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Abstract — A natural zeolite, deposit located at Guryongpo, Young-il bay, was found to be clinoptilolite containing impuri-
ties of heulandite and mordenite. Cation exchange capacity(CEC) for ammonia was about 1.41 meq/{-foom dfzahe
zeolite. In batch experiment, removal efficiency of ammonia was increased as particle size of zeolite and initial concentration
of Na" were decreased and SR(Stoichiometric Ratio), time, and initial concentration of ammonia increased. More than 70%
aluminum ion could be removed from water having 3 ppm ammonia and 0.7 gpisyAhe batch adsorption(ion exchange)
experiment. Regeneration of used zeolite with NaCl solution of pH=12 has shown more than 95% of regeneration efficiency
when SR'(ratio of the amount of NaCl solution employed actually to the amount in a stoichiometric quantity) was equal to 2.0.
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Table 1. Composition analysis of zeolite from Guryongpo

Si Al Fe Ca Mg K Si/Al ANAE  S(m?g)
NZ 30.05 7.70 1.43 0.28 0.50 2.10 231 3.90 5.65 41.18
AN 34.82 4.99 0.98 Tr 0.28 2.23 6.98 9.21 224.38
Na'-z 30.29 7.76 1.34 Tr 0.35 3.24 0.38 3.90 10.34 50.46

Sio, Al,0q4 Fe,03 Cao MgO NgO K,O Ign. loss Total  SIQAIO;
Nz 64.28 14.55 2.04 0.392 0.829 2.82 2.78 12.30 100 4.42
AN 74.49 9.43 1.40 Tr 0.464 0.472 2.69 11.05 100 7.90
Na'-Z 64.37 14.66 1.92 Tr 0.580 4.37 0.458 13.64 100 4.39

NZ: Natural Zeolite, AZ: Acid-treateed(1 N HCI) Zeolite, N& Na' ion-exchanged Zeolite

AA analysis: Perkin-Elmer 5100PC, ICP

AJ/A-E: Alka metal(Na+K)/Alkai Earth metal

Sa(m?g): BET surface area(by Micromeritics ASAP 2010)
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Fig. 1. XRD pattern of natural zeolite.
(drying at 110°C)

100

removal efficiency(%)

—8— 110°C pretreatment

20 — - 200°C pretreatment
—4A— 300°C pretreatment
10 —V*- 400°C pretreatment

@ 550°C pretreatment

o] T v T T T T T T T T T T T T T T
o 1 2 3 4 5 6 7 8 9 10
time(hr)

Fig. 2. Effect of heat treatment on the removal efficiency.
(SR=2, G=50 ppm, Z(zeolite): 2635 mesh) [where, SR=Stoichio-
metric Ratio=(amount of zeolit¢.41 meg/g14)/amount of NE -N
in solution)]

)

39 Yol-2] blocking effece acid treatmenﬂ o8| Haisd 5
&

YA o] wI SHL 500014 AT

A

4-2. ClinoptiloliteE 0|&8t 3|24 gtzmL|o} M7 Al
4-2-1. AN ES] Ao e JF

sjetzet N3sH M2 20004 48

Euo} AARZES Haws] BErh 110°CHAFE 550°C7HA] dAE]
3 & o]l& w3 A (SR=2, G=50ppm, Z: 2035 mesh¥ 3+ A7},
Fig 2A Bzl AxwE A7l A7 7P B2 dRYol AARE

B3 400°C7HA= 84 WWOI A AR 7} 550°CE HA 2
%— JHAZIHE oF 1508 A ARE] A AT ol &
clinoptilolite7} 700°C EAglollM e F+x¥oz Y3t A}
ﬂ A AlgTolErF dFo7 B3 heulanditel 4oI0Ed)
o] A& ALZ AlEHL} Fig. 34 GAEE AT 49
drYol AAEE] F43] ojF =t o] dealuminatioR-=
gk AlS] A= o] i FHo| FAS A4S HIl ZOZ Ab
EH}. NaCE AAYE 3l A=A A&7 7 $2 g=Yo}

o © 1o
AARES BT} o8t AN = NaCR HA 23 AlgeolES

o

rlr LJ ue > ml

AHgstc,

4-2:2. 9= WE I

Fig. 4= 97 2718 ol 9912 the F Al 0 gmuo}
AAZEE & A0S 2 UL AA AYE B 3, oI 29

Azbe] F7Hl Wk g
1955 1% WA 57
Geln BEACE FS DAL ol FAT FEUlS] o8
28] Yozt o) F AR ehmulelrt AARL. ol e

