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Preparation of Ceramic Bead with Nano Pore Structure by Using Gold Mine Tailing, Haenam
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Abstract : Ceramic beads were fabricated by using mine tailing. Ceramic bead supports with porosity of 83% and pore
size of about 160 um were prepared by gel casting and method of pelletizing in oil using mine tailing as a starting material.
Mesoporous silica SBA-15 having pores of 4 to 7 nm was synthesized by self-assembling method using precursor of
silicate ions extracted from mine tailing. By surface coating of the synthesized SBA-15 on porous ceramic beads, bimodal
porous materials with pore structures of 4~7 nm and 160 pum were prepared. Porous ceramic beads having a specific
surface area of about 0.7 m?/g increased up to 52 m*/g after SBA-15 surface coating and the cross section of coated pores
was confirmed through scanning electron microscope (SEM). As the specific surface area and surface hydroxyl group
density of SBA-15 increased, the specific surface area of the coated porous ceramic beads increased.
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Fig. 1. Powder XRD of mine tailing. (Q = Quartz, M =
Muscovite).
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Table 1. Chemical composition of mine tailing
Material Chemical composition (wt.%)
SiO, AlLOs K>,O Fe,03 CaO
Mine tailings 73.4 9.1 7.4 39 33
MgO SOs TiO, MnO L.O.L
0.9 0.8 0.3 0.2 0.7

Table 2. Leaching concentration (mg/L) of heavy metal from the mine tailing tested by Korean Standard Leaching Test (KSLT)

Leaching concentration (mg/L)

Metal
KSLT Criteria Mine Tailing
Cu 3 0.920
Pb 3 0.348
Cd 0.3 0.086
cr” L5 ND?
As 1.5 0.602

I)Cr6+
IND = Not Determined
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B 5212 02 7| Fo] v dE A A Ql mlzaze| A Hert
9] hexagonal gt 7] 325 2elg 4= QlSIch
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Fig. 2. (a) A photograph of the TB, (b) a micrograph of the cross sectional area (inner surface) of the TB and (c) the showing

structure of the cells, windows and struts in the TB.

SBA-159] 27|29 /o] Walw 3l7] whieo= A2 ek
SBA-15-T9] 79 st uff 3o vlsf vl Alo] =
31, SBA-15-MT 9] 749~ f= QI9h 7] 19l o] ghgtom
ofetE 3= A7 AA Yekith 718 7= BJH o] &
= &l AT e o] = |2 7]8(2~50 nm) I} i L=
718(>50 nm)WhE iAo 2 Fith RbA o = v A o]
FoTH AR 718 27101 9] FAFRFo] Wol vl At
71EA7]& A2 Bl sk SBA-15-MT 9] 7-9- B |5}
gk 1 0]8-= SBA-15-MTE SBA-15-T&} th2 A T
7H3 nme} 6~8 nm)of| A H]SRE =520 7] 27 w27k
e AL SBA-15-MT-Ext 0] 73-9- = WA G-t 4 9]
2}eFo] SBA-15-MT-Cal X T} :=9}17] wjRolch E3l 7|2
A7]= (@ (©) 2Tt (b)) (d)oll A A =& =] o
= St Al 5 A O R 7]50] Aot 7] wjizo]th(Zhao
etal., 2012).
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Fig. 3. Pore size distribution of TB (dsp=160 um).
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Fig. 4. Nitrogen adsorption-desorption isotherms of (a) SBA-
15-T-Cal, (b) SBA-15-T-Ext, (¢) SBA-15-MT-Cal and (d)
SBA-15-MT-Ext.
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Table 4= SBA-157} &)l TBO] A4 27| A 2 etal.,2007)HCh =0 B H A B Qr). B3 T8 152
Jfoltt. Tables 37H45 vl wsh, IR H|=o vl H ] SHSF RS UL 5T 202 ot %o
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SBA-15-T] HISERAS (a)7} (b) 2 F9.3% gtom  ehul Fuich Ewlo] 7] thite] 93] B g aRS 59
TB Eo] 313k o] 50| MEWAL Table d)7 (D)5 4= 9131 710 WHE 3§ Hopr} hepsirhs Aol et

