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ABSTRACT

The study of continuous biodiesel washing with water was performed. Liquid-
Liquid extraction in spray column was used in this study. The objective was to study the water
amount and time used. Numbers of column was first investigated and fabricated. Performance of
the system was then tested to compare the washing with water spraying and non-spraying
processes. Batch water washing was also tested in order to be the reference data with the
continuous washing. It was found that 3 columns have to be used in order to make biodiesel to be
neutral (pH=7.0£0.1). For the batch process, the total washing time was 1,285 minutes and the
total amount of water was 1.75 times of biodiesel. Continuous washing with biodiesel to water
1:1 and the flow rate of 10 liters per hour was suitable with the size of the designed column. The
total washing time in the vertical lining column with semi-batch process was 34.27 minutes and
the residence time and the water amount were 10.32 minutes and 0.5 times of biodiesel
respectively. The residence time consuming in washing with columns in series was 10 minutes
with the total time of 110 minutes and 0.75 times of water amount to biodiesel was consumed.
The residence time for washing with water spraying in vertical lining columns consumed 15.57
minutes and the total washing time was 58.22 minutes with the amount of water was 2 times of
biodiesel. The residence time, total washing time and total amount of water used were greater
than non-spraying process. However the disadvantage of the non-spraying process was that

operation has to be halted to drain washed water out of the column after 2 hours of washing.
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Legend
F = Feed
E = Extract
R = Raffinate
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2.3.3 Continuous Differential Operation
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a Y] 1 a :I @ 1 a <
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oy C | o 1 aaa o an o s A
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a 1 4 v A $ < o [ 2’

nniisnavesaymaetosas evtadwuwilousonruaudiniirlivdatieon Taons i
9 = a o 3 (] Y =
anufousudeguugi 120 °C iflunatediios 20 uii
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v 4
Tinamsanaznouudlaesitfng (Suwanmanee, 2006)
2.4.1.2 MIANUVUABLILBY (continuous washing)
9 ¢ @ Yo o w a ' =& ° a
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sa =2 Yy 9 y @ 2’ ' ! A 1 o
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aoauunimsflounnylvaaiuns nande deuwirdmesduuvesaedunitazlowwia
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J 1 yd
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a

= 9 1 1 A @ d o 9 3’ U ]
NALEDIDA ’oaﬂumammmuaﬂuﬂaamuﬁﬂmm‘u"lwamum1@1@8%141@1;11;%@@@114%
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60-70 °C NOATINIT IMavedii 5.71 uaz 23.26 Uaaaasaeun lagl¥oasims Ivavesuna

v

o

4 Aa aa 1 o a a ] A 1 'cu
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Y
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1 9 ~ o a qgj dyslaw "W vy = a YA =
AoudumIinaoaszeznmduiuay  Neiidave i ldvendalsmams laduvesluTedmra
o Y] 1A o v A . A o
NAINITAN 1UReINUMITNAa0a19 11U TeRavred Berrios ag Skelton (2008) N1AIAT
P = ] 2 4 ' =2 (a PR o ~Nq YV v o Aa
naaadd luTedaaieriide luvenaalsunanmslsnisuiaainlsde aaiulsuams

Y ) v
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2.4.2 msaaunvldlFiia (dry washing)

< o ] ~ @ A a Y}
Wumsianuazerauunldasniigadi (solid absorbent) d@aanA1aluly
ToRiwa 19U Zlatica 1Az Predojevic (2008) 1111M33a vield Haamsnaaesdelaemslyza
I v A Y = A .
muwalusgadudsanailuluTefma wolianlszunm 92% wag Berrios 11az Skelton
A o = = 9 = 9 @ ~A A an
(2008) Mimsnaasalseuiisunsas luTedwa lagldmsgaduunnilFoudana uazms
~ 9 a addy a =
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A

=3 & 1 Aq ¥ 1 I A
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[AYINVUIVUALED !,Lag11‘]_]ﬁ3J1ﬂ!LWfNW’E)“I/]%%HHJﬂ“HTIﬂLW]MU"IiJum“D’ﬁ TIUTNNITININURA
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a [ 4 = a 4 &% F2 A A A 1 = a
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a [ o [ o o 4 4
B100 Tagnsugsnanasniu lddmuadnvazuazgunimvesluTedadimsunioseua
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a
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d‘ 1Y = o 1Y 4‘ 4 =
M1319N 2.2 ﬁﬂi&lﬂl%!m$ﬂﬂ!ﬂTW‘UENll‘UI’E)ﬂL“]fﬁﬁ'WﬂSULﬂﬁﬂQﬂu@ﬂﬁLﬂHﬁi ("luTammmgwu)

