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C SUMMARY >

- Purpose

Recent industrialization and urbanization have caused water pollution leading to destruction of
ecological system in water and threatening national water security. This project utilizes low—cost
industrial by-products for providing an economic solution to water—purifying system. In
particular, one—step synthesis of geopolymer-supported zeolite developed by the present
research team is utilized to develop a zeolite/LDH composite with an adsorption capacity of 30
and 10 mg/g of cations and anions, respectively, for water purification.

28] 2012

(CN-, SO.2, PO

el gol2 ms
(Pb2, Cu2*, Cd?,
Zn** §)

Ao 23 g3 =e
Purpose &
Contents . Contents
=  Optimizing synthesis of hybrid zeolite-LDH
- Optimizing synthesis protocols considering hydrothermal conditions (temp., pressure,
reaction time, and etc.) and precursor mix proportions
- Selective control of pore network for enhancing adsorption capacity
- Ensuring mechanical property (12 MPa) and crystallinity (25 wt.%) of composite
» FEvaluating water purification of hybrid zeolite-LDH
- Ensuring cation (Pb*, Cu®*, Cd**, Zn®*) adsorption capacity of 30 mg/g
- Ensuring anion (CN”, SO,%7, PO,*) adsorption capacity of 10 mg/g
= Developing hybrid zeolite—-LDH prototype
- Prototype production of composite and evaluation of water purification performance in
a simulated environment
- Evaluation of long—term durability performance of prototype
Final product/outcome
Results - Development of hybrid zeolite—-LDH composite for water purification with an adsorption
capacity of 30 and 10 mg/g for cations and anions, respectively
Demand for water purification has been consistent in recent years due to increased water
pollution and eutrophication in rivers and streams. The market for pollutant—adsorbents and
other means of mitigation measures is rapidly increasing, hence, the final outcome of this
project offers a substantial economic benefit. In addition, this project will help growth of young
individuals with professional knowledge in water purification sectors. The final product can be
readily available for technology transfer to relevant industries. The effects anticipated at the
end of the project are as follows.
E Adsorbent system for leachate from abandoned mines
xpected

Contribution

- Mining leachate contains hazardous ions such as CN™, SO which causes acidification of
ground water and neighboring soil. The to—be-developed composite can be used to
mitigate such pollutions caused by mining leachate.

» Filter system for sewage plants

- The to-be-developed composite is capable of adsorbing both cations and anions, hence

provides a wide application range in existing sewage plants as a filter system at a low cost.
* Heavy metal adsorbent in water system

- High mechanical strength of the to—be-developed composite ensures its role during the
service life as a functional adsorbent block which mitigates release of heavy metals into
rivers and streams.

Keywords

Water

. Industrial One-step . el
Zeolite—LDH by—products synthesis lon adsorption purtl)fllgcailon
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H|=2}0| E (zeolite)

st0|=2|= H|E2to| =-LDH
S8H N=3H E5

sto|=2|= X Z2fo| =-LDH
=3 A=2Y 2%

. A™ anions < ‘i:g“A

(cf. Bi et al, 2014)
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(cf. Bi et al, 2014
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o

HS A ALZ
ot HEs2 p.429 &1

1-2-1 sto| 22| = M 22I0|E-LDH S el M=3"*

X & YEBES HR Khalid, N.K. Lee, Iqra Choudhry, Zhen Wang and H.K. Lee (20189). El/o/uf/on of zeolite
crystals in g@opo[ymer—suaported zeo//fes effects of composition of starting materials,” Materials Letters,
Vol. 239, pp. 33-36.(SCl)E L2tsF 12/

EuEZo| ZR(sIEY =M)7F XE2H FMEe HMS2lolE ZAEYMo| o|lxle P cist
AT= &9 O|FOXX Luct O2{E=2, HEZISE /Sl ZEME 7|2 stHAM HEFHSE
2 Ezlo|ofAlZ x|2t5to{ v EHd|of o|st HEkg TESIQICE Liotrl, SEEAME fld MZE 2 3F7
o ZzjolofAlet &eflTol o|st detE BAF At
1-2-1.2 Algl ghd

