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ABSTRACT

Large amounts of oily wastewater discharged from various industrial operations (petroleum refining, machinery industries
and chemical industries) cause serious pollution in the aguatic environment. Although dissolved air flotation (DAF) separating
oil pollutants using microbubbles represents current practice, bubble size cannot be selectively controlled, and lots of
power is required to generate microbubbles. Therefore, to investigate performance of the DAF process, this study examined
the distribution of different sizes of microbubbles resulting from changes in physical shear force via modifying shapes
of a slit-nozzle without an additional power supply. Three types of slit-nozzles (different angle, shape and length of
the slit-nozzle) were used to analyze the distribution of bubble size. At a slit angle of 60°, shear force was 4.29 times
higher than a conventional slit, and particle size distribution (PSD) in the range between 2 and 20 um more than doubled.
Treatment efficiency of synthetic oily wastewater through the coagulation-DAF process achieved 90% removal of COD
by injecting FeCls and PACI of 250 mg/L and 100 mg/L, respectively, and the same performance resulted using FeCls
of 200 mg/L and PACI of 80 mg/L employing a slit-nozzle angle of 60°. This study shows that a coagulation-DAF process
using a modified slit-nozzle can improve the pre-treatment of oily wastewater.
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Fig. 2. FDM 3D printer and the slit-nozzles made by the
printer.
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Table 1. Summary of the characteristics of each slit-nozzle

Nozzle type A. control B‘(Ci?;fe C %fgiﬂ; 8;0511]1gle
Number of slit 5 10 17
Angle (°) 90 45 60
Inner diameter(mm) 19 12
Specific shear force(Ps) 1.00 3.93

YOLBLLOLELBBGBEEE ‘

D. 30° E. 45° F. 60° G. 90°
10 10 10 10
30 45 60 90
12 12 12 12
2.50 4.29 4.29
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Table 2. Correlation between specific shear force (Ps) and quantity of microbubbles in a range of 2~20 pm (p-value <

0.01, n = 50)
B. Sh D. Angl C. Length & F. Angl
Nozzle type Variables A. control ape Og < eas OS e
(cone) (30°) angle (60°)
Specific shear f
pecthic &) )eaI oree Independent (X) 1.00 1.61 2.50 3.93 4.29
S,
tity of mi 1
Quantity o microbubble Dependent (Y) | 4011 = 682 4474 + 671 5414 + 727 5678 = 616 | 7853 *+ 1354
(2~20um)
14000 120
—@— Nozzle A (Control) N 2-20pm
12000 1 —v— Nozzle F (Angle 60) 0 gmﬂm
——--——  Nozzle C (Length 1.5X) | | pm
10000 - —--@—- Nozzle D (Angle 30) . - - . | mm
Nozzle B (Shape cone) 80 4 [ pm

8000 -

6000 1

4000 -

Bubble frequency

2000 -

0<

T T T T T T T

220 20~40 40~60 60~80 80~100 100~125 >125
Bubble size (um)
(a)

Fig. 3. Effect of different slit-nozzles on microbubble generation. :
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Table 3. Characteristics of treated water using the DAF system (slit-nozzle A & F) with different coagulants

