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Synthesis of zeolite from molten slag and removal of

N and P in sea water by Na-A type zeolite

Jin-Young Jung

Department of Chemical Engineering, Graduate School,

Pukyong National University

Abstract

Zeolite was fabricated by the molten slag from the high temperature
incineration of the municipal waste. After verifying that zeolite can be
manufactured with the melting slags, this study examined, as the one way of
using zeolite, the effect about the removal of ammonia nitrogen and
prosphorus that cause the eutrophication occured the adjoining seas. By
hydrothermal reaction. the synthesized zeolite have been synthesized depending
on the Al/Si ratio and reaction time. Na-A type zeolite was used as an
adsorbent to remove NHa-N, PO, -P ion in the artificial seawater.

Zeolite 4A was synthesised when the ratio of AlUSi is 1. In the case of
synthesising zeolite with the slags, if adding in quantities of Al, it produces
byproducts, such as. Sodium Aluminum Carbonate and Katoite, etc. As 2
hours goes by after synthesising zeolite, the reaction materials are produced.

All the substantial reaction is completed after 4 hours or so. zeolite is more

.-ix_




required than in the fresh water, under the same conditions, in order to
remove NHi-N in the sea water. It is because of the effect of positive ions,
like K, Ca, Mg, etc., that exist in the sea water, and the exchanging ability
of positive ions in zeolite is correspondent with the quantity of ion equivalent.
The positive ions, including NHa-N, in Freundlich type equation the value of
I/n value in the according to the rise in the temperature. The lower the
thickness of NH:-N is in the early stage, the more the value of 1/n increases.
In case of PO, -P indicated that the removal efficiency was relatively
independent of temperature and PO:"-P concentration. Freundlich parameter
1/n has the value under 2. So it shows that absorption is made with relatively
case. In case of the removal speed of NH4-N, PO."-P with time, though the
removal efficiency of NH-N reached in the range of 0.5 -1 hr, POs-P gets

it after about 5 hours.
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Fig. 1. The framework structure of zeolite unit.
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Fig. 2. The framework structure of zeolite.

(a) Sodalite (b)Zeolite A (c)Zeolite X or Y
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Fig. 3. ®Si and YAl MAS-NMR spectrogram of zeolite Y.
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Fig. 4. Crystal structure of modnite.
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Fig. 6 Types of ion exchange isotherms for the adsorption.

A+s + Bz = Az + B+s
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Fig. 9. XRD analysis of molten slag.
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Table 1. Chemical compositions of waste molten slag

Analytical Object composition(wt.%)
SiO; 39.51
Ca0O 24.30
AlOs 10.57
Na,O 9.90
Fe,0s 3.49
MgO 2.70
P20s 2.56
K;0 1.80

Ct 1.44
TiO, 1.42
Zn0O 0.66
SO; 0.66
BaO 0.34
MnO 0.24
1 0.11
CuO 0.07
Sr0 0.05
Z10; 0.02
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Fig. 10. XRD analysis of products from zeolite synthesis
experiment. (a) AVSi=0.3[mol/mol] + 1.0 mol

NaOH, (b)Al/Si=0.5{mol/mol] +1.0 mol NaOH
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Fig. 11. XRD analysis of products from zeolite synthesis

experiment. {Al/Si=1.0[mol/mol] + 1.0 mol NaQOH)

..52_




Intensity

Fig.

9 hr

) 6 hr

hnm..u.u;u‘ulmmu“nh.u_nu.uu-._.-.‘....... P

10 20 30 40 50 60 70 80
20(degree)

12. XRD analysis of products from zeolite synthesis
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Fig. 13. Concentration change of Al and Si in the liquid phase of slag with
reaction time.(Slag +1.0 NaOH)

- 55 =




4-1-4. EFSULE o &3 FAH AST)EY o] 2w Y
Fig. 14 @225 FAHE ALoolE ol2ud THE FAT A
olt}, A A&golES] o|LuF 82 1.09[meq NH; -N/g-zeolite] 2 L}
Etth B E o] B3 ElY AT FA AETelEY o2 ad §
“& 2.1~2.6[meg/g-zeolite]t S, HA AZeolES HE  1.8-2.0[meq
/g-zeolite](65] k& 7tH SHLEREH A E ASTdoEs v &4
Aol E L] oF 45%, HA A SolEQ o 60% ol ZuF FH L 71X
¥ Ao el ol @ Aol 7]Ee] AFEHolA HAAE o] L3
Y ALeolEZ HAAZEEH Sigt AlE FEF

o7 Fdol o] Ao wratd, B HEL &gEH1E AAE ¢lo] vt
2 AETGolE gFAdel AMEF Ao AR AR ol AMEE &
drroll M ol 8" & Qle Al Sic]&Eo] 3 M B 5
AgetolE fAd ALE®" Selae ol§ &g wol P o &