7o) 498 % 3

100

90 1

80 A

70 1

60 -

50 A

40 1

Removal efficiency(%)

30 1
20-;
10 A

Fig. 3. NH; -N ion exchange with chemically treated zeolite.
(SR=2, G=50 ppm, Z: 20< 35 mesh)

—@— HCI treatment
—O- HCI + NaCl treatment
—w - NaCl treatment

Time(hr)



=2} Clinoptilolites o83t &R0} A|A

100
80 4
]
I
o
2
;..L—f 60
B 40
[l
>
o
€
¢ 30
20 4 —@— 100 x 200 mesh
—O- 60 x 100 mesh
—¥ - 45 x 60 mesh
10 1 —7 35x45 mesh
-l 20 x 35 mesh
[oN T T T T T T T T T T
o] 1 2 3 4 5 6 7 8 9 10 N"

Time(hr)
Fig. 4. Effect of zeolite size on ammonia removal.
(SR=1.58, =250 ppm)

gt oz 5 7kx] mechanism(film diffusion, particle diffusion)
|-Seto| EcA 9] o]l w3k &2 Au)3It}3, 18]. =, film diffusion
22 NH; 7} stagnant boundary lay@r 53} ?JZ} o] ik
Aol particle diffusio® NHj 7} UAZRE] F2F AlJER
Ho] 7k AL sty particle diffusior] S £=5 A

oo 2
Eloll

o
@ fr

stk mebd Al eolEd e e F3e] WA dojhm Hmey
A3 F2o] Lojur),

4-2-3. pHll W2 F3F

FE&HollX kRUol= pHll meEt F 7R FEl(NH;, NHy)E EA
3=, Ak clinoptilolited] <13l AAE 4= ATHA (2)]. 8

X EAst= °‘”L°HNH3) 2GRl o] 2(NH;)¢ FHZE &
AskE o832l HI&S pHel wet %= vERd § Aok 7det A
Al fal, 2 7 0412 £, pH=6.3141= NH;=99.82%, NH=
0.18%, pH=7.01"%= NH;=99.43%, NH=0.57%, pH=8@|*= NH; =
94.59%, NH=5.41%, 223 pH=10.014% NH;=14.89%, NH=
85.1191TH19].

Fig. 55 W pH/} ¢ 6.32A 4 718 j% dEYol AATES
AL & & dom ol= IE2 AFPA AU} o] wike]
2 pH7} 6-81M colummilAE 4-8o]dllA 7} g E0a[15] 2g

2 AAEY Al XS} Low pHIAE HYeF s of
2ol 2om[15], high pHA= NH; ZENZE XujZFo]7] wfjZolct.

4-2-4. Clinoptilolite?] el w2 FF

Fig. 62 clinoptilolite¥2] 3<~(SR, Stoichiometric Rati@* 4=
Yole] A AL o]&a-&(utilization efficiencys YeRZ St} A
SOl EE Wo| Yol &55 dEUYol AARES ZoA| J
U2 0|8 &80 F78] At} o= Yol Aeajo|Er} o
WA 5D F e B o] 2 Fo1E7] wielth fq“’)r
A AARE AAZET ol &8 &S FAl xEste] xslof &k A
£A17 374 (CSTR, PBR Procesd) 42 SRS Zolo} gt}

WxCEC (5)
CxF

71 W AIRERIE %(g)
CEC :19.74 mg/g(=1.41 meqgfdL4 g/mol)

SR=

Jol| ek A+ 285

100

95 +
90—_
85;
80;
75;

70

Removal efficiency(%}

65

60

565 —

50

pH

Fig. 5. Effect of pH on ammonia removal.
(SR=9.58, =3 ppm(200 ml), Z: 3% 45 mesh, reaction time=2 h