T} 2F9.7% A= =4 Uehdth &, 7852 SBA-15-T] Table 49] 7]237]9] %%, Table 3¢ el SBA-15
H| £ 2] 2fo]of| H] sl 15 TB 2] H|3EH A2 & 2o 7} o] 7| a7| Ret 72 =2 Yehed ol S8 7]
UAILL o]= SBA-15-T-Ext®] & sto| =5A]7] W=7} 59 o] BojA7] fizolth &, AaFATE o8
FBE &olotA s AL AbmErh 3T Table 39 ko] = L Bl =H wpo] S 2 1] ¥ ©] Bimodal 3t 7] 324
SBA-15-MT 9] B| AL (d)7} (c) o} oF 8.7% =342 O 71715 W7ok 21 AehA] e2-S eklsielck

] o] 2 TBHEHol 78 &, Table 42] (d)7}(c) 2T}29% T SBA-157} 218l TB ] 713 TH-2 SEM AZE 53l &

37 Uehgte). 5, 552 0] 3 SBA-15-MT-Ext] 31
o 3 HlER A A% Bol 6% 2 ehich webd Fig 62
53] 1T 2ET SBA-1S A|20] 2 Slol =847 9
=7hTBoo] o] kS 713 Aoz Abssich. A
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3151tk Fig. 8(a)= TB 2] TH Apzlo| ], (b)=SBA-157}
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flo f

O H|EHA0] 0.74 mYg o2 ke thag Alete u) z B
Z=SBA-157} ol 8ol whel v o] 52 m/g
7HA S7Vel . Ad - AIE A E R, Granato ef | & g sto] Ui FP2E 2He oA Algtd) &

[e}
al.2010)°] AAE MCM-410] Aoz g At AL Az AT} w23 2L 017} e
EMI20-37HMB0-4 9] HIERA L 22H42 mifgH Tmilg 1. g Aleke] W= 7153} 7] go] o] el 7]

—_

o]t}. I3t Huerta ef al.(2007) 0| A|Z1et Y B2 UVM-7 32 714 3D-network -2t} 715 F7|= A4
o] 18] I Alghe] Eo] v EH 2 44 m*/go|v] 78] 31 Za 3G B3 243 Al dsp 712 160 pm ok

ol whzt BjmHA o] Apsielet:. £ Aol ARl 2. TEOSE AFAE 3fo] 45 SBA-15% Fu| 2 2]
SBA-15/TB+= A3 A 4AY(Granato ef al., 2010; Huerta Z2ZE AP A0 E o] AGA| 2 312 wjH o) 2k 1.7u)

Table 3. Physico-chemical properties of SBA-15 samples

Materials Specific surface area® (m%g) Pore volume® (cm’/g) Pore size” (nm)
(a) SBA-15-T-Cal 894.81 0.92 4.46
(b) SBA-15-T-Ext 811.48 0.94 5.08
(c) SBA-15-MT-Cal 505.47 0.73 6.14
(d) SBA-15-MT-Ext 553.56 0.82 6.40

Specific surface area calculated by the BET model using nitrogen adsorption branch (ASAP 2020, Micromeritics).
®Pore volume and diameter were calculated by BJH method using nitrogen adsorption branch (ASAP 2020, Micromeritics).

