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Low-Strength Ammonia Removal by lon-exchange - Nitrification - Denitrification Process

IR B, BRHEE. e Lt
Satoshi TAKIZAWA®, Kiyoshi MOMONOI**, Hiroshi KANO™**

ABSTRACT; Ammonia-selective zeolite "clinoptilolite” was used to
remove ammoni%—nitrogeg from synthetic river water which also contains
Na*, K*, ca®* and Mg“* ions. Ammonia-nitrogen between 1.5[mg/1] and
3.5[mg/1l] was completely removed from the synthetic water though the
above competing cations were present. During service period of an
ion-exchange column, 1500-1700 Bed-Volume of water containing
1.5[mg/1] NH4+~N was applied before experiencing a break-through.
The applicable water volume was reduced to 900-1100 BV, however, when
the influent NH4+-N concentration was raised to 3.5 [mg/1l]. Two
models, i.e. the equilibrium model and the non-equilibrium meodel,
based on the independent characteristics of selectivity coefficients
of an arbitrary pair of cations, were presented to predict effluent
cation concentrations. Both models showed good agreement with experi-
mental results, whereas, within the range of this experiment, the
equilibrium model seemed to be superior because of its simplicity.
Once an ion-exchange column had experienced a break-though, regenerat-
ing solution containing 0.3N NaCl was passed through the zeolite bed
and, then, introduced to the nitrification-denitrification reactors.
After a short period of bacterial acclimation to salinity, more than
95% of NH,*-N in the waste regenerant was removed biologically,
giving eviﬁence to the effectiveness of the proposed process.
KEYWORDS: zeolite, ammonia removal, combination of physicochemical and
biological processes, nitrification-denitrification )
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BETvETESBLBABERPRET S, €454 VEORHEZELLTT YyE=TNE o2
HaALICE., BARRONETES S0 7oA 2 E A RPNARE LRV, 20LH. TYE=T X
FPY Yy BV TRESTHREROT Y E=2TERCHFEY R, A MY vy BV SR> TRBLAT Y E=T %
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DT YNBSS ARFTHL, -1 ISRTHROEBKR (3

1) 285225 mi ORBETHEBIE, EREG®R. BN Table 1 Chemical Conten'-cs of
Batch Ion-Exchange Experiment

> B 7 AL ~ ° N > sz +
SHARRT 4 0 BRI X TRIRDY » 7Y ¥ ST NHL, NH.CQ 5. 77 e/l & NHo N
K'.Na’", Ca’" BLUMg* 14 BEOQNEIT- 70 KCy 5. 34 [mg/1] as K*

N e . . CacCy 33. 3 (mg/l1] as Ca?
AFOERDP SHE2 B THRANLBERRESVTA 4 VR MgCi. 5 33/l 3 Ma?
EEMBLUA + vBIRERERD T, NaCy 28. 0 [mg/l] as Na*

3.2 EA&ATA LI BERET E=TOREERR

XS54 MokBT7vEeE=T7OREERRUELE Table 2 Experimental Conditions
BROB-IREERIIF-1 IRTHREERH VW, 25 Teolite clinoptilolite
oSy <57 41 . -9 o Diameter: 0.5-1. 3ma
CERZNTHN - feo RBEMHFOBBER-2 1R Characteristics .105°C Dry Density: 1.68 [g/cm®]
T TVEZTORBERTRARS. ZcmxFx2 Cation Exchange Capacity: 1.20 (meq/g]
oo = -t = . . Ton-Exchange &5, 2cax H200cm
mOEERA 5 Lic€A 54 b GRERECc]lino- Coluans Teolite Packing Height: 100ca
ptilolite: *ﬁ%o 5~1. 3mm) %Eg 1mzZ vc\i:‘ig L. Synthetic NH,*: 1.57+0.36[mgN/1] (0.113 X 1 03N
‘ ; ) } 3.54+0.21[sg/1] (0253 X 10°*N
KEKRPIZNHCL 2FRNLTT v E=THERR Raw Water K* : 1.90+0.44(sg/1] (0.0485X 1 0-*N
1.5% 72123, 5 3 - I 7] It - Ca?*: 10.2+1.5 {sg/1] (0.509 X 10N
.E. § SlmgN/114 B LR LT, Contents Mg?2*: 2.67+0.17[mg/1] (0.22 X10°3%N
BEEOEES VIdA s ' 1B L9 0[h ' J&E L, 1 4 Na* : 11.3+2.1 [mg/1] (0.491 X10°°N
Flow Rate (SV) 4.6, 9.0 [h!]