N.F. 2549

318M3 Porimiua GIERTKTOR nedoy

1 AnuHULY o guvigl 15°C  Alanswanuiadiuas | ligin 860 ASTM D 1298
(Density at 15°C, kg/m3) inag

laiganh 900

2 Anunila o gungll 40°C isudd Tand g 1.9 ASTM D 445

(Viscosity at 40 °C, cSt) inag
lajganh 8.0

3 yau vl perITaITod Biginda 120 ASTM D 93
(Flash Point , °C)

4 Muzou Youar Tagtimiin laiganh 0.0015 | ASTM D 2622
(Sulphur, %wt.)

5 Saudny Tighnn 47 ASTM D 613
(Cetane Number)

6 iddala Youaz Taotimiin liiganh 0.02 ASTM D 874
(Sulphated Ash, %wt.)

7 Yhuazazney $ooaz Taoil5uas laiganh 0.2 ASTM D 2709
(Water and Sediment, %vol.)

8 MINANIOULHUNDILAY lugendn | vneav3 | ASTM D 130
(Copper Strip Corrosion)

9 annuiiunsa  Jaansulduamdouleasonlas/ny | lugand 0.80 ASTM D 664
(Acid Number, mg KOH/g)

10 nalwes uUdATE Youaz Taoimin Taigani 0.02 ASTM D 6584
(Free glycerin, %wt.)

11 AR URYLA Youar Taotimiin Tiiganh 1.5 ASTM D 6584
(Total glycerin, %wt.)

12 d 1 ” ATINIIAY
(Colour) LAGkR!

13 GARTEHIGR

(Additive)

MUOTUANTUGININGIITY
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EALIRATS
Aax Yan A A 1 3 Y 1 Ada Y Yy 9 Yq Yam A o =
1/ naaounldisounmeuminla ualunssinive Iaudalileisnimvualusieaziden
9 dy
HUUNEY
2/ 1¥ensdsenevdseian 1, 4-dialkylamino anthraquinone Ll81% alkyl derivatives of azobenzene-

4-azo-2-naphthol

r o . »

1 2 pIUFININEIIU 1ATg U T ToRirasguan (2549)
2.5 MIAsINanNNazeInvadlulefiva

fmsumsasniaanuazenvedluledmra mendinsianuazeinlag
oy 09/' o I 1 [~{ gy @
18 Tududueausonszdinla lasmadasmanuilunsanseowavesluTedauaziimas
9 oaj t;‘l A = = AQ Y o Aaan o oaj = 1
myan nedamiuaasaziinannn lsdeuleason leai ldinlgnser dauiululefwanou
o Y =K A I A 1 =< A 1 Y = S
Mmsandadanuiuaigalugie pH 10 99 13 Werumsawauazeia luToAmasziia
= o - % 3 o 1 dy
pH=7 Tagliianmsnernumsiunsavazivanaas liii
Y

= o & Y
%']ﬂﬂ'ﬂlli!ﬁ’f)\‘]ﬂﬁﬂ L‘]Jﬁ'ﬂ”liﬁ%'ﬂll!ﬂﬁ']ﬁa 'Lﬂﬂ m!,‘ﬂu A1Mazany (Solvent)

aamﬂuﬁmﬂizmwﬁm

Aa =g . A A (a
1. drsazatenigniiuna1s (neutral solution) Av @15azateNsuna
vodlalasulossuuas "lamaﬂcna”laaaum1ﬂu<=15memﬁmaﬂymhlmﬂu =[OH]
2. miazmﬂmqm%rﬂuﬂm (acid solution) AD mmzmwﬁﬂ?mmmm

