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ABSTRACT: To investigate the melting behavior of different composite powders in flame flows and their impact on coating
microstructure and performance, four types of composite powders were prepared: agglomerated type (Al-hBN), embedded type
(CuAl-hBN), hBN-coated Al type (hBN/Al), and Al-coated hBN type (Al/hBN). All four powders were prepared according to
the binder agglomeration process and coatings were fabricated according to the atmospheric plasma spraying technology.
Subsequently, X-ray diffraction (XRD) was used for phase analyses of powders and coatings. A scanning electron microscopy
(SEM) was employed for microstructural analysis of both powders and coatings. An inverted metallographic microscopy was
used to characterize the coating porosity. A Rockwell hardness tester was used to measure the surface hardness of the coatings. A
nitrogen-oxygen analyzer was used to assess the burn-off rate of hBN during spraying. A high-temperature friction and wear
tester was used to create the test environment. An energy-dispersive spectroscopy (EDS) was used to analyze the elemental
content on the worn surface of the coatings, and a three-dimensional scanner was used to scan the wear marks. The test results
indicated that: AI-hBN powders had smaller particle sizes, were more prone to adhesion between particles, exhibited the poorest
flowability, and the lowest feed rate; CuAl-hBN powders had relatively larger particle sizes, higher bulk density, and slightly
poorer flowability; hBN/Al powders had larger and more uniform particle sizes, high sphericity, excellent flowability, and the
highest feed rate; AI/hBN powders had a wide particle size distribution range, low bulk density, and poorer flowability. In terms
of coating condition, AI-hBN showed good melting of the Al phase, forming a continuous layer, but the distribution of hBN was
uneven, affecting the coating performance; CuAl-hBN powders dispersed Al and hBN well due to dendritic Cu, resulting in a
more uniform phase distribution but also an increase in unmelted particles and large pores; In hBN/AI coatings, incomplete
melting of particles and less hBN phase were observed; AI/hBN showed good melting with a clear layered structure and uniform
phase distribution. The porosity, from highest to lowest, was: CuAl-hBN, hBN/Al, AI/hBN, and Al-hBN. The hardness, from
highest to lowest, was: CuAl-hBN, Al-hBN, hBN/Al, and AlI/hBN. Regarding hBN content, Al/hBN had larger and heavier hBN
particles, which were less likely to disperse; In CuAl-hBN and hBN/Al, hBN was more prone to being crushed by large
nucleating particles, leading to greater loss. In hBN/Al, hBN was more exposed to the flame flow and was more easily burnt off.
While in AIVhBN, hBN was protected as a nucleating agent, resulting in the highest content. As for wear performance, the
friction coefficients of the four coatings ranged from 0.6 to 1. The AI-hBN coating had the lowest friction coefficient and a
smooth curve; CuAl-hBN had the highest friction coefficient with a relatively smooth curve; hBN/Al exhibited a higher friction
coefficient with a serrated and fluctuating curve; AI/hBN had a curve with fluctuations during the running-in phase, but became
smoother after stabilization, showing the lowest overall friction coefficient. In terms of abradable performance, the CuAl-hBN
coating primarily underwent blade friction wear accompanied by adhesive wear, while the other three coatings exhibit
predominantly adhesive wear when paired with TC4. All four coatings offered some level of protection to the friction pin, but
the AI/hBN powder coating demonstrated the best wear performance due to the lowest adhesion and smooth wear marks during
friction with TC4.

KEY WORDS: aluminum-boron nitride; powder particle size; composite form; porosity rate; hardness; hBN burn-off rate;
abrasibility; APS
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Tab.1 Original powder proportions

Particle size/um

Category Mass ratio
Cu Al hBN
Al-hBN 3-4 3-4 4:1
CuAl-hBN  30-75  30-40 3-4 1:3:1
hBN/Al 80-120 30-40 4:1
Al/hBN 3-4 80-120 4:1
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K1 JsUe SEM A
Fig.1 SEM of raw material: a) Al powder (3-4 um); b) Al powder (80-120 pm); c) hBN powder (3-4 pm);
d) hBN powder (80-120 pm); e) Cu powder (30-75 um)
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Tab.2 Technological parameters of plasma spraying

