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A Study on the Manufacture of Synthetic Zeolite from Waste Aluminum Dust
by Dry Melting Reduction

Min-Seok Go

Depatment of Marine design Convergence Engineering, The Graduate School,
Pukyong National University

Abstract

This study conducted a study on the production of synthetic zeolite from
waste aluminum dust through dry melt reduction. The sample used in the
study used dust generated by domestic aluminum processing companies.
100g of aluminum dust, 70g of SiO, and bg of carbon were added with flux
to melt-reduce at 1,600°C, and a graphite crucible was used as the crucible.
Melting reduction was performed while Ar 300cc/min was injected. The
reduced metal was recovered in the form of metal, and SiO; and Al;O3 as
zeolite synthesis raw materials were recovered with molten slag. The
specific gravity difference between the reduced metal and the molten slag
was used to separate the metal. A zeolite synthesis process using a NaOH
solution was carried out from the reduction slag, and the synthesis reaction
was carried out by mixing 10 g of the reduction slag and 50 wt.% NaOH
solution with 50 ml. As a result of XRD analysis, Na-A type zeolite
synthesis was confirmed under the conditions of reaction temperature of
90°C, reaction time of 24 hours, and 300 rpm. An experiment was
conducted to remove four heavy metal solutions (Pb, Cd, Cr®, Hg) using
Zeolite LTA of the same phase as the produced aluminum dust zeolite. 50
ml of a 100 ppm heavy metal solution and 2g of synthetic zeolite were
mixed and stirred at a speed of 300rpm for 10, 30, 60, 90, and 120
minutes. The concentration of the solution before and after stirring was
analyzed by ICP-OES. Similar removal rates were confirmed for both zeolite,
and it was confirmed that a raw material for zeolite recovered from waste

aluminum dust could be used as a synthetic zeolite raw material.
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Table 3.1.°] £443 2 AdoA &&d dFrge st =42
AlLO37} 70wt.%, MgO 6wt.%, SiO; 6wt.%7F T4+ o=

L3 CaO 2wt.%, NaO, Cl, Fe:O37F 1wt.% ¥3HE o] glom o]
=2 05wt.%olst= S8 UTY ¢FH

™, Figure 3.1°] &F1w %19 XA 34 (X-ray Diffraction) 4] 23}

2 yehpah

Table 3.1. Chemical composition of the Al dust in this study (XRF)

Element(Wt.%)

AlLOs3 77.03 SOs 0.34
MgO 6.47 TiO, 0.32
Si0; 6.40 Zn0O 0.22
CaO 2.42 P20s5 0.18
NayO 1.90 MnO 0.16
Cl 1.81 Crz03 0.16
Fe203 1.03 BaO 0.12
K20 0.95 SrO 0.05
CuO 0.45
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32.2 AdstA AAYE B4

GEnE B FEAHEE A0S Bd vEEe S slehe] HSC
Chemistry Program
2 Wl Carbon®} AFstEE9] &9 w8248 oo Web ST

o] HEAES &8t 4984 MAYSES BAHeH, E-EQ
Fe, Cu, Zn 2t3tE53 9 A|2 Carbon¥e] WS- Axl= olde] Table
3.3 YER ST

Table 3.3 Analysis of HSC Chemistry Program of Aluminum Dust

Fe: 05+ 1.5C = 2Fe + 1.5C0x(g) 2Cu0 + C=2Cu + COxg) : MnO; + € = Mu + COa1(g)

T deltaH deltaS deltaG g deltaHl deltaS deltaG T deltaH deltaS deltaG

C keal calK keal o] keal callK keal C keal cal/K keal

0 55.677 66,906 37.402 0 -19.541 | 45258 | -31.903 0 30.228 | 44699 18.018
100 55.337 65.873 30.756 100 -19.752 44.614 -36.4 100 30.203 44.637 13.547
200 54.774 64,5344 24235 200 -20,080 | 43.817 -40.821 200 30.061 44,301 9.009
300 54.111 63.274 17.845 300 -20.404 | 43.043 | -45.164 300 20.869 | 43.936 4.688
400 53.404 62.138 11.576 400 -20.936 42332 -19.432 400 29.668 43.611 0.311
500 52.685 61.141 5413 500 -21.401 41.689 -53.633 500 20.471 43.339 -4.036
600 51.957 60.257 -0.656 500 -21.876 | 41.111 | -57.772 600 29289 | 43.117 -8.359
700 51.28 59,518 -6.64 700 -22.355 40,592 -61.857 700 29.124 42,938 -12.661
800 51.585 59.816 -12.607 800 | -22.829 40.128 -65.892 800 29.5 43.328 -16.998

