Y] a a J
13535933%81“7‘1—!5
T NaINNd UHINSNHATITAS

Ienenaasuriadia (nalulaguaznssamsaunadon)

Sayan

maluTaduazmsansaaundo maluTaduazmIsansaauInaoy

TN MK

nﬂ' = 3’ = [ 4 3’ v Aa Y
509 msaad luindeannlsanuanathawihduaulaslsnszuiums

Tauoagatualeliih

Decolorization of Palm Oil Mill Wastewater by Electrocoagulation Process

U

um:ﬁ & WIYAUTYT NOUNYT

ya <
llﬂW@"lﬁﬂ!WﬁWUi’)UIﬂﬂ

da a a ¢ o
91ﬂ1§ﬂﬂﬂ%ﬂﬂ13ﬂﬂ1uwuﬁﬁﬁﬂ

J v d aa 4
( 5OPNAATINTIUINYTAY VAsuA, Ph.D. )
(.'n:' a a ¢\
210158 NS INNTINUEIIN
Y
Ja [y
( 599PNAAI1138IMen Jugissal, PhD. )
U Y =
WIRWMPIWY
J a J¢
( 5998731913992 9M8 a911/ua13, Ph.D. )

Y] [y} [V dou
VU naINeNas rINGaNHAIFAIGAISUIAN

=

5%
( TOIAANITINTINYIUT 5380NA, D.Agr. )

9 1

a A v

AMUATUNAINaY




neiinug
A
1594
b4 Y
m3and luh@enn lssnuadethdininiuaylaslsnszuaums Taueanasude i

Decolorization of Palm Oil Mill Wastewater by Electrocoagulation Process

Tag

UWYAUTYT NOIUNYT

W UD
v a a @ a @ 4
UNAINYIY UH1INYIDUNHATAINAT
d’ 4 ] = a o a = [ A 9
lW@ﬂ’J'IiJﬁiﬂﬁlliﬂ‘llL“rN“]Jiﬂ]uﬂju1’3ﬂ81ﬁ1ﬁ@]ihﬂ'lﬂmm@ (L‘ﬂﬂiuiaUllﬁ$ﬂ1iﬂﬂﬂ1i’ﬁ\3!l’)@aﬂﬂ)

N.F. 2557



= 901 = [ 4 901 v A 9
AU NOUNYT 2557: MIaad W udenn Isanuanahavinivay leelynszuiums
Taueagadudeliih Psaaninemaasuniudgia
= o 2 Y a = Y 2 9
naluTagduazmMstamsaaunaasy) a1 una 1y TaguazmMIvansasInasy
a = [ A 9 e’d' a a 4 [
MaIvuna TuTaduaznMItamsaawInasy 019156013 nE1INeINUTHAN:

FOIPNANTINTIVINFS AT TAeud, Ph.D. 110 nih

= a a v 9 9 ' = Y a
ﬂ’lﬁﬁﬂ'ﬂT]Jfl'gfTTI‘ﬁﬂ’lWGUENﬂigll'JUﬂ'ﬁIﬂlL@ﬂQLa(’]fu@]'Jﬂ]lww1@@ﬂ15aﬂﬁ1uu1laﬂﬂ1ﬂ

9
o w A

o 4 v (2 4 4 a : 3 3 ad {
Tssamanathamigiuay ludslfnssinuvuundaua 10 aas Faldmandusian Tnsand
] 1 g).l a a P 9 1 1 v 9, ~
FEOTUNIZHINGD 2 |uAmas Taemsimesnany laun anuandnd Wi e 12 uag
4 a aan A A Aa 2 9
18 Thad 328211a1veIM Al N3N Av 510 15 30 45 uaz 60 WA NNDWETUAY 4 18z 9
1 Aa A o Y A da! 1 [} 9,
wu dszansnmmahiavzimuiuauanuandng i nazszeznaivesnis
a Aaan A A ds! ~ tél A 1 [ 9| J
malfiseniminiu a1z iz auveanisnaasdil de aueadng Wi 12 Toad uay
A Aann A YA A v ~ A a =
33821701903M3NAYYNTE1 30 UIN NINEYITUAY 4 1az 9 Bilszanimmmisanalugives
1 A T v Y o w a A = = %
AMMIANAULAUMINUTBYAZ 90.4 LAz 88.9 MudAY Uszanimwlumsand Toamny
Fovaz 90.2 uaz 87.6 mudau uazlszaninmlumsaamsuaruaseminuiesas 94.2
o v A A a L%’ @ o w [ A Aa o
tag 92.3 muaay NsmaasneunnavLnaINsTAmIAY 1,000 wag 1,130 Naaniy
1A o w kS dy ] I FY & = A Y Aa
apans Mudiay N1 linulSnamananianaiiessuau 4 uag 9 My
2 Is o A 1 2 a a 2
TmReunae lsadluasih Iih lulinasemamiuilszansaw venantimsanynaves
=1 A 9y d' d' 1 d‘d 2 9 =\ a a
WiewiTuAUN 4 56 7 8 uaz 9 NanNMIZAN NUN NEFTUAYN 7 aziilszanTamlums
o w ! (4 Y o w A S 1 o 1 J
ihtiagaga amasa Iihlumsiiianannzmunzauiiawnny 6.16 vmaognuan
was nnranmsnaassasaaglidinszuaums Tavengaduaie idhawisoand
9 9