Category Current/A  Distance/mm  Ar flow/(L-min"")  H, flow/(L-min"")  Carrier gas/(L-min ") Speed/( r-min"")
Bond coating 650 120 50 10 2.5 1.7
Top coating 400 110 35 8 2.5 4
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Fig.2 SEM image of prepared powder: a) AI-hBN powder; b) CuAl-hBN powder;
c) hBN/Al powder; d) AI/hBN powder
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Tab.3 Properties of prepared powder

Particle size Loose bulk Tapped

Angle of Deposition

Category Fri:tee I;s'/: S distribution/ ~ density/  density/ Comrl;itieossion lil(.)g%bﬂ)i_t]}i/ repose/ PtO\;/der fe?ﬁl rate/
pm (grem™)  (grem’) & © (g:min ") (um-pass™")
Al-hBN 97.0 15-70 0.496 0.877 1.768 203.12 37.7 8.5 13.829
CuAl-hBN 87.1 50-130 0.381 0.900 1.223 130.42 30.1 20.1 22.443
hBN/Al 46.6 80-140 0.452 1.038 1.394 20.23 24.1 24.7 22.170
Al/hBN 47.8 15-130 0.399 0.886 2.221 180.43 34.3 13.5 7.165
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Fig.3 SEM image of coating in deposited state: a) Al-hBN coating;
b) CuAl-hBN coating; ¢c) hBN/AI coating; d) AI/hBN coating
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Fig.4 XRD of coating in deposited state
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K5 YA hBN/AL W2k EE IR
Fig.5 Optical microscopy image of hBN/Al coating in deposited state: a) light field pattern;
b) cross polarized light field; ¢) superposition field pattern; d) binarization + pore segmentation
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Tab.4 Pore and Rockwell hardness
results of four types of coatings

Category Porosity/% Rockwell hardness (HR15Y)
Al-hBN 9.0 52.2
CuAl-hBN 17.2 59.4
hBN/Al 16.2 439
Al/hBN 11.4 35.4
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Tab.5 Content and variation of hBN

Category Powdered/%  Deposited/% Burnout rate/%
Al-hBN 18.74 17.56 6.76

CuAl-hBN 16.79 16.12 4.01
hBN/Al 14.93 10.04 32.74
Al/hBN 19.13 18.76 1.93
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Tab.6 Changesin quality of coating and friction pair in high temperature wear test

Friction pair

Friction pair

Category Coating quality change/g quality change/g Coating wear depth/pm length variation/pm
Al-hBN —0.126 65 0.001 18 —454.01 139.74
CuAl/hBN —0.064 4 —0.000 15 —245.71 —79.85
hBN/Al -0.568 29 0.001 47 -1081.17 389.28
Al/hBN —0.021 68 0.000 14 —359.80 34.9
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a b
25+ 400 |
o 300
151 Wear i Wear
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ol adre |0
— - 94
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Kl 6
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WIZIMEEH KRN (Rp) (a) MIRIZ/FEERHFREZL (Rqe) (b)

Fig.6 Coating/friction length change ratio (Rip) (a) and coating/friction mass change ratio (Ryq) (b)
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Fig.7 Friction coefficient of coating - friction cutting
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Fig.8 Macroscopic view of friction test results: a) AI-hBN coating abrasion mark; b) CuAl-hBN coating abrasion mark;
c) hBN/Al coating abrasion mark; d) Al/hBN coating abrasion mark; al) AI-hBN friction pair;
bl) CuAl-hBN friction pair; c1) hBN/Al friction pair; d1) Al/hBN friction pair
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Fig.9 Three position profilometer scan: a) Al-hBN abrasion mark; b) CuAl-hBN abrasion mark;
c) hBN/Al abrasion mark; d) Al/hBN abrasion mark
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Fig.10 SEM image of surface after friction test: a) AI-hBN abrasion mark; b) CuAl-hBN abrasion mark;
c) hBN/AI grinding mark; d) AI/hBN abrasion mark; e) al zone high magnification; f) bl zone high
magnification; g) c1 zone high magnification; h) d1 zone high magnification
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Tab.7 EDS analysis of coating abrasion mark

Mass fraction/%

Category
Al Cu (0] Ti Si
Al-hBN 7.53 5264 0 12.11  0.01 1.33
CuAl-hBN 8.92 4898 4.89 14.07 0.18 1.55
hBN/Al 6.39 6043 0 9.67 0.09 1.40
AI/hBN 1237 50.07 0 10.03 0 1.02
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Fig.11 XRD pattern of abrasion marks
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