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A Study on the Measurement of the Concentration and the Size Distribution
of Inclusions in the Molten Aluminum

‘Jeong An, Kwang-Ho Moon and Kwang-Hak Lee

Abstract

The concentration and particle size distribution of non-metallic inclusions which suspended in the
molten aluminum at 700°'C were measured by using LIMCA apparatus.

The result revealed that the number of inclusions increased with increasing the applied current or de-

creasing the orifice diameter, while decreased with increasing the purity of aluminum. And also, 1t was

found that the number of inclusions increased with increasing the amount of boron added to molten

aluminum.

This was found to be attributed to the formation of the inclusions of TiB and V:B.. It was investigat-

ed that the average concentration of inclusions in a constant volume of 20ml of molten aluminum was

increased in the order of pure molten aluminum, molten aluminum containing 20ppm of boron and
molten aluminum used repeatly in the experimental casting in this study. (Received January 24, 1994)
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Table 1. Composition and source of non-metallic
inclusions in Al[2].

composition source
ALO, exposure to 0., H,O
h AlMgQO, carried over from reduction cells
AlLC, exposure to O,, H,0O
MgO exposure to O;, H,O
TiBg grain refiner addition
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Fig. 1. A schematic diagram of L.MCA apparatus

(a: Ar gas, b:vacuum, c:outlet, d:
inlet.).
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Table 2. Amount of current with changing the
resistance of ballast.

A | AER) | AFA) | A5 | A-(2) | A F(A)
1 |05 12 6 | 0.083 | 72.289
2 ]0.25 24 7 |0.071 | 84.507
3 10166 |36.15 | 8 |0.063 |96
4 9
5

0.125 48 0.056 107.43
0.1 60 10 | 0.05 120

LHER 91T

Table 204 2] AF ke didlg]e] FA ol
AAAZE 7IE2AZY. dtdlg]ls %A DC
power supply & F & 3sto] Al&-3FH T}

T, 2E A7]H Ao]lE-& noiseE A3}
7] 918t 7} 3 A ARG ow, GFn
¥ Hol2zg ol M2 me& I FHA(ground) A]

AT

2.3 MetulsEHALH

Atatse ANBEANHAAN s AP = &§
dFrlEuie] MA =Sl ooy A2E T34 o @
A, o] A 8o dxg F d=Fo] Z
gled RG—59U &% AolE S H3l FE7=
A QAR Az & she] ol

Aol &S ¢F g HeolZE Fo} AR
2, AA (ground) A7) 1, S3&7= QAR ASF
o] Ez% TektronixA} 24 AM 502 differen-
tial amp.9} FRAR}IANA A 23 FZ7|E WY
3t At gt o, AR AT TektronixAt
2d TM 503& Al&3te] Qe 2= 0] base-
linex} Z<tabgo] dHHE FEZ F U=F
s o

#Hzxo AT Ase FTEH QL
NA oaz ARG 5 glom, oA
FEEI(FEAR AF)d dEHE =
Al o 2

Vour=3.33logs(Viv) +6.67(volts) (1)

o 7\ A, RFEFE7]E 10mVellA 10Vel Q1
A%S 0s14 10Ve] ffradugtes WAl
716, oA e AxAse WAH B
ZHaIE 7pxIth

99, AZHE Fe FEES YwHom 1

o
A

L
NBE AT F 9t BEALEA7 [mult

channel analyzer(MCA) & ZE g = 3, ¥ 2
o) x]&= NorlandA} 29 ino-tech 53002} T}
AABEA7|E ALE-sF

o] A= AxdojA u] xjdulct 10°~19]
ANEZE Al 4 o, 0dA 8Ve UEHEAE
1024442 Vil Aodstos Aozl 7]
FHe] 5124d ddoz BEse MHT

Adom, ol L FAEEMVIE Ad

i

Aess MAE F9 J|2EIHL 5125
T F3td.

thEAdEA 72 7 Ajde AddE A4z
of WE MAEL AV P, MAEe] 2
74 do} Ad4 ch Alele] A= tad 2ol
Astelo] &

o] AlF AVE[17]
40ld’