HEZISEI(MK), MZ Ct2 &F2| Class F(FF1, FF2)2} Class C(FC) Z2fo|ofjAl, n2<&ef1 o|&
ah(S1, S2)0| EUERZ ALSEHUCH ESLERES F5tH =M E 10| LIERHACH ELHEEER
silicate modulus 0.882 Z&= 5M FTASILIEE W1 EF2(29wt.% Si0,, 10wt.% Na,O, 61 wt.%

I 20f LfERHACEH

H,0)2| Z&HdZ 2M3l =t XM & i &=
E 1. swemel ssa x4
) Oxide (wt.%) .
Material =i A0, Ca0  Feds S0 M0 Ti0h K0 Pils cl Lol
MK 480 403 07 - 16 - 2.1 - 1.7 41 -
FF1 570 210 479 997 1.03 1.29 1.45 1.35 1.45 - 2.71
FF2 570 18 58 913 1.6 - 268 0.8 1.3 3.1 -
FC 22 13 379 136 7.5 - 18 2.1 0.6 0.28 -
s1 324 1.5 47.7 056 2.66 2.98 052 050 0.64 - 0.29
s2 182 75 67.6 1.0 3.1 - 0.95 0.76 - - -
“Loss on ignition
E 2. AlHel s (wt.%)
Mater ial Sample designation
FF1-0 FF1-20 FF1-40 FF1-60 FF1-80 FFo-80-52  FC-80-52
Fly ash 0 20 40 60 80 80 80
Metakaol in 80 60 40 20 0 0 0
Slag 20 20 20 20 20 20 20

RE AMNEHS2 2 AFZIO| LS one-step TLEMEH S &E5to] M =ACH1]. EME = 100°C
oM et =RAct 24412 7, AlEHE2 2 E[0] 25°CollA A=At

AE S| XD BIMEMATIE 22 1ol Lietgic WKt ZEi 02 EREH FR-0AHe M2 @
A 8|ME Hefol MO ofFOiM UALL YSMo| oh Wyct =3, SajolojAlel arEol Sobes

£ Na-Pt1oll siiEst= w32l ZE7F E7t6tR 2] ol= AAE3Eel SIHE 2fo|gict. AlCtot, o &tol
71215t C-A-S-H geloll aliSste BoHE SEfel L 37t 26 29°-30°01 A 2h7d = Ut

2 hydroxysodaliteol| sliZst= L3 E LIEHASICE. FC E2I0|0fAlol= M S2l0|EH
Mg Xaliste Aoz Leidl ZAEE0| =7 W20l hydroxysodalite?t calciteol| sHEste I 329
2Tt B7tstct1-3]. AlHE2 M 220|E SHMES dItstV|?ls] XRD MHEAM S AMASIFCHE

3). Na-P1 A E2 FF1-80AIHOIM J}E =Uh20{(21%) FC-80-S2A|H 2 2k 7%2| hydroxysodalite2| A4
.I
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Q: Quartz, PDF #01-086-1629 M: Mullite, PDF #01-074-4145
P: Zeolite Na-P1, PDF #01-074-1787 C: C-A-S-H, PDF #00-033-0306
Ca: Calcite, PDF #01-072-1937 . St Hydroxysodalite, PDF #01-071-5356

=

) ) Hydroxysodal
Sample Amorphous Quartz Mullite Na-P1 Calcite it
ite
FF1-0 99 - - - - -
FF1-20 89 9 - 2 -
FF1-40 77 12 8 1 -
FF1-60 69 16 9 4 2 -
FF1-80 50 15 11 21 2 -
FF2-80-S2 45 19 16 19 - -
FC-80-S2 66 17 - - 8 7
N2 STHME AFE5H0] FF1-80, FF2-80-S2, FC-80-S2A|# 2| BET/BJHEA S AA|SIU D FE 40 LIEL
LAt AlHER2 TEMEe 82 X 80| Jtstt e =2 EHAES LERf I
E 4. MIPEA Z3}
Critical Total
Average pore ) . BJH pore
) pore i intrusion BET surface
Sample Porosity (%) ‘ diameter , volume
diameter (nm) volume area (m°/g) (cn’/q)
nm cm°/g
(nm) (mL/g)
FF1-0 56.8 183.0 136.9 0.42 - -
FF1-20 52.0 226.8 125.4 0.40 - -
FF1-40 50.5 226.9 36.8 0.39 - -
FF1-60 56.2 284.0 17.9 0.41 - -
FF1-80 47.9 32.4 12.7 0.37 99.5 0.27
FF2-80-S2 52.0 9.1 24.5 0.48 79.3 0.21
FC-80-S2 51.2 12.3 13 0.50 113.5 0.39

