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Absdtract: In order o tackle the problen for remove anmonia from polluted water, clinopti-
lolite is used for adrbing the anmonia from waster water, and chemical and biological re-
generation for anmonia removal was investigated The reaults showed that the datawere fit
Langnuir iothems for anmonium ion uptake onto clinoptilolite For biochemical regenera-
tion experment, itwas stable for the ranoval of NH;—N by clinoptilolite colunn with re-
moval efficiency over 80% after ivo months biochemical regeneration using the NaHCO; re-
generantwith Na“ concentration of 2 000 mg/L and airwater rato 5 1 at15 26 5
The clinoptilolite zeolite was suggested as a suitable material for adrbing anmonia
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1 Introduction

Because the stringent nutrient levels are being
required in the effluents to protectwater body, remov-
al of nutrient fran discharged wastevater has been re-
quired in many wastevater treament plants Ammonia
nitrogen in the effluent has hamful effects on water
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concentration must be treated before arriving at the re-
ceivingwatet* ®.  The three mostwidely used meth-
ods for ramoval of anmonia fran polluted water are air
stripping, ion exchange and biological nitrification
denitrification’’ "*'. The ion exchange method ispre-
ferred over the other methods since it is stable, wuits
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automation and quality control, and is easy o main-
tain' *°" .

Asa kind of aluminum slicate mineralswith a
framewvork structure, zeolite has a high cation ex-
change cgpacities and high anmonia selective proper-

42 Furthemore it can act as a bio - carrier

tie
for nitrifying bacteria which oxidize anmonia © the
(7-21 * Clinoptilolite is a natural zeolite
that has been known for their ability © ranove anmo-
nia fram polluted waters® %!, In thispaper, clinop-
tilolite is used for adrbing the anmonia fran waster
water, moreover chamical and biological regeneration
for anmonia removal was investigated This study
pecifically amed to: 1) clinoptilolite for anmonia
adomption and ion exchange, 2) cheamical regenera

tion and biological regeneration

nitrate anion

2 Materials and methods

2 1 M ater alsand wastewater quality

The clinoptilolite used in the experiments was
provided by Academy of Geology and M ineral Re-
urce of Guilin, China The chemical analysisof the
clinoptilolite sample in Table 1 The
wastavater used in thisprojectwas scondary effluent
fran a Guilin water savage treament works and the
average wastavater concentration was shown in Table
2

is given

Tablel Chenical analysisof clihoptilolite
Constituent SO, ALO; F&,0; CaD M@ K,O NaO
% by wt 70031578 037 026 038 95 177

Table2 Raw water quality n the exper ment

Paraneter  pH value COD  BODs SS  NH, "—N
Average

. 70 7830 5 10 17 10 25 10 20
/(mg- L %)

2 2 Exper mental apparatus

The systam is camposed of the following itens
28 liter reactor made fran 200 mm diameter trangar-
ent PVC pipe the reactor isfilled with 2000 g clinop-
tilolite, under the clinoptilolite was gravel bed with
height of 100 mm. An acrylic platewasplaced in the
bottom of the column t support the clinoptilolite and
distribute backwash water and supply air.
2 3 Exper mental methods

During batch and continuous experiments, the
anmonia nitrogen admtive capacities of virgin cli-
noptilolite and biofilm covered clinoptilolite were ex-
anined TheDO, anmonia of the influent and efflu-
entwas measured regectively, by adopting the Chi-
nese EPA standard methods'*.

Preparation of biofilm covered clinoptilolite:
Firstly, the activated sludge was pumped through the
clinoptilolite colunn for several cycles, then the col-
umn operated in a batch mode (no outflow) and air
was upplied for three days When the bionasswas
found on the surface of clinoptilolite, the influent -
lution was shifted o cultured lution The conditions
were controlled asfollovs DO wasmaintained at2 0

2 5 mg/L, water tanperature was kept at
20 25 Then biofilm covered clinoptilolite was
washed with distilled water © remove the remaining
regeneration ®lution Shown in Figure 1.
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Figurel Schematic diagram of the ammon ia
ranoval exper ment by clhoptilolite n laboratory

3 Realts and discussion

31 Ammonia adsorption exper ment
3 1 1 Batch experiment

The anmonia adiption capacity of clinoptilolite
of virgin clinoptilolite and biofilm covered clinoptilo-
litewere shown in Table 3 and 4

In general such ammonia exchange properties
were described by L angnuir issthem, and the L ang-
muir iothem is defined as

g= abC./ (1+1C,). (1)

W here q is the anount of NH, © exchange per u-
nitweight of clinoptilolite, C, istheNH, " concentra-
tion in the olution; The valuesof a and b are model
paraneters, a isthemaximal NH, * exchange per unit
weight of clinoptilolite, b is theL angnuir energy con-
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stant
U sally the (1) egquation al® can be rearranged

as follow:
1/qg = (1/a) + (1/ (abc,)). (2)

Table3 Data of adsorbed anmon i@ by virghn clinoptilolite during static exper ment

