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Abstract: The improved process combining a polybenzimidazole (PBI) polymer nozzle with axial center
powder feeding is employed to study the nozzle clogging behavior and its impact on coating deposition.
Multi-scale characterization of the coating morphology and microstructure is carried out using X-ray
computed tomography (X-CT ), optical microscopy, and electron backscatter diffraction. The results show
that in the existing process, aluminum powder softening causes adhesion to the inner wall of the SiC
nozzle, forming clogging materials. This leads to a powder agglomeration on the coating surface and a
porosity of 0.32%. In contrast, the PBI nozzle, when used with the axial center feeding process,
significantly reduces particle adhesion and forms a uniform gas-solid two-phase flow, enabling continuous
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and stable deposition. The resulting coating exhibits significant internal particle plastic deformation with the

porosity reduced to 0.16%. Based on the optimized process, aluminum metal additive manufacturing

experiments are carried out, achieving continuous spraying for 2 h without nozzle clogging and depositing a

38 mm thick coating on an aluminum alloy substrate. X-CT analysis indicates that there are no significant

defects at the interface or within the deposit. The in-plane and out-of-plane tensile strengths of the deposit

are about 180 MPa and 80 MPa, respectively, indicating significant anisotropy.

Key words: cold spraying; aluminum metal;nozzle clogging; microstructure and property;additive manu-

facturing
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Fig.3 Characterization of pure aluminum powder

(a)particle size distribution; (b) SEM surface morphology ; (¢)cross-sectional structure of single aluminum particle



53 12

VTR AL AR DTE W S IR 5T - TR )R B A7 i 17

it (EBSD, Quanta 650) 7381 OUT 1 ¥ )2 3% [ FIK 1f
FITHOMLEE # , SR ] TSL OIM #c4: HE4 785008 i 20 A,
38R AT EL 0 il o 20 KV A5 nA L L 0.2 mm B K
#E4T EBSD #5 5 5% F§ KEYENCE VHX-7000 %5 2%
WS (OM) 433X 0 f5 9 OUT 1 3R )2 AT OUT3 Uk
J2 AT B 20 850 A, I R FH S 53 B #1F Image-
Pro Plus6.0 % #F 47 L B 2 09 W 5E 5 >k H OM X
CSAM R DU AR R TR S 47 73 BT 5 >R FH Xradia 520
Versa BIHE ML Z H AL (X-CT)XF OUT3 IR )2
B DT 22 UL SR T 2R A
1.4.3  Ji2EPERESRAE

68 FH HL A8 2 10 ) DR OB AR 19 SF- T ) R
28 5 1) 43 5 U1 B R SF S 4 mm X 3 mm X 32 mm iR
R BARREIE AR ) 2t gLy v 22 Sk 24
R T ARG RAT, ZLBRZ LIRS m R )2, [F
At B 1 R 3 1 B e 1 sl S A, WA AR R AT LG
5 SR FH U 572 g S 5600 i TR 114 187 7 - g A%
2R, AR v 21 1 7 1) FIAZR O [l 9 ) 4 M

2 HERE5SH

2.1 OUT1%E
2.1.1 FEEMR
[l 4 R 2R FH B e SiC M #5 FC AR m) 26 49 7 X3R5

MOUTLIRZ LK d . Wk 4(a) iR, BERh R T
B 3 mm R RE  IF H U2 R A — ek R A R
(UNSRAHT SRR ) o X LE Ry AR MR AL T 1A T,
BRI i T R 32 B T I i PN B JE 3 2,
B 23415 W A2, Jrg 750 i U 1 9 o SR MDA il
EARIG K, I Ol R L3, 2 )5 R s R
& N W NTIR 0 &L ISR AR S = YT TR = T
PR AR AT RAR LG R Wi 2 A A 3B SR 45 2R . 1
S I e v g e SIC W RSk T AR5 A A3 2E , ikl 4
(b) 7R, 1 B3 2 14 S DR S« A58 1] 8 3 S 53 A A TR
‘2 I W A 20 B 114 A IR JEE A, 17 AR5 g W
BE TR R AR . ORI AR W L 3 o R i, I
VE IR B i S (H2 ) B SiC A RH AR T 3R Al 7
M IF PSS R A A AN X 50, 5 o A R 4 Xl (o 8
a4 B ) 1 R R v g il , DA T 20T A, 0 At 7 s
W EE T E o LA R R I E I A R A
IR JLART 45 44y, 33K 23 3 Wi LU Bt AN 3, [w] i
U023 R WEUB AIURE (9 L S B A% o UK A T 0o W W I
SR Ty T B R 5 B0 UKL 5 DN BE A PRI
S I TN S IR o MW S SRR TR A B R TR =
YA€, TR =5 1 AR I IS DA A e S IR O A 8 U ad A b A
A ORI [T, 32 Fof [ 3L 2 (0 R 5 T TR = P B A Al
f8, SR IAURL T DA BE Y SRR, AT S B0 26 . X s
TR A SR FE B TR IR AT B HI  BEEI R i R A

4 BBIROUTIIR)ZT I 7
()PURIR)Z ; (b) BEYR I A A P e SiC s B e 28 5 (o) IR 2885 RIBEA ; () BEH S 68
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(a)as-sprayed coating; (b)upstream plug of ceramic SiC nozzle during CS process;; (¢)surface topography after milling of coating ; (d)milled chips
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Fig.8 EBSD maps of OUT3 coating cross-section  (a)IQ;(b)IPF;(b,), (by)enlargement images in Fig.8(b)
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Fig.10 CSAM experimental process (a)before CS; (b)CS 111 layer; (¢)CS 135 layer; (d )deposit morphology
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Fig.11  OM images of surface topography of CS aluminium deposit

(a)three-dimensional surface topography; (b), (¢)top view; (d)deposit cross-sectional height difference
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Fig.12 X-CT analysis of aluminum deposit  (a)three-dimensional surface topography; (b) YOZ cross-section; (¢) XOZ cross-section
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