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Abstract: The Al/NiCu composite coatings were deposited on the surface of a pure Ti substrate by plasma spray
technology and arc spray technology, and then the sprayed Al/NiCu/Ti specimen was then heated in the furnace at 700 C.
A Ni-Al intermetallic compound protective coating with oxidation resistance formed through in-situ reaction between Al
and NiCu composite coatings. The microstructure of the coatings before and after heat modification treatment and the
formation mechanism of Ni-Al intermetallic compounds were studied. In addition, the oxidation tests of the Al/NiCu/Ti
specimen ( after heating and polishing treatment) and the uncoated Ti at 800 °C for 100 h were conducted. The results
show that, by modifying AL/NiCu spray coatings on Ti substrate with furnace heating treatment at 700 °C , NiAl,,
CuAl,, Ni, Al; and NiAl intermetallic compounds with certain Cu elements form through in-situ reaction between
Al/NiCu composite coatings. However, only the NiAl intermetallic compound with high melting point can stay stable,
and this intermetallic compound can protect Ti substrate under high temperature.
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Table 1  Processing parameters of plasma spraying

Feedi d Spray distanc
Voltage/V  Current/A ceding powder pray distance

amount/g - min ' /mm

41 580 8 100

®2 BIBRIZSH

Table 2 Processing parameters of arc-spraying

Pressure of Spray distance

Voltage/V  Current/ A

compressed air/MPa /mm

31 180 0.6 150

F3 NiCuRLZERS (w0/ %)

Table 3  Chemical composition of NiCu powders

Ni Cu Fe Mn Si

Bal. 30. 00 0.03 0.02 0.02
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Fig. 1 Cross-sectional SEM image (a) and expanded view of
region [ in Fig 1a(b) for Al/NiCu coating without heating;
EDS results of point A (¢) and point B (d) in Fig. 1b
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Fig.2  Cross-sectional SEM image (a) and EDS results of
point A (b) and point B (¢) in Fig. 2a for Al/NiCu
coating after heating at 700 C for 1 h
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Fig.3 Expanded view of region I in Fig. 2a(a) ; EDS
results of point A (b), point B (¢), point C (d)
and point D (e) in Fig. 3a
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Fig. 4 XRD pattern of Al/NiCu/Ti specimen after heating
at 700 C for 1 h
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Fig. 5 Cross-sectional SEM image (a) and EDS element line
scanning (b) along marked line for Al/NiCu coating
after heating at 700 °C for 5 h
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Fig. 6  Cross-sectional SEM images of Al/NiCu coating after
heating: (a) 700 C/10 h; (b) 700 C/15 h
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Fig. 7 XRD pattern of the Al/NiCu/Ti specimen after heating
at 700 C for 15 h
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Fig. 8 Cross-sectional SEM image of Al/NiCu/Ti

specimen after oxidation test
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Fig. 9 Distribution of elements by EDS analysis on the cross-section of Al/NiCr/Ti specimen; (a)Al; (b)Ni; (¢)Cuj (d)Ti; (e)O

& 10 4 TG B 47 1 J2 i R B R 28 4T 85 Ak 3L ) 1)
AV/NiCu/Ti iR ks Ji 244k . R 10 Af LA
, EEAERR SR, KRR R
KAHFARM AN E, H3E &l T H.
R 800 CF B iRk 2 a5 525 K
R AR VA2 B TiO, , 4 20 S5 F Y TiO, 1 &)
MR, X AH A TiO, — 28 A Bl A A Bk 3 1A 26 T 1B 7%
7 i M BRI AR e PR 4 A

ZATEEAN S (1 AL/ NiCu/Ti 3 2 AF S8 4L % 4
1)1 T PR G N, Bl EAR B A — 2D K
H sl TP X2EhTE&A 2 Cu JTTEM NiAl
SEEMLE YT Al s, S, NiAL AT
() AL AW 5 25 S p 9 48U i A2 B AL O, TTRE 4

® Al/NiCu/Ti
Ti

scm

o0

=
o0
]
7]

=

T 37 ik Bt Ti e & Al/NiCu/Ti XA+ £ 800 C F
AL 100 h 49 B tesh A F e &
Oxidation kinetics curves of uncoated Ti and Al/NiCu/Ti

specimen at 800 °C for 100 h



Bk T 3 R
36 Titanium Industry Progress 38 %

AR B IS, IR B B 2 1 AL O, %81k
Fr s, Al O BAFTEA RS 78 1 i — 29 i
B A

HE 10 AT DIEH, 25800 °C/100 h A& Ak 5
J&, JERER Ti B E 3.2 mg/em®, T2 4b
RIS A/NiCu/Ti 8 E 0. 9 mg/em”, 3% FH]
etk AL/NiCu 32X S T T AR R 2] TR
SRS E I