D4

4V =

f (d/D) (2)

Fis
of 714, V= LYAAZ e AP, [=
A5, d=AA= AA, p=AF, D=2za2 7
7d, f=Smythe®] 7 1A}o]t}.
ol gain| Friot A LAB LI A
(343} o] FFH i,

AN =gaV (3)
B & rpFE7io dAHH, 1 &8 4V
AV o =3.33log 1, (4V™) +6.67 (4)

o] ¥, HFHo R Y= Aldg che (5)4
3} gk

512
Ch = Avout X T (5)
g Ee, ojw Fojd AP AT GFAY
Bz A2 AAE) HFA Bhgehe

Ad4s HEFoEN AA(HF, 537 gan,
cam 2 H7) sl Ak
A2 =W, obdel PzAsN Adre
Q2 27 5he] o) gge Table 30] LR}
A F (I)=90amperes
Z2Z7] gain=1000
e a2 A7 = 500um
w3k, Apple T computer2< /MAEo| T4
dtHx 2AEE I3ZE 2 (20000/sec) 5
UHe] B & 5% Z2ads 9Ed
t}.



—66— jujo Vol. 14, No. 1 Journal of the Korean Foundrymen’s Soclety

Table 3. Correspondence between the channel {2 1200C7HA 28 ¥ F U= T
numbers of the multichannel analyzer Ebaf S A]-_g--a]—oq A AEH oW, AF L% %A 7
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Table 4. Chemical compositions of samples. (A) | 99.7%Al, (B) . 98.4% Al
element (wt.% ) Al Si Cu Mg Fe /n
A 09.7198 0.0876 0.0007 0.0084 0.1530 0.0061
B 08.4436 0.3830 0.0732 0.0016 0.1870 0.90
Mn Cr Ti Vv Sn Ni Pb
0.0026 0.0010 0.0111 0.0059 0.0013 0.0021 0.0023
0.0080 — 0.0028 0.0008 — — —
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Photo. 1. Scanning electron micrographs of the
orifice in pyrex tube (a) before use and
(b) after one time of use at 700°C.
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Table 5. Sampling volume for the differential
pressure in Al.

sampling volume differential pressure
(ml/ min) 500pm 6004m
20 2900 714
30 8184 3261
40 15580 6828
50 25088 11413
60 36710 17018
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Fig. 5. Size distribution of inclusions in the molten
aluminum(99.7% ).
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Table 6. Effect of setting and stirring on the molten aluminum.

o 4o

process operation

total counts per minute

500um 600um
1. 20ppm addition of boron stirred into melt 1177 ' 390
2. following a 30minutes setting period 324 105
3. melt stirred 1098 412
4. following a 1-hour setting period 114 38
5. 80ppm addition of boron stirred into melt 4324 1536
6. following a 10minutes setting period 1436 423
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Photo. 2. Analysis of SEM-EDX 20ppm boron addition to the moiten Al(a : bottom part, b : middle part).
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Table 7. Size distribution for the repeating experi-
mental Al casting at 700°C.

channel particle size CPM
numbers(ch) d{pm) (counts per minute)

63~100 35~40 328 |
101~133 41 ~45 447
134 ~162 46~50 535
163~189 51 ~5H5 422
190~213 56 ~60 136
214 ~256 61~70 82
257 ~293 71~80 b8
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Fig. 9. Size distribution of inclusions in the molten
Al(a) and by doping 20ppm boron(b).
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Table 8. Concentration of average particle size in the molten Al(20ml).

ARA7IHH Hd Y A=) H AR 1719 ¥ Jadx 1719 %
(pm) (pm) (ml) (V%)
30~40 37.5 276 x1078 1.38 x 1077
40~45 42.5 4.02x10°8 2.02 %1077
45~50 47.5 5.61 x10°*® 2.81 x1077
| 50 ~55 52.5 7.57 x107® 3.78 x 1077
95 ~60 57.5 9.95x10°® 498 x 1077
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Table 9. The comparison with average concentration on the particle size of inclusion.
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