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Microalloying role of Ce on F102 Ni-based self-fluxing alloy
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Abstract: The coatings of F102 and F102 Ni-based self-fluxing alloy with 0.5%Ce were made on 20" steel by fire spray
welding. The metamorphism and mechanism of Ce on F102 alloy were studied based on the microstructure analysis and
properties testing. The results show that two kinds of alloy coatings consist of y-Ni, Ni;B, CrB, Ni3Si, (Cr, Fe)»Cq and
(Cr, Fe),Cs, the columnar CrB, granular (Cr, Fe),Cs, small spherical Ni3Si and some dendritic eutectic mixtures are well
distributed in the y-Ni matrix, but the grains in the alloy after adding Ce are much finer than before. The average hardness
and wearing resistance of the alloy coating increase by 3.8 and 3.2 times, respectively, compared with those of 20" steel,
and also increase by 14.8% and 18%, respectively, compared with those of F102 alloy. Moreover, the corrosion resistance
performance of the alloy is increased significantly. The reason is that the element Ce enriched in the liquid-solid interface
decreases the eutectic transforming temperature, thus the microtructure of the alloy are refined. The element Ce existing
in the alloy participates in the reaction of Fe-Cr-C system, which is the main reason why the eutectic transforming
temperature is changed.
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¥ 20 SHIN A% 15 mm X 50 mm X 4.5 mm ¥k
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p(02)=0.3 MPa, ZHIET) p(C,H,)=0.045 MPa, Wiih
L=250 mm, ¥R)Z/FE H=0.6~0.8 mm.

R 1 F102 B ARG e RS2 )
Table 1 Chemical composition of F102 Ni-based self-fluxing

alloys (mass fraction, %)
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Fig.1 XRD patterns of F102 (a) and F102-Ce (b) alloy

coatings
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Fig.2 Microstructures of F102 (a) and F102-Ce (b) alloy

coatings
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Fig.3 Local microstructure of F102-Ce alloy coating
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Fig. 4 TEM images and electron diffraction pattern of phases in F102-Ce alloy coatings: (a) Cr,Cs, y-Ni; (b) Cry;Cs; (c) CrB
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Fig.5 Hardness distribution of alloy coatings
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Fig.6 Relationship between wear mass loss and wear time
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Fig.7 Polarization curves of alloy coatings
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Fig.8 Phase-diagram of Ni, Cr and B ternary alloys (1 000 C)
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Fig.9 Phase diagram of Ni and B binary alloys
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Fig.10 DTA-curve of F102 and F102-Ce alloys

Gams, P SG. RN BEEPEL, AT
S BRI R R, IR A A 2R K s 2], O
WD IEAR BRI 2 A AL U B4k 1) SRR
ZE LPTIR, Ce W AR TV, FRART &4t
e AR, RN, A, NS S
(E 2 S Bk . B TR A e oc g 2, S ke
RO, TR IR R e v R T A R ) 1 R B
PRI DR, A A i RET B G . S F102
TG, F102-Ce G40 1 8 INAL R I ZaavERe.

3 Zig

1) KH Or-CoH, SR T2 20 54N Bl T
F102 )% 0.5%Ce ) F102-Ce 45452, W& 14 1 y-Ni.
NisB. CrB. Ni;Siv (Cr, Fe),3Ce FI(Cr, Fe),Cs FHA K,
TLAHGUEAELER p-Ni Fefk EyRifr fikik CrB. Fi
AR(Cr, Fe);Csv ZNERIR NisSi DLEACIRIL A, =
F102-Ce 5 4 41ZUE 4l /NyR g

2) HEEAK 20 S4H K F102 A 4AHEL, F102-Ce &
SR (867 HV) 73 il iy 3.8 f5 A1 14.8%, T %
PES B S 3.2 £55 1 18%, [rl el i JE8 ke e P S 4 i

3) Ce & & TS I, AT B#AIK Fe-Cr-C 3L dh
ARRE, AR T ,  ANID FEAR
B, AMHIZAZURA, RdeE G SRR HEE R ER

4) Ce Al AR Cr Z2H GG RGN, &HK
AR A AP FE 1) - S A

B -
ARAE R SRR BH Ml K25 3 0 i 2 A 52
Ko an TIOR3 AR A B o

REFERENCES

[1] XIE G Q, LI S. Densification of gas atomized Ni-based metallic
glassy powders by spark plasma sintering[J]. Materials
Transactions, 2009, 50(6): 1273—1278.

