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Development of a Scrubber Wastewater Cleaning System
to Improve Odor Removal Efficiency
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Abstract : The scrubber wastewater should be replaced frequently to maintain efficiency. Most chemical companies consign
scrubber wastewater, because there are no wastewater treatment facilities. So scrubber wastewater is not frequently replaced
because of high treatment cost. For this reason, the most scrubber exhaust gas exceeds the odor emission limit or has a phenomenon
that the odor intensity of exhaust gas becomes higher. Therefore we have developed a scrubber wastewater cleaning system
consisting of filtration and adsorption processes. The scrubber wastewater cleaning system was applied two chemical companies.
We evaluated the water quality and odor reduction effect before and after system application. As a result, scrubber wastewater
quality improved by 50% or more, odor reduction efficiency of scrubber exhaust gas improved by 20% or more. And the total
operating costs of the scrubber could be reduced by 40% or more.
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Table 1. Analytical methods for measurement

Component Analytical method Sampling method
pH pH Meter
BOD Wlnkl(?r s azid
modification method Sterile water sample
COD Acid KMnO;, Oxidation bottle
SS Glass filter method
Turbidity NTU method
Complex Air dilution
odor olfactory method Polyester Al bag, 5 L
VOCs GC/FID Polyester Al bag, 5 L,
Tenax-Ta
Polyester Al bag, 5 L,
Aldehydes HPLC 2,4-DNPH cartridge

Table 2. Analytical condition of thermal desorption and GC/FID

Parameter Analysis condition
Trap low temperature 10C
Trap high temperature 300 C
Trap hold time 5 min
Thermal Spilt flow 20 mL min’!
desorption 1
Carrier flow 1.5 mL min’
Tube temperature 290 C
Tube desorb time 10 min
VEF-1 ms, Bruker
GC column (60 m x 0.25 mm x 1 ym)
Initial temperature 45 C (12 min)
Oven ramp rate 1 5 Cmin" at 170 C
GC/FID P |
Oven ramp rate 2 15 C min
Final temperature 230 C (4 min)
Detector H, 45 mL min’,
Air 450 mL min', 250 C

Table 3. Analytical condition of HPLC

Parameter Analysis condition
Detector UV-vis, 360 nm
Column X select C18 (4.6 mm x 25 mm, 5 pm, Waters)
Injection volume 10 uL
Column temperature 25 C
Flow rate 1.5 mL min™
Mobile phase Acetonitrile (65) : Water (35)
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Table 4. Monthly scrubber wastewater treatment costs and odor removal efficiency

Classifica- . Scrubl?er Monthly scrubber Complex malodor (odor uint)
tion Industrial category ca}pac.ltx wastewater treatment In Out R@moval
(m” min") costs (won) efficiency (%)
A Manufacture of chemicals (surface treatment agents) 180 400,000/4 ton 100 100 0
B Manufacture of motor vehicle parts 1750 980,000/12.6 ton 249 300 Turnover
C Manufacture of chemicals (waste oil recycling) 300 1,040,000/8 ton 120 | 100 16.7
D Heat treatment of metals 80 180,000/0.8 ton 120 144 Turnover
E Manufacture of chemicals (ammonia) 70 260,000/3.2 ton 100 100 0
F Heat treatment of metals 200 500,000/4 ton 100 100 0
G Manufacture of electrical equipment 120 700,000/4 ton 100 120 Turnover
H Chemical industry (resin and paint) 200 1,500,000/10 ton 144 | 669 Turnover
I Chemical industry (film) 120 1,520,000/8 ton 448 | 1,442 Turnover
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Figure 1. Schematic diagram of scrubber wastewater cleaning system.

Table 5. Specification of diatomite and experimental condition for

filtration, adsorption

Median particle

diameter (Microns) 42~48
Diatomite %+325 Mesh Max. 25.0
Color White
Density 0.30
Amounts of
diatomite 0.7L
o . Length 0.9 M (108 ea),
Filtration Filter Diameter 17 mm
Coating thickness About 0.128 mm
Coating amounts About 38.3 gm”
Amounts of
activated carbon S8 kg
lodine number of
activated carbon 1,100
Density of
activated carbon 0.43~048
Mesh of 8 x 30

activated carbon

Adsorption

Residence time

1

Tower volume 0.126 m’ (/4 x 0.42 x 1)
Flow rate 1.0 (max 1.5 o’ h
Flow velocit 796 mh’
WYY w4 x 0.42 m?)}
Space velocit 7.96h"
P y (7.69 m h™ = 1.0 m)
7.5 min

m+7.96mh” x 60 minh™)
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Table 6. Contaminated BODs and COD, levels before and after
pilot test (resin)

Classification | Pilot test | 1% day | 3 day | 10" day | 15™ day
BOD:s Before 42 172 339 544
mgL) | Afer | 30 7 102 | 139
CODw, Before 58 196 354 601
(mg L") After 46 112 337 423
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Table 7. Contaminated SS and turbidity levels before and after pilot
test (resin)

Classification | Pilot test | 1% day 3¢ day 5t day 10™ day
SS Before 60 20 29 190
(mgL™) After 10 20 29 49
Turbidity | Before 15 16 26 49
(NTU) After 13 33 1 4

Table 8. Removal efficiency of the mian odor component (resin)

