Engng.J.CMU.(2019) 26 (1), 48-58 0188187 AONSSUAANS

UK1oNe1de1Baviny
) Engineering Journal
Chiang Mai University

UV ITNNZNHINZANTIHSUMIINUAY T

Nuileurloala drenszurumanal v

Optimization Modeling for Treatment of
Wastewater Containing Phosphate by
Electrochemical Process

AN Mavu’” J553¥e) anana?
Sattawat Thuangchon'* and Wacharawish Daosawang?
NN INNTIUTUNARON AULINATTUMEAT UHINOIBIUHIENTAN 0.7UNTIFY 2. uranTay 44150

201913130550 T Inendema TuTades a9n3 1 YHIINSOUATNUY 0.5 891N 9. UATHUY 48150

'Department of Environmental Engineering, Faculty of Engineering, Mahasarakham University
A. Kantarawichai, Mahasarakham, Thailand 44150
2Department of Electrical Engineering, Technology Srisongkram college, Nakonphanom University
A. Srisongkram, Nakonphanom, Thailand 48150
* E-mail: sattawat.t@msu.ac.th, sattawat.th@gmail.com, Tel. 0918628896

unAnLo
a o = o

dy o % ~ v Aaa A 1 o 9o’ = v
uIvelAnywuusaesd s uan ez dutaz Jedehonsnanenmsihvaremaluindodae

= aa 1 A a L4 { a
ﬂig‘]J’JuﬂTiLﬂllll’V\lﬁT f‘Ji‘Jﬂ!L‘]JlIﬂ"I‘i‘l/lﬂﬁ@\'ig]}'(]ﬂﬂﬁﬁ’)uﬂi?ﬁﬁllﬂﬁ%i ‘Pﬂﬁﬂ??%ﬂlﬁﬂW%ﬁNﬁ’)ﬂﬂ"ﬁ’uﬂi1$‘Vi‘ﬁuN’J
Y} o a 7Y a s a =2 Y Y Y 1 Yy 9 A 9
ADUAUDI AINUUUIADINNAUAFTATAIINITUATIENOADDULYINY anutlave 4 Uade Ulﬂll,ﬂ AIULUVNVULIUAY

¥ 1 H 1 A 3 a A A
vouloalaluthids nanlumsidesiszy v nszua Iy vazafewsuduveninde Answioniwaveq

Y

1 a 4 1 @ 4 @ @ aaa A
hdearomsimszrianuulslsu Mszduanudeiuiesar 95 (a = 0.05) naassdlesalfnsowuuuynda

k4
a a ]

a ?,’ s @ 4 a aa 9 ] Aa A ] d’dﬁ d' a
wuFsduns 1zl uas 200 Jaaaas 1%1;wuazgum&uamuwu nRnuNlszansraunuas 10 @15195UAAS

]
=

<3| Y ag 1 ' ¥ "o a = ' @ 9= Aa A 1 o o
u291an Tn3a 3282 NTEHINTUMNY 2 1FUANAT Han1sanyInL NnifadenlsanuInoninaaenisiiia
Womaedeiifoddny (P<0.05) annzimingavdmiunmnihtadealasiuia ldnnuuudiaesnaneeids
1 ) o a A g a H
@09 NAdoUANULN UGV UTIABINNATAMAas Na3 19T Taenisidenan1izMuizauyInaae e 1
VoA Yy 9 A g 2 a o A a o 1 a a a 0o
an12z wuI leaNuTNTUsNAUYoIa e lundeAY 13.34 Hadniudeans Uszansamlunisihia
Wodnlandosnisdooas 80 anzlmmzavie narlunmsdaserszq lwh vty 10.82 wiil nszualihinly
A 9.19 dadueuntls tazAfieyisuduvestinde iy 7.73 Uszaniamlumniiareavlasinnsnaaes
A4 4oy , Ay v o v ) ° A 9y X A
magnusesay 81.78 uanaennain ldvinmsinediesaunsminuiesas 1.77 nuuiiaesiadnauiina
o a A o w A 1 A o A 1 Y Y A Y ' v
mnzanlumsinnedszansammsihiadesgluanizidume ae manudndusuduvelomnnogszing
10 — 35 fiaaniudedns na1lumsdaselszy i 5 - 35wi nszualh 5 - 12.5 Tadueunls wazmiios
L H = a a o =) ) 1
Suduveninde 6 — 9 Taslsz@nsnmainmsvunesziiaegszuinedesas 70 - 90