5%
we st dEer AgoiolEY £EE YFD gdE A2 %A
A,

_56_




4

Amount of ionexchange gy, n[mmol/g]

1.2

o 0CO

1.0 1
O
@)
0.8 1
O
0.6 1
o
O
0.4 -
O
0.2 1 T 1 T T T T
0 1 2 3 4 5 6 7 8

Equilibrium Concentration Cy; , [mmol/L]
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Fig. 15. Freundlich isotherm for NH4-N ion exchange on zeolite at

various concentration of NH;'-N (water , temperature 207)
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Fig. 17. Freundlich isotherm for NH4™ ion exchange on zeolite at various
concentration. (seawater, intial temperature ; (a) 10T (b) 20T (c)
30T)
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Table 2. Coefficients of Freundlich adsorption isotherms for NHs" ion vs.

zeolite
NH; -N 12(mmol) 8(mmol) 5(mmol)
temp.(C) k 1/n k i/n k tn
10 0.030 0.834 0.028 0.888 0.030 0.975
20 0.039 0.806 0.046 0.712 0.048 0.817
30 0.039 0.853 0.049 0.705 0.044 0.926
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dmde Ampgrh AgrHog FFEE NHIN 27 =7 §2€
q, &5 27 Wad 2 K o]29) Freundlich 5&2 A2 FLA

t}. Fig. 18(2)o] 4 Freundlich 5-&4¢ A< 1m& 10T, 20T, 30Tl 74
7 1.3, 112, 11302 %o @Agie] oF.139] 44 A7 @& 7HA
7 9ldch kg 0.031, 0036, 0.041% x| Wikl FYsA T
o} Fig. 18@@)elA o 5 %ol L2 ZFrte] meal A&etelEe o

gol ejs) AATE

3 NHy-Nst K ol 29 AAE vlmsted Ry K o] 22 Ungle] 0357}
993 ke Aol® welA o3 gk wabd K o] &e] NH. ol 2B
TEEoA wgAdel & Aoz vEyd.

Fig, 18(b)= 8 mmol NH -N/# < @ 250 w& K o] &9 F%4 47 &
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Fojt}. Fig. 18(b)ol A1 9] Freundlich 5-2219] 1/ng-2 10T, 20C, 30TA
Z¥z} 131, 1.43, 1642 2% 9] Wzld g £7l8E 248 Bojm 9l
kZte 0.019, 0.016, 001582 %o Zrts} vinld BAES wolxm k. o
3 2% Z7o] WE Freundlich A4 ko] w3l A3 S 12 mmol NHy N/
¢ wo} g A4E Heln g Ty K'ol29 AlA%S 12 mmol
NH N/ ¢ of K" AA 239 YatA &5 Z7o] vladstz gl

Fig. 18(c)= 5 mmol NH,"N/ /¢ wf &xof & K’ o]29 &3 33y &
Fojt}. Fig. 18(c)ell 4 &] Freundlich $21¢9 1/ 10T, 20T, 30TCTAA
zkzb 1.80, 1.98, 22732 &xo wi Zrislm ¢l kghe 0.006, 0.005,
0003082 =2 Frhdl wet k3te] Fastn Yotk ol2F 25 =7
w2 Freundlich 49 WH3l ZA%L 8 mmol NH N/ ¢ 1 Koj2g W
stet FASHA vesEth 2z mE K o) AAZS 12, 8§ mmol
NH -N/¢ 9 o K' AA B EdaA 259 ZFrtd wtg AA=s

K' olego] 375 Ag 2 4 o

N

ol ANg AHRYE, sl Fo EA8E 27] NHO N9 %7} 12mmol

¢

d 75} 8 Smmold A$o] K o] &9 Freundlich 4% 1/n 3} k e A
T 9ol Ao vty oyt dAL sl Fo EAEtE K o

