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Abstract

Janya Intamanee ' Juntima Chungsiriporn2 and Charun Bunyakan3

Color and COD Removal from Palm Oil Industry Wastewater by Fenton Reaction

Combined with Adsorption

Generally the effluent from palm oil industries has higher values of color and COD than
Industrial Effluent Standards. The aim of this work was to studies on the color and COD removal
from palm oil industry effluent using adsorption combined with fenton reaction. Palm fiber ash,
which is the solid waste of boiler unit, has been used as an adsorbent material. In this work, the
optimal condition is provided, and the removal efficiencies are compared with ones obtained by
using adsorption with palm ash solely. The experimental results have shown that even the
efficiencies of using adsorption is high, however a large amount of fiber ash is impractically
required. The use of the adsorption combined with fenton reaction significantly improves the
color and COD removal efficiencies. In addition, the required amount of palm fiber ash is reduced

7 times compared with one required by using the adsorption solely.

Keywords: color removal, palm oil industry, adsorbent material, fenton reaction.
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BOD COD i@ Color a9aumsn (2)

A-B
% Removal = ——x100 )
A

1319 A = BOD, COD 1182 Color NauN151111A 1ag B = BOD, COD Hag Color HadN151111iR

¢
4. NaMINARDIMAZINITAL

4.1. HaM3ANYIYI pH Niinzaunemsianaale PACI

] (Y

NAMSANYINITAIATAI8 PACL 0.5 g/l 91 pH 929 6.0-8.0 WUIMAIINNITIINATNBU

A1 pH 10935 UUIzaNRs Narng pH 6.0 s ldilsz@ninmmstisafiqeda 92% Aaaasly
« 1 v Yy ¥
A1519% 1 uana pH fana1d lumanz e ilesnnan pH vesthnsnsuiiadian)szuiu 8.7
9/ Qy = s [ o @ v J 9 ‘; Y Qy . 1

szdesdunlaninsalumstsy pH tazndimsihtiam pH Aoud e azdesdunlaesasly

@ ] = @ A o d' £ o 1 = Y LY gl
515U pH wudedy tazilofnsanian1ig pH 8 Fuilua pH Nlnamesniy pH veei
~ ' o @ & A a oa o @ =_ a Y1 3’ = 1 o o
Wenaunstitia Felidse@nsnmnsthita 63% vsaulanez 14 pH vouindoneutita
Tumsdnyuemanzimanzaulums lawengagude ld

v

M131971 2 Waved pH AlszansAmMInad

% Color removal pH before coagulation pH after coagulation
92 6.0 54
89 6.5 6.0
85 7.0 6.4
65 7.5 6.5
63 8.0 6.7
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4.2. wamsanedSuan1sld PACI AtmincaunlSeunneununislys PACI S2u0U PAM

pansAnyan e iimngauluns lawengadunazsiuaznoudas pact Taold
Fro610111 1 Bas @y PACT Tugas 022.0 g/ wuimsgﬁw%mwﬁw%ﬂ?fﬁuagiﬁ'uﬂ?mmmsu?iu
pPACI TnefitSinams g PACI i 1.5 g1 uaz lidn PAM Tdilsz@niamlumstinildge
84 97% udnznoui T nnaEndawa liRamsanaz neu l§uaz desnsia B3 lanaz nou
B9 24 #2Tus daaaslugld 5 Wedunadnumznisanaznounudt MlSuiams s pac
15-2.0 g/l azneuAnd uazionlSeufoudumsld PACI Tugae0.2-2.0 g1 saufums1d
PAM 2 mg/l wuhiAamsazneuanidfiu wansnadanslugUil 6 ue pH veuimafia
Fuszana 5.5 deudadlunadidd 7 msldassauaznou pam  lid'18MI¥e pH
wasuutasedadanu daansluns gl s FeiuSmamsid pact fivungaunas ey
T34 0.6-0.8 ¢/l 1ilB991n pH M@Qlf?ﬁﬁﬁﬁlﬁﬂﬁﬂWﬁﬂ@éiuﬁf’N 6.5-7.0 T lidoeduinldos
aldelumsiuanmimasnisitia uaswumsiy pAM WifadedsyAngamms

