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Abstract

The objcctive of this rescarch was to study the suitable conditions for producing
methy! cster from organic matter in crude glycerol. The organic matter raw material could be
scparatcd out from crude glycerol after converting soap to fatty acid by adding hydrochloric acid
solution to thc crude glycerol produced from the transesterification of palm stcarin and of uscd
cooking oil. Estcrification of the organic matter was carried out in a screw-capped bottlc with
sulfuric acid catalyst diluted in methanol. A few parameters were studied, namcly mass ratio of
rcactant to mcthanol (1:0.3 to 1:2), reaction temperature (70-90°C) and reaction time (1-3 hours)
when amount of the catalyst was fixed at 1% by weight. The optimum reaction condition was
later applied to operate a 40 liter batch reactor. The results trom Thin Layer Chromatography
(TLCY tcchnique showed that the organic matter from crude glycerol derived from the palm
stearin process had a free fatty acid content of 97%. The optimal conditions to csterify this
organic matter were a mass ratio of organic matter to methanol of 1:1.5, reaction tempcraturc of
80°C and reaction time of 1.5 hours. Average purity of methyl ester produced was 99.81% with
some trace of frec fatty acids and with the reaction yield of 94.12%. In addition, thc organic
matter from crude glycerol derived from the used cooking oil process had the lower frec fatty acid
content (29%) and the rest of composition was biodiesel. To esterify the organic matter from
crude glyccrol derived from the used cooking oil process, the optimal esterification conditions
were found to be a mass ratio of reactant to methanol of 1:0.5, reaction temperaturc of 70°C;
however, the optimum reaction time was the same at 1.5 hours. Under these conditions, 100%
purity of methyl ester (TLC technique) was produced with the reaction yicld of' 93.38%.
Properties of thc biodiesel produced were qualified according to Thai standard and ASTM D6751

for methyl cster.
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[-atty acid Systematic name Structurc’ Formula
Lauric Dodecanoic 12:0 C,.H,,0,
Myristic Tetradecanoic 14:0 C,H,,0,
Palmitic Hexadecanoic 16:0 C,H,.0.
Stearic Octadecanoic 18:0 CH, O,
Arachidic Eicosanoic 20:0 C,.H,,0,
Behenic Docosanoic 22:0 C,,H,0.
I.ignoceric Tetracosanoic 24:0 C,H,0.
Oleic cis-9-Octadecanoic 18:1 C:H,0,
l.inoleic cis-9,cis-12-Octadecadionoic 18:2 C,4H.,0,
[.inolenic cis-9,cis-12,cis-15-Octadccatrionic 18:3 C,H,,0,
Erucic cis-13-docosenoic 22:1 C,,H,.0,
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"‘\my‘fﬂnsn"lvﬁu 14:0 16:0 18:0 20:0 22:0 24:0 181 22:1 182 18:3
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13’11714;7?\\\ Yovaz Taotiiminvesnsaluiiy
vy 02 45 45 0 0 0 402 0 101 0
yiudn Tna 0o 12 2 0 0 0 45 0 41 0
vivudethe 0 28 1 0 0 0 13 0 58 0
iauEa 0 5 2 0 0 0 20 0 18 55
ihifudaas o 11 2 1 2 1 4 0o 32 I
viudersw 0 3 1 o o0 0 64 0 22 8
vihudevuesiu 0 6 3 0 o 0 17 0 74 0
yhiue 0 9 2 0 0 0 53 0 39 0
hiudamaes 0 12 3 0 0 0 23 0 5 6