o o

@ o v ad @
madgy: Wearlea 1hiia BianTas Tauengatu

48 Received 13 July 2017
Revised 6 September 2017
Accepted 14 September 2017



Engng.J.CMU.(2019) 26 (1)

ABSTRACT
This research studied the mathematical modeling for optimization of the operating conditions and

investigation of factors affecting on treatment of wastewater containing phosphate by electrochemical
process. A central composite experimental design (CCD) combining with response surface method
(RSM) and multiple regression analysis was employed to establish the model and to study effects of
four independent variables on phosphate removal. These variables included initial concentration of
phosphate in wastewater, electrical discharging time, applied current and initial pH of wastewater.
Levels of significance for the operating conditions were tested by means of the analysis of variance
(ANOVA) with 95 % confidence limits (¢ = 0.05). All tests were conducted with batch experiments
using reactors of working volume of 200 ml filled with synthetic wastewater. Two Aluminium plates
with effective areas of 10 cm? were used as electrodes with a separation distance of 2 ¢cm. Results
indicated that all operating conditions were at the significance level of 0.05 (P<0.05). The optimum
conditions were obtained by solving the quadratic regression model. The model validation was
conducted using one of the experimental trials, which had the initial phosphate concentration of 13.34
mg/l and required a 80% removal efficiency. The model optimization provided an electrical discharging
time of 10.82 minutes, applied current of 9.19 mA and initial pH of wastewater of 7.73. An average
experimental value for phosphate removal was 81.78%, which was slightly 1.77% different from the
modeled value. However, the application of this optimization model was limited to the certain conditions
including, a 10 - 35 mg/I initial phosphate concentration range, a 5 - 35 minute electrical discharging
range, a 5 - 12.5 mA applied current range, and an initial pH range of 6 — 9. The predicted phosphate
removals were expected to be 70 - 90%.
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Run parameters response
no. X1 Xz X3 X4 Yobs
1 2.7 35175 | 7 68.22
2 10.7 | 20 5 6 82.59
3 10.7 | 50 | 10 6 93.89
4 10.7 | 50 5 6 99.15
5 10.7 | 20 | 10 6 98.48
6 10.7 | 50 | 10 8 89.37
7 10.7 | 20 | 10 8 81.40
8 10.7 | 50 5 8 87.47
9 10.7 | 20 5 8 81.33
10 187 |35 75| 9 82.56
11 187 | 65| 75 | 7 86.57
12 187 |35 75 | 7 83.10
13 187 |35 75 | 7 80.95
14 187 |35] 75 | 7 80.68
15 187 35175 | 7 81.50
16 187 |35 75| 7 81.46
17 187 |35 75| 7 81.33
18 187 | 35125 | 7 83.62
19 187 |35 75| 5 77.26
20 18.7 5175 |7 81.52
21 187 |35] 25 | 7 78.14
22 26.7 | 20| 10 | 8 82.19
23 26.7 | 50| 5 8 81.71
24 26.7 | 50| 10 | 6 79.33
25 26.7 | 50| 10 | 8 86.67
26 26.7 | 20 | 10 6 83.70
27 26.7 | 50 5 6 72.29
28 26.7 | 20 5 8 80.92
29 26.7 | 20 5 6 77.42
30 347 | 35| 75 | 7 78.52
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