Journal of Environmental Science International
31(1); 1~8; January 2022

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2022.31.1.1

ORIGINAL ARTICLE

*

- M 013 - ofZtsf

o =
o= OoTT — To =Hi
g sk g eh, VeS8 7%, PR dsh, Pesizle

Optimizing of Coagulation and Solid-Liquid Separation Conditions
Using Aluminum Sulfate and Poly-Aluminum Chloride Coagulants
from Brine Wastewater Discharged by the Epoxy-resin Process

, Kab—Hwan Ahn’

Department of Environmental Engineering, Catholic University of Pusan, Busan 46252, Korea
D CheoYong Environmental Technique Co. Ltd., Ulsan 44776, Korea

2 Jeil Chemical Co. Lid., Ulsan 44992, Korea

”Sunjin Environment Co. Ltd., Ulsan 46729, Korea

Chang—Han Lee, Yu—Jin Kim”, Sung—Hyun MoonZ), Sung—Hun Kwon®

Abstract

In this study, solid-liquid separation conditions for coagulation and sedimentation experiments using inorganic coagulant (aluminum
sulfate and Poly-Aluminum Chloride (PAC)) were optimized with brine wastewater discharged by the epoxy-resin process. When the
turbidity and suspended solid (SS) concentration in raw wastewater were 74 NTU and 4.1 mg/L, respectively, their values decreased the
lowest in a coagulant dosage of 135.0 - 270.0 mg AI*'/L. The epoxy resin was re-dispersed in the upper part of wastewater treated above
405.0 mg AIP'/L. The removal efficiencies of turbidity and SS via dosing with aluminum sulfate and PAC were evaluated at initial
turbidity and SS of 74 - 630 NTU and 4.1 - 38.5 mg/L, respectively. They increased most in the range from 135.0 - 270.0 mg AI**/L. The
solid-liquid separation condition was quantitatively compared to the correlation of SS removal efficiency between the coagulant dosage
and SS concentration based on the concentration of aluminum ions. The empirical formula, 2= be”, shows the relationship between SS
removal efficiency (R) and coagulant dosage (D) at 38.5 mg/L; it produced high correlation coefficients (r%) of 0.9871 for aluminum
sulfate and 0.9751 for PAC.
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Table 1. Characteristics of epoxy-resin wastewater

d - A - e

Chemical composition

Type
P NaCl (%)

Isopropyl alcohol (%)

pH

Epoxy rasin (%) MIBK (%)

Raw wastewater 4 2

1~2 3~5 9.7

1996; Harada, 2018). BPAE U= & 5= of| ZA]
AR A B2 batch TS 27k 02014 9]
©m 947 37 % - brine stripping T B0 4|
7 B0] o2 2AFITE o] AR Hl A
-A 9} ol 1] Z 2 &2 3] = (epichlrohydrin : ECH)oJ| &4
Sh= o7 | 2F i 7F 22 k) REE-2: o-8-5to] aLEAt
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al., 2005).
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Table 2. Removal of turbidity and suspended solid from alum dosage
Contents Dosage and concentration
Coagulant mL/L 0 25 5 75 10 12.5 15 20 25 40
dosage mg APY/L 0 67.5 135.0 2025 270.0 337.5 405.0 5400 675.0 1080.0

Turbidity NTU 73.5 45.8 25.5 19.8 23.4 63.7 73.7 97.5 114.0 -

SS conc. mg/L 4.1 1.8 14 1.6 2.1 2.3 2.7 6.3 6.4 -
ShAT) 52 ATo] FEE FI0EL BTl v, AR QUi o EA] AR} R A AbE o] 1Y
SAE TS DA FAENS Al S, Belrh A9 o] Rojx A Rkek Mool ss g
IR E 5, 12al ok kA 8 R CODe) & 24 L= HASLeb AR RS Holo, -S-RAl = o] 135.0
A T) Y2} X 2]4== pH-Meter(AJ-7724, Istek) 2} ~270.0 mg A13+/L(5 0 ~10.0 mL/L) 2] Hof| 4] ZE]
== A|(2100N IS Turbidimeter, HACH)E- ]85 2ol gl g E = 7k 19.8 ~ 25.5 NTUL}F
o] 2A5}9t}. COD. I T & i g0 027 2 1.4 ~2.1 mg/L2ZA A 44 =3k
4 210 2 AT KRS S 40 S
3 7|&(Ministry of Environment, 2017)9]] &5}0] £ 120 . 10
aholck 214 SR U 23S A Ao ] .
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A 5 A2l ge ol 1B (SS) HEHE Table
2 WFig. 1] JepfQlch S3A| U FE2FN 0

2 A %% alum-g 0 ~ 1080.0 mg AI/L(0 ~ 40 mL/L)
o o)z Zelsl A Blo] SR/ ﬁ/xl;q A58 213
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= oIEA FEE AAR Ao 3:71 o} SS=217t
73.5 NTUZ} 4.1 mg/Lo] Rt} Fig. 19 (a)2} (b)oll L+
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APY/L(5.0 ~ 10.0 mL/L) 2 F9] &)= 27104 A 2j4=
o] Bt WA FAIE ek 22y alum F2Q)5o]
337.5 mg AP/L(12.5 mL/L)2 Z7}6H) =4, 24
Ol &= 7}63.7 NTUR ¥0f| 77k Bl & =0}A] =
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Fig. 1. Variation of turbidity and suspended solid in treated

water by coagulation, flocculation, and sedimentation
according to coagulant (alum) dosage.
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(a) 0 mg APF'/L

(b) 67.5 mg AI**/L

(e) 405 mg APP/L

(f) 540 mg AP*/L

supy —— 800

(c) 135 mg AP*/L

(g) 675 mg AIP*/L (h) 1080 mg AI**/L

Fig. 2. Photographical images of treated water by coagulation, flocculation, and sedimentation according to coagulant

(alum) dosage.