200 51.542 59779 | -18.588 900 -23.289 | 39718 | -69.884 900 29.338 43,184 | -21.323
1000 51.539 59.791 -24.583 1000 -23.726 | 39361 -73.838 1000 29.169 43.046 -25.635
1100 51.041 59.414 -30.543 1100 -17.798 | 43718 -77,83 1100 29.512 43.294 -29.937
1200 50.573 59.085 -36.468 1200 -18.272 | 43385 | -82.185 1200 29.902 43.57 -34.284
1300 50.132 58.795 -42.361 1300 -42468 | 27.263 -83.358 1300 32941 45,571 -38.749
1400 50.135 58,782 -48.216 1400 -43.341 | 26726 | -88.057 1400 32.877 45.532 | 43.304
1500 49.854 58.619 | -54.086 1500 -44.208 | 26222 | -90.704 1500 32,795 45484 | -47.855
1600 56.055 62.045 -60.165 1600 -45.073 | 25748 | -93.302 1600 32.695 45429 | -52.401

1700 55.572 61.794 | -66.356 1700 -45.933 253 -95.854 1700 32,574 45.367 | -56.941
1800 55.092 61.556 | -72.524 1800 -46.792 | 24876 | -98.363 1800 32434 45208 | -61.474
1900 54.616 61,332 -78.668 1900 -47.648 | 24472 | -100.83 1900 32.275 45,222 -66

2000 54.142 61.119 | -84.791 2000 -48.502 | 24.088 | -103.258 | 2000 32.005 45.141 | -70.518
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2700 + C =2Zn + COxg) 5i0; + 2C = 8i + 2C0(g) ALO;3 + 1.5C = 2Al + 1.5COz(g)

E deltaH deltaS deltaG T deltaH deltaS deltaG T deltaH deltaS deltaG
C keal cal/K keal C keal calK keal C kcal cal/K kcal

0 73.494 48992 60.112 0 164.748 | 85934 | 141.275 0 259.33 75,587 | 238.684
100 73.42 48.775 55.22 100 165,062 86.942 132,619 100 259,596 76.44 231.072
200 73.231 48.33 50.364 200 165.092 | 87.024 | 123916 200 259.581 | 76416 | 223425
300 73.011 47907 | 45.553 300 164.914 86.69 115.228 300 259.361 | 75999 | 215.802

400 72.822 47.602 40.779 400 164,572 | 86.142 106.585 400 259.043 | 75489 | 208228
500 76.177 52454 35.623 500 164.088 | 85474 98.004 500 258.742 | 75.071 | 200.701
6500 76.021 52.264 30.387 600 163.361 | 84.594 89.498 500 258.507 | T4.784 193.209
700 75.838 52.066 25.17 700 162,914 84.11 £1.063 700 263.4 80.025 185,524
200 75.63 51.862 19.974 800 162,445 | 83.651 72.675 800 263.103 | 79.735 177.536
900 75.395 51.653 14.798 900 161.464 82.76 64.374 900 262.778 | 79.446 169.577
1000 75.131 51437 9.643 1000 160.949 | 82.339 56.119 1000 262.429 79.16 161.646

1100 74.836 51.215 4.511 1100 160.431 | 81.947 47.905 1100 262.059 78.88 153.744
1200 74.51 50.986 -0.599 1200 150.91 81.581 39.729 1200 261.667 | 78.605 145.87
1300 74.151 50.75 -5.686 1300 159,380 | 81.238 31.588 1300 261.257 | 78.336 138.023
1400 73.757 50.507 | -10.749 1400 | 158.868 | B0.918 23481 1400 260.828 | 78.072 130.203
1500 73.326 50257 | -15.787 1500 170,303 | 87.712 14.777 1500 260.383 | 77.813 122.409
1600 72.857 30 -20.8 1600 169.725 | 87.395 6.022 1600 259.923 77.561 114.64
1700 72.349 40.736 | -25.787 1700 169.14 87.09 -2.702 1700 259.447 | 77.313 106.896
1800 71.8 40,464 | -30.747 1800 166.051 | 85548 | -11.303 1200 258.958 | 77.071 99.177

1900 71.208 | 49.186 | -35.68 1900 | 165.182 | 85139 | -19.837 1900 258455 | 76835 | 91482
2000 37065 | 34008 | 4024 2000 164.311 | 84.747 | -28.331 2000 257.94 | 76.603 83.81
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!
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o] FluxZ Si0& #H7hsd. 94 &8d €d1= 899 55539
Al s ztolol ojste] FE|HAl Hrh o] §F =2dA4E
2

F 2ol Y2 AA ALeolE §H ARS Ttk
Fe;03 + 1.5C = 2Fe + 1.5C0x(g), AG at 1,600C= - 60.165 - (3)
2Cu0 + C = 2Cu + COx(g), AG at 1,600TC= - 93.302 - (4)
2Zn0 + C = 2Zn + COz(g), AG at 1,600T= — 20.8 -reereeeeee (5)
MnO; + C = 2Mn + COy(g), AG at 1,600C= - 52.401 - (6)
SiOp + 2C = Si + CO(g), AG at 1,600C= + 6.022 - (7)
AlLOs; + 1.5C = 2A1 + 1.5C0x(g), AG at 1,600T= + 114.64 - ()
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Table 4.1 Melting reduction experimental conditions

il
Si0, @7} | 0g, 35g, 70g
a1y =4
AF-8-71] Vertical Tube Furnace
E7HY Graphite
=971 Ar 300cc/min
kg2 1,600°C
A A 7F 1 Hour
A 5 Al Dust 100g
Ae Ay g & &

25 XRD, XRF 45 T4 &5
=9 = WstE FAFsEH Si0, H7bEel e
A3+= Figure 4.1°] Yeblidth. =3 Table 4.2¢0] SiO;
of & XRF #4475 YERSlH

A = |
H°H o

43t XRD #4
&

2%

=~

_3‘]_



Intensity(a.u.)

