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## 5087178920 : MAJOR ENVIRONMENTAL SCIENCE
KEYWORDS : BIODIESEL WASTEWATER / CHEMICAL RECOVERY /

ELECTROCEMICAL TECHNIQUE

PATTARALUK JARUWAT: MANAGEMENT OF BIODIESEL WASTEWATER
BY THE COMBINED PROCESSES OF CHEMICAL RECOVERY AND
ELECTROCHEMICAL PROCESS. ADVISOR: ASST. PROF. MALI HUNSOM,

Ph.D., 94 pp.

This work was carried out to manage wastewater from biodiesel production plant by
using 2-step process including biodiesel recovery by H,SO, and electrochemical treatment
using Ti/RuO, electrode. The results indicated that approximate 7% of biodiesel was
recovered from biodiesel wastewater at pH 2 in the presence of H,SO,. After the recovery
process, greater than 13-24%, 40-74% and 87-98% of BOD, COD and oil were respectively
removed. Consequently, remained wastewater was treated by electrochemical process. The
results indicated that the optimum conditions was found at the current density of 4.28
mA/cmz, initial pH of 2 and concentration of NaCl of 0.061 M. The concentration of all
investigated pollutants were in the acceptable values of the government standard. In case of
continuous process, the optimal condition was obtained at the flow rate 2 ml/min, but the
concentrations of BOD, COD and oil were still higher than the acceptable values of around

84, 500 and 9.33 times, respectively.
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2.6.5 aunmﬁuaﬁ (Nernst equation)
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(2.10)

a 4 ] 4 o {

aumssiuasansolddse Towlldunme wu ldnusaadou liihvsausad lagn

aas [ aaa a " W @ < 1

nuueniiavesasan q lulfisoemaugauugiuazaidnd lfunasguegdunamiui

an I~ & 1 LY % I~ @ ad

SwenmIadluniiea E iy E° Favuedadudng Inihadn Insa

VINAUMS (2.10) DwnumAINAl q wagguugliny 25 esruwaitea 1z 1d

aums Inandlu

c d
- 0.0592 log [c][D]

no o lal(sl

E=E° (2.11)
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2.6.6 nvevhsuAd (Faraday’s Law)
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M"™ +ne” ——M (2.15)
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Il u o 3: eqe
2.7 msilszgnaliwanmamlihlumsiidaiude (srailides tazanz, 1997 uaz Chen,
2004)
[ I ] o @ : 4
nszurumaad i 1dsvanuauladlusgraunlunisidatinds iesain
=1 Ay A [P ydil ~ 9 o @ (=1 =) Y
nszuaumaail Iihided as lumamnazneu ldnunideslunmsiiide ludasmiandig
g} = d' ] o W o a 1 ~ Aa Aa 9 o @ qul
Turhi@enrmumsiitia autiunsdie Jlszansnmgs vaglsnarlunmsiniadu
2.7.1 AzUIUMIeRNBIAT U anIzua Invh
AszUIUMIeRRTIATUAenszIa WA (Electrooxidation) anunsnanilsuas
a =4 a : = 9 a =4 A o 9
Yoy sounsduazansuany liniude’ld TagasounIduazasuanyIzgniaIea e
v 7 ° . 2~ va I @ a s R
UNUTVDI OH (Hydroxyl radicals) GlfﬂiJﬂmﬁ‘TiJUG]!,ﬂu@]ﬁl@ﬁ)ﬂc]fllﬂcﬁ%iquuﬂ (Strong oxidizing
o 9 ~ < ™ 3 o s o
agent) 1% luanativinadnasaunsenenaedluunaaisueu laoen leadganszuiums
a [ ] I
pondasudlrenszuda Ifhaunsoutsesnldilu 2 uuu Ao
2.7.1.1 pszvIumsesnmaruaenszua Iihuumanss (Direct
Electrooxidation)

FuiaUgisedad
R+MO,(OH"), —>CO, +zH" +ze” + MO, (2.16)

R+MO, ,——> RO+ MO, (2.17)

