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ABSTRACT

The purpose of this research project was aimed at the design and fabrication of a
centrifugal atomizer for metal powder production with emphasis on lead-free solder powder for
electronic application. The influences of process parameters in metal melt atomization and the
characteristics of produced metal powder were investigated. The atomizer disc was designed by
using the procedure suggested by Zhao (2006). The trajectory model of a single melt droplet
during flight and the concept of forced convection heat transfer of melt droplet were used to
estimate the size of atomizer chamber. In this work, a simple centrifugal atomizing test rig was
first set up for preliminary study, using tin as a model material. The experimental results were
compared with those calculated from a theoretical model. The data gained from the preliminary
study was used as guidance for further design of a pilot-scale centrifugal atomizer.

The pilot-scale centrifugal atomizer was designed and fabricated. It consists of 4
main parts: (1) a metal melt supply unit equipped with a steel crucible, a 1000-watt heating
element, a melt delivering pipe line, a needle valve, and nozzles with different orifice sizes of 0.5,
0.8, 1.0 and 2.0 mm for varying the melt feed rate; (2) an atomizing unit comprised of a high
speed universal motor and atomizers with different diameter sizes of 30, 40 and 50 mm of either
flat disc or cup shape. The speed of motor was controlled by a voltage regulator and sensed by a
proximity switch; (3) an atomizer chamber composed of a 3-meter cylinder and a conical section
with 1.5 m high and 45° cone angle and (4) an atomizing atmosphere control system consisted of
a vacuum pump and nitrogen gas supply tanks.

The results from mathematical modeling and preliminary experiments on tin

atomization were concluded that the minimum radius of the atomizer chamber should be 1.5

&)



meters for producing powder with mean particle size smaller than 72 um. In the atomization of
SAC305 lead-free solder, the formation of metal skull on the atomizer disc or the premature
solidification was usually observed at the beginning of melt feed onto the disc. The rate of skull
formation was gradually decreased until the heat transfer of the system was steady. The skull
formation phenomenon could be reduced by increasing the melt feed rate, raising the pouring
melt temperature, or preheating the atomizer disc. The mean size of both tin and SAC305 powder
was decreased with increasing the melt feed rate, the rotating speed, the atomizer size and the
pouring melt temperature. Under the same atomizing conditions, the mean size of powder
produced from the cup shape atomizer was about 11% smaller than that from the disc one. The
shapes of SAC305 solder powder atomized under the ambient air atmosphere were mostly tear
drop, ligament, flake and irregular. The shape of powder was become more spherical and the

mean size was slightly decreased with reducing the oxygen content in the atomizing atmosphere.
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Process Gas Water Centrifuge
Deviation of size 1.8-2.3 1.8-2.3 1.3-1.5
Production Yield 50-55% 50-55% 85-90%

Impurity Moderate high Low

Particle morphology | Sphere and ligament Irregular Shape Sphere and ligament
Power consumption ~500kW ~50-100kW SkW
Medium fluid Air or inert gas Water/Oils No
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ITEM NO. PART NUMBER DESCRIPTION Qry.
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A9 1IMIVUNNNANTNARD

M0eaMsTUNINANISNAADY

a &% a2y Y a'.l a
msmaand larziians 13a15azN1viia SAC305
N15NAADIN CA068SAC

NININARDIIUN 15-4-53

4 -
[oulumsnan

J aa
1) mu@m@u"lmcvaimaﬁ'w YUIA 40 mm (Qﬂ!ﬂ{]ﬂﬁuﬁu 180°C)

<
2) ANNsITeUNUBLAeN w3 30,000 rpm

3) e lanzuuna 0.8 mm
4) guwngiiilany 318°C

U

5) USuaeengaulune 1.7%

RUNQN & AWNUIA1I NOUMINAAKI TaKZIIa1 21:06 U.
T,,(Setting melt temperature ) = 250°C T,,(Actual melt temperature) =318.5°C
T, ((Setting line temperature) =300°C T (Actual valve temperature) ~ =338.6 °C

T,ps(Setting entering plate temperature)= 320°C T, (Setting nozzle temperature) =350 °C

T\ (Actual nozzle temperature) = 321.2°C T,,,(Temperature inside chamber)=43.3 °C
Waaufounal 21:07 W. (U511 5 min NOUTUNANNI Tane)
Wanomosina 21:12 1.

S J g’
Lﬂmmamuﬂa“ﬁznm 21:13 Y.

