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Effect of Attapulgite-CeO, on the Microstructure and Oxidation Resistance of
the Composite Coating on the Surface of Exhaust Pipe of Ship
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ABSTRACT : Objective To improve the oxidation resistance of exhaust pipe of ship. Methods In this paper, the nano composite
coating was obtained on the surface of exhaust pipe of ship by electro/ electroless deposition techniques. The effect of CeO, on the
oxidation resistance of the composite coating was studied by high temperature oxidation test, and the micro-morphology and micro-

structure of nano composite coating were analyzed by scanning electron microscope and optical microscope. Results When the con-
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centration of nano attapulgite particles in the plating liquid was lower than 1.5 g/L, the grains of composite coating became refiner

and more compact with the increase of the attapulgite concentration; and the coating surface became smoother and denser with the

increasing concentration of nano-Ce0, particles. When the attapulgite clay concentration in the plating liquid was 0.5 g/L, the oxi-

dation weight gain of composite coating was the minimum and the oxidation resistance was the best. The oxidation weight gain of

composite coatings increased firstly and then decreased with the increasing concentration of nano-CeO, particles. When the CeO, con-

centration was 1.5 g/L, the composite coating had the highest antioxidant activity. Conclusion The addition of nano attapulgite and

nano CeQ, in the plating solution had a significant effect on the morphology and antioxidation performance of the composite coatings.
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Fig. 1 Effect of attapulgite concentration in the plating liquid on the morphology of coating
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Fig. 2 Effect of nano-CeO, concentration in the plating liquid on the morphology of coating
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Fig. 3 Effect of nano-attapulgite concentration in the plating lig-

uid on the oxidation weight gain of coating
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Fig. 4 Effect of nano-attapulgite concentration in plating liquid on the oxide morphology of coating
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Fig. 5 Effect of nano-CeO, concentration in plating liquid on the

oxidation weight gain of Ni /Al, O, composite coating
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Fig. 6 Effect of nano-CeO, concentration in plating liquid on the oxide morphology of coating

3 Zig

T8 FHOBUbK ek, 5 AR v T AR R 3R
T Ni-AL O, AUKE G852, 38 i B2 M 4 4
HIREEFN CeO, FUHELVREE, 00T T HXTE &9 R A
AL ERE R

1) YHEIRP AR U™ e = 0K Y o VR /N T
1.5 o/L B, Bl U™ B A o v BE 35, &2 598 )2
Rk B R B0 HBEE SRR AK CeO, FURLT

W EE BRI B8R R R B

2) MPERC AR IR 0.5 o/ LI AR
fl b /N, 900 °C EAL 100 h J5 YA AL E R 0. 95
g/m’ | AP E PR AT

3) BAHE)E 0 A i 4R AR SR B B
CeO, 11 1 W JE BRI W i s 3, 85w h
CeO, JFHWKEN 1.5 ¢/L B, AL FE /)N, 900 C |
A4k 100 h JERSEARIGE R 1.215 o/m’ , A HEZEH
e T



a5 a4l VRMESEE M 2 - -CeO, T AL o it HEAR A 35 110 52 5 IR L AN B B A PR RE ) 2 ) . 161 -
PR istics of Ni-W-P Composite Coatings Containing Nano-SiO,
=z Ak and Nano-CeQ, Particles[ J]. Surface and Coatings Technol-
(1] Gl ML EOR [ M), K K 3R R ogy,2008,202:1574—1579.
#,1999. (8] XUEERR LHE. W E-F 5 G5 R 2 T Bk b 40 oK 2 5 9 )2
MAN Yi-xin. Ship Machine Maintenance Technology[ M ]. ol (7). AR TRE 201436 (6) :81—84.
Dalian : Dalian Marine University Press,1999. LIU Gui-xiang, SHEN Yan. Preparation of Nano Composite
(2] TFlrsit, 25264, i b A s i HE AR 5 6 il LB AT B Coatings for Offshore Platform Structure Surface[ J]. Ship
PR IRBFSELD]. PR, 2009,35(9) ;7—9. Engineering,2014,36(6) :81—84.
WANG Hong-bin, LI Mei-shuan, HAN Zhong. High Temper- [9] HUANG Dan,ZHANG Xiao-yan, WU De-feng. Effects of Nano
ature Corrosion Mechanism for Exhaust Pipe of Ship[ J]. In- a-Al, O, Additive on the Performance of Micro-arc Oxidation
ternal-combustion Engine,2009,35(9) :7—9. Coating Formed on Aluminum Alloy[ J]. Surface Technolo-
(3] WG, SR VPar o, S5 SULARJE (5 i 4P [ 1] MLAR 8y,2014,43(4) :43—47.
%;l,%&jﬁ ,2001(2) .38—43. [ ]O] ARUNA S T,BINDU C N,EZHILSELVI Vet al. Synthesis
CHEN Guang-zhang, WU Jian-hua, XU Li-kun, et al. Ship and Properties of Electro Deposited Ni/Ceria Nano Compos-
Corrosion and Protection[ J]. Ship Science and Technology, ite Coatings [ J ]. Surface and Coatings Technology, 2006,
2001(2) :38—43. 200(24) :6871—6880.
[4] BENEA L,BONORA P L,BORELLO A. Wear Corrosion | 111 FBEEE = E JICHE 5. 40K WC 5 CeO, MR IR
Properties of Nano-structured SiC-nickel Composite Coat- JEHLURIPERERYEMA [ ) ). i AR, 2008,37 (6) :39—
ings Obtained by Electroplating[ J]. Wear,2001,249 ( 10/ 40.
11) :995—1003. GUO Hong-jian, LI Jian-guo, GONG Tian-hao, et al. Effect
[5} BEWLAY B P,JACKSON M R, SUBRAMANIAN P R, et of Nano Meter WC and CeO2 Powder on the Structure and
al. A Review of Very-high-temperature Nb-silicide-based Properties of Ceramic Coating [ J ]. Surface Technology,
Composites [ J |. Metallurgical and Materials Transactions 2008,37(6) :39—40.
A,2003(10) :73—76. [12] WEAS. Zo/A0K CeO, 524952 Ml £85I FaL AL 2 R BB T 5%