4 . ° { o a 3 a 4
o MO, (OH").Ae OH® Wgaduuuivesiuelua RAemsdunid uaz ROfM®

a [ 4 a = a 4 d' ° 9 Y =1 a A
NaaN YR ImIoUNIINaneand lag  lasn  OH® lumumsineduszlilszansninlu

U

a 4 a = P 1
m3oond ladasounsd ldanii Mo,
2.7.12 n3zUIUMIRNFIAT UM ansua 1IN uuunaden (Indirect
Electrooxidation)
=1 a a 1 g’ = 1 4 4
Tasimawumaauuasadluinges  wu  lalasnunlesoon laa
o < % o <, wa A P
(1,0,) TwdAosunaelsa (Nach) Wludu de'lalasnuleseon ladiinuauialuniseondlad

oA

a [ 4 1 ) [ <
M3duNIeNIuLsInN Tw@eunan lsa (Chen, 2004) uatimsaaledlseasias) luasazansy

Q

=1 1 =1 4 aan a % a QY 4
sazlinmwnwannlmfounaslsa  Tasilgnseinsoondaduaisounioaie lalasmunlos

k4
oonlaa uaz Imdounnelsa uaasaalfnseorde 1
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Ugnseweslelasnunleseonled  H,0, —2<2 50H" (2.18)
R (Large)+ OH* ——> Product (2.19)
Ugnsoveslmaounanlse 201" ——Cl, +2e (2.20)
H,0 + Cl, —— HOCI + HCI (2.21)
R + HOCl —— Products (2.22)

v
=K A

a o 4 9 A a Y 4 4 : o w
Tagndafuaganeinaiuie unaasuou lnoon lag (CO,) uaziih mudeu
dy (%] d’d 1 a 1Y Y Y 1 1
wananiitldeninanonszuiumsoondasudlonszua i Taun anuruniv
a a 1 Yy 9 a 1 I A Y :
aszua i ¥iieavesansiuuas aAnuduTuueIn AL ANuilunTA-wasudUYBi

A a M v A
ey “111!@]6116\161]3]1‘1/41711 g ICAUNITIRADIN

' Y
A15199 2.2 ANenINUoId100nE laFaua13dIds (Chen, 2004)

mseenBuaud dndlvlvhmsiha
H,0/ OH" (hydroxyl radical) 2.80
0,/0, (ozone) 2.07
S0,7/8,0,” (peroxodisulfate) 2.01
MnO,/MnO, (permanganate ion) 1.77
H,0/H,0, (hydrogen peroxide) 1.77
C1/ClO, (chlorite ion) 1.57
Ag+/Ag2+ (silver(IT) ion) 1.50
C1/CL, (chlorine) 1.36
Cr''/Cr,0,” (dichromate) 1.23
H,0/0, (oxygen) 1.23




28

A = ~ [ v a 4 qa.z} Y < v

AT NN 2 I,L’ﬁﬂxiﬂ'lilﬂiEJ“]J!‘]/]El‘]JﬁﬂEJﬂ'I‘V‘IGII?NG]’J@E)ﬂ"]f]lﬂ%Gﬂhﬁ'li@]\muilgmu’ﬂ

v ° A o A = ~ v a oA = Y
pyWusves OH' azlidnemmgegaionlSsuiounufoend ladous tazaunsomionld

Y Y
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2.7.2 n3zUIUMITINIMEnszua Wi
% I a { o
ATLUIUMSTINAIAERTEa 1T (Blectrocoagulation) Wumatini 14y
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o ; i o ad < ] .
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Wndeaslfnsen (2.23) uay (2.26) TasTang leseumariisgiaudnyleasonled looouiia
I a { va
duansiszaeumadeuniauiatiuansaduaznou
a 4 I qul a @ Y]
TunsdlveseggiiiiouiiolMiluiueTua ezgiitionszuandaln A" dwaaslu
Aaaa 3+ v o - A £ dgj (K I
UPATe1 (2.23) waz A" levouazsawdany OH %ie H,0 ¥evzdusgiuanuilunsa-nd
a A o [ aan
YDITZUU uamﬂmﬂauaaﬂmﬂugﬂﬂlmazgmusm”lamaﬂ”lw (AI(OH,) mﬂgﬂim (2.24)

1 (2.25) (Chen, 2004)

