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Neutralization of Alkaline Wastewater with CO2 in a Jet Loop

Reactor

Min Ki Son

Department of Environmental Engineering, The Graduate School,

Pukyoung National University

Abstract

Absorption experiments of CO; in a synthetic alkaline dye wastewater are

carried out! to investigate the effect of operating parameters on
neutralization characteristics in a bench-scale jet loop reactor. Operating
parameters investigated-in the study are the gas.{low-rate, recirculating
liquid flow rate and liquid temperature.

The experimental results at semi-batch operation show that the pH of the
wastewater rapidly decreases with the gas flow rate in the reactor.
However, the amount of CO, used may be the same to neutralize the same
amount of the wastewater from the initial wastewater pH of 10.1 to pH
7.0.

At constant gas flow rate, the time required to fall from the initial
wastewater pH of 10.1 to pH 7.0 decreases with the liquid recirculating
flow rate, reaches a minimum value in the range of Qr=16L/min and

Qr=24L/min ,and then increases with further increase in Q. In the case of

= Vil -



Neutralize speed according to temperature, reducing time decreases to
reaches pH7 with increasing temperature.

The experimental results at continuous operation show that gas-liquid
ratio increases, the pH of the treated water has low emissions, but
utilization of CO; tended to decrease. At gas-liquid ratio is 1, wastewater
i1s discharged into the pH 7.11. At this time, showed a high CO. utilization
of 88%. And, when the gas-liquid ratio 1 schedule with increasing the gas
flow rate, Lower the pH of the wastewater, but utilization of CO, is
decreased Significantly. Throughout the experiment the utilization capacity

of CO- neutralize the wastewater is higher in the-high pH.
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Yl'.ﬂ

1] 3
:..‘
1: storage|tank 7: liquid flowmeter 13: Jet Loop Reactor
2: valve 8% valve 14: draft tube
3: valve 9: circulation pump 15: liquid valve
4. volumetric pump +10: two-fluid nozzle 16: gas flowmeter
5 valve 11: gas:valve 17: CO, bomb
6. check valve 12 liquid valve

Fig. 3.1 Schematic diagram of experimental apparatus used in the

study.
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B oo A= Jet Loop Reactorol Aol &4
uA o, ol 3k AA 9} sla AL o] HWhye gl #=3s)

.

321 4A £y
B oageld AgE dAFE g sy @ns B AAs pH

meter(Orion 4Star, Thermo Scientific, Singapore)E ©|-&3}¢] pHE =43}

.

3.2.2. 7}2 Bx4H
FA7FA F ATk~ €0 CO: =4 71(Optima 7, MRU ' Instruments,
Inc. Germany)& ©]-&3te] =43kt

Table 3.1°14 el &4 205 e AT

Table 3.1 Operating conditions-of CQs analyzer

Contents Range Accuracy

I+

02 Oxygen 0-21 Vol% abs. 0.2 Vol% abs.
CO, Carbon

dioxide NDIR

I+

0-60% 0.4 Vol% abs.

CO Carbon 074000ppm + 20ppm or 5%
Stack/Flue gas | <1,200°F(650C) + 4°F..<392°F /
temperature <2,000°F(1,100C) 1% reading >392°F
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3.3. A8+
3.3.1. BAIG A HGo A4 2 F3EA B4

2 AL Ad GRS G418 2RSS 245 98 BAS 3
Aol NEHE daWsE 4S9 @ F pi, COD, BOD, S8, T-N,

QAN Aol A BA el T ARE Table
1] UEhith #AE ARERE A4 GAR5e fAH e BARSE
WE7] 98] Tab waterol NaOH$F NH,CIE A4 H Fste] AA I
St fAke gel BANSE ZASA of AR BANS COE FH
& HAEAE ZFHZ(DoA-P704-AA, GAST Manufacturing Inc. US.A)E
o] 43ted 05L/min FHFOR WAL Bl 1L BIAN EAFAE
Fqate] pHb A FaE =E A2 EELAL, s pH)| meter(Orion
4Star, Thermo Scientific, Singapore)® =4 a} 3},

Table 3.2 Characteristics ‘of the dyeing wastewater from B city's

dye industrial ‘complex.

