Haet  ESM
2017 4¢ 8 H

wHEERMMSEIE

RARE METAL MATERIALS AND ENGINEERING

\Vol.46, No.8
August 2017

CeO, Xfa B EREAICIAE B HIIE Nie0 B2

4B 21 K% i P 1 S5 )

EE. & B, KKIE
(FEMR TR KR, 7 HEM 541004)

M OE: R MBIER AR, 75 6063AI F: iR K H G4 7RI F & & CeO, ) Ni60 &4 2, FHIBIT &4 B M.

XRD. SEM FlE Ak 2% & b 3R A 55 45 4 330 AT 1 0 BT RTIR,  BF 70 L CeO Xt 6063AI K MM Bk M HliE #5542 S
AR gl & FOH AL M G R St b e R e e . AR, RIS I, 4%~5% CeO, (JFEH, TR M&
GEIEAT, CeOp & RALT 3%M M LIRS R RIFIM A SR, CeOp &R 5%~10%, &4&BERMAL. HiEE
BiER D, AREESR L, 542+ CeO, FETE 0%~2%N 5 HBIHL, &EA 5%~ 10%H 3 ZH[E NS,

4%Ce0,+Ni60 & 4 J7 6 B A FLR LG, B AR B T T 50 RN 4%CeO, 1 LA Ni60 &4 )2 A 44544,
TR 42 0 R A R A3 50 IR INA R £ & CeO, T AXGEAR & &R 1M Ni60 & &Z MU LS, BN
LR INEZ 4%Ce0; 7E 1 mol/L H,SO4 H, CeO+Nib0 &< 2 X i & i L e 2 Ni60 &< 21 4.23 £%; 1£ 3.5% NaCl
W, CeOx+Ni60 & 42T i vh P AE /2 Ni60 &4 /Z 11 1.43 £%; #£ 1 mol/L NaOH Vi, CeO+Ni60 & 4 /Z (i J&§
Tl Ni60 & 421 1.42 £5.
FEIF: WOCHMEIE, S
FEESHES: TG146.1°5

s SALHR; BRI TR I

XEFRIRAS: A N EHS: 1002-185X(2017)08-2306-07

# A 413E Cadditive manufacturing, AM) 45 AR
PN A R EG” REERR,
J2 Rt ) ad AR v A P A ) A R T ) ) AT
Ko Ni60 A& BB 8. M. EESTEMmR, BAK
G (VTR JEE ey TS BE AR AN BT IERE, R BB S S
BBz — R AR AR IEM R, B8
BE bR AT O B A ) i 6 ST B 4E R AR AL B
BN E B ET Ni IEEMESHEE &M
PIELVE R RIS RO I 22 57, 0 RO in T PR 4
BVEH, &&ZhEAaERENSA. #Halbl, #mt
JLE A D E S s, S &R A4,
FIF B AR R AL RgB0, A TR B
R BEEEE 4SS, CeO,%F 6063A1 K Ni60 & 4
J2 5 B AR 4 A T IR 2 A4 R BT R T R R, 4R
Wt CeO, HIME IR R AHLE], ABOLE i 5
S FUAR AT AR S

=
SEEG % FH 6063A1 fEAFER, R5F 60 mm>80 mm>8

isHER: 2016-08-18

mm, HALZER SN (255, %): Si05, Fe0.35,
Cu 0.10, Mn0.10, Mg 0.45~0.9, Cr0.10, Zn 0.10,
Ti 0.15, Al R= . #ARMEHEH Ni60 &4 5%+ CeO,
AR A Y, CeO, 4 i =99.99% , i A< ki i 294 20~
60 um, Ni60 #3 A (1K B8 35~100 um, L2247 (i
B8, %): C0.7~1.0, Si3.5~35, Fe35~50, B
3.5~4.5, Cr15~20, Ni R=E. ¥R+ CeO, HI &= (i
B, FED KPS IR 1.

5, RPN AL 228 A 77 7 B 6063A1 KT
AR, HAk T2 2k: 6063AI KM ANHSACH B -
1255 (8% [ B IR ) JE 1k -3 7K I e - TR RV - LT o
7E Ni60 & 4k K in N — 2 L) CeO, (M 1)

®1 CeO, ZERAMRS
Table 1 Samples number and CeO, contents of coating

powders (w/%)

Sample 1# 2# 3# 4# S# 6# T# 8# O# 10#

CeO,content 0 05 1 2 3 4 5 6 7 10
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Fig.1 Schematic diagram of additive manufacturing
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Kl 2 Ni60-CeO, UG E &)= MWL A
Fig.2 Macroscopic morphologies of Ni60-CeO, alloy layers with different CeO, contents: (a) 0%, (b) 0.5%, (c) 1%, (d) 2%, (e) 3%,
(f) 4%, (g) 5%, (h) 6%, (i) 7%, and (j) 10%

