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[XI1 Experimental apparatus. (a) Outline of all view, (b)

Holer of sample cases.
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X2 X-ray powder diffraction patterns of natural zeolite.
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[XI3 SEM images of natural zeolite and glass.
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#1 Chemical bulk composition of natural zeolite by X-
ray fluorescence (wt %).

Ml M2 M3 M4 M5 M6 Ci

SiO, 63.30 69.34 68.84 70.09 70.67 5324 65.20
AlLO, 11.80 '10.78 12.10 11.45 10.15 1094 11.29
CaO 5.61 2.06 1.65 1.86 .82 7.14 219
K,0 2.13 1.94 254 1.75 249 036 331
Na,O 0.58 1.82 1.50 1.74 .20 597 202
Fe,03 242 133 089 080 089 1094 284

MgO — 053 074 064 081 n.d. 1.27
TiO, — 017 0.8 018 0.18 — 0.31
BaO — 006 0.10 008 - - —
SO, nd 003 003 — — — —
Zr0, - 002 002 002 0.02 — 0.02
MnO — 0.01 0.01 — 0.01 — 0.11
SrO - 0.01 004 004 002 — 0.02
Rb,0 — 0.01 0.01 0.01 0.01 — 0.01
ZnO — n.d. n.d. n.d. 0.01 - 0.01
Y,0; — n.d. — 0.01 n.d. - n.d.
P,0s 0.29 — - — — — 0.04
H,0 13.80 11.90 1135 1135 11.72 1141 11.36

Total 99.93 100.00 100.00 99.99 100.00 100.00 100.00
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32 The value of zeolite content, surface area, C.E.C. and equilibrium constant.

Sample / Value Ml M2 M3 M4 M5 M6 Cl BBC
Content / % 82 66 61 58 55 47 69 -
Surface area/ m?/ g 375 338 307 287 295 275 335 345
CE.C./meq/ 100 g 167 148 125 112 90 64 160 122
Equilibrium constant / X 10'4 3.0 23 1.7 1.8 22 1.7 1.3 0.2

Intensity / cps

26 / degree

[X]6 X-ray powder diffraction pattern of BBC.
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33 Adsoption of organic nitrogen.

Test Water CER Mi BBC

T-N/mmol /L 5.90 2.08 2.34 4.91
NH4* / mmol / L 2.52 0.00 . 0.00 1.60
NO,~ /mmol /L 0.10 0.09 0.09 0.10
NO;~-/mmol /L 0.24 0.24 0.24 0.25

Adsorbed of organic

nitrogen / mmol / L 3.04 1.24 0.98 0.08

CER : Cation Exchange Resin

¥4 Adsorption of organic nitrogen performed using the
remaining test water.

Test Water CER

T-N/mmol /L 6.16 6.08

NH,* /mmol /L 0.00 0.00

NO, /mmol /L 0.00 0.00

NO;z;~ /mmol /L 2.65 2.66
Adsorbed of organic

351 0.08

nitrogen / mmol / L

CER : Cation Exchange Resin

M1 OEBIAIC BT Bk EHWT, ARESEED
HBRAERE T 7A4ERER3 IRT, RICBVT,
BOKOFEREERRAE RO, BkOBERMER
BELRL, BBCTIIAEBESHIIIZ LA LRE
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ion exchange
NH," + (M)-Ze — (NH,")-Ze + M"

) 0, 0,
(NH,)-Ze = (H")-Ze + NO,” = NO;”
A (zeolite surface) (zeolite surface)
I ammonia oxidizing 1 nitrite oxidizing
: bacteria : bacteria
1 ]
! ion exchange v

H*+ (NH,")-Ze « (H")-Ze + NH,"

ion exchange

kM‘ +(H)-Ze — (M9-Ze + H' ‘

X 10 Rock and Water co-reaction in this study through
the medium of ion exchange between NH; + and M .

/ ion exchange \

RN+ (M)-Ze — (RN')-Ze + M"

0,
(RN')-Ze = (H')-Ze + 1/4N;1 +1/2RN
A (zeolite surface) !
1 aerobic baoteria:
! 1

: ion exchange v

H'+ (RN')-Ze « (H)-Ze + RN’

ion exchange

\M‘ +(H)-Ze — (M')-Ze + H' ‘

BI11 Rock and Water co-reaction in this study through

the medium of ion exchange between organic nitrogen
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Comparison of the Ability on Water Quality Purification in Natural Zeolite Rocks
Makoto Okamoto*, Yusei Sato**, and Eiji Sakamoto***

*Division of Earth Science, Kyushu International University
#**QGraduate School of Industrial Technical Research, Kinki University

***Faculty of Engineering at Kyushu, Kinki University

We inquired per removal capability with many physical properties of natural zeolite as
fundamental knowledge of the method of removing the nitrogen ingredient contained in
river water. In this research, it inquired per removal capability with many physical
properties of these natural zeolite resources in the aerobic atmosphere circulation equipment
of a laboratory scale using seven kinds of natural zeolite rocks which used Mordenite and
Clinoptilolite as the main mineral as fundamental knowledge of the method of removing the
nitrogen ingredient contained in river water. We measured pH, COD, NH;*, NO,~, NO;~
and T-N, etc. of examination water under the same experiment conditions. We have also
compared purification ability of the water quality in natural zeolite with BBC without ion
exchange ability, and Glass which does not have adsorption ability at all. Moreover, the
water quality purification capability of natural zeolite was evaluated also including many of
those properties.

We showed clearly that natural zeolite was more advantageous to the removal of
ammonium ion by oxidization of NH4+ and the removal of nitrogen than BBC without ion
exchange ability, and Glass which does not have adsorption ability and exchange ability at
all, when natural zeolite had high positive ion exchange ability as the result of various
experiments. We showed clearly that the water quality purification capability of natural zeolite
resources is excellent as it with high ion exchange ability.

Keywords: water quality purification, natural zeolite, ion exchange, ammonium ion, organic nitrogen