o R 4 @ 4g!
ﬂ"l‘ilﬂa LL@]%’JEIiHﬂTii’JNﬁ%ﬂﬂu‘lﬂﬂﬂﬁ’ﬁlu

51U 5 dnwazmsanazneulagld PACI0.2,0.5, 1.0, 1.5 4ag2.0 g/l i pH 8.7



100.0
s 80.0
E 60.0 -
bl
g 40.0 1
3 —e—No PAM
° 200 1 —a— PAM
0.0 : : : :
0.0 0.5 1.0 1.5 2.0 2.5

PACI (g/l)

st 6 WSouienisgansamiumshidadidunamsld PAC1 0.2-2.0 g1 saufiu PAM

wazlyld PAM

8.0
—a— pH after PACI

7.0 7 —a— pH after PAM
ey
[o3

6.0

5.0 T T 1 T

0.0 0.5 1.0 1.5 2.0 2.5
PACI (g/D)

510 7 WSsuiion pH vesszuumdams 14 PACI oy PAM

100

g 80 -
:§ 60 -
ke —e—No PAM
3 40 A —=—PAM
5§' 20 -
~

0 . , - ,

0.0 0.5 1.0 1.5 2.0 2.5

PACI (g/1)

i ¥y ¥
51/t 8 wawean1s 14 PAM AetlszAnEnmatsanaznewveniiiafinanududuves PACI

A9
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4.3. Nﬁﬂ]iﬁﬂﬂ]ﬂﬂ‘lﬁﬂx‘iﬂ]ﬂ‘fflPAM

= a ¥ P A = a ]
MsAny1UTHIUNIs 19 PAM Aimanzay Tasdenday1dsunans 14 Pact 0.6 uaz 0.8
g/l 19 PAM %19 1.5-4.0 mg/l wuIuiio1d PACI 0.8 mg/l wazld PAM 2 me/t Talsz@nTaaniu

M3iIad 18 92% dwaasnsinlugilin o

95
s
g ./I\.__/I
2 90 -
g
kel
S 85 -
X ——PACI10.6 g/l
—=—PACI10.8 g/l
80 , . :
1.0 2.0 3.0 4.0 5.0

PAM (mg/l)

31 9 wavesSmamsldarssounznou PAM 929 1.5-4.0 mg/t etlsz@niamlumsiia

= o &
TUDIUIN
o o =
4.4. HAMSANHIANNIITOUNIKINZAU

=4 P [ @ ) :’
msAnIANuS e uAmnzanlumITwaneudie PACI saufu PAM Taginiude
. ¥
UTuIas 1 a3 1AY PACI 0.8 g/l N311599 100-300 rpm 111141981 5 WH HEIINTURN PAM 2
~ ~ ~ 1 =}
mg/l AU 50-70 rpm 1Huan 3 Wil maldanazneu 20 WA wueusseulunis
g A - ' o Y A 4 3
MUIINMIETUAD 100 rpm daUANWSIToUIUNITNIUTIAD 70 rpm FeanuSrsoulu

! v

Y = v ' T J o s o o W o P
MsnURiinademsTInnzneu ua lilinadenistidadodreslidoding densmlugali 10

[

&

P a Q’: g ~ =3 ° 9 4 A
uag 3R 11 dafuanusiseulumsnaunmnzaunzi ld1daudio nau51 100 pm s
W waznud A 70 rpm 3 WA Anar lumsanazneu 20 Wi I dszansnmlumsien

v
Fuosszuulszun 86% lavhaiuladszanm 39%
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8 ] ‘_\—————‘

,'U -_,_-\'_______.