YRBMEBRUEAHBICER ZREERAN B
A4 VBEESTROBEY > T AR 4 4 BB AEORY v
> 30 > —_— > Y » i
TV TE— ok, £-3 ‘:/T\"a‘ﬁ}ﬁ?%‘:‘l 0 DR Table 3 Analytical Methods
NH.* || Indopheno! colorimetric method

EXT - 10 K* ! Atomic absorption spectrophotosetry
C a2 || Atomic absorption spectrophotometry
Mg® | Atomic absorption spectrophotometry

3.3 TrvEz2TREEASA FOBEER Na* | Atomic absorption spectrophotometry
BARICIZ0INE/I30.3N Na CLBABREMAVE, C0

MEEE A 4 vRRBlgOBHECHVLNS

BMEICHATEDDLTEVWS, I TRROAE P~

PBIEERIFEANRVWCEET rE= TR

EEASA FPOFAESFRITDhBEEVISR T
HEReEE s s HERBE LSRN, Bl © 1o~ @
OBBEER S V=2["']THD . BEEHENL r®
] i
ERIRTS - 120 wﬁu o=l
= &1 |
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U }bﬂmﬁr?%ﬂ‘:ﬂiﬁﬁgéﬁifl t)@ll\ ®Nitrification Reactor @Denitrification Reactor
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Fig.1 Schematic of Experimental Apparatus
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TREERANZ 151 8keN/(n*-d)]F TLR AV,

BERIDBEIHNZEL OO cm, B 1mo7 2 Y ARIAETHsD ., EEHAE—»—ickvdarpmT
RIGEHNZEIEL TV 5. FRICKHT S RKIGHIC QBT FAKOUERS SIRIL L 73R2ER (MLSS=16000[n
g/11) ZHT7 LRAL. HERMEERRE 2 0 0 (ngN/1]« FREEGE 1 [keN/(0*-d)]. EFEHHE0. 33 [cm/nin]
PORXF—bFL. BREACHEBEEZ LT LRIVEBANESD 2. REOLHOHFEMELTIEA S/
—VERAO, BEERLSBOVEITHBEZRM U, IhERBNIC, HEO/®HNa CL 28T HRLEKE
45T BControl ERER—RETIT-» Ko

HIEERUREZEOEEREZENS T LB LA I E2HE L%, BC-BlisEiEic A >, €4
54 MPREED SHH LA BERR R EEARRIT B A R, TR - EW I E - A, [
ZOOOERREZRE L CRYIBPBIEER A 7/ — A2, BHLHED S ORHE IR L iz~
EEoto BABRRERLTORWEAIIE., €454 VEAEELRED7 ve=7RUNaCl 8Fil
- ICEAK L, MAEYEEOHEER - 72,

4. EBRERIEER

4. 1 43 rREEEEHRUORRER

K-2R3&4 4/ ORBEEERK ERDB2DIK (12) RHESVWTTey FLASDTH S —i
A4 v ORWEER. HTFORESZO 00T, KKHILTWE A+ Y TRKGFEEDLKNE AN
Wi 2E0bhTWEY N, AIEOEES 4 v THEERK PR LES . Ca?"PMg B &0 2 [Hilg 4
ABEP o, EhA 4 Y OBIREHRE-4ICRLAEEBYTE 1o AIRRBZDLDICIBIFTHBW
McLaren®DRa7cffi® ST 2. K OFRESPPEL . Ca " OBRERKEL L -TWV3B,

-x Table 4 Selectivity Coefficients
In( 1;—_;“— Yepkt p =3.33(ke/n’]

This Study Mclaren et al.®’
< M K[ﬁ(g;.h)] K, (NH,*/Na*) 12 10~12
SpooeNme K: (K'/Na") 9.8 20~25

