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Fig.1 Laminar gas atomization equipment based on Laval nozzle
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Table 1 Chemical composition of AlSi10Mg ingots (/%)

Si Fe Mn Mg Al

8.43 0.49 0.25 0.40 Bal.

K2 BRSEAIBSHIRE

Table 2 Process parameters of laminar gas atomization

Pressure/MPa Diameter/mm Superheat/'C
15 4 350
2.0 4 350
2.5 4 350
2.0 2 350
2.0 4 350
2.0 6 350
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Fig.2 Computational domain, mesh grid and boundary conditions of

numerical simulation
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Fig.3 Overall morphologies of powders under different atomization pressures: (a) 1.5 MPa, (b) 2.0 MPa, and (c) 2.5 MPa
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Fig.4 3D surface morphologies of powders under different atomization pressures: (a) 1.5 MPa, (b) 2.0 MPa, and (c) 2.5 MPa

#3 ARAZUENTHRBEAKRFEERFHKELL
Table 3 Average sphericity and average length-width ratio of

powders under different atomization pressures

Pressure/MPa  Average sphericity Average length-width

ratio
15 0.72 1.80
2.0 0.76 1.66
2.5 0.78 1.45

LR IbRAEZE (standard deviation, [T 6 Fir) « fWE
(skewness, H1 S #7x) LA UEREE (kurtosis, H K &
), SERWE 6 . WHHERBER, MEFIL
JE T3 K, o A 2R bR fE 22 TR, R R
Sy AUSCAE s TR Bl 55 A0 T R OK, o3 A il 4R 1 D
DA S U BEAE 3B 8K, IX R B oA i 26 S0 7 i, 4%
BRI
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Fig.5 Particle size distribution of powders under different atomization pressures: (a) 1.5 MPa, (b) 2.0 MPa, and (c) 2.5 MPa
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Fig.6 Standard deviation (0), skewness (S) and kurtosis (K) of particle size distribution curve: (a) laser analyzer and (b) XCT
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RIFZAE T T AISiLOMg #) &K ) D1o, Dso LA J Do
D10, Dso and Dgg 0f AlSil0Mg powders under different

atomization pressures

x4 TEZFUEHDTHROABHEISE
Table 4 Yield of fine powder under different atomization

pressures
Pressure/MPa Yield of fine powder/%
15 35.2
2.0 43.3
2.5 49.3
213 RO pIEMAERR

R 5 NARZEAIE /14T AISILOMg # K (18 /R
IR AR MR B SE H . WTUUE R, F1
JE718 1.5 MPa B, BrRinshtEiEz, msiElih
2.0 f1 2.5 MPa i}, MR LT . ANFEZHIET T
R A PR e 25 25 B IR S i 22 S A5/, AR B M R L
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EFWE B, HTRRSIMARKRZ, 2l
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WAL A E, HBEZSAE RN, R PRl R
<P JE B AR .
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_ Small pores

SEM

XCT

x5 FRZUEATHRETNE, BREZFEMRSE

Table 5 Flowability, apparent density and tap density of

w

powders under different atomization pressures

Pressure/MPa Flsog%bg)i_tly : der?;?t@%ez:ﬁ densi;l)—zg cm’®
15 66.3 1.40 1.49
2.0 59.3 1.42 1.52
2.5 61.5 1.42 151

‘ .30%111

8  AREIZALE I T R IR T B 30
Fig.8 Cross section morphologies of powders under different atomization pressures: (a, d) 1.5 MPa, (b, e) 2.0 MPa, and (c, f) 2.5 MPa
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IR SE S 0 JE SRR Z A AN = Ik S5 Ak 1R 1 A T R T 351
F R A BB . ARG S N AR R R
SR AT S 1
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TEEABMAG AR, il 9¢ Fros.

ik XCT X AISi1OMg ¥ K 1) = 4E k1T %=
fE, ANEFRE AR SRR R R R I = 4R 50 B A Bl
Kl 10 Frow, oo BB TR B AR R S5 R0hi A,
Kl 10 F AR, oI LAE HBE SRS AR AR WK, kL
4 150 um PLERRRS R EH B2, 4N
R 6 mm i, Ry AR ARRRR L %, Hax e R R
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TR B K s b, Wk 6 fin, SRR HEEE SR
ENARIABIE K, BRSPS 5 L EEE ok, P
BRI Pt AR %2
222 W ROEEBEE Y

Gy S O RLEE 43 A AR XCT WA [F] 5
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Fig.9 Overall morphologies of powders under different tube inner diameters: (a) 2 mm, (b) 4 mm, and (c) 6 mm

K10 AFESHRE MR IR =450

Fig.10 3D surface morphologies of powders under different tube inner diameters: (a) 2 mm, (b) 4 mm, and (c) 6 mm

*6 TRISRENZETHROTEHREERFHKEL
Table 6 Average sphericity and average length-width ratio of

powders under different tube inner diameters

Diameter/mm Average sphericity Average length-width ratio

2 0.77 1.52
4 0.76 1.66
6 0.68 1.82

BRI R B — Bt S A i &R HE 2 L i A
MR, 55N 12 fin. R RYER, BEEN
PRI, A7 it 2 1R b fE 22 12 T 3G K, R WL E 4
A DX TAL AR 56 s [R] I Bl A2 B 086 K, 20 A i 28 1) i 2 DA
SV FEAB AR/, IX W oy A it A R, KRR
R L