T 30 -

&x 20 A —a&— Low speed at 70 rpm

N —a— ] ow speed at 50 rpm
10 . . T

o 100 200 300 400

Stirrer speed (rpm)

y v
0 a

4 =4 v a A a
317 10 avesnnussoulunisniuddelss@nsnmlunmsanasneuresasditna

95
= 90
g
5 85 e ——
5
8 80 -
* 75 —a&— Low speed at 70 rpm

—=— Low speed at 50 rpm
70 : " r
0 100 200 300 400

Stirrer speed (rpm)

1 < v a a o w o :l Qy
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d M a (% o Qs
4.5. iSauMaunansinsizigaMNUBININB e HAIMSTIA

a 'd °y ay =3 0 W A ~ d' ° % Y
Hamsinsziaanwihnefmumssisainan s imunzaviiezi il 1daulasld
P o o o
PACI 0.8 g/1 19 PAM 2 mg/l 91 pH 8.7 N5 3820A 1315750 100 rpm 5 U7 NIUSH 70 rpm
311% e dnSannssidad taz BOD Useanat 86% Lag 70% MUdIAL AuLTAININAIG
Y 8/ [
Wisusudnazvsnimeneumsindauagndimsinialugin 12 uawudin Ccob
1 1 4 ) .
MNAY 42% oS susuduaneifdseansamasiigda 92% Tasld PACt 1.5 g1
] ] a o : q’zl 1w o
NUNAWI50aAR1 COD 18 47% 9nwan1suns1zniing 2 anzwundiieyyadama aas
o A 1 R 9 a g 2 a d o
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a) iveneutie v anazneu f) Eff.86% 9) Eff92%

¥ 9 b4
s 12 ulSsumsudueaihnenoutaznasnistiniadis PACI $2uf1 PAM

B

-

v v Y 'y
m319R 3 aanmihiienn Irseumamiiulhduduneunagndesmssidaddens

TausnnaduLag TIWATABURIE PACL Liag PAM

Before After treatment at After treatment at
Parameter
treatment Eff. 86% Eff. 92%
BOD (mg/1) 261 79 52
COD (mg/l) 1943 3364 1024
pH 8.7 6.6 5.4
Chloride (mg/1) - 2943 4750
Sulfate (mg/l) - 95 23
4.6. wamdlszfiumanssgmans
aQ o o o : Qy a 4 & ~ Y
nmsdszludunumsiiealuimalasaanniiaeni FIUYDYAVDII AT

o
Taetlszumvesansniudazaiia Ao PACI 511 14 UI/Kg ag PAM 517 235/Kg fdtiu

{ é ¥ 1 [+} Q7 :‘ {
aaeimuneandald PACI 0.8 gl uay PAM 2 mgl siansiafiaensthtieviuden v
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MANHIN 1

Nﬁﬂ]iﬂﬂaax‘m‘ﬂﬂﬁlﬂﬁ 1

= o w A g’ Qy :I Y d = Y aaa ) s
ﬂ"liﬁﬂ‘ﬂ'lﬂ'ﬁﬂTﬂﬂﬁﬂTﬂuTﬂQQﬁﬁTﬂﬂﬁ53Ju']llull']ﬁﬂﬂ‘1)1ﬂﬂcl"lfﬂ§]ﬂiﬂTquﬂuLLagﬂ'ﬁ@]ﬂ"HU

M5190 1 wavestSunumsgaguaeiszaninmmsidad

R URREETE T

niin AN ANudutud | anudutud | dszdniom | dsz@niam
i Wudud | @nduinie | @naethde | msthia msthda
Aoutiia finan 20
(P-Co | fna st | wifiPeCo | nan s wad | fien 20 i
(g Unit) (Pt-Co Unit) Unit) (%) (%)
10 2947 1251 1277 58 49
20 2947 1186 925 60 63
60 2947 785 501 73 80
100 2947 602 502 80 80
120 2947 447 341 85 86
140 2947 498 213 83 91
A1 2 waﬁumnaﬂumi@ﬂcff'ué’w?jyu’{wiaﬂszﬁm%mwmiﬁﬁﬂﬁ
AUIN) ANUTUTUVBIF(Pt-Co Unit) % Removal