29 FEold e 2

o

Atk W Fol EAFE K olee] BE

:‘]-_
E 94 mmol/e 2 Ao A8E 27 NHS-N % 12mmol/ ¢ 9 8mmol/ ¢

)

oo AT ek ARHoZ ALeGoEY Fol& MEWEE K o
2o NHe' olgnd 2 Aoz YA e, 69 A5y A¢ FE

Fol &% Na” o] FXx7l 400 mmol/ s 2 2% e] tate] HE K'oj

i

€3} NHy o] &9 Rt} 408) 7h7te] &t} o] Q18] Ko]23} NH,' o]
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Fig. 18. Freundlich isotherm for K' ion exchange on zeolite at various
temperature. (seawater , intial NHs ion concentration ; (a) 8 (b)
5 (¢) 3 mmol NHy-N/ 2)
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U 27) 3% Wgd gg Ko AA
Fig. 19%= #]59 252 10, 20, 30C2 HAAY)I NH N 555 7zt
12, 8, 5 mmol NH,-N/¢ 2 WEARE v AgolE FYPo w2
Fol EAstE K ol29 AA 248 5S4 dHE =AT Holdh
e Fo EAEtE 27) NHSN2Z2 %715, 8, 12 mmol o uf A&
o]E ¢} whe3liE K'o]29 Freundlich 5224 1/n7ke 10ColA 1.8, 131,
0.13, 20C ol A 1.98, 1.43, 1.12, 30°Cel A 2.27, 1.64, 1.132.& vtebytt),
K'el29 I/nghe vhg £xo RastA 27) NHo N9 Fxsl vl &
AZ Bt o233 AL &dro] EAEE NHSNe F2rp 448
Z B¢ Fo EASE Kol &4 v go] AUHog ZF7159 1/t
ol FI7tEe ZAIE BRI FH ALHe)ESG Hgie Kol9
Freundlich &4 k g2 10Co]A &= 0.006, 0.019, 0.031, 20T
0.005, 0.016, 0.036, 30TelA= 0003, 0.015 00412 &5 F A8 =
27] NHy N9l s=7t Z7484E A9 kol 3718l vld #AE =

%},
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Amount of ion exchange g [mmol/g]
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Equilibrium Concentration C, [mmol/L]

19. Freundlich isotherm for K' ion exchange on zeolite at various
concentration of NH, ion (seawater, intial temperature ; (a) 10C

(b) 20C (c) 30°C)
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Table 3. Coefficients of Freundlich adsorption isotherms for K’ ion vs.

zeolite
K’ 12(mmol) 8(mmol) 5(mmol)
temp.(C) k 1/n k I/n k I/n
10 0.031 1.134 0.019 1311 0.006 1.796
20 0.036 1.124 0.016 1.431 0.005 1.984
30 0.041 1.126 0.015 1.637 0.003 2.266
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4-3-2. A eetolEd 9§ Ca¥'e A%

7b. e st wrE Ca¥el AA

Fig. 202 sl4&W EA8t= NHy-N9 %7 =& zZb 5, 8, 12 mmol
NH,/N/¢ 2 1RSI, €58 10, 20, 30CE #H3AZES o AHSdolE
Zole) W 4 Fo EAF= Ca¥ o)L AA ZIoldh Fig. 20y 3
2 Zo] ZA|8t= NH,-No 27) %7} 12 mmol NH, -N// & uf Z}z}e
2o AgTolEg WeetE Ca o9 FaA WAY =Holt
Freundlich $&2l2} A+ 1ngkd 10T, 20T, 30TColA Z}2t 052, 048,
0418 &% Zrlo] wjg} Aty god, kgk T3 039, 031, 0242 2
=9 Z7bo] wel kgtel A= gtk Fig 20002 e Tl SASHE
NH:'-N2] 27] ¥ %7 8 mmol NH/-N/¢ < w AHEete|Eel nhgohe
Ca’™ o] &¢ &x w& Fo|t} Freundlich S&2¢ A4 I/ngke 10T
200, 30Col A Z+zh 049, 0.5, 046082 2% wi S/t E EFEE B
o] 3 it kzke 043, 033, 0222 %o Z7kd wet kgho] #ZAsta
olt}. Fig. 20)e #& Fo EA3l= NIL'N 27| $%7F 5 mmol
NH{ N/ 2w AgetolEs} weste G oj22 £ %y “HEoloh
Freundlich $-2412] i/mgS 10T, 20T, 30Tl A zHz} 0.46, 0.47, 0.46 =}
o] RHolx &3 gk ke 043, 032, 02308 2x9 F7bd] wet k

ghel astm ok #E Foll NH 7L £Ashe 39 A&l st Ca”

k

olezte] BAE ANHoT wE L8/ FAUEE 1 %) FHE W

=]

ol 9t} o] ¢ Kol g ntdigion, NHS-No| A3 & L3}

A vebgd. Yukdog gz ALolEd thit ol HHAd67]
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K> NH,” > Na" > Ca® > Mg"2 &84 gt} Ca¥™ o] AS NHS =

