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Effect of Niobium on Mechanical Properties of a New Ni-Cr-Fe
Nickel Base Alloy

Fu Xiaoyang', Ren Huiping', Cheng Shichang® and Liu Zhengdong’
(1 Material and Metallurgy School, Inner Mongolia University of Science and Technology, Baotou 014010;
2 Institute for Structural Materials, Central Iron and Steel Research Institute, Beijing 100081 )

Abstract The new Ni-Cr-Fe nickel base alloy ( % : 0. 036 ~0.044C, 16.71 ~17. 10 Cr, 63. 04 ~63. 95Ni, 8.98 ~
10. 76Fe, 2.50 ~2.88Mo, 2.01 ~4.97Nb, 0.06V, 0.74 ~0. 82Al, 2.00 ~2.06Ti) is melted by a 25kg vacuum induc-
tion furnace and forged to ®15 mm and 14 mm x 14 mm bar products. The effect of niohium content on structure and me-
chanical properties of the 65Ni-18Cr-10Fe alloy has been studied by busing scanning electron microscope, X-ray diffractom-
eter, chemical phase analysis and tensile tester. Results show that with increasing niobium content in alloy, the precipitated
amount and dimension of y', ¥” and m phase increase, of which the morphology changes from discontinuous particles or

short clubs to long lamellae led to increment of ambient tensile strength of alloy and decrease of plasticity.
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Table 1 Chemical composition of test alloy / %
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Table 2 Analysis on structure of precipitated phases in alloy
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Fig. 1 Effect of niobium content on ambient tensile properties of alloy: (a) 960 C for 1 h,

oil cooling/720 °C for 8 h/620 °C for 8 h, air cooling; (b) 1020 C for 1 h, oil cooling/720 C for 8
h/620 C for 8 h, air cooling

PRSI BURAE Je T B 4. 14% B, B 2 () R
TER AR AN o MR ES N, RSP
FIZAR A& G B 5 e S A, [ e R IR 2R 5 4
EEHA4.97% BF,960 °C [E N kUG, B 2
() RBKEE R ZR n AEBRRARTH, 7251
Y s AT SRR B R R R B R R, )2
WARHT SR A S R R A 75, R TR
A REn R, AR RS ERBRE; &
PIAT AR BT o8 ks, JF ELEAHDD Y, AR B o
RLR T 4870 T B SRAL SRR BN TR At AT
EAEKR, RF&R, R BHE, A

PORRT A8
2.3 1020 CREIE M KRG & BN &SR
OpA]

KA1 020 CHEEIM _RERTZE B 2(e ~
h) FRHIREE §8 5 2 A3, A A B SR RHER
WK, TE 25 i (] AR A 5, o AR EUBORL S 1
FRR, MR AT AR I AR AT .
3 XRD 775 %o e 28 B A AR M AR AR B
GEHT, HEEE Y 3. 10% I, XRD B n AHEUNES,

A% HEAUE] v +y"Ho BRI TR, EE&F n+y +v"
EERERN2.01% i, & 2 £3 SEReBENFHBXBATE
(a) EHAR T B R B AR Table 3 Effect of niobium content on pattern of precipitated phases in alloy
E=R= I b o Nb/ 40 3 ) BE it &/ iy -4 Ee/
*ﬁ&ﬁ%’fﬁ& ) é}: EDAX Hgla *F 62 % (:D}(H‘Tg&ys g@»ﬂ:*ﬁ J\% *ﬁl‘ﬁ*ﬁ J\% Hfﬂj*ﬁ J\%
Ay 87 MC BBk 1L ) NbC, 20 310 960 C +(720/620)C  m+(y +v") 15.810 Nb(C,N) 0.28
22 3.10 1020 °C +(720/620)C v+ 14.336 Nb(C,N) 0.286 MyCs 0.010

TiC, BEFRAN 3. 10%E, B2 1 1 o0 ¢+ (m060)C
(b) NI m FIBESE 32 414 100T+(20/60)T

y e e L 41 497 960 T+ (T0/60)C
B RERE RO, Bifah 42 497 100 T (0/620)C

n+(y +y")  18.067
(v"+vy') +m 17.250
n+(y' +y")  20.952
(v +v') +m _ 19.652

Nb(C,N) 0.284
Nb(C,N) 0.281
Nb(C,N) 0.337
Nb(C,N) 0.343

RATH R R, s T

Ty ' m LRI LAY B AT SR AL v/ + " o P RSB RR AT .



K2 fEEx TA"'fﬂH*Hﬂ/
C ;Nb% -(a) (¢)2.01;(b) (

HJ?/[][J] (ce)(
£)3. 10:(¢) ( )4 l4;(<l)(

(2) (h) treated at 1 020 C/720 °C/620 C; Nb/%- (a) (e) 2.01;
MR EE WAL, v A& EE/EM, BINB(C,N) |
M., Coxf &4 B s Ak AR L AR/ .

£ XRD it 43 704 o 19 RESL IR 3%, 28 SEM
W% ,960 C [E7E i vk B SIGLKE , 7615 0005 I L
SENC R m HIAT I BORAR A et 1 k] 1T
TAREI 58 B B AR, BP0, U6 1P iRE b ATE
FEGRAAR  BURLR A v + v 18 B K
2.01% Nb XF n #H A4 g1 AR /)y s LR R iR 2 48
AR .

B & 48 & s 3m, H AR R R K s X Lt X
SR AT BT S BR8N m ffﬂ*ﬁ& B2 45E5 %
PERES L B8 AT LA 8 ) AHAT IR EURIS 2, IR 878
KEBORBEF &, BRI, KW v /fﬁffﬁ:,ﬂ PR
PERER M., M T E N 3. 10% B, 1020 C [FHH
hﬂ“?}’(ﬂ‘f?ﬁfiiﬁn ffwﬁ:ﬁ SRS BB T e E
AT RAE KW —E B n A A (R PR

X b 2% ~ 4" ﬁw% 960 °C f11 020 °C [ﬁ{ﬁ
M REFRG (n + v + ") AT, e BLBE 5 [
RS S PR GRS Y
0.08% ,Al.Ti JTE &R HT & B -t A iy R R,
X Eb g IR 7 A MR R B R A AT LA S R o (] o I
S il AT 5m hAH B A TR M

BERFE NS, /}:ﬁP m FICEE AR AR AT HLIH
¥E v SRALAH , HoAT X BRI G &y 2EbERe AR
HE HRE TR MAEENARE M, fal
VIARIF B R B BRI, B/ SR &
B, 7E & AT ) AT RIC ARG & = iR M RE R
AR BARE & W= R B R AE A K.
YEH AR R, m ARG SR ALPE I, $2 5 3R 15 B IR
mdE rhh I AR S By B )

d) ZbHIR FE 960 °C/720 C/620 C;(e) (f) (g)(
h)4.97

Fig. 2  Effect of niobium content on morphology of precipitated phase in alloy: (a)
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