Table 4. Physico-chemical properties of TB coated with SBA-15

Materials Specific surface area® (m*g) Pore volume® (cm’/g) Pore size” (nm)
(a) SBA-15-T-Cal/TB 51.17 0.067 5.50
(b) SBA-15-T-Ext/TB 46.17 0.070 6.38
(c) SBA-15-MT-Cal/TB 30.18 0.041 5.69
(d) SBA-15-MT-Ext/TB 42.32 0.076 7.61
(e) non-coated TB 0.74 0.00029 -

Specific surface area calculated by the BET model using nitrogen adsorption branch (ASAP 2020, Micromeritics).
®Pore volume and diameter were calculated by BJH method using nitrogen adsorption branch (ASAP 2020, Micromeritics).
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% Trasmission

Fig. 6. FT-IR spectra of (a) SBA-15-T-Cal, (b) SBA-15-T-Ext,

Fig. 5. High-resolution TEM image of (a) SBA-15-T-Cal and (b) SBA-15-MT-Cal.
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Fig. 7. Nitrogen adsorption-desorption isotherms of (a) SBA-

15-T-Cal/TB, (b) SBA-15-T-Ext/TB, (c) SBA-15-MT-Cal/TB
and (d) SBA-15-MT-Ext/TB.

Fig. 8. SEM micrographs of the fracture surface of (a) the TB support at magnification of 600 x and (b) the TB coated with
SBA-15-T-Cal at magnification of 600 x.

k22388 4



HH0 e So| =8| WES Bt

3. L o]83) TBY] 7|3 £H-S SBA-152 ISt
A}, SEE SBA-159) v|EH A 31 Sfo] =5
A7) BTt Eas SYE v =] vl EHAo] &9t
ok 38 5 H =) vl EH A Ho 52 mYg PEOZ A
o AT S w2 el

References

Cassiers, K., Linssen, T., Mathieu, M., Benjelloun, M.,
Schrijnemakers, K., Van Der Voort, P., and Vansant, E.F.,
2002. A detailed study of thermal, hydrothermal, and
mechanical stabilities of a wide range of surfactant assembled
mesoporous silicas. Chemistry of Materials, 14(5),2317-2324.

Deere, J., Magner, E., Wall, J.G., and Hodnett, B.K., 2003.
Adsorption and activity of proteins onto mesoporous silica.
Catalysis Letters, 85(1-2), 19-23.

Granato, T., Le Piane, F., Testa, F., Katovi¢, A., and Aiello, R.,
2010. MCM-41 deposition on alumina ceramic foams.
Materials letters, 64(14), 1622-1625.

Han, Y., Kim, S., Jeon, A., Park, J., and Park, J., 2011. Pore
structure of mesoporous silica SBA-15 prepared using mine
tailings. J. Mineral and Energy Resources, 48(1), 45-51.

Han, Y.S., Jung, J.H., and Park, J.K., 2010. Synthesis of
mesoporous silica using municipal solid waste incinerator
ash slag: influence of NaOH concentration. J. Korean
Institute of Resources Recycling, 19(1), 40-48.

Huerta, L., El Haskouri, J., Vie, D., Comes, M., Latorre, J.,
Guillem, C., Dolores, M., Martinez, R., Beltran, A., Beltran,
D., and Amoroés, P., 2007. Nanosized mesoporous silica
coatings on ceramic foams: new hierarchical rigid monoliths.
Chemistry of materials, 19(5), 1082-1088.

Jeon, A., Park, J., and Park, J., 2012. Evaluation on ab/desorp-
tion of water vapor for mesoporous silica synthesized using the
mineral tailing. J. Mineral and Energy Resources, 49(6),
799-806.

Jung, M., Choi, Y., and Jung, M., 2006. Properties of the
Tailings from the Sangdong Mine and Its Recycling. J.
Mineral and Energy Resources, 43(5), 486-497.

Kang, T., Park, Y., and Yi, J., 2004. Highly selective adsorption
of P*" and Pd*" using thiol-functionalized mesoporous
silica. Industrial & Engineering Chemistry Research, 43(6),
1478-1484.

Kim, S., Han, Y., Park, J., and Park, J., 2015. Adsorption
characteristics of mesoporous silica SBA-15 synthesized
from mine tailing. International J. of Mineral Processing,

T2E 2 A wE A 35

140, 88-94.