N

of K' ol&xr} Helo] wo} NHS® $9% 298 molm 9 2
2 oAMT g7 Ca¥7} Aol e olfi: Agetol=d Y
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olF = HET Zol2oly EAE ALHoE YRE Folex] &I}
k=3

o
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Al e AlEEto]E qbel Sole EEAE Fol
= Yol AARAL b& AAA HY, wepA avE agtd Fol2
A AEtol Bl Feold At HelAER HAA AgE o] 2o}

ATHESL. o] WEol Ca¥ ol &2 A$ NHIsh K' ol&nr) daao] v,
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Amount of ion exchange q [mmol/g]
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Freundlich isotherm for Ca’ ion exchange on zeolite at various
temperature (seawater . intial NHi' ion concentration ; (a) 8 (b)
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1} 27 % @ste) o}E Cal'o AA

Fig. 21%= slr9l %2 10, 20, 30T 2R A7IZ 5 Fol A=
27) NHi/Ng] 552 74z} 5, 8, 12 mmol NHS-N 2= ®

AgetolE Flo] W Ca¥’ o]29 AA BHAE FHT2A
g oty sl Fol EAEE NHSNBEZ7) 5, 8, 12 mmol & uf A &&}
olE9} uheslE Ca¥ol 29 Freundlich 522 1/ngte& 10ToiA 046,
0.49, 0.52, 20T]A 047, 050, 0.48, 30Tl 046, 046, 0412 EFRE
o} Ca”ol2ol A$ %7] AHSNG ¥ wstd] wet 1ngte] WdE B
o]x @3 v} W Caol&e] k gL 10TolA 043, 043, 039, 20
TolA 032, 031, 0.31, 30Tl 023, 022, 0248 %7] NH/-NE %o

GE k el Waks mojA gtk
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C

Amount of ion exchange q {rmmol/g]

Fig. 21.

PN 5 mmol NH,-N
< 8 mmolNHA4,-N
] 12 mmolNH4 -N

T T

Ay Smmol NH -N
(@] Emmol NH4 -N
] 12 mmol NH4 ,-N

i (b)
T r
I PaN S5 mmel NH ,-N
< 8§ mmol NH4 -N
| ] 12 mmol NH4,-N
i (c)
0.01 0.1 1 10

Equilibrium Concentration C . [mmol/L]

Freundlich isotherm for Ca’  ion exchange on zeolite at various
concentration of NH;' ion (seawater, intial temperature ; (a) 10T
(b) 20T (c) 30C)
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Table 4. Coefficients of Freundlich adsorption isotherms for Ca® ion vs.

zeolite
Ca”” 12(mmol) 8(mmol) 5(mmol)
temp.(C) k 1/n k 1/n k I/n
10 0.394 0.522 0.426 0.485 0.434 0457
!
20 0.315 0479 | 0329 0.503 0316 | 0466
30 0238 0.409 0.217 0.401 0.231 0.457
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4-3-3. A LaolEd o8 Mg A%

7b &% wsle] wE Mg'e A7

Fig. 222 #l4W £A43t= NH N %7] %25 Z+zt 5, 8, 12 mmol
NH-N/Z 2 ARSI, 52 10, 20, 30TZ HWIAAES o A&dolE
Fo we} a5 Fol EAste Mg" ol AA ZAE FATEH G
2 BAE Aot

Fig. 22(a)2 &4 Fo] ZA13t= NHS-N9 7] %7} 12 mmol NH-N/
2 o £xo] mE Mg” o]29 Fi HY Txolth A|&dolEg) ut

o
(]

&

Mg” o} 29 Freundlich &2 Imge 10T, 20T, 30CoA Zzt

0.437, 0238, 0.184% =% ZF7ko o} g4ade BEHFE Rl 39l

&
o9

_

A kL 0.106, 0.302, 04012 2% 9 Z7)e] Hlz TWAES Relzm gith
Fig. 22(b)2 & Fo| & 38= NHy-N2| %7] F%7} 8 mmol NHy-N//
d o exe wE Mg o9 FF oY ZHog. Mg' o9
Freundlich £2419] Imz< 10T, 20T, 30T A 2tz 043, 023, 0155
2xd W FrEE 252 Eelxn ok kgk2 0.092, 0.276, 0470202
2x9o Z7te| wel kghol Frbsta girh Fig. 22(c)2 g Fol A3
= NH,S-N9 Z7] %57} 5 mmol NHS-N/ 2/ wf %o 2 Mg o]
o] £4 B3 mFgojth. Mg" Freundlich $-241¢) 1mze 10T, 20T, 30
Tl M z+zb 039, 022, 0.14% 2e]Z Rolzxl &3 ok kL 0.091,
0303, 05358 2%x9 F7to] wep kgtel F7ista Qloh s Foll
NH-Ne| A5 A9 AvHoz g L7} ZA85E, Mg o2