Z+7¥ 363 NTU(22.2 mg/L)$} 345 NTU(21.5 mg/L) &
oA, SAA Y=ol S7kste ek §5 e
S(APE FE) 7T ol kA gtk 27 "
(IFE 55)7} 254 ~ 257 NTU(14.2 mg/L)oJAl=
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P S o) A2 H=(FE s%)7F 22 143
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Table 3. Removal of turbidity and suspended solid from coagulant (alum and PAC) dosage

Contents Dosage and concentration
Vol. mL/L 0 2.5 5 7.5 10 12.5
Coagulant W
Mass mg Al"'/L 0 67.5 135 202.5 270 337.5
Al Turbidity NTU 630 363 369 358 395 395
um
. SS mg/L 38.5 22.2 23.1 222 22.7 23.2
* test
PAC Turbidity NTU 630 345 315 363 315 328
SS mg/L 38.5 21.5 19.3 21.2 19.3 20.0
Turbidity NTU 254 194 143 123 86 69
Alum
o SS mg/L 14.2 10.9 8.2 6.5 5.1 4.7
" test
PAC Turbidity NTU 257 189 163 135 107 92
SS mg/L 14.2 10.5 8.8 7.6 5.8 5.1
Turbidity NTU 74 46 26 20 23 64
Alum
4 SS mg/L 4.1 2.6 14 1.2 13 3.8
3" test —
Turbidity NTU 74 42 22 23 25 53
PAC
SS mg/L 4.1 2.2 1.3 1.3 1.4 3.0
® Turbidity =630.0 NTU ® Turbidity = 630.0 NTU
. 338.0 NTU = 338.0NTU
1000 3 ss=385 m;/i‘s NTU L 10 1000 3 Ss5=385 m;fts NV L 10
a 14.2 mg/L o 142 mg/lL
- 41 mgll & 41mglL
. . . hd hd - . . . - . -
5 (-) © o © o \\g 5 (I) . o . . E
g L - - a % % - - . - %
%‘ 100 ; e . . g g 100 | 2 5 . N %
¢ - e . g .
= N © o & = 2 & g
@ @
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: A a =
10 . : . 1 10 . . " 1
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Alum dosage (mg AI**/L) PAC dosage (mg AI/L)
(a) Alum (b) PAC

Fig. 3. Variation of turbidity and suspended solid in treated water by coagulation, flocculation, and sedimentation according
to coagulant (alum and PAC) dosage.
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Table 4. Correlation between R (removal efficiency of SS) and D (coagulant dosage)

Regression parameter Alum PAC
SS conc. a b r a b .
4.1 0.0597 8.0014 0.9530 0.0417 5.4998 0.9597
SSo (mg/L) 14.2 0.0604 0.0079 0.8563 0.0688 3.3483 09115
38.5 0.3808 6.9023 0.9871 0.3783 6.2799 0.9751
04 04
® Alum:SS,= 4.1mglL o PAC:SS,= 41 mgl
~ 1 S8, =14.2 mg/L . o SS, =14.2 mg/L
T 02 & S8, =38.5 mg/L "’3 03 a 8, =385 mglL
E) —— Fitting line o | —— Fitting line
A 1)
@ %)
k= =)
3 >
2 02 2 o2}
§ § 02
® 5
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Fig. 4. Estimation for the optimal dosage of coagulants (alum and PAC) using an empirical model.

Table 5. Concentration of CODc, in raw and treated waters

Sample name CODer Dilution rate COD; (ppm)
Raw water 4,000,000 124,878,049
Treated water 2,000,000 78,048,780
Table 40| UEFH $Ich Alum3} PACO|A] R¥}F D7} 4F YHY G S Ee= L& o FHTAE 2| 2]3ls}o]
3’—]'7:]]3,1(1'2)7]- 7+7+0.8563 ~0.98711}0.9115 ~ 0.9751 E=Z3 AT -GALSHA| Adar et al.(2021)-2 2 H(FeS0s)
2A AU BAE Blvh= 2S & 4 ISITh Fig. = TUN S SRSE/ A &7t ol FA| HQIE H
49] (a) alum Ff7Fol| lof 27| 1= F&(SSe) 7} £ A=A A FU pH, 18] 3L CODe A|A fE0]
4.1,14.2, Z19]3138.5 mg/Lof A 4] (1)} 2 (2) = HAL TR A S W3 A RS o]-85to] 2| 23)s)
o A1) 2H 4 2 WAo] BASE XS Ak Jeong etal(2014)2 8- B3 B0l Jgt e
RO AV 90 o AV FUQR B o S 0 1Y AA 200 ol gt
e TR S (S 21200.0202,00378,0.0531 g WEAM 0 REE SYA| F)% pH, £, THE A
ss/g Al%l %Itk Fig. 49] (b) PAC 791 9lo1SS,  Ang S| Apaile] A5} Anke B st
3+ =
7}4.1, 14.2, 7128]31 38.5 mg/Lof| A Al™" o] 2 = 5.4 24 3 FaIA0| TSt COD, =

(9T A== 18 = 5= 21710.0202,0.0357, 71
2]120.0567 g SS/g Al 0| ¢t} & Lo = Al

Alum3k PACE: o3 22| 1% Aol 4 4
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AP/LOJA o A= Q0] B Kok o] HA] o ZA]
A Y] AR7} A e AdHRE At = qlch
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