15 1UNISHAN 2 min 20 s (=140 s)
v v
hniiara Tavgnu'ld 1,104 ¢

v J 4 kg
onsuni1 lavizinge 28.4 —=

hr
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zﬂ‘ﬂ WU.1 WQTaﬁgﬂﬂﬂ§15ﬁ15@]$ﬂ3%uﬂ SAC305 NAAUUIAAIYYAASLLNG

11AT9 U ASTM E11 1d2

] Y ]
M15190 WY1 Areg1amsuiiniiminae langNANUUAINT AT TIULA

AzIU9511NMNINARDIN CA068SAC 1ImiinTuneTane 260.06 ¢

Mesh number Size range (pm ) Retained weight (g )
20 -1,180+850 0.55
30 -850+600 0.52
50 -600+300 1.17
70 -300+212 1.13
100 -212+150 2.46
140 -150+106 6.42
200 -106+75 16.39
270 -75+53 60.35
325 -53+45 76.26
400 -45+38 48.88
500 -38+25 36.99
Pan -25 8.94
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ATNN NY.2 GU'E)'J;JI'GU"IWUfWNTﬁ1’?$ﬁ1ﬂiﬂu11ﬂwa@ﬂﬂ§1wﬂ1§ﬂ3$(ﬂ"IfJGU‘Lﬂﬂ

V9IH9 1arE1NNIINAADIN CAO68SAC

Mesh number | Retained weight Cum. Wt. Cum. wt. Cum. wt.
on sieve (g.) retained (g.) retained (%) passing (%)

20 0.55 0.55 0.21 99.79

30 0.52 1.07 0.41 99.59

50 1.17 2.24 0.86 99.14

70 1.13 3.37 1.30 98.70

100 2.46 5.83 2.24 97.76

140 6.42 12.25 4.71 95.29

200 16.39 28.64 11.01 88.99

275 60.35 88.99 34.22 65.78

325 76.26 165.25 63.54 36.46

400 48.88 214.13 82.34 17.66

500 36.99 251.12 96.56 3.44

pan 8.94 260.06 100.00 0.00
Total weight 260.06
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ms=[70.5,105.6] //diameter of single droplet
for i=1:2, d=ms(i);

//Define constants

d50=(d)*10**-6; //Particle size (m)
A=%pi*(d50**2)/4; //Projected area of droplet
Dsn=6970; //Density of Sn-droplet
m=Dsn*(4/3)*%pi*(d50**3)/8 //mass of droplet
L=59220; //heat of fusion

QO0=L*m //Initial heat that droplet has to transfer to surrounding

//Initial temperature

Ts=232; //Temperature of droplet

Ta=30; //Temperature of surrounding air

//Air properties

Da=0.87595 //Surrounding gas density

[ {5=0.00001608 //Kinematic viscosity of air at room temperature
Pr=0.7057; //Prandlt number of air at 232C@1latm

[ {s£=0.000026335; //Kinematic viscosity of air at film temperature, T
k=0.033045; //Air conductivity

//Acceleration due to gravitation

£=9.81;

//Initial speed

N =20000*(%pi)/30 //Rotating speed of atomizer
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D=0.05; //diameter of atomizer

speed = N*D/2 //Angular speed of atomizer

//Initial x-distance

HO0=0.65;

//Define function [F]: horizontal displacement
function[F]= B{(t,x)
F(D)=x(2);
Rex=d50*x(2)/ Hs;
if Rex==0 then Cd = 0; else f1=24/Rex;
2=1+(1/6)*Rex**(2/3); Cd=f1*f2; end;
F(2)=-0.5*Da*x(2)**2*A*Cd/m

endfunction

//Define function: vertical displacement
function[G]= B’(t,y)
if y(1)<HO then
G(D=y(2);
Rey=d50*y(2)/Lis;
if Rey==0 then Cd = 0; else f3=24/Rey;
f4=1+(1/6)*Rey**(2/3); Cd=f3*f4; end;
G(2)= g-0.5*Da*y(2)**2*A*Cd/m;
else y(1)==HO0; G(1)=0; G(2) =0; end;

endfunction

//Define step-size

t0=0; DT=0.0001; tf=2; t=[t0:DT:tf];

//Define process of-variable x



x(1)=0; x(2)=speed; x0=[x(1);x(2);]; x=0de(x0,t0.t, B;);

//Define process of-variable y

y(1)=0; y(2)=0; y0=[y(1);y(2);]; y=ode(y0,t0.t, [ y);

//Display
for i=1:tf/DT+1,
if HO-y(1,1)<0 then
Y(1,))=%nan;Y(2,1))=%nan;X(1,1))=%nan;X(2,i)=%nan;
else Y(1,)=H0-y(1,i);Y(2,)=y(2,1); X(1,0)=x(1,1);X(2,))=x(2,1);
end

end

//Defining equations describing thermal history of a single droplet

vx=x(2,:)**2; //Horizontal velocity
vy=y(2,:)**2; //_értical velocity
DF(V}H‘VX)**O.S ; //Mean velocity of a single droplet
Re=| *d50/Lisf; //Reynolds’s number