Nozzle Coaculant Dosage COD Removal of COD TOC Removal of TOC
type 8t (mglL) (mg/L) (%) (mg/L) (%)
- Influent - 9,555 = 70 . 9,119 + 2,715 -
Control 0 1,942 + 17 79.7 1,231 + 194 86.5
100 1,605 = 0 83.2 62.9 + 1.23 99.3
FoCl 150 1,317 + 17 86.2 66.2 + 3.85 99.3
[S}
’ 200 1,067 * 53 88.8 35.4 + 0.44 99.6
Nozzle A 250 855 + 35 91.1 75.3 = 2.29 99.2
40 1,580 = 0 83.5 43.7 * 3.75 99.5
PAC 60 1,730 * 35 81.9 54.6 = 0.74 99.4
80 1,392 + 88 85.4 53.3 = 1.70 99.4
100 817 + 17 91.4 52.3 + 0.18 99.4
FoCl 200 692 + 53 92.7 17.6 = 0.87 99.8
e
Nogalo ’ 250 667 + 18 93.0 25.4 + 6.19 99.7
ozzle
PAC 80 767 + 18 92.0 35.0 + 0.77 99.6
100 667 + 18 93.0 37.9 + 0.13 99.6
3.2 &8l 7|Ht SE-DAFSHL| M2 &2 and Walsh, 2014). FeCl3 3} PACIo] Z+7} 250 mg/Le}
pXe] _E.:_ [e] 0,
olulx 02 DAF TAT 3 o= A olte] 7] 100 mg/lL ¢ H%S u COD 5= 7|&2 2 91.1%,
e et = e R b 91.4%9] A7FeL qu 7F Y SR v w2
Z o|zZo|A FLE L Mo 23 HozT T 0 oE °
= 5o =170 = = o= 3 g
F7} Z2bel DAF 57 /453t Blastr] 93t ¢ 7]
3t 24 exFTAHol AIPEe] EIF LAE o9}
= O " O o v o o H FLERS A AN ——Zr— L‘—EE A‘]X‘]o}-dq— (Table 3)
(Temesgen et al., 2017). £3}-2-3ZAo| AgtE DAF oo O '
- A YA FUFS BT E DAF i 7|E =&
FAo mgd St wUT we A7t AYHA A R i
I 2 AFoA HARIE &3 k=59 Ao TE
Auk, AF F2m0] A W TR0 TR xfo] & e =
i, be] T 0’6 =X oo T Ju ‘%ﬂ‘ 3.0 E_z:ﬂ 4 X{ﬂﬁ_ H]‘u_o]-oﬂlq- o]_/\_] 220 "
A4 edzd @ A SYA FUFe AW oY e &

Al oA A& a1 ¢t} (Zouboulis and Avranas, 2000,
Al-shamrani et al., 2002; Suzuki and Maruyarna, 2005).
2 AL AxY PHIFASE YO 33
A Tol % G 150 pm 13, P 20 om
15208 @4 & HtE DAF %?%ﬂ FUste] 7]E
& AE B9l 281 B4 248 ok ol Al
U] CODL} TOC A 7|22 2 FeClh9l PACIS)

2 2]k AMAELIC) (Table 3). FA-G-FA40 &

LE

X‘xﬂ~ FY3HA il DAF g o=nt A3t At

£ = wHcontro) &2 3t ZF SYAIER 47H4] 5
= 9= 903 S-DAF 34 A3 AnE vlast
Aot FAFFH=2 COD ¥ TOC $=3]+= <F 9,000
mg/LFoH, S AFAHE vl e 2 S5-DAF ¥
Hog A® §E49 COD 90% AL 71Z20

2 3lo] HF SR A FS AAsH Tt (Zouboulis

and Avranas, 2000; Al-shamrani et al., 2002; Younker

m 27]9] u|A|7|Z7} 7P wo] WAENE =& FE
A8 DAF HHS-7]9f] FeCly 2007} 250 mg/Le} PACI
80} 100 mg/LE Z}7F 3t 1 5 4 COD
9} TOC 55 &A% 2}, YeAA] o] s
(9,000 mg/L)g} A2l ag oA Z 2po|H& Holx|
= WU (Table 3). 12f F=UAFEY] ApolS AufE
H, 71& &£3kF AE 53 SH-DAF FAolA=
FeCl9} PACIS] #9] H=7} 247 250 mg/L,

mg/Lol Al COD A7t 90%2S SAISH 4= QI A|ut, &3
o] Zt=E 60°2 WS =F F/t &89 $3-DAF
TAo| A= FeClie} PACI®] 39 %=7} 200 mg/L,
80 mgLZ 717} B} A EwoA B Aelas
< Bt & dats F7HEQ 7Y By glo] v
3] HAReE W £319 HES FolA f3tE fEe
o]yt 27)9F GAFSE 2~20 um =Z7]9] mA7|E 4=
S7FR QI8 By A2 o] SHA FYLEE 90%

T aolst
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