COD BOD SS T-N T-P  NH3;-N
(mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

10.1 28332 10832 6743 16.32 1.89 13.02
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33.2. w34 43

el uhe WA o] pH WstE dolrr] 94
RA o] 27IpHE 101, CO; 25 156%% 6}1 AR B _;_;5_;%%1:7 el

333. 94&4 4%

7b EARZRAS BALE Y Y Fel ®E pHY 3 F CO; ¢l &<
AEA LA BEALH S Ay el wE pH WstE dobR 7] fla B
ArE ol %7] pHE. 101, NH3-N F%=Z 60ppm, =AM G 373
20L/min, CO, 7} FYJ 5% 16%& (GASHA FAANT 5 ZA7F29 #
AFEFE 11520/minE, EAFSG FY9F%S 11520/ mnE A&H 0%
TS w A9 pH WS pH meters ©]&3te ZA3sa, &Y
© COp 7tz MiEF s CO; 5475 ol&ste FAsint. il of7]
449 = AG)el tddte] CO; o] &&5 AAtsAth

o

rir

R

QG,in ><yCOQ,in - QG,out ><yCOQ,out
= %100 (5)
Qe in XYco,.in
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yair, in
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Yair ,out

ahebd, 4Gl A6)& YA COp ol §2L A
o
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. n= air , out
QGJTI XyCOQ,in
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Z19R|7F 14 o BEAZEAE 47 F ¥t wE pHH3 3 CO; &

o
=

BARZb229f HALHS] 71 An7E 1 W) RARZE2o] Q) Wstel] w2 pH
& CO; o] &&S Zotry] 93 EAMAS] x7] pHE 101, A S &3
F%S 20L/min, CO; 7t2%EE 15%2 dASA FAA7|IL, ZAFA9}
BAM 49 1AHE 12 FAAZ ©, BAZEAS BAH 59 °Ehﬂ§}°ﬂ u}
2 pH¥stE S48t 18a CO, 7k MiESEE 3435t CO, o4&
& Aatskad

ot ZALS ] pHYE ol mhE CO, 7h&9] o8&

A 9] pHW el ©E CO, 7?’\4 o8& Yothy] el EALHT
%7] pHE 10.1; EALA S 3738 20L/min, COs 72T RS 16%= 94
A FAAIT AL, BALF2 G % Urgd= 1/min FAFA= ®W CO, 7129
HEses CO; 5471 ol&ste] SAG UL T2l o714 S48 &

A3)ell Y3kl CO, ol &&= ARtakitt

38

off
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4, 23 9 3F

41. W3 g4 3

411. EAEAHFY F3354
Table 1el4 4¥ ZA3s wgoz 24 A A8 F554
e & ®=A}E zA37] 98] Tab waterel NaOHS$F NHCl F¢ &
Zdste] RALY ZAgE & COE ol&% Tstdd 434E Fig 20 o
EF It} Fig. 25 B Tab watero]l NaOH®%HS F938ke] pH 1012 A9
o] A, 2% COrFUUALEE pHE 77HA-7 24 g
g NaOHF ¢ Z(pH=10.1)2 A1 NHs-N9| %7} Z7}842 pH7L 7744 A%
He A7 tmaol s o, AES 611 NH;-N & %=7} 60ppm< =
A F 71 FAE SRS GERASITH 19} Zol COE o] &3t
st ol Al NHs-No| EE7F S7H8F 5 ua©l 57kt 9912 AL S
=R

of g4 NHyNol $5242 4457 @Ecldn Boey o

o~ =
T=
o~ =
T=

8 Wi A AW, YA

-‘1

=
5
=
5
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—<— Tab water only
= Dyeing wasle waler

10
—+— Tab water+ 13ppm NH4—-N
—&— Tab water+ 60ppm NHy—N
- —&— Tab water+ 70ppm NH,—N
=1

6 T T T T T T T T
0 10 20 30 40

Amount of CO:Injection to the waste water (mM)
Fig. 4.1 Comparison of neutralization curves between dyeing
wastewater and synthetic wastewater by sparging “CO,;-laden gas at
initial liquid ‘'pH 10.1, gas flowrate 0.5I./min; CO. concentration 15%,
liquid temperature 20C.
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—— Q= 4L/min
- Q= 16L/min
—— Q= 20L/min
—h—
—O—

Qr= 24L/min
Qr= 32L/min

0 5 10 15 20
Time (min)

Fig. 4.2 pH change with respect to liquid circulation. flowrate in
semi-batch Jet loop Reactor at initial pH 10.1, gas flowrate 1L/min,

COs concentration 15%, liquid temperature 20C.
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20
= 18 1
£
-
11
=
[-%
-+ 16 o
14 L] L] L L] Ll L] L L]
0 8 16 24 32
Liquid circulation flowrate(L/min)
0 5 10 15 20

Liquid circulation velocity at two-fluids nozzle outlet {m/sec)

Fig. 4.3 Time required for approaching. pH=7 (t,n-7) with respect to
liquid circulation flowrate in semi-batch Jet loop Reactor \at initial
liquid pH 10.1, gas flowrate 1L/min, COs; concentration 15%, liquid

temperature 20C.
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Y FY7tE F3 9%

ohol Mgt FUT 2A(RAHSFY %7] pH=101, A3 %F=20L/min, 7
FEE=20T, COy 7F2=EE=15%)el A BAZF2=S] §4F3S 1, 1.5, 2L/min
o8 WIAZES W 7t Y pHHSHE Fig. 40 Yepidoh ok
How 7}éﬂ FfFEol S71EsE 7-dqy S SrkH o pHe A%
£5(F, pH 7744 "oz = des AhE B =y, 7ks AR
o] %—7}6}71 w9 7lxe] A7 AA 712 AFAITIO] HaERRE CO; 7t
29] o] 8&2 dA3] #ATS HAH(Peng et al, 2012). 1} £ Ao