[2] HAN H,BABAS, KITAGAWAH, SUILIK S A, HASEZAIKI K,
KATO T, ARAKAWA K, NODA Y. Plasma-carburization of
nickel-based self-fluxing alloy [J]. Vacuum, 2005, 78(1): 27-32.

[31 ZHANG Y M, HIDA M, SAKAKIBARA A, TAKEMOTO Y.
Effect of WC addition on microstructures of laser melted
Ni-based alloy powder [J]. Surface and Coatings Technology,
2003(2): 384-387.

[4] SIDHU T S, MALIK A, PRAKASH S, AGRAWAL R D.



2110

A ORI

2011 £ 9 H

[8]

[11]

Oxidation and hot corrosion resistance of HVOF
WC-NiCrFeSiB coating on Ni- and Fe-based superalloys at 800
‘C[J]. Journal of Thermal Spray Technology, 2007, 16(5/6):
844-8438.

SIDHU T S, PRAKASH S, AGRAWAL R D. Characterizations
and hot corrosion resistance of Cr;C,-NiCr coating on Ni-base
superalloys in an aggressive environment [J]. Journal of Thermal
Spray Technology, 2006, 15(4): 811-816.

WANG K L, ZHANG Q B, SUN M L. Rare earth elements
modification of laser-clad nickel-based alloy coatings [J].
Applied Surface Science, 2001, 174(3/4): 191-200.

XUPQ, GONGHY, XUG X,HEJ P, YU Z S. Study on
microstructure and properties of Ni-based alloy/Y»Os-deposited
metals by laser cladding [J]. Journal of Materials Science, 2008,
43(5): 1559-1567.

XUAN T P, MIN D. Effect of rare earth on microstructure of
vacuum melting Ni-based serf-fluxing alloy coatings [J]. Journal
of Rare Earths, 2004, 22(4): 517-520.

ZHANG Z Y, WANG Z P, LIANG B. Microstructure and
dry-sliding wear behavior of thermal sprayed and fused Ni-based
coatings with the addition of La,Os [J]. Tribology Letters, 2010,
37(2): 141-148.

s, M. SCH =0 a MM, L iR
JtL, 1983: 89, 69.
HOU Zeng-shou, TAO Lan-qin. Utility ternary alloys
phase-diagram [M]. Shanghai: Shanghai Science and Technology
Press, 1983: 89, 69.

WINEEE, ARIREE, EWIEE. WOUKH ARG S M

[12]

[13]

[14]

[15]

[16]

[J]. P EOE, 1990, 12(8): 26-29.

SHANG Li-juan, ZHU lJing-pu, TANG Chao-xin. Investigation
on laser-deposition and the self-melted Co-base and Ni-base
alloys[J]. Chinese Journal of Lasers, 1990, 12(8): 26—29.
LR, S 0B, KR, —ooa aoRESE M. il b
WA AL, 1987:203.
YU Jue-qi, YI Wen-zhi, CHEN Bang-di. Binary alloys
phase-diagram hand book[M]. Shanghai: Shanghai Science and
Technology Press, 1987: 203.

WA S0 MORREERERE M. dbat: dEstl s R R AL,
1999: 34-35.

XIE Xi-wen. Fundamentals of materials science[M]. Beijing:
Beijing University of Aeronautics & Astronautics Press, 1999:
34-35.

SANG L J. Formation of gradient coating of Fe-based alloy with
rare earths by plasma surfacing[J]. Acta Metallurgica Sinica,
2004, 17(5), 713-718.

FRELR, PRk e sl e BRI [0]. FEAh e A R
1984, 12(2): 26—29.

WANG Yan-qing. YANG Shan-sen. Action of La on
superalloys[J]. Overseas Metal Materials, 1984,12(2): 26—29.
A, gk, AEE, 1Rk, K. 10PCuRE 4N i
KRGl S i B LB, BNERAE S 244, 2006, 18(1): 34-38.
YUE Li-jie, WANG Long-mei, PIAO Xiu-yu, XU Cheng-hai,
ZHU Jing-xi. Weather resistance and its mechanism for
10PCuRE steel[J]. Journal of Iron and Steel Research, 2006,
18(1): 34-38.

(mig  IF458)



