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ABSTRACT

The recent trend of recycle of metal scrap is to make high quality secondary ingot which can be used as raw material under
intensive control of scrap. In this study, recycle of aluminum chip generated atter machinmg process of castings was performed
by vortex melting method Vortex melting lechnique was adopted for chip melting process. The condition for optimal vortex
depth was decided using water modelng experiment varving the shape, lacation, ratating speed of stiurer and water level.
Before meiting, chips were preheated at room temperature, 200, 300 and 400°C, and then submerged in the middle of vortex.
The 1ecovery rale depending on the temperature was examined, As a resull vortex depth was mfluenced only by shape and
rotating speed of stirrer, and the hghest recovery rate of 97% was obtmned when the submerged chip was preheated at 300°C,
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Fig. 1. Flow patterns of each stirrers
(a) Flat turbine stirrer
(b} Pitched turbine stirrer
(c) Modafied turbine stirrer
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Fig. 2. Identfication of stirrers.
(a) Flat turbine stirrer
(b) Pitched turbine stirrer
{c) Modified turhine stirrer
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Fig. 3. Stirrer-vessel geometry
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Fig. 4. Schemabic diagram of experimental apparatus.
(a) Consiruction of sensor
(b} Installation of sensor
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Table 1. Parameters of vertex depth

Stirrer 1ype A o
Flat turbine 5.36 112
Pitched turbine 2.98 1.21
Modified piiched turhine 317 110
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Fig. 9. Photograph of chips.

4.2. 2gf Alg

Fig. 03} Fig. 100 5ol ALEE chipe] 343} chipe]
el & dolRr] @ dg HaE vehlRic). 800°Cel)
A 287 2ot 281 gle] e AgA] mike] glod AR
o] chip #35] WA= 7] Fetn FHd Q4=
shgpako g glete chipe] /42 f71sta sl ol o

B vlEdEe| g 8o 54 TAsle BAE
24 chlp A a2 faEts Bl ;v].—a]q;].t AL
A2 gek whebd chips] geiAlole 2E mrkEe)
Ry -"°“ AFAA FEal Hslete dhHE "atedel
grr), ubala] E J2o)] ARE-El submerging £8H2 4
2l vortex £-8 949 vortexs] Z2o]&} stirrers] ¥4,
A, PAEE T2 AAEF WE) 1§ el d¥e) AY
g Qolrr] §5e] FREM g wo| PAFHEE
Fr.o] 430 2 43071 Y28 B Ak a3
g8 Hag ddd
BEY A vorex S WAL 7% 87 &5 (Foel) whet
el Pt A2l E A ) Halel 5
=

&5 ¢

[s]

O

iﬁobir!i-\lkﬁ

7} kg wlaz o
HAdE Le]glon] &
& 750°Celdla mab %‘%!—21 #7|Farrage 012

Fig. 19. Photograph of melted chip.



Vorlex meliingsel] 218 &F0E chips] 15558 sk 35e 29

0.3

023

02

015

Hydrogen gas concentration (cc/100g)

0.1
il 0.2 0.4 0.6 0.8 1

Fr

Fig. 11. Hydrogen gas concentration vs Froude number {mn case
of flat turbine)

cc/100 ge] 21T} Fig. 11ellA et npe} o] muke] A=}
H2RE A7t Te 0136 0c/100 g2 2 <k 001 c¢/100
= el m, awkewrt F7ke] whe Fro] 034
@50 pmyd 7= E o 2 FE Belw U Fr
] 0.43(500 pm)o] 4 Wl B EHE Farpag ] A
gl Zo] gigl o, Fro| 0,342 #So) vls] Fahrdl S
&FEd 77t vendch ol FYE B, Hyde] =2
o Ml vorlexe] Zo|7b stirerd]] TIURE= Frerol
0395 che Abdal 3 JAjstn glon, Sz g
vortex2] Zol7} strrer®E 7] AlZbabAA] fEhpo] F7)
T dsle] fhrviagiae] F4stn 9SS v
Ui gle #He IE} Fr& 0.83(700 pm)7A] 39i& 2% &
L7t TS slelzA FAgsetn gen FAke
o] TP o7 FAel evw o & el g o Yok
A chipe] 254 ¥ ZAE Fig. 129 VERAA Froll
we pFazladhs dsle) Ao ulet Frg 0.27(400 1pm)
Z 8w, dE2=E 9 §e H5as 239 Aotk
4ol chipg &3S st UL 5 chipfiﬁ}:@*
ol walen §3) gi, dalyz 5 &) g8 chipe] A
Fo FEY FYEY Fioz ?lo}G#