gTasiaulovernnniileasenda levoududendydnual 1 (11> [oH]
. . AA (A
3. asazaefiignaiiue (basic solution) fip a@1sazateiiisuta
a 1 9 v W o I -
vo4'laasongalosouninnilalasonlosouduioudyanyal 1Ay [OH]> [H']
Y
o o o 1 [
msdnluTedwalaglindudiiazaeansandieaeg wu  Tam@en'le-
4 a 14 =) 1 J dy
ason lua (NaOH) tunaueansdoa (CH,OH) taznatyaisa (C,H,(OH),) U NAIU dTtvaIy
s 4 ] a
wiosdsznovvenylalasinulooounaz lensondalosou  Tasmwiz Im@eulaasen
s ' o v o =
lodntwuaunannsouanduiluloeou’ld 100% faii
N _
Na (aq) + OH (aq) — NaOH(aq)
Y Y
1 o < LY~ Y =) v v A
arhnaunsauandndu lossu ldsuReduda
H,04) > H (ag) +OH "



da'yldw COR A Yo aw dz o Aaw & &
Tuunitldndndeiagginsaiaieg nlsiiteswdsiuaeumsiiitedaiy
{0 I ) o’/’ yoj 1 @
auigudunstennudu 1§ lumai ) ldou Taemsnaaedlunsaiidshing i
=q ¥ < ny Y £ ' A = = o '
ulsnldlumseonuuy F1dadeganaassliinnewiednydamsinuueszuun
] Y a A 1 A A @ Aq Y ' ~ 9

awnsaldanideswioly  illesninmsiazmidmlshldlumseonuuuneuiszadiya
Ao z;‘ o 14 Y Y @ AN Yo Y A dy
naaodlunuIdeil hldenmnmazdeldnannu dulsilasmualinsilunisnaaoail

Y ] @ v 4 3’ v J
ﬁ’ﬂ ANHUSNNMYNIN (geometry) U aﬂymzmmﬂmm, ?J‘]JLL‘]J‘]J"U?N?]@E“IIJH, ?J‘]JLL‘]J‘]JGU'EN

Y 1
g A A

A LYY . & o A Y= qﬂll dyd
AQUITPNUNUNTURT (packing) FadulsilFAnlumsnansenssiife
1. das1aaums Ina (flow rate ratio)

2. a1 lumsyed (residence time)
3.1 msniilinaaes

[ ~Aq ¥ :I Y 1 a ~Aq Y a =

Tagutiailuensildasnaaumminiunounaa a13nldlumsnaa luTodwa
aa 9 2 =
sazenaain g lumsasnaouauauiavesluTodira

oy v A Yy 9 9 A v Aa 1A

3.1.1 dniuiis1dudn deatiansa lviudase ludu 2.5 %
4
3.1.2 ihaueaneaean Ui gns lutiesnin 99 %
= 4 a = Y [

3.1.3 Taden lansonloq anuuigns hivoonii 99 %
3.1.4 lo Ty Inswiuea

= 4 a Aa a 4
3.1.5 Hueanmauouanmes

d
3.2 ginsaimInaany

[

aquazginsainldimanaass  ldumisesniluginsaidmsueionlule

4

a A y & A Aq Y £ A = v A
ALK ‘]ﬁ]‘ﬂﬂa@\?‘ﬂ’f]f]ﬂlL‘U‘Uﬁi’l\?"Uuﬂﬂl!ﬁgﬁ'lilﬂiJWGI;‘]SGI)Uﬂ']ﬁ‘Vlﬂﬁ@\‘] SEINTNYALLIDUAANU
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3.2.1 gawan 1o Toda

05/} = 2 A o 2 a 9 a

Junoumsias oy luTedarieihinsnaacs luTedagnuandleyanan lu
Tedwauuunz ME_PSUI00B awaaslugidil 3.1 aslsznoulidredsingaudmivussy
oy o A A ' vy A @ o w 091 Y 1 0 o aaa @ a 4
wuiweihmsguldiounay medlumsiivaihanannowih lilvl§isenludalgnsel
A < Qy ) Aaaa ~ o = [ 9 [
WersaaunszuIumigaser lulefwaszgnih luenndiesealudwendiendanms

1 ] X g ] Qy :J, ) [
AITUUADNATNUDIAIUUULUU “ﬁ\‘i!'ﬂuﬂWiLﬁi"ﬂﬁu"U‘Ll@i’)uﬂﬁm%fm]llliﬂam{aﬁ'TViTLI‘VIﬂﬁ’EN