0 2947 -
5 498 83
10 478 84
20 471 84
30 401 86
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ﬂ'li]x‘lﬁ 3 GHS'NTTISE]E]ﬂlL'U‘lJﬂ"l'i‘VlﬂaE]QLWdﬂﬁWﬁ’ﬂﬁUUﬁLWNW%ﬁﬂJﬂlﬂﬁﬁﬁlmg pH

amganlul§nsoududu

Conditions Initial color conc.(Pt-Co Unit) FeSO, (g/D) H,O, (ml) pH
F1 2947 0.1 0.4 7.6
F2 2947 0.1 0.4 3.0
F3 2947 0.2 0.4 3.0
F4 2947 0.1 0.6 3.0

{ a a aan Y y o < 1 Y
m31n 4 wiisuioudsg@nsnmifnsoududuile 19Suaumandianu

Filter passed Color at F2 Color at F3
ash condition condition %Color removal %Color removal
" (Pt-Co Unit) (Pt-Co Unit) at F2 condition at F3 condition
10 607 461 79 84
20 609 440 79 85
30 697 436 80 85
60 365 310 87 89
80 275 209 91 93

m3ai 5 nfSeuisudszaninmu§isoudududield T 1,0, mafu

Filter passed Color at F2 Color at F4
ash condition condition %Color removal %Color removal
(€71)) (Pt-Co Unit) (Pt-Co Unit) at F2 condition at F4 condition
10 607 601 79 80
20 609 542 79 82
30 697 624 80 79
60 365 441 87 85
80 275 339 91 88
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d’ =t =4 o o o o 9 :ly Y a Y aan Y ] o
A919N 6 L'lhfJ‘lJmEJ‘U‘lJigﬁ‘Vl‘ﬁﬂ"l‘WﬂﬁUTUﬂﬂ'JU“ULﬂ']ﬂUﬂﬁGl‘UﬂgﬂiﬂTquﬁuﬁ'JiJﬂUﬂ'lﬁﬂﬂ
v Y dy 9
SEURN ISULDT
Filter passed Color at F2 Color at F3 %Color
ash condition condition %Color removal %Color removal removal by
(gMm (Pt-Co Unit) (Pt-Co Unit) at F2 condition at F3 condition ash
10 607 461 79 84 49
20 609 440 79 85 63
30 697 436 80 85 70
60 365 310 87 89 80
80 275 209 91 93 85
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MAKNUIN 2
WANISNAABILNANINN 2
0o w :’ Qy a :’ Y d a 9 ' LY v Y dysl 9
nsisad luhineonIssnundaiuhduauaie Cao srudumsgagudstidnindule

o
gaznzaviay

3197 1 HaMIANYINAYDY pH ABATIINATABUAIY CaO

Sample CaO (g/1) pH Color (Pt-Co Unit) % Color removal
Raw water - 8.0 819 -
No.1 4 2.7 405 50
No.2 4 5.0 460 44
No.3 4 6.0 290 65
No.4 4 7.0 632 23
No.5 4 8.1 551 33

Y a a 1 ' Y a o
ﬂ]ﬁ]\iﬁ 2 NaﬂTiﬁﬂBTﬂiNWﬂlﬂ]imﬂJ Ca0 AN TINAZNADUTINNUNDAINDT

Sample CaO PAM pH Color % Color removal
(g (gD (Pt-Co Unit)
Raw water - 8.0 819 -
No.1 1 0.12 8.1 572 30
No.2 1.6 0.12 83 539 34
No.3 2 0.12 8.5 271 67
No.4 4 0.12 9.8 106 87
No.5 5 0.12 10.5 200 76
No.5 6 0.12 11.5 200 76
No.5 8 0.12 11.8 37 96
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15197 3 1WSsuReuramIfsaaais CaO+PAM HiuAsh AU1F Ash aE191A02