31 Bamnwal (182 Sharma (2004)
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k4

Hiuny kinematic = Cetanc  Heating Cloud Pour Flash  Density
Viscosity no. value point  point  point (kg/)
a8 C (O Mg (O (O (0
(mmz/s)
iy 39.6 42.0 - 310 - 267 09180
it ne 34.9 37.6 39.5 -1 400 277 0.9095
ihudathe 33.5 41.8 39.5 17 -150 234 09148
viuuAuda 27.2 34.6 393 1.7 -150 241 09236
vhsudadem 39.6 41.8 39.8 128 <67 271 0.9026
ihudeusy 37.0 37.6 39.7 -39 -31.7 246 09115
i Eanuag u 339 37.1 39.6 72 -150 274 09161
i 35.5 40.2 39.3 39 -94 260 09144
i amdes 32.6 37.9 39.6 -39 -122 254 09138

71111 Barnwal 448 Sharma (2004)
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1.2 n3aluiiu (Fatty acid)
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(Hydrophobic intcr-action) (9108931 ¥UAN, 2537)
o o A @ Aa o a : Y] o - an o ‘'
nsa lviustadudmilTuasniigalwiniuhaufensamhatidniiey
Y £ LY =Y 1o @ . &
Uszmudovaz 37.9 D1 47.7 uaznia luiuytia lududamn (Polyunsaturated fatty acid) %9
1aun nsnlaTudsdn fifevaz 10.4 Ha 13.4 uaznsaueavh lalTudiiniidesas 0.1 61 0.6 (M3
B 4 o : @ S U o myd '
# 6) uonenduidiunsaluiuuds infuhdudaiduiliswsafami1d i ldun o
~A & 4 [ @ad o o o
T5uoua (Carotcnoid) uazInlmiMasea (Tocopherol) g1 FuilorunssudthIiudgniuda

s auesn1 IsAupunszanad (Maclellan, 1983)

a Iey e LY : as (S =
M3 6 WSunamazgamuiavesnsa lviiulwminiuhaulemdu

nsa laiy gANAUINAT 151
(O ITaITUd) (Fovazyensa luiiunann)

a83n (Lauric) 44.2 0.1-1.1

Tusa@n (Myristicy 52,0 0.9-1.4

11adian (Palmitic) 63.1 37.9-47.7

AV N (Stearic) 69.6 4.0-4.8

Totadn (Olcic) 13.4 40.7-43.9

lalu@dn (Linoleic)  -17.0 10.4-13.4

lalwiatin (Linolenic) -17.0 0.1-0.6

fu1: Meclellan (1983)
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Industry Fatty Acid Plant

Food paimitic acid palm (Elaeis guineensis)
stearic acid cocoa (Theobromua cacoa)
oleic acid Olive (Olea europaca L.)

canola (Bruassica napus)

linoleic acid Sunflower (Helianthus annuus)

corn (Zea may)

linolenic acid linden (Linum usitatissinum)

Soy becn (Glycine max)




Functional food

¥ - linoleic acid

evening primrose (Oenothera biennis)

Boragce (Borago officinalis L.)

Cosmetic

stearic acid

cocoa (Theobroma cacoa)

Fucl oil, Detcrgent, Soap

octanoic acid

Cuphea hookerina

capric acid

Cuphea paucipetala
california bay

(Umbellulariacalifioniaca)

lauric acid and

myristic acid

nutmeg (Myristica fragans) and

coconut (Cocos nucifera)

Plastic, Nylon, Resin

petroselinic acid

calendic acid

Coriandrum sativum L.
Carrot (Duacus carota L.)

Calendula officinalis

Color, Varnish, linoleum

linolenic acid

CL - linilenic acid

sunflower (Helianthus annuus)
corn (Zea may)

linden (Lintn usitatissimun)

Epoxy resin

vernolic acid

Vernonia anthelmintica

Enginc oil. Nylon

calendic acid

Calendula officinalis

Color, LLubricant

ricinoleic acid

castor( Ricinus communis)

Fnamel, Varnish

O - cleostearic acid

tung (Aleurites fordii)

Color. Ink. Enamel

QL - licanic acid

octicica (Ligcania rigida)

Enginc oil

eicosenaic acid

Meadowloam (Limnanthes douglasii)

Engine oil, Nylon

erucic acid

mustard (Brassica juncea)

rep seed (Brassica napus)