Mol X2E2|H EéEQFWQﬂNE é@%@WIMﬂE-%aN ZAt= 2ACt
F [Of AT % 2

0
4> o %

1-2-1.5 &1Z3

[1] H.R. Khalid, N.K. Lee, S.M. Park, N. Abbas, H.K. Lee, Synthesis of eopolymer supported
zeolites via robust one-step method and their adsorption potential, J. Hazard. Mater. 353
(2018) 522-533. doi:10.1016/].jhazmat.2018.04.049.

[2] N.K. Lee, H.R. Khalid, H.K. Lee, Synthesis of mesoporous geopolymers containing zeolite
phases by a hydrothermal treatment, Microporous Mesoporous Mater. 229 (2016) 22-30.
doi:10.1016/j .micromeso.2016.04.016.

[3] T. Wajima, M. Haga, K. Kuzawa, H. lIshimoto, 0. Tamada, K. Ito, T. Nishiyama, R.T. Downs,
J.F. Rakocan, Zeolite synthesis from paper sludge ash at low temperature (90° C) with
addition of diatomite, J. Hazard. Mater. 132 (2006) 244-252.
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1-2-2 5t0|E2|E X 22l0|E-LDH S2tA el S&Ael M=3d = X35t
¥ 2 WEg2 Z Wang, H.R. Khalid, S.M. Park, S.J. Bae, H.K. Lee, Mgo-induced phase variation in
alkal /—acf/vafed binders synthesized under hydfofher///a/ cond/z‘/ons n preparaflon = L9Fst 22/,

1-2-2.1 A&

2 oAl 2AtHE Aol UM MEMoF K S2lolE M X2EZ|H2 LDH7F 3=ots S E
HMasln ASUE M YT WIS SYsoc
1_2_2.2 AI%-I i:iI-I:H

ZClo|ofAlt 12&efd o|E 2ol F ZRME ALSEHJCH EZ2l0[ofAILb seffdel Fhetd =M
# 10| LIERHACE.

1. 2o et =M (wt.%)
Oxide Fly ash Slag
Si0 57 18.2
Al,05 21 7.5
F8203 9.97 1.0
Ca0 4.79 67.6
Mg0 1.29 -
P20s 1.45 -
Ti02 1.45 1.0
K20 1.35 0.8
S03 1.03 3.1
Lol 2.7 -
“Loss on ignition

2 Ao ALSE LZe| gMdEH et AlEel MY E 2 AFZe J[IEAETFA MAIEOUCE
[1,2]. Mg/(AI+Si)=H|, &efi/Z2t0|0fAl FAH|, &MAIZte] 5 2{stod & 1070 AlHE H|
Ztoldct, AEE = 7 20| LIEHRACE FEBMHM2E= ZE AlHAA 11002 SLstAl M
ct

FE 2. AMHEe| vigd| (wt.%)

Sample Mg/ (A1+Si) (mol%) Slag/Fly ash Curing time (h) Activator /Binder
0-R11 0.1 0.25 24 1
0-R20 0.20 0.25 24 1
0-R39 0.39 0.25 24 1
0-R58 0.58 0.25 24 1
0-R76 0.76 0.25 24 1
0-R95 0.95 0.25 24 1
0-R39-54 0.39 0.67 24 1
0-R39-S6 0.39 1.50 24 1
0-R39-S4-C48 0.39 0.67 48 1
0-R39-S6-C48 0.39 1.50 48 1

