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Abstract: In this study, a study was carried out for the separation of metal ions in lignin extract discharged from the
pulp process. alumina powders were mixed with DMAc (N, N-dimethylacetamide) solvent and PESf (Polyethersulfone) poly-
mer, PVP (polyvinylpyrrolidone) dispersant was added and slip casting method was used to prepare the membrane. The
membrane was measured for pore size through a CFP (Capillary Flow Porometer) device and the surface and cross-section
of the membrane were observed through a FE-SEM (Field Emission Scanning Electron Microscope). The flux was calcu-
lated by measuring the filtered weight per hour using a separation experiment device. Pore size measurements were per-
formed under increasing pressure from O psi to 30 psi. The pore size of the membrane was 0.4 um and the flux decreased
from the initial flux value of 6.36 kg - m? - h™' to 1.98 kg - m™? - h" due to the fouling of the membrane. After the per-
meation experiment, membrane contaminants were removed by simple washing. Separation experiments showed that Na con-
tained in the initial lignin extract was reduced by 69%, Fe was removed by 87%, K by 95%, Ca by 93% and Mg by 96%.
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Fig. 1. Process of alumina ceramic membrane fabrication.
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Table 1. Thermal Cycle Conditions for the Preparation of Al,O; Membrane

Temperature Speed Time
Segment — - o
Initial (°C) Final (°C) (°C/min) ()
I 20 600 2
I 600 600 2
m 600 1000 5
v 1000 1000 2
\ 1000 1300 5
VI 1300 1300 4
VI 1300 20 5
S B2 AF 3 F 100°C 219 2EBA 2447t

Az npAEro 2 AAZ A 1300°Co) A 4A17F
B¢ AAs IR Algty BEeEes AFsIH L
o AT &2 274 Table 19 YR
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curve P45 93l FHAHo| 15.9 dynes/cm?] Galwick
FAE ARSI, o]F F27 W] Galwick &
o] k3] AA" F dry curve S A Da(Fot
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Fig. 2. Process of lignin filtration and alumina membrane.
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Fig. 3. SEM Image of Al,O; ceramic membrane (a) sur-
face and (b) cross-section.

Fig. 4. Liquid and solid of lignin extract after separation.
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Fig. 5. Flux and pressure graph of lignin filtration accord-
ing to permeation time.
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Fig. 6. SEM Image of (a), (c) surface and cross-section of
membrane before permeated experiment and (b), (d) sur-
face and cross-section of membrane after permeated ex-
periment & washing.
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Fig. 8. Flux graph according to washing frequency.
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Table 2. The Amount of Metal Ions Before and After the Filtration Experiment

mg/L Na Fe K Ca Mg
Lignin extract before filtration 32744.07 2322 5201.28 201.24 30.96
Lignin extract after filtration 10057.01 1.12 383.35 26.04 1.23
35000 25 60
30000 @ Liznin extractbefore filtration @ Lignin extract before filtration 5000 @ Lignin extract beforefiltration
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Fig. 9. Graph of mass per unit volume of metal ion. (a) Na, (b)

g A ol LM Ao, Sl <
& 9:2377}11 TG = o] A7) 8o ofzwol 3l
TH12]. SHAIRE 2 A7olA Alzd ARty 2292 =
& AHE Tl Eeldse A5 shARt
AHezs A 92w A Edo] AAHA ot Al
e T2 Ao Ae7HA SEHAE Sl
o ARSI F AMA AR o AR £ ]EO]
< Fig. 6= 53 I = 9loh Fig

F 28I AAH £ J%"

J

rlo

3.3. 250|2 XHEHY

oz A A} oA} Ay F ol F& o]
S Table 201 YERAITE Na2 27] glad &l %
st ol A 69%THE EAUIL, Fed 87%, K2 95%,
Cal 93%, Mg 96%+E AAHUTH Be %o F
Zolo] A7 A dolli YR FHoleE

o] efsjelol Polglg-e & 4 lrk. ol Bejuhg of

0

©

B Lignin extract before filtration

S

[[J Lignin extract after filtration

20

(e)
Fe, (c¢) K, (d) Ca and (e) Mg.

iy

4. 2 B

B AFoA e EFHEES AMgSte] Aty &
ok Az3A 281 Az EEuhs Bt &
214 E4¥ g ad FEE U 3502 2
skl AT A7 by 22 A9E d

1. CFPRAIE 538 7|E=7] 34 A3 H+ 043
um 2719 7]13& SA8HA S, 0.1 pm ©]&te]
715 A8t oA A B =2 9t
A ==l 30 bar ool EElto] £4Eo] 7]

n

Membr. J. Vol. 27, No. 2, 2017



204 Min Chang Shin * Young Chan Choi - Jung Hoon Park

o, 3A1ZF & 1.98 kg - m? - h'7HA W€t 5 A o
Atk EY 2 ghol A ol f = 21
Fr71Ee] B 7lgel 9l gy R
on, Eo 95 AFHoZ B 7]F
Aoz FY2 o] AMHE As et