9] Freundlich &5 22 A<= k I/n gl F7H e EFS Holxn gt
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Fig. 22. Freundlich isotherm for Mg2+ ion exchange on zeolite at various
temperature (seawater , intial NH:' ion concentration ; (a) 8 (b)
5 (c) 3 mmol NHy-N/2)
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. 27] F% dste mE Mg™e AA
Fig. 23%& a9 %% 10, 20, 30TE IAHA 71T NH, N9 &2 7}z
5,8, 12 mmol NH -N/ ¢ Z WSAHAE o AefolE FPol| wa} sf
Foll AT Mg o2 A7 AHE FHTL HYZ =AT Fo
4 Foll EAF= NHS-N2| %7} 5, 8, 12 mmol NHy-N// o uf
A Lol E g} HE85H= gzi'ol%ﬂ Freundlich 52 A= 1/ngkLS vl 23}
of B 10CelA 0.39, 043, 044, 20CelAl 022, 0.23, 0.24, 30Tl 4]
0.14, 0.15, 0.182 YElWh 1/mghe %27 NHS-No %7 719 v)es}
of F7hEtdeh st ez Jveygd. 3 Ageel=Egd wkgstE Mg
o] £ 9] Freundlich 5-24] k & 10TNA 0.09, 0.09, 0.11, 20Tl A
030, 0.28, 0.30, 30Col A 0.54, 0.47, 0400 % %7] NH, Ny %9 Az

Ale HolA ektth
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Fig. 23. Freundlich isotherm for Mg®* ion exchange on zeolite at various
concentration of NHs" ion (seawater, intial temperature ; (a) 10T
(b) 20T (c) 307C)
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Table 5. Coefficients of Freundlich adsorption isotherms for Mg2+ ion vs.

zeolite
Mg” 12(mmol) 8(mmol) 5(mmol)
temp.(C) k 1/n k I/n k I/n
10 0.106 0.437 0.092 0.432 0.091 0.;94
20 0.302 0.238 0.276 0.226 0.303 0.221
30 0.401 0.184 0.470 0.149 0.535 0.137
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434, Fol & WP B
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Table 6. lon exchange of zeolite with ammonium ion in

sea water

. 12 mmol, 8 mmol, 5 mmol,
NH,"-N | | .
(Zeolite 80g/ ¢ ) (Zeolite 53.6g/7) {Zeolite 33.5g/¢)
) Na" lon total Na’ Ton total Na’ Ion total
temp.(C)
(meq) (meq) (meq) (meq) (meq) (meq)
10 -105.57 91.92 -83.82 67.82 -56.86 4691
20 -113.84 111.95 -84.69 84.98 -78.17 64.31
30 -119.49 119.36 -80.78 101.05 -97.74 71.08
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3 ol & nE S NH e % whgo] Alatd F oF 30 minoliol FA3
zrbsgom, 2 FollE uwhgo] @wrs] Frhste] o 180 minol H Pl
e AggolE ¢ § 2xo] A @& NHSe] ¥sE U
Bel evrh 2245 NN AA gl w3t B¢ 2R 542 &
g Azre] kol Al AFsAT o @A dHsloldl AE el
Est NH/ 9 B¥ 4% Zish Fdsiel, mebq e FER o9
NHi o) AA7E dolutn 98 Ax #9F £ Atk AgTel=s
o] giubalA whg Mol =dshs A7E 180minc]

£
A oexd wE AALSL AHEY 10T, 20T, 30TAA 24 63, 67,

70%0 2 eyt e 257 10T 718 W NH oj e AA mHE
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°F 3~4% “d=stEh 300min A3 3 ZHzbe] AALEL 67%, T0%, 2%
B 70%e] AA §74F 29

Fig. 28 3|4 F NH¢]2¢] %7] ¥% 8mmol// & ZEAst1n 9L wu
Agetol E FQ] F AlZhe] ©E K'o]29 AA ZAE TAIF 1doln)
el M Bi= nbel Fo] ALEolE F9 F o]2wd e Kol %