100 ] 80

®r 470
= 90 E* ] §
< r g 60 2

85 |- 1 =
g 7l 1 2
£ n ] a
£ sl 1%0 ¢
T C 5
% e s
5 75[ J40 %
c o
2 [}
2 70 ] °
B F 430 %
g E | 5
g 65 :~ ] 'ﬁ
-2 3 120 g

60 |- 1

55 F —O— Removal efficiency —: 10

L —&— Utilization efficiency ]
50 P T R T Lewaadg
0 2 4 6 8 10

SR
Fig. 6. Effect of amount of zeolite on ammonia removal.
(C;=100 ppm, Z: 35 45 mesh, rxn time=2 hr in batch condition

C Z7] dxYo} Fx (ppm=mgl)
F el (
4-2-5. 7] dRUo}l o] wE
dRo} 7] Fkel whE ATelES AFFe D] e,
FEYFE SRl AALES =T ole AAE, o] wd HY
oM BIFEEUL, EAZ 27] dRUl TErt A& E & A
olg] gtwijele] RE BF AW A FEsh=d LT F1E
S AFsh] wEolth. thA] Teid, 7] dRYol FET) ESFE
A ppr¥ k)

o] wgt HAeA ALTo]E A Na o2 NH; Ol%EE °
2 wdEe] & Lo = vt uebd FRHor & LoAe

J20] S7F Aolth, o714 <A competinge]292A] 7] Na+

129 EAle o] wd AR ojH S WAeTt s Hol

o
t

[

HWAHAK KONGHAK Vol. 38, No. 2, April, 2000



286 A - &

50 80
. - Ci=0.5ppm L
45 - Ci=0.appm
. —& - C=1.0ppm e — 70
3 | = C=3.0ppm L
4.0 4 \ ) & @ C;=5.0ppm | 7
~ ) __| <O~ Rem. eff. of C;=0.5ppm - 60
< 3.5 -‘v,//’v - Rem. eff. of C;=0.8ppm L
g : / —A - Rem. eff. of C;=1.0ppm L 50§
§ 3.0 X } i —7— Rem. eff. of C;=3.00pm ‘U;
® \ § & Rem. eff. of C;=5.0ppm [ 5]
= \ 7 i N g
§ e —40 %
8 N T f Ll T
= N e 5
c 2.0 A S/ %
g I\ J/ * -0 -0z
E i
— 20
~ 10
0
0 20 40 60 80 100 120 140 160 180 200
Time (min}

Fig. 7. Effect of initial ammonia concentration on removal efficiency.
(low conc. range, SR=6, Z: 2035 mesh)

100

Removal efficiency(%)

el v by by by |

ST B TR

250 300

85

0 50 100 150 200

[Na"}(ppm)
Fig. 8. Effect of initial Na* concentration on ammonia removal.
(SR=4, G=100 ppm, Z: 3545 mesh, t=2 hr)

350

th. Fig. BIHE Bl HEF o2l Bt Z7hge uet guy)
o AAEEe BAHoR wm shpshe & %ol 9 Na o]
2o] Algeols] Y Na ole] NH; oleste] ol meoz ol
@ B Homol e 1116%}71 o]t

4-2-7.27] ¢FuF Fol wE

Fig. 95 ® competlng i0R-Z &FrlF 15’—"1 F%7F ZFF 0.00 ppm,
0.29 pprt 0.69 pprid W YdE Yo} A AE LS AT Ay} Fxko] A
¢ ARG FAH 0T F 10%9=] AALE ZAE BT o]
E ol wd MYz dFulE o]0 NHj o]2xT} &4 WX
9, BEA o 2unl A SEto|EL] o] wdh Alo]Ee] YRE-S XA
at7] wjZoltt. 283l EFEFY AARES AlZko] Agel whEt
0.29 ppmilAE 4091735, 0.69 pprllAlE <k 70%e1 2] AAZS
S B},

4-3. MAEHA D

% (competing effect)