K3 A CeO: & & ING 4 E M A
Fig.3 Section-morphologies of Ni60-CeO; alloy layers with different CeO, contents: (a) 0%, (b) 2%, (c) 4%, (d) 5%, (e) 6%, (f) 7%, and
(9) 10%



8

R CeO MR A @ 3R T WOL MBI M 1l 3& Ni60 & &)= 2H 23K i ph M52

* 2309 °

7, FEAEIE NSRS AR 1A 20
] P9 JEiHE Y B 3b~3d th AL & B R IEBRAK, AN
CeO, M FFIKA 42 FLH R B AEH 3e~3g
HAILEME CeO, e EmMiEm, K AEER
AR A I o A T A R DU SR R, (E
Y CeO, M &I — 2 E N2 FEM LA E
J YR E 2, FIREE RIS, By Si 4
EE TR ENAE LR R ES &R, AR
TR
2.3 AEEMMMER

4 7 Ni60 &4 2 4%Ce0,+Ni60 &4 E K E
HATEH, &4 ZFEN NIAI-Cr JEFHL, Nk K
BRIP4 NIAL FH AN EE R 7E 4 23 R TIE A o-Cr AH
Kl 4a 1 Ni60 &4 2B A UK, A W5 5ok f AT
AU S AL I . FR N CeO, Y Ni60 & 4 2 o S I 41
W HBS AR, RS (LE 4. xR
KN (1) BEEE# TR CeO, £ NiAl A a-Cr
FH AR 0 BEAR /DS, BRAG T % [ 44 R 1 Gibbs H Hifg,
ST VA SN 8 /s N DS B e A )
Al. Ni. Cr i 7o aitites, FHRSMMAERK: (2) #
AP TAE AR RS A% O R T R 2 4
88 it KL BE T v

AL, NI 4%CeO, 1] B3 6063Al F i Ni60 &4
JZHLRGER, (EdEE &R R gl LRI ZH 2 A 355

Bl 4 Ni60 & & JZ Al 4%Ce0,+Ni60 & & /=R ZEHLUL S
Fig.4 Surface morphologies of Ni60 (a) and 4%CeO,+Ni60 (b)

alloy layers
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Fig.5 XRD patterns of CeO,+Ni60 alloy layers
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Fig.6 Polarization curves (a) and corrosion morphologies of CeO,+Ni60 (b) and Ni60 (c) alloy layers in 1 mol/L H,SO, solution
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Table 2 Corrosion test results of CeO,+Ni60 and Ni60 alloy layers in | mol/L H,SO4 solution

Self-corrosion

Initial-passive current

Self-corrosion current
density, icorr /MA €m™

Passive current
density, i,/mA ¢m™

Relative
corrosion rate

Sample T :
ples potential, Ex/mV density, i/mA cm?
Ni60 alloy layer —-400.02 21.4364
Ce0,+Ni60 alloy layer —420.16 4.362

- 0.6915 4.23
- 0.1634 1

PR 2 I S I, B DR B KT CeO,+Ni60 &4 )=«
2.5.2 it NaCl &% 0 /& th i

7a /& CeO,+Ni60 & 4 JZ1E 3.5% NaCl ¥l
ik ih 2k, mEARER 3 MBS £ 3.5%
NaCl ¥ W 91, CeO,+Ni60 & 4 = 7E A7 T+ = 3|
E=-913.52 mV i i NFHAR AL, E( KT Ni60 &4
JZ, Bl CeO,+Ni60 & 4 J= (i & b4 ) 2L o FHAR A%
)5 s 4%Ce0,+Ni60 & 4 J2 [F) L A7 14 HL 7L %5 FE g /N T
Ni60 &4 )2, b e i 4e Bl i 2 B i, B L-FH A
MIEMEN J1 M ER, CeO,+Ni60 &4 )2 H i Hi i
TP A, T b e 5 A 3R 3 AT, 7E 3.5% Nacl
W, CeO,+Ni60 & 4x 2 Wit Ji it 2 Ni60 & 4=
1 1.43 f5, AMHLLERIM S, MR MAERREAHE.
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2.5.3 T NaOH &R A S th it

8 /& Ce0,+Ni60 & 4:/Z1E 1 mol/L NaOH A7k
AR A 2R N T TR A, B 8 A Ak il 245 2
R AMKREMSH . TEMALIXTE], CeO,+Ni60 & 42
Ew=-435.59 mV, W& T Ni60 &)= i) B & il f bz

(E=-1171.18 mV), TEMJI2-MIZ U] CeO,+Ni60
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Fig.7 Polarization curves (a) and corrosion morphologies of CeO,+Ni60 (b) and Ni60 (c) alloy layers in 3.5% NaCl solution
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Table 3 Corrosion test results of CeO,+Ni60 and Ni60 alloy layers in 3.5% NaCl solution

Self-corrosion
potential, Ex/mV

Initial-passive current

Samples density, in/mA €m™

density, iy/mA em™

Self-corrosion current
density, icor/mA €m?