Al > AP +3e” (2.23)
ﬂnzmiazawﬁgﬂuma

A’ +30H™ — Al(OH), (2.24)
m’;:miazawﬁgﬂuﬂm

AI** +3H,0 — Al(OH ), +3H* (2.25)
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o H 2 I o o
dwsunsainldmanduvweTueazuanddld  Fe© luasazars  (2.26) uag
A A £ dgj IKY I
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asazay Taglgnseninatunaainedun1si (2.26) 1ag (2.27) (Chen, 2004)
Fe — Fe* +2e” (2.26)
A g
AMzasazaremiue
Fe’* +20H™ — Fe(OH), (2.27)
A g
AMzasazaremilunsa
4Fe’ +2H,0+0, — 4Fe™ +40H" (2.28)
2.7.3 nszUIumMsasamnanszua inih
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H,0—>1/20,+2H" +2e¢” (2.29)
H,O0+e - OH +1/2H, (2.30)

2.7.4 nszUIUMIWONYUA N szua v
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o W g’ A Aa o 1 U dyd <3 1" o
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2H,0+2e — H,(g)+20H" (2.32)
UfRsonfidaueTun  2H,0 > 0, +4H* +4e (2.33)
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A oA

cop,,,, = sunuesngnunasniildlumsdesaarvansounidnna tat 52 Tua

(HaaNTUDONFIUADAAST)

F = ﬂ'wm‘ﬁGuawaﬂmsT(ﬂaanﬁGi@TnammaaﬂQmu)
L = JSiasvesddnIng lad Gas)

I = naszua v eeuuls)

At = nainlasull @ lug

o v o_. A
2. mimmmmunu“lumsmmmm

W awnszua il Electricity cost) = 2.50 v naen Tatnda-4Tug
9
51aiaI0814 = 1293

[

o an/asuiauns 36.45 1IN 1 IMoQYansy

£

yaa luTeduaa =15 11MADAN3

1 d’ o v =
yaawitesnnmainguluTedira
-dsmaluTedmaminduinla =7 ladans
=70 AATADYNLNANINAT
' = A o 1Y Y ' J
yasnwedluTedwainauinld =70 x 15 vmaegninafmag

= 1,050 VINADQNLNANIAS
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A 1 9 A Id Y] o w : =
‘Wi]'lim'lﬂ11%%18!uﬂﬂﬂ1ﬂﬂizllﬁqw1ﬂTLﬂuWaﬂellﬁNﬂi%"U’Juﬂﬁ"lﬂ‘ljﬂlﬂmﬁllmﬂﬂ'li

DONFIATULUUNIIATI (Direct oxidation)

aszua Tl ) =3.5upuns
ﬂ?mmﬂ”ﬁm‘eiw(m = 1293

#nd 1l () =98 Tad
$2134 (1) — 7 2129

- frde vl (Electricity consumption) = (i xVx ¢)

- (3.5 % 9.8 x 7)/ 1000 ATaTad-42 T

— 0.2401 ATaad-42Tug

— (0.2401 x1000/ 1.8)/ 17 Ta¥ad-42 Tnsdognine

A

- 13338 Alaad-42 Tuadogmnariuns
- anseue I Electricity cost) = Mde i x anszua'luih

=133.38%x2.5

= 333.45 NADYNINARILAS

Aunulumsduiduau = anszud Tl
= 333.45 NADYNINATILAS

J s

=9.53 138 AN I FAOYNNAN

a9 U

IWATVDIAITAIDEY

A 1 9 A Id Y] o w : =
‘wmimmﬂqumuaamnmzua"lﬂﬂuﬂuwaﬂmmﬂigmumﬁmmmmmmumi

PONTFATULULUNMID BN (Indirect oxidation)

aszua Tt o) =35 upuns
ﬂ?mmﬁ”ﬁm&ha@) = 1293

#nd 1l () =9.1 Thad

$2T34 (1) — 7 21219
Txfeunas'lsd 2 n3u =(10° x 10” x 2)/1,800

= .11 i lansusegmnafuas
d a o
TwAsunao lsa 1 Alansy =121
= 12 x 1.11 1"MR0gMNARILAS