F

sjetzet N3sH M2 20004 48

8E4
4.0 100
] A [
35 T F
d ~ — 0 - 80
3.0 r
= 4
-8
& 1 9
2.5 - ; g
é ] s | —@— [AP],=0.69ppm -6 &
© |
= 14 —& - [A*],=0.29ppm r 8
§ 20 ) | —A— [AP"],=0.00ppm L %
8 ] ( | O~ [A™],=0.69ppm-Rem.eff. | | I
2,57 /( | -0 - [A™]=0.29ppm-Remeeff. | — 40 &
g 97 . 30 L T
£ | | ~A— [A];=0.00ppm-Remeff. | | 3
< ] L
1.0 5 L
b = 20
05 L
] ——A L
] ———-a [
0.0 &b v p e et e e O
0 50 100 150 200 250 300 350
Time{min)
Fig. 9. Effect of initial Al** concentration in solution on ammonia removz
(SR=10)
AN F2 AN S5 7AiM gE] 27 (pH=12-

12.5, NaOHE ZH)l|A NaCE * 2|8ttt
2 (@PIFE &+ %ol high pHIA
ammonig WH|3L o] YFEUok= Al&ete]
Z Fkslo] Ut 3] 27delA] A
wE Hz|EetolEL] A &8-S Yolrrt. Fig.
2 A St AL Apo|7t U] Gt

o] (NH;) 2 free
A2 Aozt
°]-& 3}&1 SRt A7kl
& B SR w

27k O]—Bv:“?‘ 1= SRl #

Slaskoy
E9]
no o

1T& A-1-
Agle]l 95%e1de] A T8-S HATH wEh AL A FEH|=
ARgel 7hse As & & dSdTh
M
SR=E——F——— 6
W'x CECx UE ©)
o714 M : Na' 22%%(meq)
W FAEERIE ()
CEC : ¢=uo} o] w3Hs(1.41 meq/g)
15 % 100
L 80
g .
§ 10+ T =
° L 6o £
2 L
g S
= %
+ <
~r L
Z 3
3 [4 g
g 057 -@- SR'=1.51 r ¢
I =1. x
g ~l - 8R'=2.32 r
—A— SR'=6.45
-0 8R=1.51(Remeft) | L 20
— - SR'=2.32(Rem.eff.)
D SR'=6.45(Rem.eff.)
o — —— Fo
0 1 2 3 4
Time(hr)

Fig. 10. Regeneration of NH -zeolite under batch condition.
(SR'=Nd amount(meqg/g) in regenerant/[jlimount(meq/g) adsorb
on the NH-2)



=2} Clinoptilolites o83t &R0} A|A

UE : Yol A7 AleelolE olgE&

58 &

U Yolo] {50 ek AFREES] Q1Ao] F7te| weEt 58] &
FoAe] ARl AARAZE FEAT AR 71E A5l
de T oJEiMe drYols &R AAT 7 fTh
et B ATE B &l Zob e dEYolE 2t clinoptilolite
£ olgste AAHORE M shz 378 Mol A A7E HA Al
SEfo|Ee] B4 F o]] grol AA EAel g AFE ARt

Z)9] Aol AES aokstd e 7,

(1) FEEA HA ALeo)EE AFHA wgabd ALelolER
clinoptilolite’} F4%°1™ heulandite} mordenite} Ex =] Slc}.
g3 gryole) gk o] wE T (CEC)e YEFOE X3d
Fefoll thslix 1.41 meg/gl & 7AW ©]&% <1 CEC(2.35 meq/g)
9] 60%9 =]t}

(2) L] AgelM gLl AA FEES
R ] xﬂii‘rﬂ Ex gFo® kgsiA] Xst
4 EAEYE T A @M 25Tt S e 4R
2 254 “*Oﬁioﬂi 550°C oldollX= 543 Has
golE AA=A7|7} AE4E diffusiondi =yt WEn ey
€% U FU pHe 6.3720A 7P £ pHE 715l
Zyole d2F o Je oA free NHFEIZ b}

Fol F7Hgell mEh ol AATES FopXA|FE

SHo)E o] &2 HojHoh & °ﬂ HEF o]0l ‘%%TE A
S| Est & AtelolA HFFEE FA5] wiiel =g YRt
AARE] Gojxh, 28 A7t Xi%EQl drYels S
SR whe hruote] FiERl AlAES HolRt.