= = %’ = [ o o w A Y I [] A w =
%’T@ﬂ A FITUVIUNDY (111!‘L!”ILﬁﬂmﬂiiﬁﬁuﬁ’ﬂﬂﬂ”lﬁuu”muﬂUulﬂL‘ﬂu@EJNﬂ JUUWATINGTD

2 Y A

nonszuaums Taseapaduales lWih U 16 lumsihiadugaheiomsand wazdTod

Q

A A aa A A I a a J v
AYUDYDUTR ﬁ1ﬂh@%@61%158ﬂ1ﬁﬂ‘lﬂTJT]EHHWH‘ﬁ‘I’T’ﬁﬂ



Sontaya Kongpetch 2014: Decolorization of Palm Oil Mill Wastewater by
Electrocoagulation Process. Master of Science (Environmental Technology and
Management), Major Field: Environmental Technology and Management, Department of
Environmental Technology and Management. Thesis Advisor: Associate Professor

Bongotrat Pitiyont, Ph.D. 110 pages.

This study investigated the performance of electrocoagulation process in decolorization
of palm oil mill wastewater using a 10 — Liter batch reactor. Iron was used as electrodes with a
distance 2 cm. The effect of operating parameters including current voltage (6, 12 and 18 volts),
reaction time (5, 10, 15, 30, 45 and 60 min) and initial pH 4 and 9 on removal efficiencies were
examined to evaluate the optimum condition. The results showed that treatment efficiencies
increased with increasing current voltage and reaction time. The optimum conditions at initial pH
4 and 9 were achieved at current voltage of 12 volts, reaction time 30 min. The efficienies of
decolorization in term of absorbance were 90.4% and 88.9%, respectively, where as the removal
efficiencies for COD were 90.2% and 87.6%, and for TSS were 94.2% and 92.3%, respectively.
The total sludge production were 1,000 mg/l and 1,130 mg/1 at initial pH 4 and 9, respectively.
Furthermore, in these conditions negligible residual iron concentrations were measured from
electrocoagulatated water. Sodium chloride addition as electrolyte did not enhance removal
efficiencies. In addition, the effect of initial pH (4, 5, 6, 7, 8 and 9) on color and COD removal
was further studied at optimum condition. From the results, the maximum removal efficiencies
could be obtained at initial pH 7. The energy consumption at the optimum condition was 6.16
baht/m’. According to the results, the electrocoagulation process effectively treated palm oil mill
wastewater. Therefore, electrocoagulation process can be used as a post - treatment step to

improve the quality of final discharge in term of color and COD removal.

Student’s signature Thesis Advisor’s signature
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6.2.2 vsuslaamny (facultative ponds)
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7.3 waluladmuusy (membrane technology)
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7.4 W TuRuas¥u (nanofiltration)
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1. 100 ppm Fe” %3 Fe(NH,),(SO,),.6H,0 (M.W. = 392.14) $11% 0.0702 g aza1e1
nuadetnauadluvinialiunsunna 100 mi g 2.0 ml Cone. H,S0, Auindu
wdsalsuag

° Yy 3 4

2. 1,10-phenanthroline solution 9&@1¥ 1,10-phenanthroline 91UIU 0.05 g AYUINAU
50 mL 1 luvIananadn