Original Equilibrium Ammonia admption
Number concentration ooncentraction C, capacity q 1/ C, 1/q
I{mg L"%) [(mg L") /(g gx10°%)
1 50 12 20 378 81 97 264 55
2 100 31 20 6 88 32 05 145 35
3 150 45 10 10 49 22 17 95 33
4 200 80 60 11 94 12 41 83 75
5 250 110 10 13 99 9 08 71 48
6 300 153 60 14 64 6 51 68 31
Table4 Data of adsorbed anmon i by the biof ilm covered clinoptilolite dur ng static exper ment
Original Equilibrium Ammonia admption
Number concentration oconcentraction C, capecity q 1/ C, 1/q
/(mg L") /(mg- L") /(g gx10°)
1 50 14 20 358 70. 42 279 33
2 100 40 20 5 98 24. 88 167. 22
3 150 55 10 9 49 18 15 105 37
4 200 91 60 10 84 10. 92 92 25
5 250 124 10 12 59 8 06 79 43
6 300 169 60 13 04 5 90 76 69

The data of virgin clinoptilolite and biofim cov-
ered clinoptilolite gave good fit for Langnuir io-
them. Two Langnuir iothems were good linear
fom, and the linear fom related coefficients were
09895 and O 967 4 regectively The reaults
showved that the data obtained from batch studieswere
fit o Langnuir iothems for anmonium ion uptake
onto clinoptilolite

Acoording o Langnuir iothems the maximal
NH, " exchange per unitweight of virgin clinoptilolite
was 20 39 mg, and the maximal NH, * exchange per
unit weight of biofilm covered clinoptilolite was ob-
tained 16 75 mg
differences in the admption cepacity were detected
betveen virgin clinoptilolite and biofilm covered cli-

Itwas concluded that no significant

noptilolite
3 1 2 Breakthrough experiment

Figure 2 presents the reaults of a breakthrough
curve with the anmonia nitrogen concentration of 20
mg/L and hydraulic loading rate of 2 m’ / (m’ - h).

Figure 3 presents the reaults of a breakthrough curve
with the anmonia nitrogen concentration of 10mg/L
and hydraulic loading rate of 8 m* / (m’ - h).

A s can be sen fram Figure 2 and Figure 3, the
hydraulic loading rate decreased from 8 m* / (m* - h)
o 2m’ /(m’- h), altough the influent anmonia
concentration increased fran 10 mg/L to 20 mg/L,
the breakthrough value was 560 BV in the virgin cli-
noptilolite and 530 BV in the biofilm covered clinopti-
lolite repectively The reaults shoved that longer re-
tention tmes caused the smilar anmonia admptive
capacity with virgin clinoptilolite or biofim covered
clinoptilolite, the clinoptilolite did not lose its adoip-
tion cgpacity in Pite of the biofiim covered Thus
during the anmonia addptive experment, the reaults
of batch and breakthrough experiments showed that
the difference of anmonia admption cgpacity betveen
biofilm covered clinoptilolite and virgin clinoptilolite
was not obvious
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Figure 3 Breakthrough curve with
hydraulic load of 8m®/(m?h)

3 2 Biochanical regeneration exper ment
3 2 1 Deiption experiment

Three diun bicarbonate regeneration lution
with different concentration of 2 000 mg/L, 4 000
mg/L and 10 000 mg/L were provided to pass through
clinoptilolite colunn by upflov style at a hydraulic
loading rate of 2 m’ /(m*- h).

are shawvn in Figure 4
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Figure4 Desorption curve of adsorbed
ammon & of clnoptilolite

The curve shaved that the demption rate with
higher regeneration ®lution concentration was much
higher than that onewith lower concentration D uring
the deomtion process, 21%, 15% and 9% of am-
monia adorbed in the each clinoptilolite column were
deorbed at 10 BV with 10 000 mg/L, 4 000 mg/L
and 2 000 mg/L of regeneration lution concentration
repectively The reaults indicated that regeneration

olution with higher concentration had higher Na’
gradient betveen clinoptilolite and ®lution Thus the
increased Na™ concentration could result in more con-
tact tmewith clinoptilolite
3 2 2 Adomption - biochemical regeneration exper-
iment

The adiption - biochemical regeneration exper-
imentswere run for tvo monthswith regeneration time
of three days At each stage, the influent anmonia
concentration and hydraulic loading rate were kept at
20mg/L and2m®/(m’- h) repectively Ammonia
nitrogen concentration of 5 mg/L in the effluent was
adopted as the breakthrough point, when break-
through occurred, the admtion cgpacity of anmonia
nitrogen was detemined The experment resultswere
shown in Figure 5
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Figure5 Biochen ical regeneration efficiency

of clnoptilolite column

Figure 5 dhowved that anmonia nitrogen ramoval
efficiency was increased rapidly when temperature and
aeration increased The reaults indicated that higher
temperature and airwater ratio had higher nitrification
efficiency and tamperature played more mportant role
than airwater ratia And the biochanical regeneration
is actually a cambination of chamical admption and
ion-exchange aswell as biological nitrification

4 Conclusions

1) The reaultsof batch and breakthrough experi-
ments showed that the difference of anmonia adoip-
tion capacities of virgin clinoptilolite and biofilm cov-
ered clinoptilolite was not obvious

2) Itwas stable for the removal of NH, " —N by
clinoptilolite column with ramoval efficiency over
80% after twvo months biochemical regeneration using
the NaHQO, regeneration with Na“ concentration of
2000 mg/L and air - water ratio 5 1 at15 26 5
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3) The reaultsof regeneration experiment indica-

ted that © increase disolved oxygen concentration
with favorable tamperature would improve the biore-
generation capacity.
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