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Developement of Granule Type Denitrification System (No. 2)
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A pilot scale granule-type denitrification system was tested using the nitric acid pickling
wastewater discharged from stainless steel manufacturing process. The same performance as
with a bench-scale test unit was achieved at the high loading rate of 20 kg/m’-d NO;-N. The
test proved 80—90% removal ratio of NO;-N even at short retention time of 0.3 hr.
Acclimation required about 4 weeks but it can be shortened by increasing initial sludge

injection, judging from computer simulation.
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Table 1 Example for effluent of pickling wastewater Ttemn Specification Volume
Item Water quality iﬁggewggﬁ 1150 mm* X 1160 mn® X 1 tank | 1 of
pH (‘> 71 Denitrification | goo mn* x 3500 mn" X 1 tank | 1.7 nf
T-N (mg/L 54.6
NO,-N (mg/L) 45.3 Settling tank 600 mm? X 1870 mm® X 1 tank | 0.3 m
SS (mg/L) 6]
TOC (ng/L) 15 Effluent tank 580 mn* X 880 mm" X 1 tank | 0.2 m’
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F (mg/L) L5 Chemicals: Methanol, Nitric acid, Phosphate, Sodium
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Fig. 1 Flow diagram of pilot test
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Fig. 2 Operational data for acclimation
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Table 3 Experimental conditions and results(Run 2)

Influent

- i NO:-N
Retention time | O v 1034INE | 10 ont NOWN | Effluent NOp-N | V0N removal | b b SS
R rate efficiency
un
No. hr kg/m’-d mg/L. mg/L, % mg/ L
Range Average| Range Average| Range Average| Range Average| Range Average| Range Average
2-1 — 2.00 0.90~1.77| 1.26 81~ 134! 102| 3.2~13.6| 7.4| 90.1~96.0| 93.6 8~25 15
2-2 — 2.0| 2.12~2.88| 2.43| 188~ 220| 204 a~ 13| Q1 99.3~99.5| 99.5 9~43 32
2-3 — 2.0] 3.78~4.11| 4.00f 322~ 354| 345 d~ 2] <& 99.4~99.7| 99.5 7~23 14
2-4 — 2.0/ 4.76~6.45) 5.71| 418~ 509| 465 2 Q2 99.5~99.6| 99.6 13~22 16
2-5 — 2.0 6.75~9.64| 8.22{ 527~ 918| 749| 20.0~86.0| 48.2| 90.6~97.6| 93.7 10~60 28
2-6 — 2.0] 15.8~18.9/16.90| 1490~1560| 1510| 63.7~ 129| 87.2| 91.8~95.7| 94.3 13~62 39
§ 100, / A 9064000000000 100 m .T“.—..‘v
i 90 §
3 80r
g s &
ER & 6o
g Influence of pH uprise D
—_ s ® 255kg/md
Z 60 g 40+ A 510 kg/md.d
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— 1500 =
j‘ (} ] 1 1
g 0.0 1.0 2.0 3.0 4.0
10007 Methanol injection ratio [g/gN03-N]
500

NO;-N

Effluent

NOs-N volmetric loading rate [kg/m?-d]

Time

[days]
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Fig. 3 Denitrification performance, at
NOs-N loading

maximum
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Fig. 4 Effect of methanol injection on NO;-N removal
efficiency
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Table 4 Experimental conditions and results(Run 3)

NO;-N 1 i - [
Retention time | 0° " 108dINE |10 ot NOV-N | Effluent NOy-N | VO N removal | pen ot SS
rate efficiency

Run
No. hr kg/m'-d mg/ L mg/L, % mg/L

Range Average| Range Average| Range Average| Range Average| Range Average| Range Average
3-1 - 1.012.67~ 3.90| 3.16/114 ~ 159| 132| 14.1~41.2| 24.9| 74.1~87.6| 82.2 11~19 14
3-2 — 0.5]3.35~ 5.04| 4.14| 764~ 114 94| 2 ~13.2| 8.4| 82.7~98.2| 90.1 11~27 19
3-3 — 0.3;8.38~ 9.06| 8.75|120 ~ 128| 124| 12.8~17.5| 15.2| 85.4~90.0| 87.7 4~13 9
3-4 0.3~0.5] — |43 ~126 | — | 61 ~ 270 — 1.6~24.0| — 60.7~99.0) — 8~19, —

100 0g—eee e gqooe g 5 5 ¢
= 90 S * ’ -E.. )
'g Y S0 A
g 8- g *
é 70+ 3«5 60
§ —§ ® RT=2hr
& 60F g L * RT=1hr
= g A RT=05hr
L Il L ! L 'z, m RT=03hr
& -
Z

;ZOUV 0 | 1 1
& 0 5 10 15 20
— Influent . .
- NOs-N volmetric loading rate [kg/m3-d]}
§ 100

NOsN volmetric loading rate [kg/m?«d}

L 1 1 L 1

65 70 75 80 85 90 9
Time  [days]

) AR OLERET -5

Fig. 5 Denitrification performance, at minimum

retention time
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WCEDI0E R 2RI L7- 2 L DB L 72720 Th 5,

#6 NO:-NHFHER & BrEEOBM R
Fig. 6 Relation between NOs;-N volmetric loading

rate and remoral efficiency
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Fig. 7 Relation between retention time and NO;-N

removal efficiency
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Fig. 8 Change of VSS concentration with time elapsed
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DIERIZFFTTTY b LAY, BiBO LD IZNOs-N
BRERIAMEL D O LAWEBMICEEINS Z L5
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Fig. 9 Change of NO:;-N reduction rate with time of

granule
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Fig. 10 Simulation of VSS
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