= 13.32 11NABYNINARINAT



- Ade i (Electricity consumption)

- anszua 1393 (Blectricity cost)

dunulumsduiduau
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=G xVx{)

—(3.5x 9.1 x 7)/ 1000 Aland-$2Tue

—0.223 Aladad-#1Tu

~ (0.223%1000/1.8)/ 17 TaTnd-4 Tnadegninediuns

= 123.89 i Tadad-41 Tusaegmnafiuas

= dalnih < arnszualiliih
=123.89%x2.5

=309.73 NABYNNATILAS

= anszua Il + Aransiadl

=309.73 +13.32

= 323.05 NADYNNARILAS

[ J @ 1
=8.86 lfﬂ?ﬂﬂdﬁﬁiﬁﬁ@QﬂﬂWﬁﬂ!N@iﬂl@\iﬁTi@]’mﬂN

a 1 Y A < [ o g’ = '
‘wmﬁmmﬂqﬁlwmaqmnmzua"lﬂﬂuﬂuwaﬂmmﬂizmumﬁmmmmmmma

Lﬁm (Continuous process)
aszua Wi ()
ﬂ?mmﬁ?ﬁm&hq@)
#ndlvlih (v)

#1143 (1)
Ta@eunas 15

Tmdeunanlsa 1 Alansy

- Ade Tl (Electricity consumption)

= 3.5 ueuuls
= 18035
=89 Tad

1 ¥2734

0.24 NSUADYNUIAIAT

1211

= 12 x 0.24 1NAOYMNARINAST

= 2.88 1INABYNINANIAT

=G xVx§)

~(3.5 %89 x 1)/ 1000 Aland-#2Tug
~0.0311 flasad-4Tus

— (0.0311x1000/0.12)/ 17 TaSad-52Tus
ADQNLNANIAT

=259.17 i Ta¥ad-4 Tusaegmnafiuas



- anszua 39w (Blectricity cost)

9 o A
ﬁunu1uﬂ1imguumu

Y a d aa
3. VOHANTIUATIEHNNADN

= e il x anszua'lvih

=259.17%x2.5

= 647.93 NADYNNARIUAS

= anszue T + avensad

=647.93 +2.88

= 650.76 NADYNNATIUAS
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= 17.85 M3 oRyan S §ADQNLIANINATVDIATS

CPGIAN

{ a 4 1 a [ a
Q159N 9.1 HANTUATIZH T-test ANF 10AVDIANTIANUAIADIFLIA

One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
NaCl 13 63.7971 34.14396 9.46983
H,0, 13 66.6775 25.79231 7.15350
One-Sample Test
Test Value =0
95% Confidence
Interval of the
Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
NaCl 6.737 12 .000 63.7971 43.1641 84.4301
H,0, 9.321 12 .000 66.6775 51.0913 82.2636




{ a 4 1 a 1 a
Q159N 9.2 HANTUATIZH T-test AL IDAVDIATIAUUAIADIFLIA

One-Sample Statistics

Std. Std. Error

N Mean Deviation Mean
NaCl 13 53.8073 31.64499 8.77674
H,0, 13 47.9426 30.99714 8.59706

One-Sample Test
Test Value =0
95% Confidence
Interval of the
Mean Difference

t df Sig. (2-tailed) | Difference | Lower Upper
NaCl 6.131 12 .000 53.8073 34.6844 72.9302
H,0, 5.577 12 .000 47.9426 29.2112 66.6740

{ a 4 U % a 1 a
G]'li'l\iﬁ 1.3 WaNITAUATIEH T-test ﬂ11%%1&%@\11’(15!@3“&@\1?[@\1%1!@]

One-Sample Statistics

272

Std. Std. Error
N Mean Deviation Mean
NaCl 13 85.1915 29.86689 8.28359
H,O 13 79.9021 32.18992 8.92788
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One-Sample Test

Test Value =0

95% Confidence

Interval of the

Mean Difference
t df Sig. (2-tailed) | Difference Lower Upper
NaCl 10.284 12 .000 85.1915 67.1431 103.2399
H,0, 8.950 12 .000 79.9021 60.4499 99.3543
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