Passive current Relative

corrosion rate

Ni60 alloy layer -738.51 381.49 349.21 0.0115 1.43
CeO2+Ni60 alloy 913,52 305.46 316.52 0.0081 1
layer
1000 } a
500
E ol Ni60-CeO, cladding layer
i} \ Ja
= 500} el
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£ 1000} N o -
8 " s 'b.‘\
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Fig.8 Polarization curves (a) and corrosion morphologies of CeO,+Ni60 (b) and Ni60 (c) alloy layers in 1 mol/L NaOH solution
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Table 4 Corrosion test results of CeO,+Ni60 and Ni60 alloy layers in 1 mol/L NaOH solution

Passive current

Samoles Self-corrosion  Initial-passive current Self-corrosion current Relative
P potential, E¥/mV  density, i/mA ¢m? density, i/mA em?  density, icor/mMA €m?  corrosion rate
Ni60 cladding layer -1171.18 10.849 - 3.821 1.42
Ce0O,+Ni60 cladding _435.59 46.78 ) > 691 .

layer

mol/L NaOH &, CeO,+Ni60 & 4 JZ it J&5 b 2
Ni60 &4 )21 1.42 5.

8b. 8c /& CeO,+Ni60 & 4=l Ni60 &&=k
MEm G5, CeO,+Ni60 &4 FE Afimh, K2
H YN TR Y, 0 AI(OH)3. Ce(OH)s %5.
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BT & &2 A S ER 2 e, o — 384 JR 2 B
THEMTICE Ce M EWXT & 42 R 1 A
M, EZHN Ce M=MAMMENMLED. -

Ce*+30H —Ce(OH); | (4)

Ce**+40H —Ce(OH), | (5)

Ce(OH); fll Ce(OH), %5 T AL &M TE K 1 JZ 4R
P, Ik 2% 4 R 2 T AN R T I R A R R N R,
NG S B TR

3 & it

L EAEERMmES L, KA CeO, 1) Ni60
BEERM MBI W RIS HBELH ZURE R I S A I
WAL, KRS FE wy, JF LB s i\ 0.5%~3%
CeO, ] Atk 3% Ni60 &4 ZR MR, KRR
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CeO, 1) Ni60 & 4= B A s AE RIS

2) ERIMmES L, 582 F CeO, T ELAL 0%~
2060 5 BN L0, & EAE 5%~ 10%HT T Hk I NS
fL, JLPTEHA; 4%Ce0,+Ni60 &4 2 b i) B A AL
ML, BA X B TS

3) M AN CeO, I Ni60 &4 2, HIA 4% CeO,
(1) Ni60 & 42 )2 2 D405 H 3451 00 A5 (kS &, TEHH RS
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4) 7E1 mol/L H,SO,H, CeO,+Ni60# 4 2 it &
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Effect of CeO, Addition on Interface Structure and Corrosion Resistance of Laser
Cladding Additive Manufactured Ni60 Alloy Layers on the Surface of Al Alloys

Wang Chenglei, Gao Yuan, Zhang Guangyao
(Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: Ni60 alloy layers with different contents of rare-earth CeO, were prepared on the surface of 6063 aluminum alloy by laser
additive manufacturing. The effects of rare earth CeO, addition on microstructure, phase structure and corrosion resistance of bonding
interface between Ni60-CeO, alloy layers and substrate were investigated by OM, XRD, SEM and electrochemical corrosion tester.
Results show that 4%~5% CeO,+Ni60 alloy layers have the best surface morphology. It is difficult to obtain a good alloy layer when the
CeO; content is less than 3%. There are less surface pores, shedding and other defects when CeO, content is between 5% and 10%. For the
cross-section morphology, the alloy layers are prone to crack when the CeO, content is between 0% and 2%. The main defect is porosity
when the content is from 5% to 10%. The 4% CeO,+Ni60 alloy layer has no obvious pores and cracks, with a relatively good cross-section
morphology. Adding 4% CeO, can improve the organizational structure of Ni60 alloy layer, promote grain refinement and uniform
structure distribution. Adding different contents of CeO, can improve aluminum surface morphology in Ni60 alloy layers, and the
preferred amount of rare earth CeO; is 4% CeO,. Electrochemical corrosion tests show that the corrosion resistance of CeO,+Ni60 alloy
layer is 4.23 times as that of Ni60 alloy layer in 1 mol/L H,SO, solution. In 3.5% NacCl solution, the corrosion resistance of CeO,+Ni60
alloy layer is 1.43 times as that of Ni60 alloy layer. In 1 mol/L NaOH solution, the corrosion resistance of CeO2+Ni60 alloy layer is 1.42
times as that of Ni60 alloy layer.

Key words: laser additive manufacturing; aluminum alloy; CeO;; nickel-base; corrosion resistance
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