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Report for Bachelor Degree of Chemical Engineering
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King Mongkut’s Institute of Technology Ladkrabang

Abstract

The biodiesel produced from reaction of vegetable oil, alcohol, and alkaline catalyst
usually contain of significant amount impurities. Those impurities such as excess catalyst, free
fatty acid, and soap could lead to poor fuel quality. Therefore, water wash of biodiesel after
synthesis is necessary. The coumnter flow, sieve tray, liquid-liquids extraction column is a choice
of this biodiesel washer design from the efficiency of extraction. The 10 sieve trays glass column
with diameter of 5 cm and height of 140 ¢m is made by scale down dimension from industrial
liquid-liquid extractor. The performance of the washer column is conducted by feed heated water
to the top of column at constant flow rate of 1 liter per hour, pump biodiesel thorough the bottom
of the column at flow rate of 5 and 10 liters per hour, and stir the sieve tray at speed cycle of 5
rpm. The result from using two types of biodiesel found that the flow rate of 5 liters per hour
lead to the decrease of pH and amount of free fatty acid betier than the 10 liters per hour from
longer contact time. The multiple washing cycles is needed for better fuel quality and suggested at

three cycles.
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a. lemsliauousludiidemanides
1. iomsRdoansLendin AR asIsuT st uALSAT U A 20y
2.2.7 ﬂugnmmﬁmmammﬁwmmmm {Equipment for Liquid-Liquid Extraction}
myaavounaduveammonin i lufuasuiio (single stage) YiToHDIY

H : A ] o
FUADY (multiage)  Tavo 1wl uuVUNE (bacth) W3ouIUABIIBA (continuous) A5BATETN

'

esszAalims dudaiusznidgnnvesrsamaloesignn

22.8 msafadionsFudmdasfu {Stagewise Contact Extraction) [9]
msadalaoitieidnuusmsivadioonyos Raffinate 1Ay Extrct phase
/199 AU Fumnlssmmvesszuuuaz s I myeamsuoniideims Tnsveavarezduia
fuluudazd uasfinsuonndafasioendusasdu Rezndnde lignaumudldiom
Tuanazgeuni Tauf Effiuent extract 4oz Raffinate solution 89 Tumrugaiudeusn
1. MyARATIAE ) (Single-stage Extraction)
0. N4] lever-arm
1ashuung (bacth) M3BuLIReLIDI (continuons) T1nUT 2.3a tag 711 23
L =montlou Gt derimindenn)
x . =anuduiuued A lugwilou
x . = mduduves ¢ lumoilen
v = msazaonia Gininnierimindenan)
y, =fnduduves Auas c luv
ye =ANUTNTUIRI A ez ¢ Ty v

M = BIUNAUYDI L +V
aamaﬁgw HALATTUFANIATITUDI A (Overall mass balance and balance on A)
V+L=M ' (2-1)
Vy,+Lx, =Mx,, (2-2)
ARUIAT 13V C (material balance of C)
LV ={y, X, W (X, y—%,) (2-3)
LV=(yc~Xe )/ (xopy—x¢) (2-4)

LV=VM/LM (2-5)
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L/M=VM/LV (2-6)
v. fugamIaiavuneudn) Single-stage equillbrivm extraction)

o ¥ e’ al ) : a 1
L, =meddlouvudr cirnianSerlminaenar)

o J o o e
L, =awiflouneen ahminuTermindenay)

[ »
v, =anazawafmneen Givndamieilmindenal)
» ¥
v, =anasawafavud chminnfodlmnindona)
fauIaNINLa

L+ V,=L, +V,=M @n

AMIIATTIVOL A

LXao *Va¥a =Lixg + Vv, =Mx (2-8)
AOWINTIIVDI C
LoXeo tVa¥er = Li%e + Vive, =M X o (2-9)

