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271004 EFE SASHRAET 16-20%%2 AAla o] BAH AL, o] 2RE AAPH zeolites FHI HFEIIA E
29l kgl gkgo] o] o g g 4 9T

Abstract — A feasibility of zeolite reuse by thermal treatment of excess sludge in zeolite added activated sludge(AS)
was evaluated. Optimal regeneration conditions for; NN ion exchange property of zeolite in excess sludge was
decided at 500C of temperature for 1 h, which corresponded to 88% of regeneration efficiency. The reactor of zeolite
dose, run in two models according to zeolite dosed(model I-original zeolite dose and model Il-regenerated zeolite addi-
tion), was compared to conventional AS under equivalent operating condition. The concentration of zeolite in aerobic
basin was maintained at 4,000 mg/l, and the average concentrations of COD, T-N and T-P in influent werd, 150 mg/
40 mgl and 3 mgl, respectively. Besides, influent NHN concentration was increased from 40 gy 90 mgl and
135 mgl!, separately, in 88 d and 96 d of operating duration (model Il). Though the removal efficiency in soluble organic
compounds was similarly observed between two reactors, the removal efficiency of total organic compounds in AS of
zeolite addition was improved by 28%, compared to conventional AS. The result was attributed that zeolite progressed
sludge settling property followed by enhancing SS(Suspended Solids) concentration from 2 tbihZffigént. While,

AS reactor with zeolite addition averagely showed high nitrification efficiencies of 74% and 76% in model | and II,
respectively, although conventional AS averagely revealed only 58% of nitrification efficiency. As a consequence of
evaluating a mutual relationship among nitrification rate, microbial concentration and nitrification efficiency, the enhanc-
ing nitrification in AS of zeolite dose was ascribed to high concentration of nitrifying bacteria. In addition, atl 90 mg/
and 135 md/of increased NEiI-N concentration, the reactor with zeolite application showed 16 to 20% of nitrification
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efficiency higher than that in conventional AS, and hereby it was validated that nitrification of high activity was accom-

plished in AS with regenerated zeolite dose.
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Fig. 1. Schematic diagram of activated sludge processes.

1. Aeration basin 6. Baffle

2. Settling basin 7. Temperature controller
3. Water jacket 8. Valve

4. Tubing pump 9. Diffuser

5. Circulation pump

Table 1. Composition of synthetic wastewater

Constituents Concentration (njg/

Glucose 160

NH,CI 155

KH,PO, 15

K,HPO, 10

MgSQ,-7H,0 30

FeCl 5

CaCl, 15

NaHCQ, 600
Ao gor, £EA] AFL A 2A] SErA g SR
E o]gsto] FA BT 1-E7] —8 % 20J_r2°c; fAEA, E7) %

b Y zﬂ}_o}oq ]0 s, NaHCQ&%‘ 3] FYst

7Rl pHl 7.5-8.21 fA H=S
Table 2| YER{SI} §-944=2] B COD, TN, T-P=x 7z} 150 Mgy,
40 mgl, 3mglE FAIBIA, w28ty AFA Y 232 AFAS
78 er7E 2082 23T

ZeoliteZ FYg TR 7719 AL —Zr%‘% zeolit@ﬂ
w2} F A (-2 zeoliteE Y5 G, II-489
HANE e, e LAxAs 2E B EA ‘ﬂgﬂg ]
4-51o] viERE e 3lEI) Zeolitds 7] 20 g2 F7)%0 FUGE
4,000 mghgt &, f&52) SS(Suspended Solid) WS F-A13t Yo
&AW MLFSS(Mixed Liquor Fixed Suspended Sofiiy] iz}
zeoliteE AFYsled, Z7121 zeolite's=5 4,000 mg= F-A]51392L.
], o] wf 937 12] zeoltes =+ MLFSSE=S- 715202 A-g3I9eH7).
3, 221717 8843} 9649 £ NH;-NEZZS 40 mglolA] 90 mg/
19} 135 mgl=. 2+t d5A171 5L, AAket 888 vlasitt.

Zeolite?] NH;-N o] 2w 852 3|32 &3 2 ﬁ‘t%ﬂ 93] =433
t} A, 40mg NH-N/el thél zeolite =Y &S 5-20 2.2 H3}A|

719, 180 rpn#llA] 2A]7+E9t FAAIZIE, A ]—’FE .45um membrane
o= of3ste] NH;-N =5 Sgssiet. @9, 271 NH;-N 5=
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Polprucksa} A}-8-¢+ NFR(Nitrate Formation Raté) EOUR(Endogeneous
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Fig. 2. Langmuir isotherm for zeolite performed with 40 mgl of NH,*-N
concentration.
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Fig. 3. XRD resullts of zeolite with heat treatment at different temperature
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Fig. 4. Variation of regeneration efficiency and ammonium ion exchange
capacity(AIEC) for regenerated zeolite by heat treatment at dif-
ferent temperature. Exhausted zeolite was prepared by mixing
40 mg NH;y -N/I of solution for 2 h; Circle dotted line- AIEC of
regenerated zeolite, asterisk line- AIEC of infant zeolite and square
line-regeneration efficiency of AIEC for regenerated zeolite.
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Fig. 5. TOC concentration of sludge residues and ammonium ion exchange

capacity(AIEC) of zeolite regenerated from excess sludge with
thermal treatment at different temperature and reaction time;
Line-TOC concentration, dotted line- AIEC of regenerated zeolite,
rectangular dot- 300°C, circular dot- 500°C and triangular dot-
750°C.
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Z @SR Y] Hit MAE 5 1,330 mg MLVSS/E vERI Bk
i, zeoliteE Y3 W7 = =4 194 Ha 1,990 mg MLVSY/ %

ul

60 r 100
B
509 {0 £
oy
40 | &
= L 60
S % )
£ 30 1 o II El
@ o © g ©° N 40 g
20 3 o9 oO o [ =
o o ° 5 o o 9
000 e oK, § e oo, ® 12 8
(] o..' oo. 'y o e O o | =
.8%“ @ .. qg‘ & e ]
) , < ‘ 0
0 20 40 60 80 100 120

Duration of operation {day)

Fig. 6. Concentration of effluent suspended solid(SS) and total COD(TCO
removal efficiency for two reactors at operating durations; Ope
circle- SS concentration in the control, closed circle-SS conct
tration in zeolite added reactor, open rectangular line-TCOL
removal efficiency in the control, and closed rectangular line
TCOD removal efficiency in zeolite added reactor.

HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



398 ol@z - v - fEd

= & 2o Z=Aw A5, ZHAgEl zeolite't =2 zeolite} 5L

©O - - the control —~—&— zeolite added (a) .
8 NR (the control) W NR (zeolite added) ﬂ —9'—“’]'3: % 'EE]"E /\]'AE]% /\ 6 ﬁl 011;]_[9]
60 - 230 ita= 3t 8o = T SALSER @A), AAls} 918
& Telg " * ﬁ e ke Mapm Zeolites: -+ )\HLO‘—O 1 = AR vlwn], AArst o]
TN o T . Loofeg = hate] wh 8-% vebith. Fig. 7(af1 ¥ 271 #3710t zeolite
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[7] 59 A8 A9} 0171]%}"/ AT} Zeolite2 st B4 &TIX9 A Stk NH;-N&= 9 mgVQ‘r 135 mglflA], zeolitel] o] 222HE NH;-N
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Table 2. Mass balance for nitrogen at shock NN concentrations

Influent NH; - N concentration(mgy

Parameter Control AS Zeolite added AS(model 1)
90 135 90 135
Eff. NH - N(mg) 39.2 102 2.80 62.0
Eff. NO; -N(mgf) 0.8 0.5 12 0.9
Eff. NO; -N(mgf) 333 14.6 51.2 35.0
Eliminated nitrogen by cell synthe¥isigh) 6.48 9.54 16.7 18.9
Air strippind®(mg) 1.8 2.7 1.8 2.7
Exchanged NEI- N by zeolité(mg/) - - 18.9(5.2Y 24.8(6.8Y
Estimated T-K(mgf) 81.6 129 92.6 144
Mass balance error(%) 9.3 4.4 29 6.7
Removal efficiency in ammonium nitrogen(%) 55 22 97 54
NE\(%6) 38 11 58 27
NRY(mg - NH; - N/g - MLVSS - h) 2.39 2.37 242 2.38
Increased biomass(mg - MLV$S/ 72 106 186 210

aRemoved nitrogen content by microbial synthesis is 9% of MLVSS, Gupta and Sharm&Qi86ated values by the reference proposing that 2% of influent
nitrogen is eliminated by air stripping, Gupta and Sharma(Pg@26gulation: ammonium exchange capacity of zeolitex4,00Defigieolite concentration in
aeration basinx0.91(regeneration efficien&¥nmonium exchange capacity of zeolite to corresponding ammonium concentration(figN/A-FET.NH; -
N+eff.NO; -N +eff.NG;- N+a+b+c. nitrification efficiency Snitrification rate averaged in five data.
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oJedze Ay 23E Zeolite Alo]8ol vist 7154 ot

"ol HAFHY o), Aileg-e 5 whgy] B 2.37-2.42 mg NE-N/g
MLVSS he] A 28 HolH, zeolites: =Yg w71 als e
Artsato] gt A8 SN TH21).

4.4 £

Fol elA zeolite] A 7135 FAF A7, thadt 22 2

(1) 40 mg NH - N/loll E&A17] zeolite] tha) ¥1-&-L %2 100-750°C
Z A3AF|E 241759t DA A7 A3, 300°C, 500°C, 750°CollA
7z} 27%, 90%, 88% R T 3t Jo LX) X3H zeolite:
oz ABLHAE s A, HA e 9 A7 7)7F 500°C
oF W7HeE AR 4 U, o] W A EEL 88%(3.95 mg NE-
N/gE RoH, 7% $718% Ao EAFR &3t}

(2) E= EAEERAM = 7F2A2] AHeEg S| V1= TCOD A
ARE0] 63WHA] 4B o, zeolited FU 3 vH2-7] A= zeolite
9] F9lo] EHR| H|FS A5AIA FE3 AHels SS(I: 2-12mg/ I: 1.5-
10 mghyE 4-g + Ao, o] I3 #F FAETA|HY 28% &
& TCOD AAEE] FHEHAUT}.

(3) B &A= B+t 58%] Akl a g2 viehd W, zeolite
= 4 & 9H2A 104 74%, IPAE 76%= AEos

& Ak, MR B, 28 89 A A
7}, zeoliteg FY e g7 A AE=s] ditsht Ao = 9l
el m&o] AA TS FAstew, AAE zeolitet M=
< zeolite?} 54E T3S VEREE & & AU

@) A zeoliteE FYUF A=A 1914 NH,-NF=E
4] 90 mgl2} 135 mgl=Z “d5A1Z1 A#, NH;-N AAEE] 249 %
= LR e 27 55%) 22962 9 W, zeolited FY3 wH-e-
71E 979} 54%= Vel 3, Faketage] A9 2F 2EY
RolA 389} 119%7} #EHF Y on), zeolited FY 3 W71 58%2t
27%= VERASI AL, o] =FE zeoliteE Y& w37 B B9 F
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