Lai, S.W., Lin, H.L., Yu, T.L., Lee, L.P., and Weng, B.J., 2012.
Hydrogen release from ammonia borane embedded in meso-
porous silica scaffolds: SBA-15 and MCM-41. international
J. of hydrogen energy, 37(19), 14393-14404.

Lee, D., Song, W., Cheong, Y., Jung, M., Yim, G., Yoon, S.
and Kwon, H., 2008. Economical analysis for the selection
of the optimum method of treating tailing dam. J. Mineral
and Energy Resources, 45(6), 663-672.

Lee, J.S. and Park, J.K., 2003. Processing of porous ceramic
spheres by pseudo-double-emulsion method. Ceramics
International, 29(3), 271-278.

Liang, H.W., Guan, Q.F., Chen, L.F., Zhu, Z., Zhang, W.J., and
Yu, S.H., 2012. Macroscopic-scale template synthesis of
robust carbonaceous nanofiber hydrogels and aerogels and
their applications. Angewandte Chemie International Edition,
51(21), 5101-5105.

Liu, A.M., Hidajat, K., Kawi, S., and Zhao, D.Y., 2000. A new
class of hybrid mesoporous materials with functionalized
organic monolayers for selective adsorption of heavy metal
ions. Chemical Communications, (13), 1145-1146.

Livage, J., Henry, M., and Sanchez, C., 1988. Sol-gel chemistry
of transition metal oxides. Progress in Solid State Chemistry,
18(4), 259-341.

Mao, X., Shimai, S., and Wang, S., 2008. Gelcasting of alumina
foams consolidated by epoxy resin. J. of the European
Ceramic Society, 28(1), 217-222.

Ooi, Y.S., Zakaria, R., Mohamed, A.R., and Bhatia, S., 2004.
Hydrothermal stability and catalytic activity of mesoporous
aluminum-containing SBA-15. Catalysis Communications,
5(8), 441-445.

Park, J. and Park, J., 2005. The characterization of pore size
distribution of ceramic foam for the surface property of
particulate. J. Mineral and Energy Resources, 42(1), 45-52.

Schaefer, C.F. and Bedford, R.E., 1983. Cordierite bead
catalyst support and method of preparation. U.S. Patent No.
4,374,044. Washington, D.C., The United States of America,
6p.

Seo, J., Kim, S., Han, Y., Kim, Y., Lee, J., and Park, J., 2013.
Preparation of Porous Ceramic Bead using Mine Tailings
and Its Applications to Catalytic Converter. J. Korean Institute
of Resources Recycling, 22(4), 38-45.

Vinu, A., Nandhini, K.U., Murugesan, V., Béhlmann, W.,
Umamaheswari, V., Poppl, A., and Hartmann, M., 2004.
Mesoporous FeAIMCM-41: an improved catalyst for the
vapor phase tert-butylation of phenol. Applied Catalysis A:
General, 265(1), 1-10.

Yim, G., Ahn, J., Cheong, Y., Min, D., and Baek, H., 2009. An
evaluation of the infiltration control of a soil cover overlying

A5 A=



36 P2 4
tailings impoundment. J. Mineral and Energy Resources,
46(3), 351-361.

Zhang, F., Yan, Y., Yang, H., Meng, Y., Yu, C., Tu, B., and
Zhao, D., 2005. Understanding effect of wall structure on the
hydrothermal stability of mesostructured silica SBA-15.

A

The J. of Physical Chemistry B, 109(18), 8723-8732.

Zhao, D., Wan, Y., and Zhou, W., 2013. Ordered mesoporous
materials. Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim,
Germany, p.12-25.

o x| @

20179 Qgestn Fajdfst AT
st ot

A sreielm AUSATE AAbg
(E-mail; emily94@hanyang.ac.kr)

ARl

2009 Fefeista gaest 278734
sulgsta) 25l

20164 FefeislaL Alerd st 25}
apa}

A IFAAAAATY FRAUATER A7
(E-mail; ksm850222@naver.com)