Ve ' vz
4«2 g «»
' ‘ a _—Tieine
m o ‘\
)
g
] ~
i L
[€4] —_— - A
{a) (b}

71 2.3 augamsadadiovoamaiuneuiio) (Single-stage equilibrium liquid-

liguid  extraction) (a) process flow diagram (b) plot on phase Diagram
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dnvagvesnszuumsafangasiunmil 2.4 Feezidnananganioiu Rafinate

uaz Extract {LN uaz V1)

fan N'Iﬂﬂ"ﬁﬁ’%“ U9
Lyt Vg =Lyt V=M
#ONIAN VDI C
Ly Xegt Vg waa = Ln Xy Vi =M Xey

fagulld

Xem™ {Loxco+ VNHyNH) "r( L0+VN+1) N (LNXN +VIYC1) / (LN+V1)

extraction solvent
Vi —v2 — va v Yt VN —— VN
«— e | e
|
— | S
w i g Ln-1 Ln LN L
fesd raffinate
(a)
[+)
Whtt
e
N
\\;\‘3 \)/
‘\}f .
2B 91
g oy 5\‘-‘,‘) o)
’F f‘. -\.
F’ i "\ 2
[P ",
L4
i - .
H Lo ™,
L A
B xM
xA yA
{b)

4 o 3 o .
24 @) s afanawiuasunuy nagiumaderiiss (Continuous Countercurrent

Multistage Extraction) (b) wisaia inozunsy

(2-10)

(2-11)

(2-12)
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MANUIN D

MM

1. msmaemailunsanmbBunansalvibdassieglululeawa
Linmsmanududuvetmsazainludunleason lvadwmsarme TnmeaEoy
Talasumwinmian (KHP)

LL1 s summdonlalasmunmuanlovludouiiaunnd 110 sam
madvan iy e Sinaes vimiuss Tnunadenlalasauwmianin 20,121 13y (a
Twanamifiu 204.22 nfude Tun) azawhnindu 1000 Sadans

Aadlunauduinn = (20.1213(1,00004204.22)(1,000) = 0.0985 uBiuea

112 wSonmisazan iy leason ladtuh anududialszina 0.1 wef
uoa Tasimsaa iy snsonladlsznn 4 3y vmzawluhombnliumsacard
1311as 1,000 inddag

113 InmsamsazawInunaFuulalaznunmuan 25 daddnsdao
asazawlrdonlaasen ladimi vy 18 TaelsvuodmBuiiududimass Usuasvod
Tsiiuu leavon ladiiiiy 24 Taddns

avmdudves Txdoylansonlas = (0.0985)25)(24) = 01026 e
%o

nmmanmiunsanniSnansaluiiudessieghly Tedwailfuneuay
1M1 A.0.C.S. official method Ca 52-40 fio

1.1 azaaTuTeAmulsznm 28.2 + 0.2 nfuluemusadidiunate 5o fiadaas

12 Tmmsasu Tmdolansonladhifniududusivon dsyane 0.1 uouea Tao
T9W-veadmawtudufinmes

1.3 Mms i

nanluiuBeTs (% FFA) = [USunasend tmb) x N x 2821/ imtintuTofera (n5a)

(4.1 X 0.1026 X 28.2) /28,185

i

0.421 %

it

I

manudlunsa % FFA X 1,99

0.838
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Fyotainiy 1 nfmiiunma

2. MsmmIATINe NG uwzveslulefwa
Tunrmsanue i imzarn 18 lanld aaTannusae$umy (Pycnometer) F1
sxfoudwiinmazifetinnuiuegoreinlihiminfdmenain1d Toufifuneusie
2.1 iiw’mi'ﬂmmdaai‘hmmm:qﬂ"lﬁﬂi‘}'u{mﬁ'ﬂ“lé’f 18.910 N3y
22 thihndunsluriaiannusrsiumes i 2 e Wiswmansaiiun
vedmuenauin T i lFaindn 18 43.963 05y nuiing 118y 25.053 niy
24 smnanilines fefiwemiaiannudiimz Teemmmuiuve i
qumgdl 20 saraFue 01U 0.998405 NSdagRLIRNIFLAIAT
wlffiims = 25.053/0.998405 = 25093 gALIANEUALAS
2.5 irluTeialdhuatannus s umg @faiin Fainnin 18 40953 a3y
simvinvedlu Tofiaa R 22.043 afy fuaam
s ldnTnminiuvoniy = 22,043 /25,093 = 0.8785 AfusognIRTEUALAS
2.6 AMpummanysdnzveslu lofma
minusszvenilulofsa = 0.8785 / 0.998405