B) AL Ex gEUoMERl ojug} o] 71X FF4& ©]
Tt AASkRe A obF frafd dFrEE F o
sto] A AT, AT EYolel AAYBA ] Jorz )
YUl o] W T2 Holit)

(4 Batci’l‘c}ﬂﬂl*i HA Lol EE AP (NaClH+NaOHE o]&-3}
pHE 12Y=2 95H SRV} 24 =vt Hojx A& 95%5]*0—%

At

FE AAES 2418
317] W&o 200°C ©]
o} AAG
Bk AL
Jo} AAL
7kl wek <
Eil=3 xﬂ-%}olE
ez A

(=

-

i

rlo

rlo
lo Rl af
b do k1

2

b &

doll A3 A7 287
7 A
2 dA7e SRFEE AT A dTA) IV s
MEARR] o] A etef KPR OH, o] TALE =gt
EHoEs
1. Park, S.G., An, S.K. and Eon, S.W.: “Treatment of Drinking Water;
Dongwha Technology, Seoul(1996).
2. Mercer, B. W., Ames, L. L., Touhill, C. J., Van Slyke, W. J. and Dean
R. B.: Journal WPCF42(2), R95(1970).
3. Booker, N. A., Cooney, E. L. and Priestly, A\dat. Sci. Tech34(9),
17(1996).
4. Jorgensen, S. E., Libor, O., LeaGraber, K., Barkacs, K. and Las-

zloKuna: Water Researghl3, 159(1979).

5. Schoeman, J. MWater SA12(2), 73(1986).

9.
10.
11.
12.

13.
14.

15.

16.
17.

18.

19.

. Soares, J., Silva, S. A., de Oliverira, R., Araujo, A.L.C., Mara, D.D.

and Pearson, H. WWat. Sci. Tech33(7), 165(1996).

. Saracco, G. and Genon, G.:Har. Materials 37, 191(1994).
. Metcalf and Eddy: “Wastewater Engineetia,ed., McGraw-Hill, New

York(1991).

McLaren, J. R. and Farquhar, GJJ.Envi. Eng. DivEE4, 9901(1993).
Klieve, J. R. and Semmens, M.\Jat. Res 14, 161(1979).

Piper, R. G. and Smith, C. Eit. Com. On Natural Zeolite$5, 2(1983).
Tsitsishvili, G. V., Andronikashvili, T. G., Kirov, G. N. and Filizova,
L. D.: “Natural Zeolites; Ellis Horwood, New York(1992).
Townsend, R. P. and Loizidou, Meolites 7, 153(1987).
Papadopoulos, A., Kapetanios, E. G. and LoizidouJMEnvi. Sci.
Health, A31(1), 211(1996).

Koon, J. H. and Kaufman, W. J.: SERL Rept. No. 71-5, Univ. of Cal-
ifornia, California(1971).

Breck, D. W.: “Zeolite Molecular Sievedphn Wiley & Sons(1974).
Sibilia, J. P.: “A Guide to Materials Characterization and Chemical
Analysis; VCH, New York(1988).

Robinson, S. M., Arnold, W. D. and Byers, C. AIChE J.,40(12),
2045(1994).
Moon, J.M.: “Development of Water Treatment Process Using

Domestic Clinoptilolité, MS Thesis POSTECH(1998).

HWAHAK KONGHAK Vol. 38, No. 2, April, 2000



	국산 Clinoptilolite를 이용한 암모니아 제거 특성에 관한 연구 Part 1: 
	문정민·손덕지*·정종식†
	포항공과대학교 화학공학과/환경공학부 *하얼빈공업대학 응용화학부 (1999년 3월 11일 

	A Study on Ammonia Removal Properties using Clinoptilolite Part 1: Characterization of Clinoptilo...
	Jeong Min Moon, Dezhi Sun* and Jong Shik Chung†
	Dept. of Chem. Eng./School of Environ. Eng., POSTECH, Korea *Dept. of Applied Chemistry, Harbin I...

	요  약
	1. 서  론
	2. 이  론
	3. 실  험
	4. 결과 및 고찰
	5. 결  론
	감  사
	참고문헌