XM AR B2 43 AT B HEAT #E — B Gt BRI
FRE NREM TR KM Diov Dso LA K Do HIAZ 1L i
4, WK 13 frox. ATLLE H, BEAE SE AR A
WK, BRI Diov Dso LAJ. Doo I W ETF. 1HE
AR AR A AR AR R R 7 Pros. ki

R FUIE NARRRMREL, MWEN 2 M 4 mm
W, iR RS E T 40%, FE Laval Wi 2%
10T 20T DA RO o R A WA 26
223 B ARGHIEELE

F 8 NN SR W44 1F T AISiLOMg &K [
BRI A R RS A . AR ER,
MRS SRS N R R EE, 4%
WENBEAN 2 M 4 mm B RRIER L, fads
JEE RO ST B 22 AR /I R R R A 3 1 R L
SWENE N 6 mm B, BT KRR AR A B
MR Z, WEMERZE, R B %% BRI 55 2%
JE S5 FR X6 I
2.2.4 A RABEIGIRA ARG 5T

Bl 14 AT I WA R ok AR T S, Ko
Kl 14a~14c 5 SEM 455, & 14d~14f Sy XCT H#DI
FEER. nTUEW, BARBERREEL, TOmKD.
EFRE NARERE, BT AR REZ, Sl
RO, HAOH R FLB LA E AR /N T 10 pm 11
fLRE, HiEd XCT VIR &R AT LA, B AR i
FLHRSF A FEASBE &, Wi 14e~14f s
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Fig.11 Particle size distribution of powders under different tube inner diameters: (a) 2 mm, (b) 4 mm, and (c) 6 mm
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Fig.12 Standard deviation (J), skewness (S) and kurtosis (K) of particle size distribution curve: (a) laser analyzer and (b) XCT

®1 AEAERE

METHREAPIEE

Table 7 Yield of fine powder under different tube inner

220 —s=p,(casen) diameters
200 F —»—Dgy(Laser) d Diameter/mm Yield of fine powder/%
180  —*—Dgo(Laser) 2 48.7
E 160} —v—D1o(XCT) )
% 140 - —4+—Dso(XCT) 4 43.3
N ——4—Dg(XCT)
v 120+ 6 29.7
) -
5 100+
E 80+
601 *8 ARSREAZRTHRMRNE, MEZEFIRIEE
gg —3————3 Table 8 Flowability, apparent density and tap density of
2 3 4 5 6 powders under different tube inner diameters
Diameter/mm Diameter/mm Flowablll_tP// Apparent densny/ Tap den5|ty/
s {50 g) gem? gem?
2 57.8 1.41 151
13 RS AT AISILOMg B A ) Dio, Dso U % Deo 4 59.3 1.42 1.52
Fig.13 D1, Dspand Dgo of AlSi10Mg powders under different 6 70.9 1.38 1.50
tube inner diameters
: p 3 it i’
I XCT it FE a0, FRENEN 2. 4 M
6 mm i (1) 75 0ok 243 70 0.39%. 0.43%. 3.35%, % 3.1 BUENNBERSIKRIHHF N
RO 2R, (H2 6 mm I 20 28 B B K Kl 15 AR SRS T R iU A SR A
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Fig.14 Cross section morphologies of powders under different tube inner diameters: (a, d) 2 mm, (b, €) 4 mm, and (c, f) 6 mm
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Fig.15 Morphologies of gas flow field under different

atomization pressures
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Fig.16 Morphologies of AlISi1l0Mg melt under different atomization pressures: (a-c) 1.5 MPa, (d-f) 2.0 MPa, and (g-i) 2.5 MPa
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Study on Process Parameters and Powder Properties of Laminar Gas Atomization
Based on Laval Nozzle

Shen Luyu®, Chen Chaoyue®, Li Xinggang?, Shuai Sansan®, Xu Songzhe®, Hu Tao!, Jin Xiaoli®, Li Shanqing?®,
Wang Jiang®, Ren Zhongming*
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Shanghai 200444, China)
(2. Academy for Advanced Interdisciplinary Studies, Southern University of Science and Technology, Shenzhen 518055, China)
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Abstract: Laminar gas atomization technology based on Laval nozzle can efficiently prepare high-performance metal powders, but there
is no systematic research on the process parameters and powder properties of this technology. In this work, AlISi1l0Mg alloy powders were
prepared by laminar gas atomization equipment based on Laval nozzle. At the same time, the effects of atomization gas pressure and tube
inner diameter on the overall morphology, three-dimensional morphology, sphericity, particle size distribution, physical properties and
internal defects of the powders were studied by traditional analysis methods and X-ray computed tomography technology. Combined with
the numerical simulation of single-phase gas flow field and gas-liquid two-phase flow, the influence of process parameters on powder
properties was explained. The results show that the performance of AISil0Mg powders prepared by laminar gas atomization technology
based on Laval nozzle is better than traditional gas atomization methods. Due to the higher gas pressure and narrow tube inner diameter,
the gas-to-melt mass flow rate is higher, and the metal melt is more likely to be broken. Therefore, the powders have better sphericity,
narrow particle size distribution, high fine powder yield of nearly 50%, and less irregular powders and hollow powders. The overall
performance of AlISi10Mg alloy powders prepared by laminar gas atomization can meet the requirements of additive manufacturing.
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