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FE: 5 TUND/V 5 Ce A TG S LI MA41AN 5 22 J] T 3% W5 SR AT J2 19 ME AR, X LL I T MA414N(MA i micro-
alloying 45 ) 5 AR MA 44k 414N W Z P& /b MPt = PE6E, #2355 B 7 %% (transmission electron microscope,
TEM). FA4 2 T . % 4% (scanning electron microscope, SEM)Y/BE T 1Y (energy disperse X-ray, EDX). X $f £k 17 5 { (X-ray
diffraction, XRD) Z¢ /MM 77 i IFFE i i AL O R IHT V2 S8 AL AR RE RS2 MR S AR FHAILEE. 255601, MA414N RS  HTik
EPERERL 414N 753 i 403, 650 °C %A1k 360 h i, MA414N S fh A S fh ok 5 3 40085 414N 23 AR 16% FIT 31%, #4
MBI 300 YT, MA414N HGER BN T 414N B3 TR 53%. HGRREET A MY RS2 30 07 L A4 ) fifbdt
FIYEH, MA414N HTHGETERR B 00 3245 45 T80 AR =2 E s Ak, DS IR (M) 5 BERIAR (A) IHZUEEAR, T 25#)
AEXT RS AL .
BIFT R (1) BYPKE TNV 5 Ce BEATHA A ALIM MA4 14N (22 FI T P55 00 18 )2 AR, JR15 T 0 2 s b L fnt
PRETERE.

(2) /R T TI/NW/V 5 Ce BRA A 4 AT 5 1 2 S A 1 HLEE.
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Significantly improved oxidation and thermal shock resistances of 414N
hard-faced layer by microalloying and its mechanism

WU Rufei', LI Qi', GAO Anyang’, ZHANG Shuo’, XIAN Cheng', SI Tingzhi'

(1. School of Materials Science and Engineering, Anhui University of Technology, Anhui, 243002, China; 2. Ma Steel Heavy
Machinery Manufacturing Company of Anhui, Anhui, 243000, China)

Abstract: The microalloying 414N (MA414N) welding wire via Ti/Nb/V and Ce was used to weld the hard-faced layer of
continuous casting roller, and the oxidation and thermal shock resistance of the MA414N hard-faced layer were compared with
414N hard-faced layer without microalloying. Transmission electron microscope (TEM), scanning electron microscope
(SEM)/energy disperse X-ray (EDX), and X-ray diffraction (XRD) techniques were used to investigate the effect of microalloying
on oxidation and thermal shock resistance of the hard-faced layer and its mechanism. The results show that the oxidation and
thermal shock resistance of MA414N is significantly improved, compared to that of 414N. After oxidation for 360 h at 650 °C, the
oxidation weight gain and oxidation rate constant of MA414N are reduced by 16% and 31%, respectively, compared to 414N; the
surface damage factor of MA414N after 300 thermal shock cycles is significantly reduced by 53% compared to 414N. The initiation
and propagation of thermal shock-induced cracks are affected by thermal stress, microstructure stress, and oxidation. The significant
improvement of thermal shock resistance of MA414N is mainly due to the strengthening of the second phase precipitation, less

microstructure transformation between M and A, and a relatively stable oxide film structure.
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Highlights: (1) The microalloying MA414N welding wire via Ti/Nb/V and Ce was successfully used to weld the hard-faced layer of

the continuous casting roller, and the oxidation and thermal shock resistance was significantly improved.

(2) The mechanism of the suppressed oxidation of the hard-faced layer by microalloying via Ti/Nb/V and Ce was

revealed.

(3) The mechanism of the improved thermal shock resistance of the MA414N hard-faced layer by microalloying was

elucidated in terms of thermal stress, microstructure stress, and oxidation.

Key words: hard-faced layer; microalloying; oxidation resistance; thermal shock resistance; thermal shock damage mechanism

0 F%

TP ERAE N LA 1 B A G Ay, diis
AL S R EIEERINPE T, BT, 42CrMo R
T ) S T2 b R 414N( RIS ), h K
A 2] 20 Sy R i AR T O AR R, H 414N
13% (1 Cr £ By T4 I 78 S R A58 T sl s0% 1 4
PRI, A5 RO AR T L™, SR I, 3R T A
Z e R AV E R 5, IR 32 B G R AR
AR 31, AT S 5 T 4 P A I 7 R R g 2
S A SR AEE IR AR T, i ALY
SR ARG 2L i 2B T A TR, TR R
Xof SR LB ), SR 0 AR AR i S s i i A
Y, GRS GO T R R 2
Uk, B v B T 22 A B AR A R e AR L 2 A S
JERRTHE R BTRR YRR A F 75 A 10 kAR