[6] GUO Zhong-cheng, LIU Hong-kang. Properties and Process
of Electroless Plating RE-Ni-B-SiC Composite Coatings[ J].
Acta Metallurgica Sinica,1995,8(2) ;118—122.

[7] XUR D,WANG J L,HE L F et al. Study on the Character-

[J]. A ,2009,38(4) :32—35.

YAO Jing. Research on Preparation of Zn/Ce0O, Nano Com-
posite Deposit and Its Electrochemical Behavior[ J]. Surface
Technology ,2009,38 (4 ) :32—35.

R e = e e e e e e e = e A U= =AU

(L#% 123 W)

[44] SYED A A,DENOIRJEAN T A,FAUCHAIS P,et al. On the
Oxidation of Stainless Steel Particles in the Plasma Jet[ ] ].
Surface and Coatings Technology,2006,200 :4368—4382.
SRR A B TR A B R R R JE R
FMmBEFE[ D] dbat L Tl k2% 2009,

ZHANG Lin-wei. Atmospheric Spraying and Its Effect on
Thermal Barrier Coating[ D ]. Beijing: Beijing University of
Technology ,2009.

[46] GERDEMAN D,HECHT N. Arc Plasma Technology in Ma-
terials Science[ M ]. New York:Springer Verlag,1972.
SRR BRI, 2, A5 PBEIRORL T A AL DL 2 A b
PRPITERERT]. MR TR, 2009(6) :78—81.
ZHANG Lin-wei, WEI Qi, LI Hui, et al. Oxidization Behav-

[47]

ior of Thermally Sprayed Particles and the Relevant Protec-
tive Technique[ J ]. Materials Engineering, 2009 (6) ;78—
81.

[48] DESHPANDE S,SAMPATH S, ZHANG H, et al. Mecha-

nisms of Oxidation and Its Role in Microstructure Evolution

[50]

[51]

[52]

[53]

of Metallic Thermal Spray Coatings Case Study for Ni-Al
[J]. Surface and Coatings Technology,2006,200(18/19) ;
5395—5406.

FAUCHAIS P, VARDELLE A, DUSSOUBS B. Quo Vadis
Thermal Spraying[ J]. Journal of Thermal Spray Technolo-
gy,2001,10:44—66.

DUVAL C. Inorganic Thermogravimetric Analysis[ M ]. Am-
sterdam ; Elsevier, 1963.

SOBCZAK N, KUDYBA A, NOWAK R, et al. Factors Af-
fecting Wettability and Bond Strength of Solder Joint Cou-
ples[ J]. Pure and Applied Chemistry, 2007, 79 (10)
1755—69.

WALKER J, SAHA C K. Formation of a Surface Carbide
Layer during Sintering of Titanium Diboride[ J ]. Journal of
the American Ceramic Society,1988,71(4) :207.
VOITOVICH V,LAVRENKO V,ADEJEV V. High-tempera-
ture Oxidation of Titanium Diboride of Different Purity[ J].
Oxidation of Metals, 1994 ,42(1/2) :145—61.