1-2-2.3 Al Z1}

StO|EE|E M 22l0|E-LDH SghAle| MY 3, 28 UFUTZIE O 10 LIER A MgOEHEOl
S7te+8 SeA el AdsLEIF ZASHACH 3], T2 Mg/(AI+Si) =H|7F 0.580(4F 71 29 &5
Y=ot Sobeiict E3 SUTBTO| £ AIHOIM BT C-ASH el HHOER H2 USUEIL
LHE AL 2 Ao F=EHA AlZto| SEAH S YFLEE SHAII= 2ot ASS LSoUct
0-R39-S4A|H | AZLUE= 2F 190MPaZ = Aol SEX|E M356t= ZE LIEACE.
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®3-Day m28-Day

strength (MPa)

a8 1. sto|E2|E HME2l0|E-LDH = UFLE
0-R95, 0-R30-M4A[HS| ZHH 3, 28 XRD S|EEA Z1te| Rietveld WHFEAMZIE E 30i LIERAUCE XRD
HHEMZ Solf At 2kl NaAl M220|E7 gME A elsiict. J2{ut Zeixfel seiastao| =2
0-R39-S4A[HOlIA hydroxysodal ite2| @M= HZ2I0|E FMTO| X ZUAsks 2QISIFUCH3]. ot MHEUYS
7t 715 [DHA| ik hydrotalcitee| @adol FE{RCt w2 2 Aol H=F HS20|EN X|
RELHE =2 FFo| MS2l0|E ATl ClEe| LH S SAlol 2Mst Aoz AlZEICt Act E o
ZAglo] BE AlHOIM ZHslE 26%0|4M2 SESIICH S35 0-R3-MA|HE2 MAHUo| BI71Ers ZdHslsrt &
7tstict.
¥ 3. XRD HEIEM A1
3d 28d
0-R95 0-R39-S4 0-R95 0-R39-S4
Phase (%)
Mullite 19.0 12.2 24.6 20.2
Quartz 9.5 5.2 7.5 71
Magnesioferrite 1.4 31.2 15.6 1.2
Brucite 7.8 - 1.5 0.1
Chabazite 17.2 38.4 10.6 17.2
Zeolite X 0.1 - 0.1 -
Zeolite P1 44 .6 3.1 7.6 8.2
Mg-Al-Hydrotalcite 0.4 9.9 32.5 35.9
Crystallinity (%)
Crystalline 39.7 26.8 29.2 29.1
Amorphous 60.3 73.2 70.8 70.9
1-2-2.4 ZE
2 AFes 2R E AIEE M= 2 As "o Ago oM MM o=z HI20lE M XE2Het
LDH7t &5t S=AHE M2fstl, s AdF2E: 2 Z2H™3E XNt 2HE AESH| s T
ACt olH AAFtel Au=E 1e{sto] cts3 2ol 22 E £ AUrct.
e =THA2| Mg/(AI4+SI)=H|I7t 748 L= Hdoste 82 EF 2Lt Mg/(AI+Si)=H| 7t
0.580| & B7te A2 LFLTIF BItste AEs LIERYCH 2 CH19WPa)
® (0-R95, 0-R39-S4A|HOflAM CiZo| M ZS2f0|EJF HMEJD =2 ZHET(26% O|A)S LIEHAAUCE.
LSO =2 =F9| LDHMO| &M El HE2 =2Helstct.
o [2tA, 2 AFZINE HIFCRE 2XdEo SHHEo=Z FaE ARE AFoM= A of=atdnt
TAFeE MEfo] MESAZ ZMSIL, AIZES S M52 ItstIAL ot
1-2-2.5 &i1=2dl
[1] N.K. Lee, H.K. Lee, Setting and mechanical properties of alkali-activated fly ash/slag

concrete manufactured at room temperature, Const. Build. Mater. 47 (201

[2] H.R. Khalid, N.K. Lee, S.M. Park, N. Abbas, H.K. Lee,
zeolites via robust one-step method and their adsorption potential,
(2018) 522-533.

3) 1201-1209.