=0.8799
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WN5§IU ASTM vaainiululemaa

) »
MINA ¥-1 N1RT§UASTM vauiiiulyTedra

AMERICAN SOCIETY TESTING AND MATERIALS STANDARDS FOR BIODJESEL

TEST PROPERTY ASTM TEST ACCEPTABLE UNIT OF
METHOD VAILUE MEASURE

Specific Gravity D1298 0.86 - 0.90 glem’ at 15 °C
Gross Heating Value D2382 17.65 min btuw/1b
Cloud Point D2500 Report to customer degrees Fahrenbeit
Pour Point Dno7 28 max degrees Fahrenheit
Flash point DG3 100 min Degree Celsins
Kinematic viscosity at | D445 1.9-6.0 mm’ /sec
40°C
Water and Sediment D2709 0.05 max %4 vol
Copper Strip Corrosion | D130 No. 3b max Degree of corrosion
Suiphur D2622 0.05 max % mass
Carbon Residue D4530 0.05 max Yomass
Cetane Number D613 40 max
Sulfated Ash D482 0.02 max Yemass
Neutralization/Acid D664 0.80 max mg/g
Number
Methanol Gas 020 max Yomass
Free Glycerin Chromatography 0.02 max Yomass
Total Glycerin Gas 0.24 max Yomass
Oil Ester Chromatography 97.50 min %mass

Gas
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faEutiRvenhiudta

T

Y =) 5 s A Jet
HTHUAMS A THIUIR TS UAAIFD

WA
Hyut) ryusa
ammila fgangi 40 ASTMD445 | lidinTr g 1.8-4.1
(yudaTand)
quvglnisnduiifovaz 90 Twa | ASTM D6 higandi 357
TaoTmas(esrmzaiod)
gaa1 W (oermuvaidua) ASTMD93 | a1 52 idn 52
9 Inam (e asiom) ASTMD97 | ligandi 16 higend 10
AAriiFimu AsTM D613 | hidnd 4 Tidgnan 47
ASTM D976

AnudasIwe figungd 156y | ASTMDI298 | ligandt 092 0.81-0.87
Aaeu (Alagaded Tandu)
msfansButAuneIad 50"y | ASTM D130 lidgandr 0.05
W5imnine iy JovazTaniinin | ASTM D1ss Taigandi 0.05
W5 FevazTanimin ASTM D482 | laigandy 0.02 Tiganii 0.01
Wweniuazaznou JovazTns | ASTM D2709 Tigan 03 iiggandr 0.05
EFOTH
Uiy JevnzInctimin | ASTM D2622 higaniris lrigandr 0.05
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dmFudEn 1 uazdth 2 denlFluamiyaiat 539 3 uaeith 4 19 luausy
o1a1ing uaz 350 sl hawesiufivazinlsemalug In
ar <4 o o e o Vo ! : LY a
L aasianMuniiauuus Tuaagilneinya l9iannuniiavesiiiu laomsdy
= ~ 3 o < o 1 A A =y 1 o o
pmnms Inadviniivewiniu 6o gmnedsudies Annuwiian diniheihiudi
; S « P03 :
16 Tuad (Saybolt Universal Secondary, SUS) m3nailodl liminzdniiugatinams Tnam
v ¥ ¥
a1 32 il gihiutnasufidusmugudnma 0,0695 113 (1.77 fadums) anum 0.4823
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