A gz o
#go) 8262 weldv) chipd @ale] Ba)4)7H B
F8& Asdls A% Bol} 400°Celge] (g e
M ALY F chipo] akslo] B4l B ge] Tl
= 72 Bolq gk

Fig. 132 chipe] 2] chips] dld-25 o w2} 59
LR Aache A4S BFn ok 25°C) chipd 7

100
95
g 90
a2
o
b 85
g [
> [
g [
o 80
o [
75 |
70

25 25 200 300 400
(no degreasing) (degreasing)

Preheating temperature (C)

Fig. 12, Melting recovery rales with preheating tcmperature of
chup.

dqE A 2, ExAgd @Agle] g exrl
THCREE] oF 125°Ce] 2228kt 9l7lon dqd2exs
200°C, 300°C, 400°CE He wa} Ak 7 110°C
90°C, 80°Ce] 2x7tetst et Buke) ok} o]
ol whet chipel Aol wtE Ao 2 %‘_)QE 2ol 7}
QAT dY s w2 chipgel 8583 24 v ws) 2
o ef 300°Ce] eldEmrt 1 Heelehe 228 98
20t 30°Ce chip F 2= DL H5g 9T%E
719 vortex EalHolA BEa¥ #4897 2% 00~95%0]

750
o 700
e "
5 1
& ‘79«.\"\-(
@
E X 3 \ o]
5 eso L +25.,C' ne degreasing 2
- ——25C, degreasing \
—a—2007C, degreasing :
—0—3007, degreasing 3
—x—400°C, degreasing
600 \ [ 1
0 50 100 150 200 250
Time (sec)

Fig. 13. Decrease of melt temperalures as a chip prebeating,

#pele)stel Zal 2 6 A 2 4 &, 1997



30 SIER FiER

T8 sle A TEA Ol Fe 8ee e Bolx givt
5d £

1. Vortexe] Qo] stirrer?] 417} stimers] A& w0
w BB, stivers] A2, S5 shs R,

2. 743 53¢ vortex= radial flow A &2 Zh= flat
turbine stimerS- A28 o) 95 4 glich

3. 22286 2014 vortexe) 2017} stimere] 6]
Aol L4 Fr)e Svhl B QlEle &
W arkagel BEsEoR, ol £ %
o] W% weiH s e Aolth 2 ol
TREd AL Fa 7} stimere) A A 5=
Frer g 73kt

4, ChipZ 300°CE odale] vortex T4 o2 Aelale
= W7t 97%2 A =& Ared @2 ¢ sl

oo I

= 7

1. David V Neff, ‘Molien metal processing i aluminum re-

J. of Korean Inst. ot Resources Recycling Vol 6, No. 4, 1997

FHHE

eycling”. First Int. Conf. on Processing Materials for Pro-
perties, 745 (1933).

. Larry D. Areaux and Robert J. Behnke, “Submerge melt

technique for aluminum scrap”, Light Metals, 877 (1992).

3. David V Neff, Second Int. Sysm. Recycling of Metals

10.

11.

12,

and Engineered Materials, 51 {1990).

Jan HL.L. van Linden, Paymond J. Claxton, Joseph R, Her-
rick. Robert J. Omesher, “Aluminum scrap reclamation”,
USPN 4, 128, 415 (1997).

. John R Gillesple, "Apparatus for generating a vortex in a

melt”, USPN 4, 384, 786 {1988).

. Larry D Areaxx, ‘Metal clup furnace charge apparatus

and method", USFN 4, 872, 907 (1988).

. Jan H.L. Van Linden, "Vortex melting system”, USPN 4,

286, 985(1980).

. Andrew G. Szekely, “Vorlex reactar and method for ad-

ding solids io mollen metal therewith”, USPN 4, 298,
377 (1979).

. Pervez I.F. Bamji. Nigel P. Pltzpatrick, “Recovery of al-

luminum scrap”, USPN 4, 571, 238.

James Y. Oldshue, "Fluid Mixing in 1989", Chem Eng,
Prog., May 33 (1989)
Gary B. Tatterson and Hsien-Haw Steven Yuan,
“Stereascopic visualization ot the flows for pilched hlade
turbines”, Chem. Eng. Sci., 35, 1369 (1980).

F. Rieger and P Dill and V Novak, “Vorlex depth in
mixed unbaffled bessels’, Chem. Eng. Sci, 34, 397

(1979)