Enginc oil

nervonic acid

honesty (Lunaria annua)

1171 : Murphy (1994) uag Hills (2001) 813 1ag 1S wavlauas (2547)

1.2.2 19M3UANA2v84 1930 (Chemistry of Fat Splitting)
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RCOOCH, CH,OH
| I
RCOOCH + 3HO ——— RCOOH CHOH
| I
RCOOCH, CH,OH
Triglyceride water Fatty acids Glyccrine
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Limits
Properties
Minimum Maximum

1. Density at 15 °C, g/ml 0.875 0.90
2. Kinematic viscosity at 40 °C, mm'/s 3.500 5.00
3. Flash point (Pensky-Martens) , °C 100.0
4.Cold filter plugging point, °C

15 April — 30 September 0.00

I October - 15 November -10.00

16 November - 28 February -20.00

1 March - 14 April -10.00
5. Sulphur content, wt% 0.01
6. Carbon residue, w1% (10% Dislillation) 0.30
7. Cetane number 49.00
8. Ash, wt% 0.01
9. Water, mg/kg 300.00
10.Total dirt, mg/kg 20.00
11. Copper comosion for 3 h at 50°C 1.00
12. Neutralization number, mg KOH/g 0.50
13. Methanol, wt% 0.30
14. Monoglyceride, wt%: 0.80
15. Diglyceride, wt% 0.10
16. Triglyceride,wt% 0.10
17. Free glycerol, wt% 0.02
18. lodine number, g lodine/100g 115.00
19. Phosphorous, mg/kg 10.00




m3af 9 swaziBvateimuannuninluloRanuanasgu ASTM D675

Property method limits units
I‘lash point, closed cup D 93 130 min °c
Watcr and sediment D 2709 0.050max Y%volume
Kincmatics viscosity, 40° D 445 1.9-0.6 mm2/s
C |
Sulfated ash D 874 0.020 max wt.% J
B Total Sulfur D 5453 0.05max wt.% |
Cappcr strip corrosion D 130 No.3max
i Cctanc number D 613 47 min
- Cloud point D 2500 Report to °c
customer
Carbon residuc D 4530 0.050 max. wt.%
B Acid number D 664 0.8 max Mg KOH/g
_ Free glycerin D 6584 0.020 wi.%
Total glycerin D 6584 0.240 wt.%
Phosphorus D 4951 0.0010 wt.%
_wwt.% vacuum distillation D 1160 360 ° C max,at °c¢
end point 90% distilled
_ Storage stability To be To be determined To be determined
determined
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N.F1. 2548
S1NTS Jefinua ShsIgam Enaaey ¥
f wiaietine’3evaz lasimiin hidn 96.5 EN 14103
{Mcthyl Ester,% W1.)
2 AU o gangd 15°chlansyy | idindwos 860 ASTM D 1298
QNUIAALAS Tigend 900
(Density at 15 ‘C,kg/m")
3 Ammila w gungdl 40 ‘cudaland | luidndwaz 35 ASTM D 445
(Viscosity at 40 C.cSD) Tigend 5.0
4 g IWesruradua g 120 ASTM D 93
(Flash Point,"C)
s fuzdudevas lanimiin Tigand 0.0010 ASTM D 2622
{Sulphur, %WL)
6 nnddevaz lanmin Tigand 0.30 ASTM D 4530
ovaz 10 vosminfimBerinmisndu)
(Carbon Residuc, on 10% distillation
residuc,%W1.)
7 $MuFNU Taignn 51 ASTM D 613
(Cetanc Number)
8 rdamiadovaz Tanimiin Tigenn 0.02 ASTM D 874
(Sulfated Ash,%W?t)
9 virdeunz laviimin ligani 0.050 ASTM D 2709
(Water,2%Wt)
10 Fnhuileurmuatevas lnuimiin Tigand 0.0024 ASTM D 5452
(Total Contaminate,%Wt)
T N3 ANTBUUHUNBIUAY Tiganh | nuoav 1 ASTM D 130
(Copper Strip Corrosion)
12 wosamAsnstinlfisneendingu e 6 EN 14112
- Taisiandn
10 °c Halu
(Oxidation Stability at 110 “C,hours)
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Uit