Intensity(a.u.)

(a)

1 AlLO,

3 Mgg “fl;.-"ﬁ'l)_..ldod

rs 3 Mg(OH)

2
10 2lu 3.0 ;u 5.41 E-II] ‘.r.n 80
2-thetha(Deg.)
2 MgAlsO,
3 SIGH
1 1
1
1
1
. :
i ol _/zj 1
m H-M-.-L...
10 zlu JIEI aln s:u s.a 'rlu B0

2-thetha(Deg.)

_32_



2 (Mg sAlg g)AlLL 4O,

—

1 |

M

Intensity(a.u.)

m——— —

MU‘M‘ w-uuwu w._

1 L 1 1 ] 1

10 20 30 40 50 60 70 80
2-thetha(Deag.)

Fig 4.1 Results of Reduction Experiment by Amount of SiO, Added(XRD)
(a) Al Dust 100g - SiO; Og / (b) Al Dust 100g - SiO; 35g /
(¢) Al Dust 100g - SiO, 70g

Table 4.2 Results of Reduction Experiment by Amount of SiO, Added(XRF)

SiO; Og Si0; 35g SiOp 70g

Element Wt.% Element Wt.% Element Wt.%
AlOs 77.03 S10, 44.78 510, 49.35
MgO 647 Aleg 4009 AlgOg 3788
S10, 6.40 MgO 8.88 MgO 717
CaO 2.42 CaO 2.82 CaO 1.75
Fezo:g 148 Fezog 0.80 Fezog 0.92
TiO; 1.05 Na,O 0.77 NayO 0.83
SO; 0.26 TiO, 0.72 K20 0.68
CuO 0.21 KO 0.49 TiOy 0.54
P>0s 0.15 SO3 0.27 CuO 0.21
Cr0O3 0.11 CuO 0.22 Cr03 0.06
MnO 0.07 Cry03 0.11
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Table 4.3 Experimental Conditions for Carbon Effects on Reduction

il il
Al dust : Carbon Powder
A A ¥ & (F AN B 03 o
1 e |
AL-&-7H| Vertical Tube Furnace
=7k Graphite
9171 Ar 300cc/min
S 2 1,600C
A A ZF 1Hour
AN & Al Dust 100g / SiO2 70g

A9 A3 s)ad $AEHTE XRD, XRF 245 F3A4 d&Ed1

of st gl AbsteEse] g WskE ARSIt Carbon FH7bgFel] whE

AW XRD #2424 3+= Figure 4.20] YERQ 21 Table 44¢] XRF
435 YeERY ATt
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Fig. 4.2 Results of Reduction Experiment by Amount of Carbon Added(XRD)

(@) Al Dust 100g - SiO, 70g - Carbon Og / (b) Al Dust 100g - SiO»

35g - Carbon 3g / (c) Al Dust 100g - SiO, 70g - Carbon 5g

Table 4.4 Results of Reduction Experiment by Amount of Carbon
Added(XRF)
Carbon 0Og Carbon 3g Carbon 5g
Element Wt.% Element Wt.% Element Wt.%
S10, 49.35 S10. 51.45 S10, 51.80
Al,O3 37.88 Al,O5 38.16 Al,O3 38.48
MgO 7.17 MgO 5.82 MgO 5.80
CaO 1.75 CaO 1.60 CaO 1.84
FexO3 0.92 Na,O 1.13 Na.O 0.97
NaxO 0.83 K:0 0.93 K»O 0.72
K»O 0.68 TiO; 0.76 TiO, 0.39
TiO, 0.54 Cry03 0.08
CuO 0.21 Fe)Os 0.07
Cl”zOg 0.06
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Fig 4.4 pH of Zeolite due to Repeated Water Washing Process
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Table 4.7 Heavy Metal Removal Experimental Condition

HEZA
L HEA] ZE 10+, 30, 60+, 90, 120+
IR Z=A
e sl Magnetic Stirrer
rpm 300
& A2
Ta5 &9 Pb, Cd, Cr6+, Hg 100ppm 50ml
A= I Al E 2¢g

Table 4.7 Heavy Metal Removal Experiment Results by Na—-Zeolite

Zeolite LTA dFuE £F A& E

Time Removal Rate(%) Time Removal Rate(%)
(min) | Pb Cd Ccr® Hg (min) | Pb Cd Cr® Hg
10 99.6 93.6 10 43 10 99.6 96.6 11 43
30 99.7 95 13 44 30 99.7 98 13 45
60 99.7 974 12 43 60 99.8 98.4 12 48
90 99.8 99.2 13 47 90 99.8 99.2 13 46
120 99.8 99.6 13 47 120 99.8 99.4 13 46
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