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Influences of Agglomeration Powder Preparation on Deposition of
Cold-sprayed Ti2AIC Coating
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Abstract: The Ti2AlC submicron powders, fabricated by hot-pressing and ball milling, were hydrothermally treated. Then,
Ti2AIC coating was successfully deposited on Zr-4 substrate by cold spray using the powders. The microstructure of Ti2AIC
particles and as-sprayed coatings were characterized by scanning electron microscope (SEM), optical microscopy (OM), X-ray
diffraction (XRD) and laser particle size analyzer. A micro hardness tester and a tensile-testing system were utilized to
evaluate the mechanical properties of the Ti2AlC coatings. The porosity of the coatings was measured by N2 adsorption and the
through-porosity of the coating was measured by an electrochemical workstation. The results show that the addition of
(NH4)2S04 can promote the agglomeration of nanoparticles during hydrothermal treatment. The particle size of the Ti2AIC
powders increases from 0.3 um to 6 um after hydrothermal treatment with the addition of (NH4)2SO4. Using the powders as
feedstock, a dense Ti2AIC coating of 100 um thickness is deposited on Zr-4 substrate by cold spray. The bonding strength
between the coating and substrate is measured to be 44 MPa. The coating is composed of micropores and mesopores, however,
no through-porosity is noticed.
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Table 1 Main process parameters of Ti2AlIC during ball milling

Micron-size Submicron-size
Parameters

powders powders
Rotating speed / (r'min") 600 600
Process control agent C2HsOH CHsOH
Protective gas Argon Argon
Abrasive (agate) diameter / mm 1 1
Ball milling time / h 1 12

WAHOK Ti2AIC AR K AL B ELAR AL 5RO
¥ 20 g WHCK Ti2AIC B3 A5 300 mL 255 T /KR
&, Ho—41K (NH4)2804, B—41INMA 11g
(NH4)2SO04, VICIE XS He o B PR & W08 T/
JIHPE AR XA B R A R A R B A
i, F 150 C PR 4 h, FEoK LRI A 7E B
25 AL BYEVR Sk, DI RERFAIKNHY, SO~
BT DL AT RES I A 42T . /K AKE 3
J& R AR AE LS TR A% 60 °C PRI 12 h JF4 7t
T, BfJE RS SRR . SRR Zr-4 B4 (F
RRL T PR Fe R ZS A AR, B S0 T i
e H Zr(>95%). Sn(1.2%~1.7%). Fe(0.18%~
0.24%) H1 Cr(0.07%~0.13%) 45, £ E1Ks HoAh ik,
10 mmx10 mmx5 mm HRAE, BT
400 SHPARAT AL S, I AL WU K T 1 3% 18 2
Frmsab b3

TR LA 2 B2 B 4 S A T AL AT
FEEH IMR-6000, HFLFL/R (De Laval) 45 il g
AR TEMERRFLAR N 2 mmx3 mm, RS AT 9
F25 2 mmx10 mm, 56 Fhmsgg ) O 3 B pk R
FOMEEE SR 20 mm, BEAELL 10 mm/s BY1E E 22 7
Fob E s, DRSS SOk, AEpiit
SR Sl 2.0~2.5 MPa, JE46 SR E S A7E7E
A2 RS, WRRET —RARE TE 2.2 MPa;
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Fig.1 Schematic diagram of tensile specimen for coating and
substrate bonding strength test
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(c) T,AIC powders after hydrothermal treatment without (NH,),SO,

20 um

1

0 ™
(d) Ti,AIC powders with hydrothermal treatment and (NH,),SO, addition

2 A TiAIC By SEM JES
Fig.2 SEM morphologies of different kinds of Ti2AlC powders
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(a) Micron-scale Ti,AlC powders; (b) Submicron-scale Ti,AIC
powders; (¢) Ti,AIC powders after hydrothermal treatment without
(NH,),SO,; (d) Ti,AIC powders with hydrothermal treatment and
(NH,),SO, addition

3 Al TiAIC KR MRAR S
Fig.3 Particle size distribution of different kinds of Ti2AIC

powders
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(a) Micron-scale Ti,AIC powders; (b) Submicron-scale Ti,AIC
powders; (¢) Ti,AIC powders after hydrothermal treatment without
(NH,),SO,; (d) Ti,AIC powders with hydrothermal treatment and
(NH,),SO, addition
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Fig.4 XRD patterns of different kinds of Ti2AlC powders
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Fig.5 Macrographs of cold-sprayed Ti2AIC coatings
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(a) Micron-scale Ti,AlIC powders deposition

(¢) Ti,AIC powders after hydrothermal treatment without (NH,),SO,

(d) Ti,AIC powders with hydrothermal treatment and (NH,),SO, addition
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Fig.6 Cross section morphologies of cold-sprayed Ti2AlC coatings
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V —Ti,AIC

Coatings

Relative intensity / (a.u.)