0N derimun Snaqad naaey "
13 annihunse TadnfuldunmGon o 0.50 ASTM D 664
lensonlad/ny bigany
(Acid Value, mg KOH/g)
14 f1leledu nduleTedusioo niy Taigand 120 EN 14111
(lodinc Value, g lodine/100 g)
15 nsad luatinufiaeaaes Sevazlay Tigand 12,0 EN 14103
vimin
(Linolenic Acid Methyl Ester,%Wt)
16 umuea Jevnz Taetimiin Tigand 0.20 EN 14110
(Mcthanol,%Wt)
17 Ty Tunfiwels#ievaz Taothmin higand 0.80 EN 14105
(Monoglyceride,%Wt)
18 Yandirels#ievas Tnorimiin Tigend 020 EN 14105
(Diglyceride,%W1)
i Yasnaelsaevas Tanimin higand 0.20 EN 14105
(Triglyceride,%Wt)
20 nAiweIudasyevaz Tavimin Tigand 0.02 EN 14105
(Free glycerin, %Wt)
21 nrvesuianunievas laotimin higand 0.25 EN 14105
(Total glycerin,%Wt)
22 Tanznqu! (ImAouuas Idunedon) Tigend 5.0 EN 14108 uay
naansw/Alansy EN 14109
(Group | metals (Na+K)mg/kg) ‘lﬂiyﬂ’h 5.0 prEN 14534
Tanzngu 2 (waalFouuazuunilidow)
HadnsuAlansy
(Group Il metals (Ca+Mg) mg/kg)
23 veaeZadevas Tnntimin Tigand 0.0010 ASTM D 4951
(Phosphorus,%Wt)
24 msiduuse (@) T It 1S umustuseunnedudnsy
(Additive) JININANY
wnoivg " Sinadeuenldiituiifouniiily udlunsdifide 10ud 1R mualus waziBua
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Component % Areca
FFA (Free Fatty Acid) 28.83
ME ( Methyl Ester) 71K
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Free Fatty Acid
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AMwilszneuf 10 Wan13AATIEH TLC (Thin Layer Chromatograph) U939130UNIYNUYNIN

a o a. @ o PR
MandAeIDAYDINITUIUNTNI LA TRDTWIns U auafosu
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Component % Arca
FFA (Free Fatty Acid) 97.186
ME ( Methyl Ester ) 2.814

1.2 aandl
1.2.1  Methanol (CH,OH) 99.5% commercial grade
1.2.2  Ethanol (C,H,OH) 95% commercial grade
1.2.3  Sodium hydroxide (NaOH) 99% commercial Grade
1.2.4  Hydrochloric acid (HC1) 35% commercial grade
1.2.5  Sulfuric acid (H,SO,) 98% commercial grade
1.2.6  Phenolphthalein Indicator

1.2.7  Paraffin oil
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MATFIU ASTM D 6751 HAZUIATFIUYBINTUFININAINY

Biodiesel specification methy!l ester from
Organic phase of
Thai ASTM
Property Unit Test method Use
Standard D 6751 Palm
Cooking
Stearin
Oil
Ester Yowt TLC >96.5 - 99.81- 100
content
Watcr %%owt Karl Fischer 0.05 max 0.03 max 0.027 0.029
content
Density at kg/m" ASTM D4052 860-900 870-900 868 870
15°C
Viscosity at mm’/s ASTM D445 3.5-5.0 1.9-6.0 4.89 4.86
40'C
Flash point °’c ASTM D93 >120 >130 181 161
Cloud point | °C ASTM D2500 - 31012 12 8
Pour point °’c ASTM D97 - -1510 10 8 6
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5uAY 9.5 A lansuasuaaslunimilszneun 29 uazdretnisdulauaalluniaruIn v

CH,OH LOSS 0.492K

11,50, = 0.19Kg .
CHOH =9.5ke /l—.l\

Organic 19 Kg (Free Fatty acid £ 5.48 kg)

RCOOCH, + CH,0H 2 RCOOC CHOH =84kg

————— e ——— . .