3 #it

(1) Ti FEARFE M AL/NiCu IRJZ 25700 C I finh
PPEAN RS, AL, NiCu 382 81T & A 3 8l 1 9 )5
fA 3 NiALy | CuAl,  Ni, AL K & — & Cu JLR W
NiAl 4 )& ik &40

(2) FE AR A PR AR v, IR A NIATL J2
CuAl, & @b &Y — & B s 7E AL W, &
RUMXTRAR A Niy AL, 4 & (8] 46 W0 R A 2 R Wi 4k
WA AL b, FUA m s s NiAL 4 )8 46 & P g
WL IR AR AR o

(3)Ti Z1H Al/NiCu ¥ 2 28 iUt b 35 B 15 1)
T —E R Cu JLEM NiAl G g MALG P2 X Ti K
RS T BAF 0 iR B A E A

SEZEE  References

[1] Riedl H, Koller C M, Munnik F, et al. Influence of oxygen
impurities on growth morphology, structure and mechanical
properties of Ti-Al-N thin films [ J]. Thin Solid Films.
2016, 603 39 —49.

[2] CuiHZ, Ma L, Cao L L, et al. Effect of NiAl content on
phases and microstructures of TiC-TiB,-NiAl composites fab-
ricated by reaction synthesis[ J]. Transactions of Nonferrous
Metals Society of China, 2014, 24(2) . 346 —353.

[3] Sina H, Surreddi K B, Iyenga S. Phase evolution during the
reactive sintering of ternary Al-Ni-Ti powder compacts [ J].
Journal of Alloys and Compounds, 2016, 661 . 294 —305.

[4] Vera M L, Colaccio A, Rosenberger M R, et al. Influence of
the electrolyte concentration on the smooth TiO, anodic coat-
ings on Ti-6A1-4V[]]. Coatings, 2017, 7(3) . 39.

[5] Zhang M M, Shen M L, Xin L, et al. High vacuum arc ion

plating TiAl coatings for protecting titanium alloy against

oxidation at medium high temperatures[ J]. Corrosion Science,
2016, 112 36 —43.

[6] Ebach-Stahl A, Eilers C, Laska N, et al. Cyclic oxidation
behaviour of the titanium alloys Ti-6242 and Ti-17 with Ti-
Al-Cr-Y coatings at 600 and 700 °C in air[ J]. Surface and
Coatings Technology, 2013, 223(25) . 24 -31.

(7] Wi, WIRZE, BRIRDT, A%, TCI1 Bk 43R m il es 1
B TIAIN 32 B P RERO ST [ T]. &R HUb B, 2006,
31(7): 33 -36.

[8] Hornauer U, Richter E, Wieser E, et al. Improvement of the
high temperature oxidation resistance of TiSOAI via ion-
implantation[ J]. Nuclear Instruments and Methods in Physics
Research Section B: Beam Interactions with Materials and
Atoms, 1999, 148(1/4) . 858 —862.

[9] Mitsuo A, Uchida S, Nihira N, et al. Improvement of high-
temperature oxidation resistance of titanium nitride and titanium
carbide films by aluminum ion implantation[ J]. Surface and
Coatings Technology, 1998, 103. 98 —103.

[10] Anghel E M, Marcu M, Banu A, et al. Microstructure and
oxidation resistance of a NiCrAlY/Al, O,-sprayed coating on
Ti-19A1-10Nb-V alloy [ ] ].
42(10) ; 12148 — 12155.

Ceramics International, 2016,

[11] Pettit F S. Oxidation mechanisms for nickel-aluminum alloys
at temperatures between 900 °C and 1300 °C [J]. Transac-
tions of the Metallurgical Society of AIME, 1967, 239.
1296 - 1305.

[12] Lazurenko D V, Bataev I A, Laptev I S, et al. Formation of
Ti-Al intermetallics on a surface of titanium by non-vacuum
electron beam treatment [ J ]. Materials Characterization,
2017, 134, 202 -212.

[13] Moon J H, Han J G, Kim Y J. Performance of an atmos-
pheric plasma torch with various inlet angles[ J]. Surface
and Coatings Technology, 2005, 193(1/3): 94 -100.

[14] Biswas A, Roy S K, Gurumurthy K R, et al. A study of
self-propagating high-temperature synthesis of NiAl in thermal
explosion mode[ J]. Acta Materialia, 2002, 50(4) . 757

-773.

[15] W58, R WOLHlEHARZERMIM]. JEat:. AR

it Hi kL, 2008.