3. Hydroxylammonium chloride solution 8&a18 2.5 g Y93 hydroxylammonium chloride
Srenindu 25 mL

4. Msavanetiviles pH s nauansaza1s CH,COOH 99U 1 M $1U9U 65 mL

AUa15a2a19 Sodium acetate ITHUY 1 M 51491 35 ml
MINABDI
1. M3A3YN calibration curve
1.1 laesazarenis q laluviaiadsuias vuie 25 mL 91191 6 1u Asa1319

d' y v y ¥ g oy ¥ gy a
WUINN V2 ﬂiuﬂ%mﬁﬂmﬂu 25 mL fM¥gUINAU Wfﬂlla')@ﬁ‘ﬂﬂ]l? 10 HIN

Y ~ 3 o [
ﬂ1§1ﬁwu3ﬂﬁ V2 ﬂ’ﬁ!@iﬂuﬁ’liagaqﬂu’]ﬁiﬁ’lun)iaﬂﬁ’]W'i‘Uﬁ%}'Nﬂi']V\hJ']@ijj']u

VIN [Fe’] hydroxylamine 1,10-phenanthroline Buffer pH 5
i (ppm) (m) (mi) (mi)
1 0.00 1.0 4.0 2.5
2 0.50 1.0 4.0 2.5
3 1.00 1.0 4.0 2.5
4 1.50 1.0 4.0 2.5
5 2.00 1.0 4.0 2.5

6 2.50 1.0 4.0 2.5
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o td‘ = 9 [ 1 A td' tﬂl
1.2 dhsazaneiasen 3 lude 1 Tddammsganauudsnanueadu 510 nm
4 <3 [ Y4 @
Tagldarsazareluvian 113U blank WeuUnIINANNTURUTUDI absorbance NLIALLY T

Y94 Fe’

< N - I A ? A 2 o
2. MIfsunanan luaea1unua1081911a21un509 NN aihdaee1
11 10.00 mL laluwadalf5uiasvuia 25 mL 1@y hydroxylamine $142% 0.5 ml 1A% 1,10-
phenanthroline 3143 4.0 ml uddanasazaerfnivles 2.5 mi nmfulsmBnasi
25.0 mL g‘?’qﬁlﬂﬁllo Lﬂ“ﬁ ﬁﬂuﬁﬂﬂ”fﬂﬂh absorbance ﬁmmanﬂéu 510 nm AUIUNIANWY

9 9 R -
NIUUee Fe' Tudngadnilu mg/1

Ao a s A o Yo A
L3J®1/]1ﬂ1‘§’JLﬂ51$’VILW’E]‘I/Hﬂi1V\|N1ﬁiﬁ1uhlﬂﬂﬂﬂ1wwu’3ﬂ‘ﬂ U3

08 -
0.7
06

0.5 H

Abs

—4=—Abs (510)

v =0.1562x + 0.0013
047 P _faas Linear [Abs (510))

0.3

0.1

0 1 2 3 4 5 B

Concentration of Fe

~ Aqy  a ¢ v 9 S A
MNHANUINN U3 ﬂﬁTV\I1]’]9']3@'Iuﬂﬁhfﬂ'li'Jlﬂ5’]$W1ﬁiﬂ’lﬂlﬂ3’]ﬂ!ﬂﬂﬂluﬂl@ﬁlﬂaﬂﬂ 510 u’ﬂu&ll@]ﬁ
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MANHIN A

o w 9°I o J %‘ @
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- 9y o w dy Y A A g
AINAUINT Al VOHANTTUIUALVDIAUNWIDFLIITUAU 9

= A g9
131 WDBLINAU 9

(W) oy QUNY (°C) Useansnnmsand (%) s£aNnTn1nmsands 1o (%)

6Twad  12Tad 18Taad  6Tiag  12Thaa 18Tad 6Taae  12Thae  18Thad 6 laad 12 Toas 18 Toad

0 9.00 9.00 9.00 30.7 30.7 30.7 0 0 0 0 0 0

5 9.38 9.34 9.45 30.7 30.9 314 49.72 55.94 59.77 59.57 75.53 77.88
10 9.42 9.41 9.59 31.4 31.6 323 51.88 65.08 68.16 63.81 77.81 79.71
15 9.43 9.46 9.78 31.8 333 332 54.66 85.08 87.93 69.57 83.42 87.55
30 9.51 9.58 10.12 32.1 34 34.1 60.71 88.94 90.96 73.12 87.55 88.59
45 9.56 9.66 10.17 325 34.1 36.8 72.75 90.96 92.71 75.38 88.79 89.15
60 9.73 9.74 10.27 33.7 34.9 32.9 74.79 92.085 93.47 76.79 88.96 89.91