//Defining Nusselt number

£5=0.4*Re**0.5; £6=0.06*Re**(2/3); f7=Pr**0.4; f8=(_is/ isf)**0.25;

Nu=2+(f5+{6)*f7*f8;
h=Nu*k/d50;
q(1,:)=h*A*(Ts-Ta);
for i=1:1+tf/DT, q(2,i)=Q0-sum(q(1,1:1)*DT); end //Removed heat
for j=1:1+tf/DT,
if q(2,j)>=0 then Q(1.j))=q(2.));
elseif q(2,j)<0 then Q(1,j)=%nan; end
end

//Display

139
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xset('window',1); //Calling for 1" window
plot(X(1,:),Y(1,:));xgrid()
xtitle('Prediction of trajectories of droplets after setting off from rotating

atomizer’, ‘Horizontal distance(m)',’ [ értical distance(m)');

xset('window',2); //Calling for 2" window
plot(t,(X(2,:)**2+Y(2,:)**2)**0.5);xgrid(1)

xtitle(' B:locity of droplet at different time’, ‘Time(s)',' B:locity(m/s)');

xset('window',3); //calling for 3" window

plot(X(1,:),Q(1,:));xgrid()

xtitle('Heat removing from droplet to surrounding’, ‘Horizontal
distance(m)','Removing heat(joules)");end;

Yunaums ¥ lsunsuiosdudnsumuIMUUsIa0g

1) Gumsmaulagaan Start> All Programes> scilab-5.2.1> scilab-5.2.1

[BEE

scilab-5.2.1

Consortium Scilab (DIGITEO)
Copyright (c) 1989-2010 (INRIA)
Copyright (c) 1989-2007 (ENPC)

Startup execution:
loading initial environment

—

3191 wa.1 %111a19 Console v T151n31 Scilab
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Wantheae text editor tioiuigamdeasluTsunsulasnaily Lunch

. . 9J o
Scilab editor Gl@lliJH“]ﬂi

= Trajectory and thermal of 58.sce - Scilab text editor

File Edit Search Wiew Document Execute ?

-'-[Eajectory and Ehermal of 58.5ce |

| 1 |ms=[58,72,97,131,175]
2 for 1=1:5;

3 d=m= (1) ;

4 |//Define constances

S |ds0=(d)*10**-6; //Particle size (m) 2
6 |A=tpi* (d90**Z) ./ 4;

7 |Dsr=6970;//Density of Sn-droplet

& |weDsnt (8/3) *%pit (dS0+*3) 8/ /mass of droplet

9 |L=59220;//heat of fusion

10 |o0=L*mw//initial heat that droplet have to transfer to surrounding

il |//initial temperature

12 |T==232;//Temperature of droplet

13 |Ts=30; //Temperature of surrouding air

14 |//air properties

15 |D==0.873595 //Surrouding gas density

16 |vis=0.00001608//Kinawetic wicousity of air at room temperature

17 |Pr=0.7057; //Prandlt nuwber of air at 232¢ latm

i@ |Visf=0.000026335; //Kinsmetic vicousity of air at film temperature,Tf
19 |k=0.033045; //2ir conductivity

20 coeleration due to The gravitation

4 o v A Y

517 wA.2 ni1a19 Scilab text editor MR YAR T UG UTDOIA?

3)

4)

5)

6)

E)

a J Y

o =R o o A A . A J Y 1 .
‘Uu‘Vlﬂﬂzﬂﬂ']ﬁ\iﬂWNWlﬁiﬂlLa’JIﬂﬂlaﬁ]ﬂ File MUPVITVINUIAN Scilab

o o A v =K 9 Y

text editor Aateyafdaazidon lainnetdmsuiiufindeya udanaily
saLE iletiudin

Gumsfiuyamidalaeidon Execute> Execute File Into Scilab #3008
Y1 Ctrl+E fu1ﬂﬂguT’:Jiuﬂiu%Twawﬂﬁwﬁﬂﬂﬁwﬂwmq Console Wiow
fuSumshauaugams “lumsﬁmmamﬁaﬂ%’nmﬁ’ﬂﬂﬁumjﬁu
mmcﬁu%’aumawﬂﬁﬁmazm step size Elmslgﬂﬁ"lﬁ"a

i Tdsunsudnana¥aseudesudrnzindonanmalugiidunsm
Fun dmsvgaddaiinhdmaaanaianue 3 e laguaa
FEmsndeuiiveaihlany anudunioveseunialans o nadg
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