Synthesis of geopolymer-suppor ted

J. Hazard. Mater. 353

[3] J.L. Provis, J.S.J. van Deventer, eds., Alkali Activated Materials: State-of-the-Art Report,

RILEM TC 224-AAM, Springer, Dordrecht, 2014.
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1-2-3. M 22l0|E-LDH 2&H ol EEAMSH
X =2 Y22 Zhen Wang, Hammad R. Khalid and H.K. Lee, Selective synthesis of zeolite Na-P1 and LDH using

fly ash and the adsorption capacities, in preparation. S L2<F5F 712/

1-2-3.1 od3o| v

=& M52 =0/7| flsiM= ol AFolM HM=SHAE M S2t0[E Na-P1t LDHOl &2 7H40]
TECH o™ 7 Aqof w=H, HMS2H0|E Na-P12| @M2 seia &3 ¥t otd2t, otaul&
S7toll el dEs] Haskict a2(dl gt AlZbol ZolES

=, M=2to|E Na-P1o| &
A3} dHid
|

2 Xt JHME £7st1l, LDHe @A 2 HS:2l0|E Na-P1e 2l 2AE LHER

H o —
Chometd, 2 d7= dZe| 4=t M2l NalH 5= % s S HIAMH2=ZM, s et[2] F
M3t8 MAIBIGICH 3, B BHE MEo gol2 U Zol20 et 55 452 TASICH

Z2l0|0f A2t &efid o| 22l st =M E1np Zend, DHe| EME FHIXAIZI7] flsh A&
MgOZ7t H7t=Act LM = &8 =SR2 TUSHEF EUES 2:12] SHHIZ E&5Ho] H|
Zz[Qdct ME2 Chetet FMUSHEEF X ST(8M, 10M, 12W)2F S (20 wi%, 40 wih) 2 A
it =0l Mgo ol=2o| ALSE ME2l Mg/(Si+Al)HIE 0.622 SYsto], 24 ddof
Mgo2el HFSE=E Z=ASH?| ?lsil A8-CLDH ¢ Z0lM= Mg0 ol=22 cH&l 10% 24 LDH(CLDH) 7+ M 7t=|2ACt.
CLDHE & LDH D= 22 500CoAM 3A|Zts et a~det oz FH|=ACh £t LaxHMIE It St
Ol AFOME LZEMZE 5% H0, EUES HIQITE SECHH| 4% HIIsIRE W zeolite Na-P12| Z2H 3T

=]

= Z
7t 22 A2 ASEHUCH]. 2 E2R2, 22 eIt 2 HAFo| HE=ACt. One-step TE Y
Ho| AFEE2U2n, MEHo| Sef A 22t & HilH SEHE| seia sEnt sUstHEF 899

ST E LIEHACE

Oxide Fly ash Slag
Si0, 57 18.2
Al1505 21 7.5
Fe203 9.97 1.0
Ca0 4.79 67.6
MgO 1.29 -
P20s 1.45 -
TiOo 1.45 1.0
K20 1.35 0.8
S03 1.03 3.1
LOl™ 2.71 -

“Loss on ignition

F 2. wighH]

Sample Slag/B’ Mg/(Al+Si) NaOH Sol. H.0/B H20, Curing

(wt%) * (mol/L) (wt%) time (h)
(mol%)

S2-A12 20 0.6 12 0.75 4 24

S2-A10 20 0.6 10 0.75 4 24

S3-A8 30 0.6 8 0.75 4 24

S4-A10 40 0.6 10 0.75 4 24

S4-A8 40 0.6 8 0.75 4 24

A8-CLDHx* 20 - 8 0.80 4 24

B : fly ash and slag.
. MgO was added to derive the ratios excepting the sample A8-CLDH
% 10wt% CLDH was added to the samples instead of MgO
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XRD =M Sofl HES2 ZFYES HelsdeH