901



d’ 1
MTINUINN AT (MD)

= A g9
WDBLINAU 9

a1
(W) 1seaninvan AzNoY ANUITuTUYIRanTdaiA a1 @/ Tus)
YOWAWIUAOY (%) (mg/1) (mg/1)
6Taad  12Tad 18Taad 61rad  12Thad 18Thad  6laad  12Toad  18Tad  61aad 12 Toad 18 Toad

0 ) ] ) i ] . ) ! ] ] ] ]
5 42.31 67.31 69.23 100 160 160 6.035 8.274 9.074 0.0012  0.0058  0.0133
10 69.23 78.85 78.85 240 430 440 3.313 6.193 4.433 0.0025  0.0116  0.0265
15 76.92 84.62 86.54 260 520 610 1.872 0.432 1.872 0.0037  0.0174  0.0398
30 78.85 92.31 94.23 390 1,130 1,160 0.592 0.000 0.272 0.0074  0.0348  0.0796
45 88.46 94.23 96.15 580 1,170 1,250 1.072 0.112 0.592 0.0112  0.0522  0.1193
60 90.38 96.15 96.15 870 1,180 1,620 1.872 0.432 1.072 0.0149  0.0969  0.1591

LO1



- 9 o w dy Y A A g
PTNAUINT A2 VOYANTIUIUAIVDIAUNWIDFIIUAU 4

= A g9
1301 WOBLINAU 4

(W) oy QUNY (°C) Useansnnmsand (%) s£aNnTn1nmsands 1o (%)

6Twad  12Tad 18Taad  6Tiag  12Thaa 18Tad 6Taae  12Thae  18Thad 6 laad 12 Toas 18 Toad

0 4.00 4.00 4.00 30.7 30.7 30.7 - 2 - 3 - -

5 4.58 5.04 5.22 30.7 31 31.2 40.14 45.34 49.47 45.72 56.57 64.11
10 5.03 5.37 6.48 30.9 31.2 31.7 47.93 57.09 62.08 58.55 63.64 78.83
15 6.18 6.78 7.14 31.3 32 32.5 59.07 84.66 86.42 67.92 89.22 91.79
30 6.87 7.78 7.91 31.4 32.8 34.8 65.93 90.42 92.71 70.94 90.24 92.45
45 7.41 7.95 8.03 32.4 34.4 36.1 70.71 93.72 94.85 70.73 92.43 93.49
60 7.82 7.96 8.03 33.6 36.2 38.4 76.04 93.97 95.98 72.96 92.15 95.39

801



d’ 1
MINNUINN A2 (91D)

= A g9
131 WOBLINAU 4

A a 9y 9 < v o w ' 9 o
(u1ﬁ) ﬂﬁgﬁﬂﬁﬂ’lwaﬂ ASNBDU ANUVUVUUDIN AN AU TIUA mll‘V\l‘V\h (‘U'W]/G]YJIM\?)

YOWAULIUAOY (mg/1) (mg/1) (mg/1)

6l 12Tad 18Thwad  6Tiad  12Taad 18Taad 61iad  12Thaa 18 Thaem 6 1aaa 12 Taae 18 Toad

0 - d - A - - - - -
5 32.69 63.46 61.54 110 120 160 1.392 2.032 2.752 0.0012 0.0058 0.0133
10 59.62 75.00 75.00 180 420 470 0.592 0.432 0.272 0.0025 0.0116 0.0265
15 71.15 82.69 84.62 270 530 600 0.432 0.112 0.064 0.0037 0.0174 0.0398
30 75.00 94.23 94.23 400 1010 1000 0.032 0.000 0.016 0.0074 0.0348 0.0796
45 86.54 96.15 96.15 433 1030 1200 0.112 0.16 0.272 0.0112 0.0522 0.1193
60 88.46 96.15 96.15 900 1100 1280 0.272 0.432 0.272 0.0149 0.0969 0.1591

601
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