= el AR F < 10 minejule]l FAE Frisgon, wi o

0min A F owgo] gwrad weAFHl AU Aol 2o
g3 Fole WA 5 Fol Ealshe Kol NHio|exg o
~4u} W A)ZE el whgol @ukalA: weHHel TEEch o

£ 85 Fol EASE K'ol&% NH ol &9 ¥E 7t 24 @g o K’
o] 2] NH/Nel2Rt} A getolEd] g weAol N Yok R
BT QUTH6T, 691 AeolE FY F x| P wlE Ko Wi
€ AWMEA 257 5o E K9 AN agel EA vehgon] 94
H9E Fig. 279 NH 7499 S48t} &5 54 =3 9 dugo
7 AlgetelE9) Kol 23] By AF Asts} U5, Ko & d4 g
a2 FAR AAZ devtz gEE 285

300min 733} ¥ ke mE Kol AA A2 ¥HEW 10T, 20T,
30CAA A 2z 73, 76, 74% 2.8 HT 74%9] A A F94E Ry 43
Mol A NHa o] &3 K'olg9) A7 ZxE ulwstd, Kol&o] whx
o 4% HE =4tk meEtA ASete]Eo 93 K'o] 23} NH' o]29] A
A e Wsshd, AASE £E9A Koo o 3-4u) wEA e
.

Fig. 295 #l9= & NHs'o]2¢] 27 %X Smmol// 2 &A1 UL b
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AegolE Fd F Aol w2 Caol29] MA zFolr} Ca”’ o] L9
At AgeolE F¢ 2% FHsA whgo]l dolyrom HFF 3 min i
Folle wg HYP E2stgnh olgel AAEL 9%6% ojFo ey
t}. Fig. 302 35 % NH.0]€o] 7] % 8mmol/¢E ZEA5l1 Y&
o ALl E FRl F Az mE MgFolel A7 Edoleh 1P elA
B upel o] A&eojEe] s o]L£mF Hi= Mglol2e de AH

¥

4o AR wgo]l dojyirh A=Y F o 30 minolo| FHE F7t
sdaem, 1 Fole whgol &wrE Friste]l o 300 mino] =AM E
e Hyo] NFHE oz FEHc A&dol
of W Mghol2e WiE AnyY £xrt ¥LEE Mgiol e A
Z3 Aol AA eyl 300min HYE P8 X mE AA &
2 298Y 10T, 20T, 30CoA ZHzh 26, 51, 63% % Vet wl

I

SO LER

oft

X

oo

Lo Mg FAS AHEYE £x Z7bd meb of 12-25%¢] AA &
7t Bolx Ut
4 Fel EAsE K, Ca”, Mg”, NH o] 2d s} Aol F¢ %
ubgo] ghubajz whg WHo| AIZEE o] &9 £AME Ca >> K > NH.
Mg~ o2 yeth olag o2 AAL ¢As dutdor A A
SebolEo] e Fol& MeA2l[67] K> NH > Na” > Ca” > Mg™'s}
TASA dEp Calel 2o AgE AR 7Y W Aot
$atith o2 @ die dF F9 Na's} Ca'9] FE7 FoF 9902
g AR 5 Fd ZASE Na' o] =X <F 400 mmol/ 2 2 K,
NHs o] & o) oF 40 sjo] sjwaln], wg Ca’o] &8 K', NHy ©]-2¢

of 2ule] Were 74T o]z 8] K, NH, ol &9 HAdx Astst vheh
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Fig. 31 3% F NHiol20] %7] F% 8mmol// 2 EAstL ¢
ALeolE Fq F Azl wel AAHAAE 7h Fo| o] FIFUL
Algk Zlojck 2ol miz vis} ol A &holEe] o3 o|2wE o

Goleol FaAe AePrd AR wel dojth 300min AAF

o5 W AAEEL AHEA 10T, 20T, 30ToA 22} 40, 59, 68%°.

to
o 2

3
n’

fr

5]

ego upek ok 10-20%9) Aol Rolm vk Z o2 HikelA 4H
BHSo] Mg” ol &e #@ EAR Ad F ol 29 AAE Mg Ay

S U231 dn.