319 3.1 gawda lu Tedivauuung ME_PSU100B

9

3.2.2 gANAaeg
4 @ Ay Y § Z 93 Il @
anlsdneduii IdgnidenlFluauideil Tudesduiudshimunsansuieia
=Hq ¥ o & 2 o a v & W Yo KR = o d=q 9
ulsildoenuuy duindduiumsainumnlaglilddiidwmnamamenin aeduinly
) 4 v I v I 9 ] o
naaesmmualsdnedmilanvaziunsanszuenduiuguinataniely 150 mm g9

1,500 mm faneraalugilin 3.2
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A ?q VU ° s v
E']J‘VI 32 ﬂﬂaﬂuﬂi%iuﬂTﬁﬁ]ﬁ]']‘Llﬁuﬁlllﬁﬂﬂi’)allu

MINEINNTINMINAARUNO IS IUIUARANY WuMdeslFimuau 3 aoduil

Taoldvewaraanlaviaduriugudnarsniolu 100 mm e 1,250 mm daaaslugili 3.3

A 4 [ 4 [ o o 4
?J’]J‘VI 33 i{ﬂ‘ﬂﬂﬁ’ﬂ\iﬁlﬂiElﬂi’)alluﬂﬁl‘ﬂﬁﬂﬂ”liﬁ”l"l]”luluﬂﬂaﬂu
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g v @ { a a J v 1< v J
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yinaduriuguanatiniely 100 mm g9 2,420 mm $109u 1 Avau dwaaalugilil 3.4

~ 4 o J v @ a a 1 AaaA
'g'jﬂ‘l/l 34 alsgneaniuuy 3 ﬂaaammqmﬁluummwammﬂmww



28

5] v [l
3.2.3 flndwaz luTediwa 1ddauilasain centrifugal pump tive l¥aunsoly
U5uda51ms lnalildnunanioss Tasmsaenio by pass navmdsdaiagavaaaalugll

n35

H © 5]
517 3.5 YuriwagilyluToRra

< J o v v W g‘ = A v
3.2.4 Flow meter Huginsaidnisnindas lnavenimaz luTefwa Bite

NITTO §4 Z-3000 @13159308051M3 Inalus9 0.1-1.4 dasaerii awedalugli 3.6

517 3.6 flow meter A5V InoAT1 1na
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3.2.5 19509 lainsnon Tuiia 8o Mettler Toledo Ju T50 dm5umsian pH

Y ]
v luTeRmauazii dwaaslugiin 3.7

d' d‘ v v o Q U 1
311 3.7 w3ee lamsnda Tudadmsuian pH

a @ ) [ Y ]
3.2.6 UIWNIIULIAN mmazlﬁﬂﬂ 1/100 "]Ji’N'Ll']ﬁ 1%ﬁ1ﬁ5ﬂﬁ]ﬂna1ﬂ’]3lﬂﬂ

Y H
Mo luTedmanaziimaimsais lasaeias pH dwaaslugali 3.8

d oo
31 3.8 WEMIVIA
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3.3 TunentazITMIdY
us.:} ~ ~ =\ A 9 =& a 3} v A Y 9 A
Juaaun 1: maesonluTefaie ldnaans Fawananiiniuiieslduding
1 v A (Y o Aaaa 4 Aan v o a o
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a v o Y]
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o d' o a 0w vq ¥ o &
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Y A g9 ° ° o Yy v s o dao q Y1 a
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Y] 9 = B~ o 9 % 4 o 091’ ~ 9 3 o
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d‘ = o o 9 d' U a /=R 1Y @ 4 Y d‘
eAnpIausTouzMIIuvesszuy  thideyah Id I lmszdtnnuduiusvesdlsh
0 = ~ ~ A 2 ~Aq ¥ 9 ]
mmsanel lagufseumeutlsuanivaznainlsvesmsart luuaazuuy
3 d' Y] =\ anAa 4
Tuasun 3: MInsIianNuazeIn lulodra 153N 1EHANNAZ 1AV 11
a A y v 3 9 o A v o v '
ToRwraimumsdaeimdniu ludesduausoduna lannanulavazar pH vesly
= g; o 9 A =y = I A g‘ 9 =
Tofrauaziimainsan wesnn luledmalianuiluuags Worhrzdvouazoinaziia
3 o o A H Aq Y Y] ' ~ ~ o A
pH Hunans ymimihdeyalsuaniuaznanlslumsaumazuuvulssumennume
o 1 = = o td‘ o = = 091' o
lilgmanlSeuiieuaussouzvosszuuinnuazoaihimsang  Taeliduaoumsii