‘ Powders

1 " 1 n 1 " 1 n 1 n 1 " 1

10 20 30 40 50 60 70 30 90
20/ (°)

7 BB B K AL FS 19 TiaAIC By B HIR 21 XRD
Pl

Fig.7 XRD patterns of Ti2AIC powders with (NH4)2SO4 addition
after hydrothermal treatment and cold-sprayed Ti2AIC coatings
deposited on Zr-4

(c) Cross section morphology of coatings
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Fig.8 Deformation mechanism of Ti2AlC powders
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(a) OM image of indentation mark
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(b) SEM image of indentation mark
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Fig.9 OM and SEM images of indentation mark in cold-sprayed Ti2AIC coatings
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(b) Pore size distribution of coating
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Fig.10 Isotherms of adsorption and desorption for N2 and pore size distribution of coating at 77 K

(b,;) SEM images of the fractured surface on coating
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Fig.11 SEM images of the fractured surface after bond strength test
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Fig.12 Open circuit potential of Ti2AIC coating and Zr-4 substrate

3 4% it
(1) R TiAl B3Rl TiC MR G, BRI K
PRAT R ORI ORI TiALC By A, BN

(NH4)2S04 /KA B S , WHIK TiaAIC 3K H1 5
KRR d(0.1)=2.735 um, d(0.5)=5.941 pm F

Open circuit potential / V

d(0.9)=12.655 um, V¥Rt 6 pm Z£4 BIH A
XRD Z3Hr UGS TiAIC AH, JoHEAAAAE

(mﬁ%uﬁ%ﬁﬁﬂﬁ%ﬁﬁmmﬁxﬁ
e miiR s, RIRB\BEFIRZ; KB
(NH4)2$O413‘E TIKIALEBRRR A, ok RS B

WAL, FIREARIE AR mHE; LU (NH4)2804
TRAAAE IR A T LR JFORE, 7E 400 C SR TR
BT, DU TSRS 100 pm 19982, XRD 43
Br s IRZ A TAIC .

(3) TR (NH4)2804 7K HALE BB K il £ 1 1 2
f > 288.5 HVo.01, (U HA TiaALC fiff B i) —
Yoo WMEBEONEE, WERTREAEMALRAIL, F
¥ifL#E K 9.8 nm, (AR FHEFLP. W25k
G R, Z55IREIA 443 MPa,

B3R

[1] BARSOUM M W. The Mn+nAXN) phases: A new class of
solids; Thermodynamically stable nanolaminates[J]. Pro-
gress in Solid State Chemistry, 2000, 28: 201-281.

[2] WANG X H, ZHOU Y C. Microstructure and properties of
Ti3AlCz prepared by the solid-liquid reaction synthesis and
simultaneous in-situ hot pressing process[J]. Acta Materialia,
2002, 50(12): 3141-3149.

[3] &%, RAE REM. =I0RRFIE TisAIC: MBFFTHE
MOEFSHR, 2012, 26(23): 150-154.

).

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

QIAN 'Y, ZHU J, ZHU C C, et al. Research progress on the
layered ternary ceramic Ti3AlC2[J]. Material Guide, 2012,
26(23): 150-154 (in Chinese).
NAIER B R, GARCIA-DIAZ B L, HAUCH B L, et al. Cold
spray deposition of Ti2AIC coatings for improved nuclear
fuel cladding[J]. Journal of Nuclear Materials, 2015, 466:
712-717.
ZHANG Z S, LIM S H, CHAI J W, et al. Plasma spray of
Ti2AlC MAX phase powders: Effects of process parameters
on coatings' properties[J]. Surface & Coatings Technology,
2017, 325: 429-436.
FRODELIUS J, SONESTEDT M, BJORKLUND §, et al.
Ti2AIC coatings deposited by high velocity oxy-fuel spray-
ing[J]. Surface & Coatings Technology, 2008, 202(24):
5976-5981.

Rk, TAS, RN, . WA BT[] PR
A, 2011, 3(2): 15-34.
LITF, WANG K, WU J, et al. Development on cold spray
apparatus[J]. Thermal Spray Technology, 2011, 3(2): 15-34
(in Chinese).
R, WHTT, RN, . R BEIRTUR &R Z M i
[0]. HBEREAR, 2015(1): 1-10.
SONG W, SHEN Y F, WU J, et al. Review on the research
course of ceramic coatings deposited by cold spray[J].
Thermal Spray Technology, 2015(1): 1-10 (in Chinese).
RECH S, SURPI A, VEZZU S, et al. Cold-spray deposition
of Ti2AIC coatings[J]. Vacuum, 2013, 94: 69-73.
GUTZMANN H, GARTNER F, HOCHE D, et al. Cold
spraying of Ti2AIC max-phase coatings[J]. Journal of
Thermal Spray Technology, 2013, 22(2-3): 406-412.
LICJ,YANG G J, HUANG X C, et al. Formation of TiO2
photocatalyst through cold spraying[C]. Proceedings of the
2004 ITSC, Japan, 2004: 315-319.
YAMADA M, ISAGO H, NAKANO H, et al. Cold spraying
of TiO2 photocatalyst coating with nitrogen process gas[J].
Journal of Thermal Spray Technology, 2010, 19(6): 1218-1223.
MIYAUCHI T, YAMADA M, YAMAMOTO A, et al. The
enhanced characteristics of osteoblast adhesion to photofunc-
tionalized nanoscale TiO> layers on biomaterials surfaces[J].
Biomaterials, 2010, 31(14): 3827-3839.
SALIM NT, YAMADA M, NAKANO H, et al. The effect of
post-treatments on the powder morphology of titanium diox-
ide (TiO2) powders synthesized for cold spray[J]. Surface &
Coatings Technology, 2011, 206(2-3): 366-371.
KOIVULUOTO H, NAKKI J, VUORISTO P. Corrosion
properties of cold-sprayed tantalum coatings[J]. Journal of

Thermal Spray Technology, 2009, 18(1): 75-82.

(GRS £30T)



