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Stacking model of nano-particles and
heat transfer numerical analysis under thermal spraying conditions
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Abstract: According to the agglomerated structure of nano-particles, a novel assumption structure model based on
ideal stacking structure was proposed. The temperature field of agglomerated structure Al,0;-13%TiO, (mass fraction)
particle under thermal spraying conditions was simulated by using the finite element analysis tool of ANSYS. The
influence of heat transfer time, agglomerated particle diameter and porosity were separately analyzed. The differences in
microstructure were also experimentally analyzed after heat transfer in the thermal spraying. The results confirm that,
under certain heat transfer conditions, the agglomerated nano-particles can be partially maintained or grow into
sub-micron crystal. And the larger the diameter of agglomerated particle is, the easier the formation of such organization
is. In addition, the influence of the porosity becomes weak when it is below 0.48.

Key words: agglomerated nano-particles; heat transfer; thermal spraying; numerical analysis

YRR 7RG P R RN R —,
AR Z R g L VAR S A T ) 2> e fi
R ME . ARSI g Kb 7 R I 1
FEA—E Mg, (L i A
PN IR, SOt Reas . A RS R A5 1
FAER S TR EER T O FRAT R 9K S5 A4 X
Tigtt. K5 THRNGRR A2 TZT, 1
JSEMORE o 2% 14 B R RIURE A 3L 4 B ARk ) 5 5 4k P 4

UL SR AR R FH IR R LASE S KoL 1
SRR IR RIRA LSS ST AR IOl P
FIURL T RIS S 1R 45, BESE BT 40K RL 1 (K 77 (S S
SUAT Bl DR 1 JRBURE 9 B Ah RO 1 I D ERr i o X
PR AR A ZR AR BURE AR VR 2 PSR 55
AU B AT N I A0, R HAEAS [ et n L P
AL TR L 2 B ITHE ST .

H R x i A Y AR INRORE A AT RE 3 AT 4

EE&ME: EXRARFBFEESZIIIH(50305010); {TI54 BARRFFIE4 E pi %I H (BK2004005); L7578 B AR 3E4 % B H (BK2009375);

BRI IR R 27 5 128 N AR IR 38 4 B B 59 H (S0916-051)

ks BHA: 2010-08-25; f&ITHHA: 2010-11-22

BIEEE: hHEIE, EIBEE%, Wt ik 025-84892195; E-mail: Idshen@nuaa.edu.cn



F21EE M

VLRI, A SRR T DAY e H AR AL 20 M 2231

s WMETEEAGI, i A B BB S AT 0 O
—Fi K. (SR IR IORLI 2 BT AR AT,
ASCAEFE PR b3k ARk 5 HEGR R 20 AT BRDBT T
FUID S, XK A SRBTRL A A% AR IEREA T T B

1 BEMEIRARRIEST

1.1 YRR FHEREEY

YK A SR T EH 22 RO VA P, R T A
TES T HEA R R AH— R b P Rt ] 1(a)
FsIERTE , B 1(b) T k12 A SR B0 N 358 1) FESEM
B, KiAR4) 50 nm RS9 R A, TR sk
JE I EEEE R, DRI S B () B0 R AR K2

Y e
>

B 1 gkgH
FESEM 1%

VR ER PR TE SRR A A ORE 1 HE SR SR

Fig.1 Over morphology (a) and FESEM image (b) of internal

morphology of agglomerated nano-particles
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Fig.2 Schematic diagram showing ideal stacking structures:
(a), (a") Simple cubic; (b), (b") Body-centered cubic; (c), (c')

Face-centered cubic
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Table 1 Relationship between stacking structure and porosity

Structure Porosity, ¢
Simple cubic 0.48
Body-centered cubic 0.32
Face-centered cubic 0.26
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Fig.4 Schematic diagram showing finite element model of

agglomerated nano-particles
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Fig.5  Temperature field distributions of agglomerated

nano-particles at different times
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Fig.6 Temperature distribution curves along powder radial

direction at different time
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Fig.7  Temperature distribution curves of agglomerated

particles with different diameters along powder radial direction
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particles with different porosities along powder radial direction
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Fig.9 Morphology of thermal-sprayed sample
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