s Ca 0.103 K; (Ca?'/Na*) 10 1. 5~2. 3
~ . v oMg?  0.089 K. (Mg2'/Na*) 0.48 0. 4~0. 6
I,
.] .‘ A
.
-« - a a Table 5 Effects of SV and Asmonia Concentarion
& ° on Cation Exchange Capacity of Clinopilolite
= | Influent NH;-N [mgN/1) 1.5 3.5
e sV [h'] 45 | 90 4.5 9.0
2 Break-Through
- . L . . R L Service Period [h] 338 191 199 126
0 1 2 3 Total Liquid Volume 1519 1717 895 1135
TIME [n] (BV]
NH,* [mea/g] 0.162 0.182 0. 205 0. 252
Fig.2 lon-Exchange Rate Constant Kk Ca?* [(meq/g] 0.597 { 0.670 0. 465 0.570
Mg2* [meq/g] 0.105 0.110 0. 082 0. 045
K* [meq/g] 0. 060 0. 065 == ---v
TOTAL 0.925 1.027 0.7522" | 0.867¢ |
1)No measurement
2)NH, " +Ca2* +Mg?*
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k7 v 2= 7THERBEBLUS VEEXLLZKBRICROVWT, MBKT7 &= 7HERNRKET D 1
0%EMAI A (WoBR) ETORBIA vOREEXREEL, €454 P REBTH - f%EH-5I0R%,
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f (Equilibrium) TFMICE B EOERERL TV, AP SHOHIR L S ic. BEKGIRERT ST
VE=ZTIRRIZ0OTHD. I0BORENTETH S, L7 ryE=7ORERHIIEF VB LD FEly
B3IEMTEETH e Mg RESESIHAL . BHBORICBEKBEL D $FVRECHTT 3roll-
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BEIEAMEOESE, > K44 v i3E
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Fig. 3 Experimental and Model Study of
Multicomponent lon-Exchange Kinetics
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BAEEERLTVZ bODEERIZHNEG 0% &
Ef oD l. 0.3N Na Cl THELKE
B AEE3 0 BVTHAERNL 00 %iEL
BE L7 vE=THLBENE O, BEER
ZAEVHLES 5 J & 2FR LcBa ., BAEAR
EREVEERICENCEL 2BII/PNELRS
EELONDH. ROEBRETRA A Y RBOE e
BEHIEC 100 BEHAERES E TIhRD OB o s w s W
BhhoTLEde COES0.IN NaCl TR TIME (h]

BEFRESET S, 0. INEESTHER & LTH Fig. 5 Effluent Cation Concentrations
ALY 2 THBTH 3 EMNTENT, during Regeneration by 0. 1N Na(l

CONCENTRATION [mg/1)

4. 4 €451+ BEERKOWL-RENE
4. 4. 1 WHERIGEEDORY—+7 v TEER
K-8 iz, WHLEZH#EEL T BAFOBERERE
O®%. 0.3N Na C{ KU1 20 [meN/1] (0.0
0857TN) NH,'-N., #KE3 [ H]ITEEELR%:
BAE L o RKR OB ERREOE(LER
T, FAicE&ENE7 vE= 7T RAEHGEERE D,
S5I3IF100%MILEh T, MBUKICEEH 10 15 20
ZEHDIH9 0 [mgN/1JIZNO*", 3 0 [mgN/1] TIME (h)
RNO, DETH 7o 24 HHRERAME 1 Fig. 6 Effluent Cation Concentrations
[keN/(m®+d) 12> 5 1. 8[kgN/(m*-d) Jic LiFfc & A during Regeneration by 0.3N NaCl
FNERLEESET L., Ak ommRRe R
ESLER U, BtHEONBIc>VWTRES
SOERPS?T | BIRLTCORWHILEEES
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S TOHIRLALEHREEAVWHIEIStart-upl
%2 KIBICERTE3 I &b o1,

CONCENTRATION [mg/1]

[ R R SRR © 0.3N NaCl
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)
1
d
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4 . 4 . 2 mg’iﬁ;%o)x y —_ ]~ Ty 7“%% 0 1'0 ZE) 3I0 4’0 5l0 6'0
BRERIGHIZRAS Y OERBRICE &Y REGENERANT VOLUME [BV]

¥ EAGEL [en/min] . BFHEHE 3 [keN/(m*-d)]  Pig 7 Relationship between Regeneration (%)
TRE Lo, CORBTREROFKEIEL and Regenerant Elution Volume(BV)

3 BRICRRISHEADERN 1,/ 3T IRE

Plio CHBEROLDICERCHELANa CL BENRE (M TFControl&$3) Tikdohiidh -8
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DEFL R EBRRTVE, KFEIL BT bClontrol £V b N a C L AFPIKNBROE BEREESS
L IARS ERBBEESE SO,

Hoek5°® - *V R TP OBBHERBREL NI 4 v RBR-RE S0 AOHEZIT-THEH. US
BRRERIGHEIINa CL BLUNaHCOICLBHEEZI. Na CQ 0. 3~0. ANDBE TRAMTFEI
XL TL0~50% DIRZHEE . Na HCO,BRETIXTI5S~80% DRREEWICIE - 72 LIBRT WS, Hoek S I3
FRHOPBERELIT-TED . 3BAMOYEDOEN a C L BAMRBERMDOControl RITH LT 6 0 BDIE
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