Rietveld =M

50 CsCl 8N
=]

ZEACE

Ch At ME2 <oF 0.599| %01F'—| @EHE X

XRD =4 ZAxt, Z2folofAlol EXfSH= quartzet mulliteZt 2= HE Wol EMYU20{, HM22t0|E
Na-P1, soldalite, LDH, Mg0e|l ZZ&&S0| M=Zo| Mo =[Act. S4-A10 =2 XRD {EHOIA chabazite
UAUCH. 53], A8-CLDH M =2 XRD T EHO|A X Z22t0|E Na-P1of| sHE=l= u 37t
HMZ2l0|E Na-P10| 2 ZF4AS 2o|gtch. M E2210|E Na-P12| ddE2
i eEo| BTt SE Hastien], dHeEUt SeEsS M ES210|E Na-P1o| ddFol &t
Ch. LDHo| ¥d2 &2l 40 wt.% &7 St A= S4-A10 & S4-A8 W SolMet LA=ASH, H
OlE Na-P1ofl siE== w32 M7= e EUACEH Alchyt, SZe|=7F STHe+5 LDHol sl E=l=

N
39| M7l= &5k, MES2l0|E Na-P1ofl siE=l= w32 M7= &7ttt

of ZE HHolg &
x| H ol 20 o=

P

oII
LI o 1

o o

HIIO

Q: (nmriz 5: Sodalits
H.IDH D:Faglie NaD1
| CCASH  Ch Cheharie

m
m

S4-A10
S54-A8
3 m 15 m = £t 35 40 £ 0 o5 AFCLDH
Two-Them (de g
O 1. XRD |82 Al
HIFEMES Foll S4-A10 L AS-CLDH ME=2| ZH™EZIF 30% O| Aol s 2ol CE S4-A10 MEAIAM
LDH= Z& Z™ A9 7%, MZ22l0lE Na-P1=2 Z2™atel 10% 2HE MM =EQdct 2L A8-CLDH

o [—
SO0lM 220l E Na-P12| M2 2E ZE Y2 66%0 OIE%{EP.

H 3. Crystallinity of samples S4-A10 and A8-CLDH

Samples Crystallinity LDH Zeolite Na-P1 Other crystals
(%) () (%) ()

S4-A10 32.23 2.26 4.19 25.78

A8-CLDH 49.87 - 32.91 16.96
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MEo| o= oS'EEE2 ool ME|=Ho 2o, Al (1)[1]2 o|2dl AHAt=[UcCt
g ="(co—c) s V/m

0{7|M,

=Absorption capacity of the adsorbent(mg/g)

=Initial concentration of the target adsorbate(mg/L)
¢ =Concentration of the target adsorbate at the time collected for measurement(mg/L)

V'=Volume of the solution(L)

m =The mass of the adsorbent(g)

MESS (S % 7|tHMsS2 30mg/g oA =2 LiEtGten, 228 S4-A10 HE0| 2 228 o
=20l vloll Folt M52 EUct. XRD ZIolA & = UAAKXO0| S4-A82] M 220|E MHZH2 S4-A10
of glsf ¥2= & &+ UYL, T Zot S4-A8 YES S & 452 XS o{xct o gl S
Ol2 5%t 452 Z& ME0AM FSHEZX| $UCE &2 LH 222 &Fote AIH2 71 =2 N0 &
kel 1.48mg/g2 ERU2LE, OfE Z& SEAS 2 CI'2F NOs 2f &% d50] H2| glgs & &= U
Act. ol MZ Wi LDHe| Aol M1, ALZE SEAMIE 2d =X &2 Aol 7|l Etot

H 2. Results of adsorption on Cs"
Adsorbents  S4-A10-B  S4-A10-P  S4-A8-B
q: (mg/g) 62.87 55.32 31.75
B: particle type; P: powder type.
H 3. Results of adsorption on anions
Adsorbents  S4-A10-B S4-A10-P S4-A8-B S4-A10-P  S4-A8-P LDH
Adsorbates Ccr Ccr Ccr NOy NOy NOy
q, (mg/g) -* % -* -* -* 1.48
B: particle type; P: powder type.
*: No adsorption capacity was performed.
1-2-3.4 22
= 7= MS2t0[E Na-P1 R LDHO| M2 SFatA|7|7] fI5h vietd|2] =X =etE |5H Ldze e

2 S S HeER Moo TASIUCt €S, CIF & NOs ol &2 Mso| "It=EALr, ofefel &

20| === ct.

- M 22t0[E Na-P12| 42 Sl &FHo| SIS 545 d23ct NaH =5 &7t M=

|2, HM22t0lE Na-P12| MM MO Z O[o{ACt. ghHof| LDHE| M2 A

ol #+x& SaljAl7

220l E Na-P12| MMt vho|&d| 53 ct.