= Jewd. Agetelsdl oa oleny Hi Pl B

tlo
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Fig. 27. NHs'-N ion removal efficiency according to reaction time at various

temperature. (initial concentration of NHs-N ; 8mmol/ £)
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Fig. 28. K ion removal efficiency according to reaction time at
various temperature. (initial concentration of NHs-N
8mmol/ £ )
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Fig. 30. Mg® ion removal efficiency according to reaction time at

various temperature. (initial concentration of NH-N

8mmol/ ¢ )
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Fig. 31. Total cation removal efficiency according to reaction time at various

temperature. ( initial concentration of NH;-N ; 8mmol/ ¢ )
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Fig. 32 & 10T, 20T, 30CEAA =7] =& 8 mmol NH N/ ¢ &2
sk m ALl E FIF A7re] whE 7F Yol IR WE e
adolt). x-&& A &olEg} Folo| WA, yHEZ ALTolE
of ofsf Wzt E 7t o] FRelrh AF 2 AL

5= K, Ca™, Mg®, NH, 0] 23} o|52) & ZFakeln], 28% %2 ol&n
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o] oko]l@e] ZE}EEe 433, 642, 755 meq¥ W FH7tE Na'e) FAe
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Fig. 32. Cation exchanged efficiency according to reaction time.
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4-5. A LefolE 4AE o 8% T F P AA

AL HTOE (4A type)E o] &3}l i< (sea water)
ot RO e S AFAUT AP A BHEIE ol &3
o, Agd et AR FAME A AT A5 E ol gAY A%

el 2l9] %7] X% NaHPO, & o|&5}e] 3, 5, 8 mg PO -P/ e 9] A

of
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rO
ttlo
2
N,
1=
ox
o
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ARz seh. Z2A d4 & 200mol] AE HAY AETGoEE 0-12
7HA log ¥R R Z4ZF WEA A FAsEY. 200 pm O FE 24A7F Rt

B4E GF/CHRAE GFCHHAA T oftste] zHzhe] Aatele]

Ea

1’01'

=
T

4-5-1. &5 Wizt W Q1AFI(POS-P)Y A A

Fig. 335 #l5uU EA5ts POS-Po 27 ¥22 Z7 3, 5, 8 mg
PO -P/ ¢ 2 TASI, LEE 10, 20, 30C2 HIFANAL o ALeolE
Tl e AA ZHE AHE U

Fig. 33(a)2 7] POS-P2 %7} 8 mg/eQd wf £%o oz F2 53
wmaelth x-& e ALetolEg 5 EAsHE POS-PAlole] AEHgo
2= JEel =g By FRolth y-H2 HE xR dgste A
E9 @9 ABF ALgoleg FHE PO -PHFolth. HY dani
Freundlich S&4 02 A Seto]E9 PO -PAtole 45 dT/AL HAHH
gk AutH oz 4% 27 oA &% W] ©@Z  Freundlich 5

eale] Age gAFt 27 FE7F 8 mg POS-P/2 91 Fig. 33(a)ol Al
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] Freundlich $&241¢] 1/ngte 10C, 20C, 30CoNA ZHzt 0.67, 0.69, 0.78
2 259 Zvtd wal Z7E3 b kg 0.054, 0.049, 0.0372 259
F7ke) @l Zasta vk EE "ol o & dKe] XY Frt
utgt 2] o A7 E POSPY o] ZAHE AL B F At o
chA A gtolEo] o3 POS-PY MAE B8 Ad dHow

3B g Stk

Fig. 33(b)= 5 mg PO P/ w 2%o wE Fa Hy TFoju
Freundlich 5-&49] I/ngke 10°C, 20T, 30T A ZHzF 0.49, 0.69, 0.602
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Agtn o). £xo] wE POS-P AAE 8 mg POS-P/ro A T
dstAl £xo Zrto] wel FaAel2mEel 2old) AAHE POS-P Yol
28 SRl IR

Fig. 33(c)= 3 mg POS-P/7Y wf 2xof wE F3 Wy Egoldl
Freundlich 5242 1/mz-e 10C, 20T, 30ToA 27 0.77, 0.80, 0.752
A9 dAF AA J1&7 @& AR Yuh kg2 0075 0.065, 0.062%
259 F7tel whel kgho) Tadtm v

g4 Fo POS-Pe A STlolEe] 9
7beol whel MwtH o2 1mo} gel FrhEolxm,
Ao glolMe 25 Frhd ohet ZrAHAT oA A EetolEg s
o] POS-PE A BAE B

2
)
oy
ol
1o
-]
o
o
2
X2
rlr
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f1
ol¥
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Fig. 33. Freundlich isotherm for PO.”-P ion adsorption on zeolite at various

adsorption temperature. (a) 8, (b) 5, (¢) 3 mg PO, "-P/ ¢
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452 2715 % Wslel ot qlakelel AA