Butylaldehyde
Classification | S/CIn(A) | S/COut(B) | (A-BYAx100
(ppb) (ppb) (%)
Before 194 737 -280
1% day 165 156 5
5" day 165 172 -4
10™ day 672 624 7
15" day 151 131 13

Table 9. Removal efficiency of complex odor (resin)

. . Complex odor(air dilution olfactory method)
Classification
S/CIn(A) | S/COut (B) | (A-B)/Ax100 (%)
Before 144 669 -365
1" day 4,481 2,080 53
5™ day 173 173 0
10™ day 669 1,000 -49
15" day 1,000 669 33
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Table 10. Contaminated BODs and CODy,, levels before and after

pilot test (film)
Classification | Pilot test | 1% day | 4 day | 7" day | 10" day
BOD;s Before | 922 | 2,640 | 7,406 | 12,972
(mgL™") After | 1,602 | 2,269 | 4,005 | 6,046
CODwy Before 720 1,801 3,903 5,005
(mgL™") After 520 | 1,601 | 2,162 | 3,703

Y TS

At 2=

e A A Al g 39

Table 11. Oxidation rate of organic compounds (Theoretical value

1,000 mgL™)
Organic Chemical Oxidation rate (%)

compound formular | CODw, | CODc: | BODs | TOC
Glucose CeH 1206 59.9 | 994 56 | 99.7
Acetic acid CH;COOH 223 | 952 | 78.6 |101.6
Sucrose Ci2H201 71.8 959 | 54.5 |100.6
Starch (CeH1206)n 57.8 | 86.9 | 404 | 96.1
Cellulose (C¢H10O5)n 1.4 89.5 | 5.5 [89.2
Benzoic acid CsHsCOOH 8.3 99.8 | 72.5 [106.8
Propionic acid C;HeO> 12.3 | 1004 | 76.7 |104.8
Glycerin C;Hs(OH)3 67.7 | 969 | 659 |101.5
Phenol C¢HsOH 76.4 | 1004 | 77.3 |102.2
Isobutyl acid | (CH3)CHCOOH | 10.5 | 94.1 | 64.7 | 99.9
Ethyl acetate | CH3CO,C,Hs 6.6 732 | 62 | 669
Benzene CeHe 12.5 77.1 24 | 55.6
Acetone CH;COCH; 4.7 922 | 62.4 | 89.8
Ethanol C,HsOH 436 | 96.6 | 74.5 |101.8
Ether C,HsOHsc2 5.4 342 | 1.3 | 432

Table 12. Contaminated SS and turbidity levels before and after

pilot test (film)
Classification 1 day | 4" day | 7" day | 10" day
SS Before 4 5 16 29
(mgL™) After 4 5 3 3
Turbidity | Before 14 14 17 26
(NTU) After 5 17 10 16
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Figure 3. Variations of the optical properties of the scrubber wastewater (film).
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Table 13. Removal efficiency of the mian odor component (film)

Table 15. Economic effect of manufacturing process of resin

. . Butylacetate Classification Before After Abatojment
Classification | S/CIn(A) | S/C Out(B) (A-BYAX100 (%) (%)
= 0
(ppb) (ppb) Yteaﬂy serubber 1 506 000 x 12| 750,000 x 12 | 9,000,000
Before 26.2 433 -65 wastewater treatment| _¢ 60,000 | =9,000,000 | (50%)
< cost (won)
1 day 8.53 534 37 rv——
4" day 073 073 0 carly activated 1 4 460000 x 4 | 4,000,000 x 2 | 8,000,000
: ' carbon replacement | o0 00 | =8.000,000 | (50%)
7" day 37.3 245 34 cost (won) s S
10" day 3.23 0.73 77 Yearly cleaning 200,000 x 12
system operation - — 2,400,000 -2,400,000
cost (won)
Table 14. Removal efficiency of complex odor (film) Total (won) 34.000.000 | 19.400.000 | 600,000
. ) Complex odor (air dilution olfactory method) (43%)
Classification
S/CIn(A) | S/COut(B) | (A-BYAx100 (%)
Before 249 669 -169 Table 16. Economic effect of manufacturing process of film
1¥ day 373 208 44 A batoront
40 day 448 448 0 Classification Before After %)
th
7" day 300 120 60 Yteaﬂy S"r“bkt’fnr | 1,200,000% 12 | 600,000 12 | 7,200,000
10" day 208 173 17 wastewater treatment| _ 4 460,000 | =7,200,000 | (50%)
cost (won) U T
cafﬁiﬂ’if‘iﬁzgfﬁfm 2,000,000 x 4 | 2,000,000 x 2 | 4,000,000
Az} BEA 2P HolalHlo|ES} Fa ok UBH o et | "=5.000,000 | =4,000,000 | (50%)
Ao ehket ol g4 Aol Asd g9 AR gt o
Beolgol o] FEHEE BATIST) Table 133} 20| system operation i 2 eeoon | 2400000
Ao Hg Aol $9 SRR §5 SR} FolAE o cost (won) -
ARAE wolrf Ao AR ALH 7k Fole 14 Total (won) 22,400,000 | 13,600,000 | 3000000
SEo SASIZL dobd o ma] AH4 Hejol] nhE ofH e (36%)
e AA KR AT 4 ek
Fo| Halo)x 5} = 5l 5t 2
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