%522 %5 9 ) HFEEBRERFIR 201249 1
Vol.22 No.9 The Chinese Journal of Nonferrous Metals Sep. 2012

TEHES: 1004-0609(2012)09-2508-08

HE NI 2SRt ETRSRELINF

REZ, WA, TAE, LK, BRE’

(1. RGBT B KGRI e R TABARBIFU L, P 400700;
2. dbBHERE MOERE S TR, 65T 100083)

¥ E. P DSC-TG iRE 715, *Hpi B E =i ih & 4 3YC51 4 E~1 600 “Cilw BE3E BBl A A S22 (LR 1300 °C
1EIRAEAAT NI TS . DSC 45 3 R, THREBYTE 673, 809 5 911 “CALAEAE 3 /AN F i S, 22 SEM A
EPMA 3#7, 3 ARSI S ISR Ty 'y " FISAH: 7E 720~980 “C i X N AELEAH (KIAT AR N, R 28 E T
980 C; &4t 1 224.8 CHIWIA, 7E1 354.6 CHIBLRERE AT, TR A ES R A (ND,CN 5
Ti;O ML @b AR R, 1 158.5 CHIBL—ANEERIIHAE, SHVHT HIE T Laves #H;  SEM il EPMA
MBS RIL, O @ AT s M BB . B EfE2 P ARG N 1 047 °C, i dTG #hsk
(d(Am)/dey PRI R AT R L, 8 1 153 “CINIARIH R AE 0.04 mg/min, 3YCS1 &4 7EH B 1 300 ‘CIEIRA

b TR R R S 28 s BT B AR AT A R S R R 1 AR H

FBEIR: BRSNS B AR, mistks s

FESES: TG146.2 MHRFREED: A

Phase transition and high-temperature oxidation dynamics of
new-type nickel-based corrosion resistance alloy
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Abstract: Both the phase transition from room temperature to 1 600 ‘C and the isothermal oxidation behavior at 1 300
‘C of the new-type corrosion resistance alloy (CRA) 3YC51 were studied by DSC-TG techniques. The DSC results show
that three flat endothermic peaks are detected at 673, 809 and 911 C corresponding to the phases y’, y” and J by the
analysis of SEM and EPMA, the precipitations end at 980 ‘C, the phenomena of phases precipitation and transition
reaction are evident in the temperature range of 720—980 ‘C. The incipient melting temperature of the alloy appears at
1224.8 C. At 1 354.6 C there is a strong sharp exothermal peak, indicating that there exists an eutectic reaction for
metal carbide and carbo-nitride eutectics (Ti;C and Nb;CN). At the decreased temperature a prominent exothermic peak
appears, corresponding to the Laves phase at 1 158.5 °C. The high melting-point metal carbo-nitrides are always found in
the alloy matrix on the basis of the observation by EPMA and SEM. In the isothermal oxidation in the air, the samples
3YC51 start to be oxidized at 1 047 ‘C. From the dTG curve it is seen that the oxidation rate is higher at the beginning in
this case (maximum oxidation rate of 0.04 mg/min at 1 153 °C) followed by another step with a lower oxidation rate.
3YC51 alloy exhibits parabolic, diffusion-controlled oxidation rate dependence in the air at atmospheric pressure and
1 300 C. High-temperature diffusion induces the oxide scales including the high-temperature carbo-nitrides and island-
like cavities.
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Table 1 Typical chemical composition of 3YC51 alloy (mass fraction, %)

Ni Cr Mo Ti Al Nb

C Si Mn P S Cu

52.67 18.67 3.07 1.04 0.52 4.87

0.039 0.058 0.019 0.006 0.001

0.007 6

F2 3YCSL Aa R aEae
Table 2 Typical mechanical properties of 3YC51 alloy

Hardness, HV ~ Tensile strength/MPa

Yield strength/MPa  Elongation/%

Area reduced/%  Impact work at —59 ‘C/J

37.5 1214 866

33 41 52
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Fig. 1 Microstructure micrographs of as-forging 3YC51 alloy: (a) BSE image; (b) Second electron image
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Fig. 2 EDS analysis results of carbo-nitride in alloy structure: (a) Ti;CN; (b) Nb;C
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Fig. 3 DSC curve of 3YC51 alloy
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Fig. 5 Laves phase in microstructures of 3YC51 alloy: (a) Micrograph of Laves phase; (b) Partial magnification of Laves phase
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# 3 EPMA JII#31 Laves A 1462720 1k
Table 3 Chemical compositions of Laves phase by EPMA

) Mass fraction/%
Particle No.
Si Al Cr Ti Mo Fe Ni Nb
1 0.13 0.17 12.18 0.59 9.14 12.33 37.19 27.86
2 0.31 0.14 12.23 0.58 8.73 11.95 37.78 27.67
3 0.30 0.19 12.27 0.35 8.81 11.67 40.86 25.07
4 1.28 0.12 12.75 0.54 9.55 12.37 35.72 27.27
5 1.37 0.20 11.95 0.57 8.25 10.78 42.06 24.31
1400 Heating temperature (a) (b)
[F i = e = SES S SIS S SR 15.5
1200f,
I 4
1 000_1 dTG TG 4.5
© | 135
[}
5 800F]| %o
g ; 12.5 5
1) S
a  600n 3
g J
k) 1 11.5
H 400f A L 2t anil
e Ry iy ;"m 05
200F TG regress curve -
| . . . . . . 1-0.5
5 10 15 20 25 30
Time/h

6 3YCS1 &&WIH TR 150.33 mg)7E 1300 CrHiE A a) 2% 8 A b 5 18 TR
Fig. 6 Isothermal oxidation dynamics curves of 3YC51 alloy sample (initial mass: 150.33 mg) at 1 300 ‘C (a) and sample photo

after oxidization (b)
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Fig. 7 Initial oxidation dynamic curves of 3YC51 alloy from
room temperature to 1 300 ‘C (Heating rate: 2 ‘C/min;
Atmosphere air: 2 mL/min; TG crucible: sapphir; Initial sample

mass: 150.33 mg; Isothern: 1 300 °C for 30 h)
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Fig. 8 In(Am;)—In¢ linear fitting curve of 3YC51 alloy

£ 4 3YCSL &40 1300 CHF A RN n RIS
NI K,

Table 4 7 and K, in oxidation reaction of 3YC5lalloy at
1300 'C

0/°C n K,/(mg*cm *h™") Resource
1300 1.876 68 1.720 This work
850 1.42 0.024 Ref. [19]
950 2.33 0.093 Ref. [19]
1 040 2.72 0.172 Ref. [19]
1300 2 8.712 Ref. [20]

B L EZE AT, 3YCST & 4 s A A A Al
SCHR[19-201 A m ) —2E, H TG L ihizk. %
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4 B AT Inconel 718 & 454 B (4T Al A AL PERE

K9 s 4 44E 1300 "CHAL 30 h JF L2 1)

9 3YCS1 <A 1300 ‘CHAL 30 h f5 AL IO TS
Fig. 9 Micrographs of oxidized layer of 3YC51 alloy at 1 300
‘C for 30 h: (a) Oxide layer structure of alloy 3YC5I;
(b) Enlargement of oxide layer of alloy 3YC51; A—Alloy base;

B—Internal oxide layer; C—Surface oxide layer
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