEET o b BfipsTc >

WONEBICEENL 70h Tk 800°C [z s EA 6
%. 600°C T M,C 25589 ENTNABINRINLTOE
FEZ L OTHEMBREINIZIDEEAL NS ek
HFEhe oW T 3 i3 vABOERME SNIZ. Photo. 6

(A) 1250°C W.Q., 815°C x8h. A.C.

(B)

1250°C W.Q., 815°C X50h. A.C.

1250°C W.Q., 900°C x21h. A.C.
X-ray structure of extracted
residue.

(&)
Photo. 6.
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Table 2. Chemical composition (%) of extracted residues.
C N Mo | Cr Fe i Ni o Si
1250°C W.Q. C.W. 600°C x30h. A.C 3:32 | 1-24 | 23-14¢ 2502 13°0L| 890 | 183
1250°C W.Q. 750°C X 40h. A.C. 2*44 } 1-88 2913 2511 13°96 743 2°33
1250°C W.Q. 815°C x 8h. A.C 241 293 21°26 37°75 11°04 8+21 334
1250°C W.Q. 815°C x50h. A.C 110 1*71 = 34-68 2056 G 46 14+41 527
1250°C W.Q. 900°C % 20h. A.C 2+36 2+17 ¢ 33°21 ; 24-81 10°18 12+50 379
Table 3. Corrected value for chemical composition of extractéd residues.
(The sum except Si=100%)
1250°C X1 h'w.Q. C N Mo Cr Fe Ni
C.W. 6°10 6287
&00°C x30h 444 1°66 310 33-52 17+43 1192
: 5+40 58*15
| - it - ~
750°C xX40h i 305 2°35 36°43 31+40 17°46 929
6*38 68°17
815°C X 8 h u 2+88 350 25+43 4515 13°20 982
| . 3042 5422
815°C X50h I 1-34 2°08 42+33 2509 11+54 17°59
‘ g 5+30 55°70
300°C X 20h ! 276 2+54 38-96 29°10 11°94 14°66
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Table 4. Chemical composition of double
carbides and double nitride.
MC
Chemical composition (wtop)
Formula
| Cr Mo C
CrsMo,C; | 7066 26+08 326
CrsMo,C; | 505 46+6 2+90
CI'3M03C]_ f 34+2 6317 2°53
CI'QMO4C1 1‘ 20-8 76°8 240
Cr1M05C1 9+55 . 8825 ! 2*20
M,C o
Chemical composition (wto)
Formula
IV
CrsMo,C, 5510 36°3 4+54
CroMo,Cy’ 337 623 3+89
CI'1M03C1 . 147 81°8 3'4.0 ’
Cl’MONX o
Chemical composition (wte,)
Formula 1 ‘ :
T o [ we 1w
Cr;Mo,N, 31°45 | . 59+ | s
CriMo;N,.; 3078 ‘ 5679 12°43
Cr1M01N2 296 ; 545 I 15+9
{Thsd.

Si DisOFn% 100% & U TEHELziEI: Table 3
DTELBS.

L ZTC & NSkt ABISEIET AR 2 #as 2 5 ob
SWEDHMZ L h gl Cr, Fe, Ni iZELIL T35
5 Z D% & O EPRAIKTEEAL Th . KR
1 M,C, MeC DEEHZHIT DO T #E 2. M
Cr(Fe,Ni), Mo 5 X 'C D2 BET 51212 D
L BEREEAR T2 ERITIRIE L 1-D)iTable
4TH5DH. ZNCiZ CrMoNx 3 317 Th 5.

D DREF2EA 5 & ERIFNT 2155 O EET
H 5 Table3 & Hig U 12484, Bl 4 13 750°C X 40h iz
XL Tt MyC; (CrsMoiC) 251 < —F L, =72 815°C

X8R U T MeC; (CrsMo,Cy)  2shs7s DL, 4R

UXRIBITORR X D24 THREDHE 2 B EONH
B3 L T3 0OT MC, MC,CrMoNx DEE & 73
HERZ2EAIVEND Y, ZORFER—BCESETH
BH35, $lAIE 900°Cx20h IO THAB E 60% O
MeC; (CrsMo,Cy) & 40% D CrMoNx; (Cr;Mo,N,)
PHEFEd ARSI EME Cr;55°4%, Mo;39°99, C+N;
5.45% EHGAMEE B H /s ) I —FHERLTNE. L

125D T MiC, MeC, CrMoNx DELSLTHIZ 2N &
7 '{Cr, Fe, Ni);Mo,}C, {(Cr, Fe, Ni)sMo,JC 2 I
U'{(Cr,Fe,Ni);Mo(}N; &3z 6h 5.

LU EATHEI B8 5 KB D& E2E4 $hid 800°C
BITFTid M(C: (CrsMoiCy), 800°C LJ_FTd.CrMoNx
& MeC; (CrsMo,Cy) 53 UTHTH L i psBsSiqL
OEHZ LT LDEEL NS,

(4) o fHiz2WT

EHELDECEI N 1T Fe-Cr(16%)-Ni(25%)-Mo™
(6%) AP T s EBEELNZ E1V 525 C, N z
i bW 5 Timken A44:0BEYFLOEH L LR
IR RAES) (FIRTISEd) OfHEEz N 5.

Leslie®%3 Timken 16-25-6 ¢ 25Cr-12Ni 5 L
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fH2f» T 55 Timken Tk o 41 BLH S M 354E
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. - .

—RIZA—27 7 4 P RESTC BB o OB
ZE= 13 @ RICH U O DS b B BRI Lo o 48
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BTSN T I A o fHOWTHIRER R 25 7 { 800°C T o
FEATHIZD < 3 24h 048 & USEFETicid 1000k %
RUCOBE D CHbNIT o OITHETICR THRILEIDHT
BT EPEDOENTINE. CNHEDT & »ELLE
5 & Timken 16-25-6 {Z350VC 100h 73 TiohfH
TEDORETHIRDC & XER(E M L ST H D
o T E ATHL T 4 ) CERMGIMETES 3
LT ERZNEELLNDS. £17 &5 o O Fig. 1
FIWE Fig. 3R L5 B RAWIER D 22 Ops
FEBETH5.
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Chix: UTHTHL LI EFECOEFHRZ2 ST 0 L
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