[
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3.3.1 mansenluledsaiiol¥naaes
qul a = ] I [ [ dy
Jupoumsnan luTodrautiseondu 2 dauaail
Y
3.3.1.1 MsasndounnIa lududdszueniniu
o 3’ t% { ] I~ 4
dniniuisndesms llgulidoutlszuna 60-80 °C iluna 1520 widiive
Y v 4 Y
Adarhnande mimiuarainiudethaldlusiaglauy (Flask) U5uas 4 ml waudaelo
a 3 9 A o g’ o 9 09/’ = J A a a J
Ty TwswiueatSmasanteaioiazasiniunounawaniiuedrimauduamaesasll
Y 1 4 Y
Tuwinfudednetszna 12 vea evuenyaga  nuwiniiudied ) lasesndy
= ¢ A~ Y 9 s A = a
drsazavnasgu lsdonleasonloq Alanududu 0.1 Tuans Wedgagamsazaions
A 2 g A 1 =2 9 v R a =
nasuanlabiliddudsuneouduirudy duiinlSuaasazaemaigiulmdoulsason
s A ) o a o a A ) aaa
lyaiori ludnnamlsinansaludy  USualxdenleasonleanldlunmsiilgase
o'/ 9 1 1 d? [ 1 v A d‘
Tag lludrazeglusae 0.5-2.5 %wt. (Tomasevic, 2002) YupgnumveInTa luudasz i
1 a L
18 wu  mslaesnlddsuasvesasazarvinasgiulndonleasenloa lumsnaasla
[ v 9 9 = oo I 1 3‘ % a A o Aaan
D 0.9 ml uaasNdesld landon laason landuiu 0.9 nuaeiniu 1 aas tloilfase
Y v A < Y Iy o [ oy % a A o 1
nunsa lviudaszawmdunan uazdeslddnswau 5 nsuaeiuiu 1 das erdluduss
Aaaa @ QSJ‘ 4 3‘ % a I'4
Ufnsevesszuy auiude ldiniuiyldudilsuias 500 mi Aeeldlm@enlaasonloamsa
98% 131108 2.95 NN
Y
° aaa J o @ W J
3.3.1.2 m3hilgnseszrnahiuiuteanssod
Y [
w3suhiunriumsasaouansa lududaszuds  shwsinlinserty
a s d a [ ! o
wihareanegeanazateals Indon leasen laalTua 2.95 nfu awnduialiuds Taols

[ 1

2 o a S 1w ° Aaa y
dadulas luaveuiniuasmiiaueansgeaifiy 1:6 wiellszanm 23 %vol. ¥lfnse

a o

A o 3 o oo Ao Y [aaa o
UNNY 60 C (Zhang, 2003) lﬂulja’l 1 G]f')IlN 45 uTVl‘I/l\mVlllﬂ’Jisl,WQﬂ!‘ﬂﬂﬂﬂﬁﬂﬂgﬂiﬂW

Q U U

1 A

4 | a J o a
AR 64.5 °C 1loanniilugadeavesuiateansdon HaziIMsuennamesoa lngIsnis

Y v
a3 anaznowilumnar 1 %2 Tug
3.3.2 mamanuazeialulefia
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Chromatogram: ~ervicel348

Author:
Notes:

Sample Identifier:

Data Processing Parameters

Injected on: 1/8/2551
Slice Width (ms): 100
Threshold (mV): 0

Parameter Files:
Data Handling File:SERVICE

Date: 1/8/2551 Time: 13:28

Injected at: 13:22
Noise (pV/s): undefined
Skim Ratio: 0

Calculation-File: ~ERVICE1348

-

4.0
mvV

0.00 0.05 0.10 0.15

0’.20

0.25 0.30 0.35 0.40 0.45 mi

Calculation Method : Percent
Peak~ Ret.Time Pk.Start Pk.End Area Height Area%
No (min) (min) (min) (mV)
1 0.142 0.122 0.170 2763 4.55 95.844
2 0.468 0.455 0.475 120 0.37 4.156
2883 4.92 100.000
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Chromatogram: ~ervicel346