- S4-A10 M E2] CS' %&*éﬁ%% 71F ATolMel =1 55 Z(43.6
et = ATolM Xty MESES 2LY YESEHC 52 FMYse 2o
- 4ES2 S0l20l it EHYESS Hel Holx| It o4& L0H 2Ll Noy S5 452 1.48ng/g
Ioi, S0I2 MAHE flsid LDH| 20| desicts 22 ofolatet

Synthesis and characterization of mesoporous geopolymer solid adsorbents

[1] H. R. Khalid,
Ph.D thesis, Korea Advanced Institute of Science and

containing nano-crystalline zeolites,
Technology (KAIST), 2018.
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<o = LHES2 Zhen Wang, Hammad R. Khalid and H.K. Lee, .S‘&;/_icfv//' v§ synthesis of zeolite Na-P1 and LDH using
ofsr Z2/.

1-2-4.1 Ao ujA

M=22l0lE Na-P12} LDH Z™ 2 &fste AlHS FME £ A2 A|HES SHMEs2 278 ¢
ol 20 =5t=l0f O|FO{XICE LDHe| F+=+&= 27 2Fol2 & LR T} 37t Lol2(Al, Fe, Ca S)22 A
== brucite(Mg(OH)2) =0 7|=st7| j-2o| 0|2 Z=0| 7tsstch6]. LDH F+=2| layer Afo|e
Moz B, AME, MY = HetsEa e 3ol osf f8e Hen RU|olRes FE5H
T sict6]. ol AR EoAM= AME LDHO &S0 AMEX| 22 LDHe| SEsZHECt f55ict
0 20EACH1,2]. ol &dE LDH7L AEHEC| HE M FEE LoH H L2 Sol2umeEts FXA
717] Wi2olct3]. a3 2AFoAM el LDH= HIHZE Q| gel, XM22t0|E Na-P1 & mullite, quartzet
Zo| &zte| &N SZoM WME= Ctest 2 aE0 e MAMECH w2l AEHE 500TollA 3A|

= 0._4:[‘—01|A-| AI’%E' %E|-O|OHA|E T2 SiOg, A|203, MQO, Fe203, CaOQF —tao':—ql El"f—'?g{—g—.o_l Ti, K, P
4.2% E1 BI), Mg-Al, Mg-Ca, Mg-FelZol LDH7F BHEE + ¢

Moo EE 2 MZ Aol MAEUCH A AE A

2
Z o
rr i
e
I
1
0x 0

d
_"-__l_
2 [Ao

2

%, R
of AMYSTE BAAIFIZ| S5l Lol ALBEUCH

H S
dEl B LDHE 0|83t NOs 2l EXMsS ZASHLH. &

—'—él_, o Ho 5 o o H o ) =] —
2 = gt E LDH. &M E LDHe| 7= Hsl= XRDE 0| &350 =435It

1-2-4.2 MY W

a0 od-
& EHE S floll 36.5% HCISHE 3M HCIBH 22 S|MAIZICE S/FS0l NaOHE Sl
Al74 2M NaOHBH S FH[sict. BiA 7|& 850 MAlE dHs o2t ol T =Qdct4,5]. &

sl 10gel Z20|oHAIE 3M HCI-EH 200mLoll ERACH0.06 HCI(mol)/ZE2H0|0f Al

st2s FEEAZ|I7] 4 =
(g)). stH M2 90TCOM 4A|ZtSet WMutEl & HE| 2 oofgof 2E2n oz 2| Act. 200mL
of SRR EUS MASIFCEH FOo{E 2dof Mg 0.50= 2 AIZ| 12 60CHAl 2M NaOHE2H S pH

+2 2 zl
b2 MY Em7IX] HItstict. M2 6AlZE St 60°COolAf 150rpm2 2 WHkEl £ teflon H|F O]
Vi o S E|° 21

olnl FF 2L g0ColA 12
m

;_I_
n
ro
I
ne o

NaOH-32H 200mLof
18A[Z2E &2k 110CollA =g &M ECt LDHEAME SHD M 220lE M E SH2 2t2H o}