A o] &3k Jet Loop Reactordl A& o)A =ZoA wAg 7|£E A3

AR BEAFZEY FYfpiol SHEFE Figo 48 #Zo] pHY AfdEEs
w2y Fig, 5elAeh 2ol 7k o]l 1.0L/mindl4] 2.0L/mino.= W
gt ® 7] L9 pHINIS pH7E ﬂé}%tl THE CO, ¥ A9 o
e oy BARR] FYw el td HA 292 HHE #
71 93l A= Semi-batch/ Al 28l H T} = Qié.‘—i% Jet Loop ReactorE ©] &3}
of FaA < AFo] o]Folxok At AbS E T
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-~ Q= 1.0L/min
10 — Qg=1.5L/min
—+ Qg= 2.0L/min
E
o
8 A
6 . r . r . r . r .
0 4 8 12 16 20
Time(min)

Fig. 44 pH change of the wastewater with respect to CO; gas
flowrate in, semi-batch Jet loop Reactor at initial pH* 10.1, liquid
circulation - flowrate 20L/min, COs econcentration  15%, liquid

temperature 20C.
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Fig. 4.5 Amount of CO: injection to neutralize the wastewater from
pH=10.1 to pH=7.0 with respect to gas flowrate(Qg) in. semi-batch
Jet loop / Reactor at .nmitial pH 10.1, liquid circulation, flowrate

20L/min, CO; concentration 15%, liquid temperature 20C.
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—0- Q= 1L/min, T= 20T
10 | Qg=1L/min, T=257TC
- Qs=2L/min, T= 20T
& Qi=2L/min, T=25C
-
=%
g
0 a 8 12 16 20
Time(min)

Fig. 4.6 pH change with respect to initial temperature of synthetic
wastewater “in semi-batch Jet loop Reactor -at initial pH 10.1,

circulation flowrate 20L/min, CO> concentration 15%
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—— Q, = 1.0L/min
- Q, = 1.5L/min
== Q, = 2.0L/min
0 20 40 60 80 100
Time(min)
(a) Gas flowrate : 1.0L/min
—-- Q, = 1.0L/min
- Q, = 1.5L/min
= Q. = 2.0L/min

0 20 40 60 80 100
Time(min)

(b) Gas flowrate : 1.5L/min
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i |
—+-Q, = 1.0L/min
10 - Q = 1.5L/min
= Q, = 2.0L/min
9
XL
o
g -
7 -
6 r r 7 T
0 20 40 60 80 100
Time(min)

(¢) Gas flowrate : 2.0L/min

Fig. 4.7/ pH change of the wastewater with respect to'CO; gas
flowrate ' in continuous Jet loop Reactor at initial pH 10.1, liquid
circulation ~ flowrate. 20L/min, CO, concentration 15%, liquid

temperature 20C

_31_



11
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-+ Q./Q = 1.00

10
- Q./Q =150
9
T
Q.
8
7
6 —_—
0 20 40 60 80 100
Time(min)

Fig. 4.8 pH change with respect to ratio of gas and liquid flowrate
in continuous Jet loop Reactor at initial pH 10.1, liquid circulation

flowrate 20L/min, CO. coneentration 15%, liquid temperature 20C.
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CO, utilization
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(a) Gas flowrate : 1.0L/min
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(b) Gas flowrate : 1.5L/min
100

CO, utilization

20 —+ Qp = 1:0L/min
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Time(min)

(c) Gas flowrate : 2.0L/min

Fig. 4.9 CO, utilization change with respect to CO, gas flowrate in
continuous Jet loop Reactor at initial pH 10.1, liquid -circulation

flowrate 20L/min, CO, concentration 15%, liquid temperature 20T
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Fig. 4.10 CO, utilization change with respect to ratio. of gas and
liquid flowrate’ in continuous Jet loop Reactor at initial “pH 10.1,
liquid circulation flowrate® 20L/min, COs concentration 15%,. liquid

temperature 20C
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4 6
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Fig. 4.11 pH change with respect to inlet gas flowrate in
continuous Jet loop Reactor at initial pH 10.1, liquid -circulation

flowrate 20L/min, CO- concentration 15%, liquid temperature 20C
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Fig. 4.12 CO, utilization change with respect to inlet ‘gas flowrate in
continuous Jet “loop Reactor at initial pH 10.1, liquid “circulation

flowrate 20L/min, CO-, concentration 15%, liquid temperature 20C
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Fig. 4.13 CO, utilization change with respect to pH in continuous
Jet loop Reactor at -initial pH 10.1, liquid -circulation " flowrate

20L/min, gas flowrate 1L/min, COs concentration 15%
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