Fig. 34= &9 £5E 10, 20, 30CE AA I POS-PEEE &7
8, 5, 3 mg POS-P/7 & WIAANAL o A2TolE Fo G2 AA A
2 FA5e4 ¥z =AE Holth 3, 5, 8§ mg POSP/L A
Freundlich $&22] 1/mzk2 ulwale] nwl 10CTHAE 077, 049, 0.67,
20Co M= 0.80, 0.69, 0.69, 30TAAME 0.76, 0.60, 0.785 viepwpct. 23

N BAAE 1/ 06~08 Alo]2 thh A A e /A 3n

oh mE dubA o R 27l POSP XS} ghadl me 1me) g st
Atk ekt 27 27 225 E WS 75 HYelA AAN & ol F
4e & 5 UTh66]

A k gte  10To)AE 0.08, 0.07, 0.05, 20TolAME 0.07, 0.05, 0.05,
30Tl A= 006, 0.05, 0.042 %7] PO -PEE9 ZF7bo] we} oha zHa
e 4gg wolm gl
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=
e
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Fig. 34. Freundlich isotherm for PO -P ion adsorption on zeolite at various
initial concentration. {(a) 10C (b) 20°C (c) 30C

y = mg/g , x= Ce (1: 250c, 2: 350c, 3: 450c¢,)(102)
(temp.: a) 10C, b) 20°C, ¢) 30C) _ 107 -




Table 7. Coefficients of Freundlich adsorption isotherms for PO,”-P ion

vs. zeolite
PO -P 8(mg/ £) 5(mg/ ¢) Img/ £)
temp.(TC) k 1/n k 1/n k 1/n
10 0.054 0.674 0.071 0.495 0.075 0.769
20 0.049 0.693 0.052 0.686 0.065 0.797
30 0.037 0.781 0.052 0.597 0.062 0.755
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4-53. sl F P AA FE 4F

4 = POSPol 29 AAS Bxow AgaoES o888 AL, Ao
olE g}l Hl23E= POSPol o] £ WEE AwBoitl ARe oT i
F o] &3lo] 8§ mg POS-P/e S84 248 AF3Tt 20T 24 #H 20|
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£
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€
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ol Moz & ¢ Stk HA A geolEg Fol29 A £E7) w
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=2 &2 FEd o3 A ddeg A4EY. =3 SHPIE ol&
stol SFTel ST POSPE AAT 712 AT0AME ¢ 5 A

O ATE we Yol mud AL B AT QA4
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Fig. 35. Removal efficiency of POs -P according to reaction time.

(initial concentration of PO4 -P :
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5. 48

B od3s BAHNES neA7E £4A4A e SHI2YH AL
olEE TAdHen, AlxH ALHEE o|&F F AT Wetew AT
o} wAEE fodofzlel 949l B 4RY

gt ws dnpgich Age LAz E AgTdolEY P4

AUt

) £g&dazel EA8E AlSimol/mol)2] Bl &S 05, 1.0, 1.5 #3514
A o FAurge stgdu, AUS vlge] 10014 ASetolE FA
o] dojnyyow, Hekol AlFH7F= Sodium Aluminum Carbonate X+
Katoited} 22 ¥ w1858 AHANAH.

2) AgeolEE oF 4NZE %

3) fged2ERy FAE ASHoES ol2mTTHL  1.09[meq
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4) 4 F EA5HE NHON AA A&etolEE o &a9e 4% Wa
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o Az @stel] wWE A EEolEet ol Alolo] ¥HEE diFE
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e
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Bt #MFFe PO PAAE
283 Fato] 9% AAR deojutu dden xr7] POSP HEg
el Zte HABAS Rt Azt nE PY AAE AA HY
of Eadl=n o SAIZHS 2R PO -PolR e kol ujs oF

5ufe] whgAZke] 24 FH AR
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Nomenclature

a : Adjustable curve-fitting constant, [ml/g]

b : Adjustable curve-fitting constant, [ml/g]

b : Constant of Langmuir isotherm, [-]

¢ : Concentration of solute in bulk solution at equilibrium, [mg/m]

Car : Concentration of solution in the pore volume at a distance r, [mg/ml]
K . Constant at Freundlich equation, [-]

n : Freundlich constant

q : Mass of solute adsorbed per weight of adsorbent at C, [mg/g]

Gm : Langmuir constant, [-]

R : Universal gas law constant, [cal/g - mol - ° K]

B8 : Adjustable curve-fitting constant
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