Base on temp 70 ¢

~——
unknown = 0.28 kg

Mcthyl ester = 5.20 kg from esterification +

548 kg 0.608 kg 520Kg 0.37kg

Overall mass balance

Methyl ester = 13.52 kg trom Organic phase =

Methy! ester Total 18.72 kg

H.S0, = 0.19%g
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4.8 Mupumarsugmaninugndumswan
4.81 mIngavilinan
* Methanol (CH,OH) 99.5% commercial grade 19 Bath/Kg
* Sulfuric acid (H,S0O,) 98% commercial grade 8 Bath/Kg
* Hydrochloric acid (HCI) 35% commercial grade 13.43 Batl/Kg
* Sodium hydroxide (NaOH) 99% commercial Grade 19 Bath/Kg
4.8.2 szanamsdupdumswanlulemaa
vnmstmmnansiuiide 47 awsadsznunsdunuilflumswaawio-
tomans 4RI 17 20 woz 21 murilavesiagAuiildhiAsouassimdunuiagana
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MARUIN A

f}mauﬁa‘um Fatty Acid Lla¢ Fatty acid Methyl ester

M1519N 24 uamﬁ]mﬁnﬁa‘um Fatty Acid t46¥ Fatty acid Mcthylester

Chemical name Chemical M.W. M.P.

BPX C) Density’kg/H  Solubility

‘o
Methyl Olcate C,H, O, 29649  -19.9 218.5" 0.8739"  wl, c5.cths. chi3
Mcthyl linoleate  CH, 0,  294.48 -35 215" 0.08886"  cthd, c4
Methyl linolenate € H,,0,  292.46 - 182’ 0.8527" -
Methyl palmitate~~ C,H, 0,  270.46 30 417 0.8247"  wl, c4. cth3, aced
Mcthy! stearate CH,0, 298.51 39.1 443 0.8488™ cth4
Propienic acid C,HO, 74.08 -20.7 141.1 0.9930™ w5, ¢5, eth3. chi2
Malonic acid C,H,0, 10406  135de Sub 1.619" w4, c3, cth3, chi2
Caproic acid CH,;0, 116.16 -3 205.2 0.9274™ wl, el cth3, chl3
Pelargonic acid C,H,0, 158.24 12.3 254.5 0.9057™ wl, e3, cth3. chl3
Azclaic acid CH,0, 188.22 106.5 921 12257 w2, ¢3. ¢th2, b2
Mcthy! propionatc C,HQ, 88.11 -87.5 79.8 0.9150™ w2, e5. cthS acel
Dimethyl malonate  C,H, 0, 132.12 -61.9 1814 1.528™ w2, 5, cths, iced
Methy! caproate C,H, 0, 130.19 -41 149.5 0.8846™ Wi, cd.ethd, accd
Capric acid C,H,0, 17227 - 2135 0.8799"  wl, 3. cth3. etc2
Dimcthyl azclate C,H,0, 21628 - 156" 1.0082""  wl, 3, ace3. bz3

#ian CRC Handbook of Chemistry and physics (1995)
Meclting point (M.P.), Boiling point (B.P.), de = decomposes,
pressurc at which thc measurement was done
" temperature at which thc measurement was done
Solubility : ace = acetone, bz = benzene, c¢hl = chloroform, ctc = carbon tetrachloride,

cth = ethyl ether, ¢ = cthanol, w = water

1 = insoluble, 2 = slight soluble, 3= soluble, 4 = very soluble, 5 = miscible
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MANUIN 2

