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Basic Study for Development of Denitrogenation Process

by lon Exchange(lV)
- A Kinetic Study in Continuous Column and an Economic Analysis -

Min-Gyu Lee, Chang-Sik Ju, Yong-Gon Chae’, Sung-ll Kim",
Dong-Hwan Lee”, and Tae-Kyung Yoon™
Division of Chemical Engineering, Pukyong National University, Pusan 608-739, Korea
‘Dept of Health Hygiene, Taegu Health College, Taegu 702-722, Korea
“Dept of Chemistry, Dongeui University, Pusan 614-714, Korea
“Dept. of Chemical Engineering, Dongeui University. Pusan 614-714, Korea
(Manuscript received 16 September, 1999)

A kinetic study for nitrate removal by anion exchange resin was performed using continuous column reactors.
Kinetic approach from the packed bed showed the reaction rate constant k; was 0.07~0.17 2/mg - hr and
maximum exchange quantity q, was 27.75~31.81 mg/g. The results from the continuous column well agreed
with that from the batch reactor. An economic analysis of the water treatment plant by anion exchange resin
with a regenerating system was performed to design plant and process. Based on the treatment of 20 mg/ ¢
nitrate—contained wastewater of 10,000 gallons per day to 2 mg/ £, total capital cost and total annual cost are
estimated to be 836 million wons and 211 million wons, respectively.

Key words : nitrate removal, anion exchange, kinetic approach, maximum exchange quantity, economic analysis

1.4 8 e B 52 wer)oae) veavzd B A
A Aao g3 AsksY 2o FUYHoR P2 ARA B v JpSP
a A8y BAMor dFHn Ut dA A = B Ao ME ol eussAg MRt AAA A
HEAQY FAY ALE AARezAE oemdy” 2 AAGE oleuaA MAd WeHd A& we
AESH AYy? 9aheehdY 421549 §Y) 9o v)dM9 uesrEd fAe Patn, o] ABE of
U 445 A 243 AASE $HoRAME ol sto] JMHQ oL AlAme MAY 1 AR B
wghgol 7hg dade Hawelgdn Hrisln gink g ANEart
ol eMBN L o) LWHFAE ALt B —294 4
A HAE Sol2 NEWSe) o8 Arse wyoer 2 Adub 9 AF
A i AA Bgol n$ Fon FAH xﬂf’a*é 21 A 9 A%
o] Fol BAHE B FAo) dA sHsdtn, FA9 B APN AR o]2RBEAE U (F)ABRA

AEE7Y Theste, RAHIE A 53, 59 FFE oA s CI'EY 2ol ##42¢ Diaion SAI0AP
AA WA Fol Ade] BAGlO]l TR HEol sHedt 2 APeNi ol HzEA %z AF U Abgs

9, 3 AAE dAsE AY wgdTFHer AE% £ gov o FXd qE AP AP FxE AR
itk 59 AdE 7hA3 Aok A olnl BwE g

£ °4717‘]°ﬂ*1\~ Sl Axd CI'y ol A4 A2 dae Az A%l KNOy(Junsei Chem. Co.,
& Abgstel A4 Fo A4 AaE AAS e FAA Japan, GRIE ARHES ¢ o4 AANA %u auyz

261



2. EURA L]

2 Aol AR A& AEAAE Fig 1o vE
yid Fxe £A99 AFL7], perstaltic HZ, F2
Z, ZHOoR FAH don, o)gd A FrE 4
A& gt o2 u@TR FAE AEL FE AT
Rez, Z4 ol A44 gle X9 Ju s %JE’—E’:
T # B3% & UL E Pyrex FE2 BEJAT W9
Aol 35 cm, WAL 12 cmoln, & AA87] 93
o otghZo] ®o] 1 cmBEY FYMHRE 2ol &ho)
TdsA #HE 38 & U= Ak ZHY Fue
AT @) 2L oFH TxoW, YT I
o2 dugg Mg Y FFE 2Zsto B9 479
ZT Ato)g) 2k Aol & AU FolkF YT

|+

|, [+—¢8
1. Feed Storage 4. Glass column 7. Glass wool
2. Pump 5. Anion resin 8. Water bath
3. Flow meter 6. Silicone stopper 9. lon chromatography
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Table 1. Standard conditions of the continuous experiment
Parameters Conditions
Feed concentration 25 mg/ !
Flow rate 3 ¢/hr
Resin amount 10g
Bed length 19 cm
Temperature 57T
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Fig. 2. Effect of initial solution concentration on con-
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3. Effect of bed length on concentration profile in

the continuous column.
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Fig. 4. Effect of feed flow rate on concentration
profile in the continuous column.
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Fig. 5. Effect of temperature on concentration profile in
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Fig. 8. Kinetic approach result with flow rate change
in continuous column.

Table 2. Parameters obtained from kinetic approach

Variables ki, £/mg-hr Qo ME/g

Amount 0.0728 31.81

Flow rate 0.1108 2979
Concentration 0.1710 2175
Temperature 0.0943 3062
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Table 3. Estimation of capital cost

[tem Quantity Size (’{%tg(])\ggzt)
lon Exchange Column 2 1,000 L 355,500
Pumpl(influent) 3 0.5 hp 9147
Pump(backwash) 2 05 hp 6,098
Pump(regenerate) 2 0.5 hp 6,098
Tank(regenerant) 1 20 gal 6,715
Tank(rinse water) 1 1,375 gal 9,480
Tank(backwash water) 1 520 gal 7110
Tank(treated water) 1 120000 gal 47140
Tank(waste) 1 18% gal 16590
Tank(raw water) 1 120000 gal 47400
Subtotal 511,538
Con9% of st 02
Plpmg(?l % of subtotal) 158577

(10%
Fixed-capital Investment 751,91
Working.Capital(l()% of 83551
total capital investment) '
Total Capital Investment 835512

Mo 1zAT(IV)

Table 4. Estimation of annual cost

Ttem Total Cost
(1,000Won)

Operation Labor 69,350
Utilities 3,500
Anion-Exchange Resin 4590

Maintenance & Repairs . 45118

(6% of the fixed-capital investment) ’
Operating Sgpplies ' 6.768

(15% of maintenance & repairs) '
Laboratory Chqrges 6935

(10% of operating labor)

Depreciation(10% of the fixed-capital 75,196
investment, straight-line method) i
Total Annual Cost 211,457
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C . effluent solute concentration [meq/ £ ]

Ca : concentration of A ion [meq/ ¢ ]

Co . initial concentration of solution [meqg/ ¢ ]

ki . reaction rate constant [ ¢ /mg - hr]

M . weight of ion exchange resin [g]

Q : flow rate [ ¢ /hr]

Qo : maximum solid phase concentration of ion

exchanged nitrate {mg/g]

r, R : particle radius [cm)

t . time [s)

\ . volume of solution [me]
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4 . bed length [cml] 2 wkerlo e Wwes R fa R A,
submitted for publification.
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