M&=lo] 90°CollM Zd==[Qdct,

My So| ZYTIE XRDS 0183 HHelE/ct NO; BEAES B
|

Ztst=dl ALEE ATt BA, SHYE LDHE 500CO|lAM 3A|Zts ek &4

Cl. 29 AL S = TE ICEAME S
ZHY At E5H A IDHE SLZH(500CH A 3A|ZH oA AMEdct AME 22HCCOLH) S ¢
ZHO|M 2| 20|22 SEAMSS HWIlsH|flel SUst WHOZ N, SEAE S X SICE,

M=l LDHRb M 2210l E Na-P1222e| XRD Z2IE T80l LiEhRAct FHESHA
HSMMHEZ Mg-Al LDH7t =tel=El B Ca-Al LDHO| ol &st= <kzie| m 37} ¢
A o
A Lo 2 |IDHIF FLUYUMLEAS &
= o)

LS ﬁlk_ E
sf AlHe| H[FZEM0l 22 AS & = Uct ol Yo FHEIAMEE dHMst=s Tide =<t

Sl
o
=
i
i)
o
[m
=
il
9
o
0x
U

Jal
|0
Hu
]
0%
n
39
in}

r
0
T
El
l

teollM E2[2 ZHF S2tolofA] 22 =2
(=]

Tz &2 Z2tolofAloAM M| Ball= A et kA el FElEe| quartzR 28] mulliteol sHEst=



o35 pHEREUCEH TOB{Lb, 20| MZE
Lt !

H:M=-AlIDH

Q Ca-Al: C3-AILDH
Q: Qrart=
H P: Fadlit= Mz2-P1
,'&'5 M: Multi=
| 1 H
\
LY Ca-!
" = M, ] {“‘
J f Qr M 3{ Synthesized LDH
— 1 0
L..'..,Ju\___J L u,ﬁ‘ MIQ -
) ; 1
)ik"“"%:-----J'J W i-h_-'l'-r' i
|IIII|IIIIIJIIII--I-lrIII|IIII|IIIIlllllinnrnlﬂnllll?lIllllllzleldi.te
5 10 15 20 25 30 35 40 45 50 55 B0 ]

Two-Theta (dez)
O 1. XRD 2 HEEA Z3}

ICAEZ RIS 4.3%k0] Al(1)2 ALB3I0] A ALE NOsoOf e EXAEABE Eiol LERfRICH A4
off 2|5l CLDH2F CCLDHe| &XtMs2 A8 LDHel &2 5(1.48mg/g) 2t AEs| STt
H 1. Results of adsorption on NOjy’
Adsorbents CLDH CCLDH
q: (mg/g) 54.71 53.76
Z0tE HEo{&ECE XRD Zot= J 10| LDHel &

S z Mg =9 CLDH= = . ol
600C Ol5tollAl ZOiZl Lhat=0| 2ol =&E I FAISH LDH S22 4 78 35g = AUs
memory effectoll 7[elst Ao =2 Holc7]. &% A& = CLDH2| XRD /3= LDH2| |32 H|uWstF S
W 3 WS Eteni, ol= LDHE T4Asks A&0| I H3HX| 25 2lo|ghct

H: Mg-Al LDH

Ca-Al Ca-AlLDH

H M MgD
+ H = Pb mhted compounds

10 i 0 25 ELH 15 40 45 50 i5 &0 &5
Two-Theta{dzz)

iy

Z18 2. LDH, CLDHe| &% ™ = XRD 3 E =24 Z1t
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1-2-4.4 #Z

= AT SctolofAlel & X2l E Seb LDHRE M 22t0|E Na-P12| ghdd# S JESICH CLDHS| NOs
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Sample COD (mg/L) BOD (mg/L) T-N (mg/L) T-P (mg/L)
Control 8.6 4.23 2.88 0.047
Particle type 8.4 3.90 2.70 0.045
Bulk type 6.3 2.31 2.46 0.029
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Motz X 22l0|E-LDH S&HE 0|25t =2H35 M FYsI¥en, S&8M= sHF=2 TN,
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