Sample CaO Volumn Color % Color removal
g (liter) (Pt-Co Unit)
Raw water 818 -
Max.Condition 4 0 303 -
CaO+PAM Filter
No.1 4 0.5 76 90
CaO+PAM Filter
No.2 4 1 106 87
CaO+PAM Filter
No.3 4 1.5 143 82
CaO+PAM Filter
No4 4 2.0 158 80
- 0
Ash Filter No.1 - 0.5 113 86
Ash Filter No.2 - 1.0 115 85
Ash Filter No.3 - 1.5 183 77
Ash Filter No.4 - 2.0 230 71
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MANUIN 3

N’dﬂ]i‘ﬂﬂﬁﬂﬂ‘ﬂﬂﬂ]Tﬂﬁ 3

o o = N o oy Qy :‘ Y d a Y
mythiaduazasounidluihnningamunssusiniuthasauTasms Inuengiadud e

Polyaluminium Chloride 5UAY Polyacrylamide

A151970 1 WY pH Aplseansammsiiadau PACI

PACI Color pH before pH after
(g (Pt-Co Unit) % Color removal coagulation coagulation
Initial = 2945

0.5 92 6.0 54

0.5 89 6.5 6.0

0.5 85 7.0 6.4

0.5 65 1.5 6.5

0.5 63 8.0 6.7

A15197 2 HaUDINIIANLAE RN PAM @olszanininmsm

Tus190.2-2 g/t

Y

a8 PACI

Color Color %Color removal %Color removal
PACI (g/1) | (Notadd PAM) (Add PAM) Not add PAM Add PAM
(Pt-Co Unit) (Pt-Co Unit)
Initial 2945
0.2 1316 2356 55 20
0.5 1024 988 68 66
1.0 183 395 94 87
1.5 97 194 97 93
2.0 276 182 91 96
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3190 3 1WSewiey pH vesszuuvdans1d PACI uas PAM

PACI (g/1) pH after PACI pH after PAM
0.2 7.6 7.6
0.5 6.70 6.7
1.0 6.20 6.2
1.5 5.60 5.6
2.0 5.66 5.7

¥ Yy v
A1519N 4 Nﬁ‘llf)\?ﬂ'liﬁl‘lgf} PAM @ﬂ‘].]'i%i?‘ﬂ‘ﬁﬂ'ﬁ/‘lﬂ"I‘Jﬁﬂﬁl%ﬂﬂu‘llﬂﬂﬂ'mﬁ

PACI %By volume of clear water %By volume of clear water
€4)) (No add PAM) (Add PAM)

0.2 80 85

04 60 80

0.5 60 75

0.6 50 80

1.0 15 20

1.5 5 10

2.0 5 5
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d
MsinIzHalen (Chemical Oxygen Demand)
o '3 1 =3 = [~ a 4 a [ o A
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ua luMsUATIEY ¥ 1od Adezyimsdes Asesal  Femnalnld lunsdnen
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nfe lidmdoulalasn (KyCry07) Wumseond ladusaud(oxidizing agent)

A Ao ) 4 a @ ) Yy ¥ & Y =

Aelisnalunseengladgs msAunsadaysnidudu weldasazanelianwily
[ 1 a ¢ o v & v 3 o

AR LazTIsEBsaaAIToUNs e 111 lldssdreanudeudasenin SHaN (reflux) lo
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Abstract

Generally the effluent from palm oil industries has higher
values of color and COD than Industrial Effluent Standards.
Then, this work studies the color and COD removal of the
effluent using adsorption combined with fenton reaction. Palm
fiber ash, which is the solid waste of boiler unit, has been
used as an adsorbent material. In this work, the optimal
condition is provided, and the removal efficiencies are

compared with ones obtained by using adsorption with palm

ash solely. The experimental results have shown that even
the efficiencies of using adsorption is high, however a large
amount of fiber ash is impractically required. The use of the
adsorption combined with fention reaction significantly
improves the color and COD removal efficiencies. In addition,
the required amount of palm fiber ash is reduced 7 times

compared with one required by using the adsorption solely.

Keywords: color removal, palm oil industry, adsorbent

material, fenton reaction.
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asaneen pH Aimanzaulunislauangaduuazsauaznon
wosindadrn Pact Taglddrathainfe 500 ua lddininasauna 1
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