RSV R R —JBEE 400 ~ 700 °C™) Ak T R4%
R BE X 0], 8K B[R] T AE, 414N A )2
W B CrysCo W ARHT Y, B AR #2045, (45
PRIRE R PERRARR™, DRIk, 38 20 % X TR B e 3
YR MERE R SR, SRERILIIE ot KRB S
5 C 454, AR/ Cr23Ce BT, I, Tolk -
KR IR TNV A SR M. 5
i, Li 2 A" JF % T Ti/Nb 44401 0Cr11 Rk
W, B CALSES Ti/Nb 4555 (Ti, Nb)C, Ml
KRR T CrysCo WA H, 8 08 T il Fn
Pria AL tEfE, 15 TINb/V A S bR 22 7 % 4540
R R BE AT 4G . Ti/ND/V B 4 Ak AE 2 35 4a 1k
AL I 7= A Kok TR R AL, T, A A
B2 SR TR S B TR R . Oh 2 AP &
BYIK (Ti, Nb, V)C 7EZR R RN R B0 1,
REATILARTL . A0k ok, $2 R JE AR B, I8 ML
JEHR, B EGE T HIGETEGE. ARE Sk [6-8] 1T
0, K E SR AL BB E TiI/ND/V BB 7E T

B AP RET AT AR 5 AT H SR Ak
+ICFE I — REGE AT WP AL AT E MR
HICE, EZEERTRHA M (1) Lo R HTE
T W W A AR, I S A S SRS A
NP ) Bt TR S, R R, Y
SRR Sy, ik A,

SR AR R T2 BT AE TEBE, SO G
W IE R4 T —F TUND/V 55 1 Ce BREGME 4
T IR 22 MAALAN, I 1 13 FH T 4 4R o
T )2, R 58 & B & 4 Ak B 3 00 T 414N i i
Z A e bt R PR RE . $F— 2 TEM,
SEM/EDX ., XPS EAEA T, 7n TIA S belcE 4t
AL AP HGRPERE AR FHPLE, FE T HAGR R siis
R, TR A AR 2 A T AR L PR T 2%
FHS .

1 R E

1.1 e R R HEES

BRI T & i i B0 iR AT v
SRR HEAR, MESR TR AR AR ZE I B AR 150 mm IO FF
SR RST, BRI TG 2R A N R Bk 5, T H B v
AT 200 °C = 1 h ()RR FT AR AL 3. AR % YB/T
4326—2013 { % 5 MR 1 52 4 il s Fe AR L ) 1
AT PR A R IHEAR, o, TR 2 MR 220 430,
i 17 J2 42 22 O 414N 1 MA414N, B n 3% 1 fir
7R, KR BRI 3.5 mm, SR ST604. HEIERT,
SR NERZ TR A A A S R RE RS2, X A 22
PEAT ¥ 204038 K, ) s X JE 500 3647 300 °C x 1 h
HRERT . HEARET, SE TR R MEIE — )2 430 i i
2, B HERR 4 2001 2, AR T 235800,
SRR RN 28 V, SRR TN 300 A, FREEHE N
600 mm/min, JZ [ A 250 ~ 300 °C, JZJE N 2 ~
3mm. FRRRESE 2R, KR Z A H R, A
PEZREZA N 9 mm. £ 1 WHE )24k 24 B Kl



% 4

R, F A BFE R E 414N FH E A NAGHE M R HAE

135

255, MA414N 6 [ )2 5 S 1R 22 o 453k, T8k
FA 4 e R I 2 AP RE - A RN, B

x1

Jei, LD E) 43 BIEHEL 414N F1 MA414N B [ 2
B AUNES | ER A PRI T

RIEVRLNERENLZERS (RESH, %)

Table 1 Chemical compositions of the roller billet, welding wires and hard-faced layers

A C Cr Ni Mn Mo Ti Nb \% Ce Si N p S Fe
AR 0.32 022 — 1.1l 015 — 0.046 0.035 — 0.24 —  0.003 0.004 A4
43045742 0.13 20.18 0.56 0.82 — — — — — 021  — 0.023 0.006 A
414NJRLL 0.08 13.35 4.00 1.30 0.70 — — — — 0.55 0.10 0.030 0.030 AR
MA414NJ222 0,08 13.35 3.50 1.30 0.70 0.15 0.150 0.300 0.02 0.60 0.10 0.030 0.030 R
414N JZ 0.06 13.28 4.00 1.02 0.65 — — — — 031 0.02 0.020 0.020 AR
MA414NFEIEZE  0.06 13.31 3.45 1.27 0.66 0.08 0.100 0.270 0.01 0.52 0.02 0.020 0.020 AH
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Fig. 1

Microstructural morphology of 414N and MA414N samples. (a) metallographic of 414N; (b) metallographic of

MA414N; (c) TEM of 414N; (d) TEM of MA414N; (e) HRTEM of the secondary phase of Fig.1(d); (f) IFFT of the

secondary phase of Fig.1(e)
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Fig. 2 Oxidation kinetics curves and XRD patterns. (a)
oxidation kinetics curves; (b) XRD patterns of the
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Fig. 5 Crack growth curves and surface damage factor analysis of the 414N and MA414N samples. (a) crack growth
curves; (b) surface damage factor analysis of the 414N after 300 thermal fatigue cycles; (c) surface damage
factor analysis of the MA414N after 300 thermal fatigue cycles
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