Qs ] a d' =3
faseana TLC uansesntszneulu mnaeames nean ldoinnszuaumsale

dfjnsaluuunz vina 40 dns

(Y 1 a a 4 a J
AIedlawamInaaswaninemnesnnanziminzanluyalfnsaiuuy

a o

a A Yas a aca a ° '3 a a
NZUYHIN 40 ammeﬂv INNAUADTITOUNIUNIULAND ‘Iﬂﬂi\lﬂm‘iﬂﬁ‘llﬂ41!1“1!1]12\110‘!918514

g
0.127

o
mvV
a
7
6
5
-
3
2
1
o
-1 — o A e . & cm— ——— — N
0.00 To.05 0.40 = 70'.45' )
Cafculation Method : Percent
Pecak- Ret.Time Pk.Start Pk.End Area Height Areat
.. _No (min) (min) (min) (mV)
1 0.127 0.102 0.165 9427 10.78 99.776
2 ) 0;260 0.252 0.267 21 0.07 0.224

9448 10.85 100.000

4' a d ar 1 :’ o
Mrdszneunss WAAA3II1EH TLC Tudee191isiu m



°
]
12
mv
10
[
6
J
4 /’
2 ” /
] / .
o |/ / b
N N8 . : .
oo oo0s o160  oa1s 0.20 0.25 0.30 " oas 0.40
Calculation Method : Percent
Peak- Rei‘..']‘ime Pk.Start Pk.End Area Height Area%
i No {min) (min) {min) (mV)
b 0.118 0.0%97 0.158 12143 13.38 99.810
2  0.238 0.233 0.247 23 0.09 0.190
12166 13.46 100.000
' v
1] =) a 4 1 s v o o
MAUIZNBUN34 WA UATIZH TLC IUAI8Y19UINU (2)
n
3
o
10 1
mv I
o
[}
-
2
° E o
L - Mt S . N
otoo o0s  o1a  oas 0.20 0.2s 0.30 035 0.40 0.45
Calculation Method : Percent
Peak- Ret . Time Pk.Start Pk.End Area Height Areat
No (min) (minﬁ) {min) (mV)_
1 0.045 0.027 0.082 9823 12.27 99,834
2 0.177 ~0.170 0.187 16 0.05 0.166
9839 12.32 100.000

~ a T4 a ] : a
ﬂ]Wﬂizﬂﬁ‘U‘Vﬁs HAAAT1EY TLC Gluﬂ')ﬂ(l‘lﬂu’ll]u 3)

0.45
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0.280
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T m—_— P duiuen . . LILITITTILLTT T,
0.00 0.05 0.10 0.15 0.20 0.26 0.30 0.35 0.40

Calculation Method : Percent

Peak— Ret.Time Pk.Start Pk.End Area Height Areca%

No __(min) = tmin) {min) (mv)
‘Vl w_~_(27_.098 0.068 0.137 14403 14.65 100.000
14403 14.65 100.9000

4 a 'd s [ ew Y
alszneunse nadnsizy TLC lualeu1aiiu (4)
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mv
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6
4
2
0 s 8
AN s s - .
000 oo0s o010 0.15 oz0 0.25 6030 0.35 “o40
|
Calculation Method : Percent
Peak- Ret . Time Pk.Start Pk.End Area Height Area$
_ No_ _(_lpj:n) (mip) (min} (mV)
1 0.058 0.032 0.102 15937 15.45 100.000
15937 15.45 100.000

audsznoun37 wadinsied TLC ludiegininiv (5)

3
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\50070
/
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3 : \
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: l'
' i
0 i
- .~_—~-—/—'—-——»-—----—L_\,___._~ S A e
0.00 0.05 0.10 015 oz 025 030 0.35 0.40
Calculation Method : Percent
Peak- Ret.Time Pk.Start Pk.End Area Height  Area$
No {min) L {min) {min) (mV)_V” _
¢
1 0.070 0.035  0.113 9802  8.05 100.000

9802 8.05 100.000
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