Author:
Notes:

Sample Identifier:

Data Processing Parameters

Injected on: 1/8/2551
Slice Width (ms): 100
Threshold (mV): 0

Parameter Files:

Data Handling File:SERVICE

Date: 1/8/2551 Time: 13:28

Injected at: 13:20
Noise (uv/s): undefined
Skim Ratio: 0

Calculation-File: ~ERVICE1346

-

0.00 C)I‘OS 6.10 0‘.1 5

0.20

d.25 0.30 0’.35 0’.40 0‘.45 mi

Calculation Method : Percent
Peak- Ret.Time Pk.Start Pk.End Area Height  Area%
No (min) (min) (min) (mV)
1 0.127 0.108 0.153 3110 5.01 99.056
2 0.465 0.457 0.465 30 0.02 0.944
3140 5.03 100.000
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Chromatogram: ~ervicel343 (1)

Author:
Notes:

Sample Identifier:

Data Processing Parameters

Injected on: 1/8/2551
Slice Width (ms): 100
Threshold (mV): 0

Parameter Files:
Data Handling File:SERVICE

Date:

Injected at:
Noise (uv/s)

Skim Ratio:

Calculation-

1/8/2551 Time: 13:27

13:18
H undefined
0

File: ~ERVICE1343 (1)

-

0.00 0.05 0.10 0.15

0.20

0.25 0.30

Calculation Method : Percent
Peak- Ret.Time Pk.Start Pk.End Area Height Area%
No (min) (min) (min) (mV)
1 0.133 0.118 0.158 1797 3.17 97.834
2 0.397 0.392 0.405 40 0.15 2.166
1837 3.32 100.000

0.35 0.40 0.45 mi
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Water Using in Batch Purification of Biodiesel by Water spray and Bubble Mixing
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Abstract

Crude biodiesel produced from transesterification using base
as catalyst siill contains some impurities such as catalyst, soap,
aleohol, and glycerol. These conlaminalions will damage diesel-
engine whenever il is used immedialely as fuel oil. The primary
study indicated that almost impurities can be cissolved in water,
but the environment will be effected by this wasle waler. The

purpose of this study was to investigate the cuantities of water

- ©oa - T 4 ' = A
52MAITUTMS 1@uf 3 m51]::agmmmnﬂ?ﬂmmmm'ium‘:nqnmmul‘zzmﬁ'lmmnﬁ 22

used al balch purification process for washing all contamination.
Waler spraying and bubble mixing will be used for washing. In
this work, the washing ratio between biodiesel and water were
investigated and presented. The pH of biodiesel and water before
and after, the washing time, and the yield of biodiesel afler
washing were compared. The crude biodiesel was washed with
the ratio of biodiesel to water at 1:2, 1:1, 1:0.5, and 1:0.25. The
result showed that at the ratio of 1:2, the guantity of water would
be at maximum and il was found to be al 12 times of biodiesel
volume and the washing time was 12.55 hours. At the ratio of
biodiesel to water at 1:0.25, the total of water used was 1.75 time
of biodigsel with the washing time at 21.25 hours. In summary,
using less waler than biodiesel could neulralize biodiesel o
pH=7.02£0.1. Moreover, the decreasing of water volume is not
effected to the yield, but this will increase both the number of

washing and time used for purification process.
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Abstract

The impurities in crude biodiesel such as catalyst,
soap, aleohol, and  glycerol will damage diesel-engine
whenever il is not removed. The primary study indicated that

almost impurities can be dissolved in water, but the

environment will be affected by this waste water. The
purpose of this sludy was to invesligale the guantiies of
water in conlinuous purification. In this work, the washing
ratios between biodiesel and water were investigated. The pH
of biodiesel before and after, the washing time, and the yield
of biodiesel afler washing were compared. The crude
biodiesel was washed with the ratio of biodiesel to water of
1:0.25, 1:0.5, 1:0.75, and 1:1. The result showed that at the
ratio of 1:1 and 1:0.75, the biodiesel after washing was clear
in pH with the washing time of 1.06 and 1.50 hours, the yield
after washing was 84%. At the ratio of 1:0.5 and 1:0.25, the

biodiesel after washing was not clear in pH.
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