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Study on the Characteristics of Struvite Crystallization and CO, Absorption in Jet

Loop Reactors

Dae-Yeop Kang

Division of Earth Environmental System Sciences,
Major of Environmental Engineering, The Graduate School,
Pukyong National University

Abstract

A semi-batch jet loop fluidized bed reactor (JLFBR) was used as a crystallization
reactor to remove nitrogen and phosphorus from synthetic wastewater through struvite
crystallization. The reactor performance obtained in the JLFBR was compared with that
in a same-size jet loop reactor (JLR). The time required to increase the initial pH of
the synthetic wastewater from 7.3 to 8.0 by aeration in the JLFBR was shorter than in
the JLR. Moreover the removal rates of ammonium nitrogen (NHs-N) and total
phosphorus (T-P) were faster in the JLFBR. This may be due to the enhanced turbulent
intensity that promoted struvite formation, as well by the fluidized particles in the
JLFBR.
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Fig. 1 General jet loop reactor.




Table 1. Major design parameters of jet loop reactor

Kang Yildiz Velan Prasad | This study
H 800 1410 1400 1400(1200) 800
D 100 150 192 192 100
t 5 5
Hs X X X 300
Ds X X X 200
ts X X X 5
Hq 600 1000 1000 1000 600
Dy o v 64,74,84,94, | 64,74,84, 49
112,127 94,112
ta 3 3~4 3
Din yA 12 10,12,14,16 12 7
tiN 1 3
Dorn 12 12 7
Don 2 6.4 3.3, 5.0 2.75 2
ton 0.5 1 0.125 0.5
Hoon 8 12 8
Hr 70 100,150,200 200 120
Hs 140 50
Hp 70 70 25




Table 2. Optimum design parameters of jet loop reactor
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Fig. 2 Principle of jet loop reactor with interal

circulation.



2.2 Jet loop fluidized bed reactor
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Fig. 3 Jet loop fluidized bed reactor.



Fig. 4 Improved bottom of jet loop fluidized bed reactor.
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Table 3. Concentration of synthetic wastewater

Component Concentration(mg/L)
Glucise 1,000
Poly Peptone 1,200
NH,Cl 1,600
CaCly2H20 140
FeCls-6H,0 8
MgSO,4-7H,0 680
NaHCOs; 1,500
KH,POy 3600




Table 4. Operating conditions of jet loop fluidized bed reactor

Operating parameters

Conditions

Method of pH increment

NaOH injection, NaOH injection
after aeration

Mg/P molar ratio 1.05
Mg source MgCl,
. With or without aeration after
Aeration

adding Mg source

Gas flow rate(Qg)

Togl.5, 2,2.0%8 K/min

Liquid circulation flow rate(Q.)

18 L/min

pH

8.5
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Table 5. Characteristics of the alkaline wastewater and synthetic
wastewater used in the experiment.

Synthetic wastewater

Contents Value
pH 10.1
NaOH(mg/L) Adjusting pH
NH;-N(mg/L) 60
Tap  water(L) 1




Jet loop reactorE %7| #&st= ©l= semi-batch to continuous mode<}

continuous mode”} AT} Semi-batch to continuous mode®] 73 &Z&H <5
24LE AFHEZE o83t jet loop reactors A& FH, LZHATF FAS>

2 FYE = semi-batch modeZ pHE 7 7}A] 1733k H
TE FY3HTh Continuous modes &ZeE|#H 4 24L&
jet loop reactorel & F AEHHo= Lz HE P BAIAE FASA

Ade dZgd<4 24 LE jet loop reactoro] =}-¥ THS semi-batch to
continuous operation, continuous mode®l W&}t Quin, Qoo wE pH %
FE7t2F COoEdes 34 stoen, =9dx1& Table 6.9 Yeb AT
83 #H<49] pHe pH meter(Orion 4Star, Thermo scientific, Singapore)Z =
AstaoH, FE7t2 T COEEE2 COl~ #417](Optima 7, MRU

Instruments, Inc., Germany)& ©]-&3}a] 2243} t}.

Table 6. Operation parameters used in the experiment.

Parameters Value
Qciin 1 ~ 7 L/min
QLin 0.9 ~ 6.67 L/min
QN 20 L/min
Temp 25 C
Conc. of COq 15 %
Operating mode Semi-batch to continuous, Continuous
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4.3.1 Operating mode for start-up
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Fig. 13 Operating mode for start-up.
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Fig. 17 Effect of the Qg on CO; mole fraction at outlet.




100

0 QUQe=15
A QUQG=1.33

O—-—o0—0o O QUQe=125

< A\ﬂ\‘&\&\a v  QUQe=1.1

S 951 & QUQe=1.0

) X  QUQG=0.9

(e

2

0

=

© g

©

-

(o]

£

o

(]

O 851

%)

80 T T T T T T T
0 1 2 5 4 5 6 7

Qc [L/min]

Fig. 18 Effect of the Qr on CO; removal efficiency.
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Table 7. Outlet solution pH and CO, removal efficiency with respect to

operating parameters

Qo Q . Nco,
(L /min] Qu/Qg (L/min] Outlet solution pH o]
0.9 0.9 6.94 88.25

1.0 1.0 7.12 89.42

1 1.1 1.1 7.19 90.01
1.25 1.25 7.25 92.83

1.33 1.33 7.29 93.01

1.5 1.5 7.45 97.21

0.5 1.0 6.69 63.51

0.9 1.8 07 4 87.18

1.0 2.0 By, 88.36

9 1.1 2.2 7.2 89.02
1.25 2.5 7.28 92.77

183 2.66 7.35 95.89

b 3.0 7.5 97.04

2.0 4 8.43 98.06

0.9 i 7 6.88 86.92

1.0 3.0 7.06 88.10

3 1.1 3.3 7.19 88.88
W7 3.75 7.32 92.25

1.33 4.0 7.39 95.72

1.5 4.5 +04 96.98

0.9 3.6 6.84 86.54

1.0 4.0 7.02 87.73

4 1.1 4.4 7.19 88.32
1.25 5.0 7.34 91.95

1.33 5.33 7.45 95.60

1.5 6.0 7.69 96.69

0.9 4.5 6.81 86.24

1.0 5.0 6.98 87.43

5 11 5.5 7.2 88.02
1.25 6.25 7.35 91.84

1.33 6.67 7.5 95.43

0.9 54 6.76 85.53

6 1.0 6.0 6.94 86.72
1.1 6.6 7.18 87.31
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