3.80d FEE o3 AF $ o3H QorRY
ICP-MS #4 Z3} Na& 32744.07 mg/Loll A4 10057.01
mg/LE 69% =%, Fex 23.22 mg/LollA 1.12 mg/L
2 87% &3, K+ 5201.28 mg/LolA 383.35 mg/L
2 95% Z93, Cat 201.24 mg/LolA 26.04 mg/LZ
93% Z9%°M, Mgt 3096 mg/LolA 123 mg/LZ
96% E°1E3Uth

w&ol&o] AAR olfre &0l YRt B
dYEn 2 Jor e T AdEN F
I A Fol EYUEs T Ha, dF= Bt
HHT 43 Qo fFrlEel %&EM F71&°] 713
= FAsHA 2 o) g&olex o] FHEHA Hote=
Aoz FAHAT oyl olof uigk AA, FFZ ol
7b B8t 5ol e WAUS tg A7t
O zlg= ook g},

l-Jm

F "\E‘ o] HT Y O oﬂj
o7 FAF YL ol FYHUSES dH=HY
A E : 2016000160004).

Reference

1. T. C. Merkel, H. Lin, X. Wei, and R. Baker,
“Power plant post-combustion carbon dioxide cap-
ture: an opportunity for membranes”, J Membr.
Sci., 359, 126 (2010).

2. M. T. M. Pendergast and E. M. V. Hoek, “A re-
view of water treatment membrane nanotech-

4, 1946 (2011).

and M. Marcucci,

nologies”, Energy Environ. Sci.,
3. G. Ciardelli, L. Corsi,
“Membrane separation for wastewater reuse in the
textile industry”, Resour. Conserv. Recycl., 31, 189
(2001).
4. F. Fu and Q. Wang, “Removal of heavy metal

ions from wastewaters: A review”, J. Environ.

Myl A 27 A A2 3, 2017

10.

11.

12.

13.

Manag., 92, 407 (2011).

. D. W. Lee, J. S. Bae, Y. J. Lee, S. J. Park, J. C.

Hong, B. H. Lee, C. H. Jeon, and Y. C. Choi,
“Two-in-One fuel combining sugar cane with low
rank coal and its CO, eduction effects in pulv-
Technol.,

erized-coal power plants”, Environ. Sci.

47, 1704 (2013).

. J. S. Bae, D. W. Lee, Y. J. Lee, S. J. Park, J. H.

Park, J. C. Hong, J. G. Kim, S. P. Yoon, H. T.
Kim, C. Han, and Y. C. Choi, “Improvement in
coal content of coal-water slurry using hybrid coal
impregnated with molasses”, Powder Technol.,

254, 72 (2014).

. S. J. Park, D. W. Lee, Y. J. Lee, J. S. Bae, J. C.

Hong, J. G. Kim, J. H. Park, J. H. Park, J. S.
Shin, and Y. C. Choi,
combining glycerol-derived hydrogel and coal and
Ind. Eng. Chem. Res., 52,

“Hybrid fuel preparation

its characterization”,
16206 (2013).

. J. S. Bae, D. W. Lee, Y. J. Lee, S. J. Park, J. H.

Park, J. G. Kim, C. Han, and Y. C. Choi, “An in-
vestigation of the evaporation behavior of bioliquid
in the pores and its application to hybrid coal
combining biomass with coal”, Appl. Therm. Eng.,
90, 199 (2015).

. J. Wang, C. Li, K. Sakanishi, T. Nakazatob, H.

Taob, T. Takanohashia, T. Takaradac, and I. Saito,
“Investigation of remaining major and trace ele-
ments in clean coal generated by organic solvent
extraction”, Fuel, 84, 12 (2005).

J. W. Che, H. J. Lee, and J. H. Park, “Preparation
and characterization of «-alumina hollow fiber
membrane”, Membr. J., 26, 212 (2016).

W. J. Koros, Y. H Ma, and T. Shimidzu,
“Terminology for membranes and membrane proc-
ess”, Pure Appl. Chem., 68, 1479 (1996).

I. S. Chang, P. L. Clech, B. Jefferson, and S.
Judd, “Membrane fouling in membrane bioreactors
for wastewater treatment”, J. Environ. Eng., 128,
1018 (2002).

I. Chung, “The present and the future of anaerobic
treatment of pulp & paper wastewater”
Ind. Chem., 7, 3 (2004).

, Prospect.



