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Report title Study on the adsorption of the impurity in biodiesel

By Miss Jeerapa Varongsinghara
Miss Pattaraporn Lakthong

Advisor Dr. Pomnsawan Assawasangrat

Report for Bachelor Degree of Chemical Engineering

Department of Chemical Engineering, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang

Abstract

This research is concemed with the synthesis of magnesium silicate adsorbate, which is
used for adsorbing impurities in biodiesel. Magnesium silicate is prepared from sodium
metasilicate and magnesium nitrate by precipitation reaction at various concentrations. The result
shown that at 0.67 molar concentration of sodium metasilicate and 0.57 molar concentration of
magnesium nitrate, the highest mass of magnesium silicate is 4.5396 grams. Moreover, in the
study of physical and chemical properties of magnesium silicate using X-Ray Diffraction, it was
found that the adsorbate has amorphous crystallization. In addition, from the test of adsorbate
using X-Ray Fluorescence, we found that the ratio of magnesium and silicate in both element
form and element oxide form is the same at 1.02 : 1. After using synthesized and trade
magnesium silicate adsorbate and testing various components in biodiesel such as monoglyceride,
diglyceride, triglyceride, free glycerine, and total glycerine at standard condition. The ratio is 2.5
grams magnesium silicate and 100 milliliter biodiesel, we found that only free glycerine and total
glycerine were reduced. Using synthesized magnesium silicate adsorbate, they were reduced by
33.33 percent, but using trade magnesium silicate adsorbate, the figures were 66.67 percent for

free glycerine and 12.50 percent for total glycerine.
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2.1 n3A v (Fatty acid) [1,2]
o a adda o o Y e
nia lwhudumstlsznevaunidniimsveussasumeiuiduass  irsewy
o = ] LY ] o = ] = o
nsaluiniudase  diulngdonududnilsenovveslviunawsiianu lasndwe 154
[ 4 o oo o a ] 1
Woarendwalsd  lusssumainwunsa luiufiinumiveussasuiluiiugrenia
4 — 24 exmou MnuwNiSmumiveu 16 uaz 18 ezaeuligasnilife RCOOH
¥
11 2 Uszinaail
1 nsalyduduA (Saturated fatty acid)
LY i a8 o ' o e * v 1 aor
nia luliuf lwenoiinwendd  Bwymsuenddn (-COOH) 1 Wy wAveyiu
o o & J Aa e = 1 = v
laTasmsvounidlumenn Faihu'lalasmiveuniiudNuszinsiet e, (YU
¢ aa @ o ¢'; o : =)
nsalhduiidn (Palmitic) Himsueu 16 duilunsaludududnmnnitinnlussrunauazwy
Tusany
2)  nyaluiu1udua (Unsaterated fatty acid)

»
Qs sy (4

nrnluiufidfefuss@oanneWuseq Tnjauensdn (COOH) 1 mysvediu
leTasmiveufiinussgsnegdae erefidaud 1 Wuszq Gonnaluiulisudadader
2 Wuseginll GennsalufubisudauGedou Meiwuszglunsalviiudesegreiu 3
A0S ~CH-CH-CH-CH—CH- oo

foav1ania ludunnulusssumanaasfsasian 2.1

M990 2.1 @ret19nsa lviiunnulusssuea [3]

n3aluiiy gns dnunIsUeY e -
HATHESY

nantvfubui

N5A1IN3N (butyric acid) C,H,cooH 4:0 1y

N5AA1 IN3DN (caproic acid) C,H,,COOH 6:0 e sy
i

NIARINTAN (caprylic acid) C,H,,COOH 8:0 e vifuthdy
humndn

NSARINTN (capric acid) C,H,,COOH 10:0 i vinfunendn




M91an 2.1 aredensa luduiinulusssuena @o) [3]

n3a Tuily gns SnunIiueu uwasfing
uazAuEg
nsalwsiudui
ATATD3N (lauric acid) C,H,,COOH 12:0 lvdarnw
vz
n3a1d%an (plamitic acid) C,,H,,COOH 16:0 Tusiudaduaziy
nsamieSn (stearic acid) C,H,,CO0H 18:0 Tusiudauaziy
nsaltusiuhidusn
nialemdn (oleic acid) C,,H,,COOH 18:1 lududaiuas iy
N5AA lUadN (linoleic acid) C,,H,,COOH 18:2 Yhududa
A3ARA 1WIATIN (linolenic acid) C,,H,,COOH 18:3 riudathe
shiuAuda
309337 1ATiN C,,H,,COOH 20:4 Tuifudad




2.2 NAID3U (Glycerine) [4,5]
221  anumnuuazdszIAmsaunuedsesy
a = . o2 A & = - °
NOOTU  (Glycering) tIUNDATONUIN NADIOR (Glycerol) HUNBDITITININ
= a . e ) oA =
IndlenSnuoanosed (Polyhydric Alcohol) Hiigmsmanli CHo0, H¥omamiih
1,23-nsiwulnseen  (1,2,3-Propanetriol) hiueansaodniivyleasend 3 wy Higns

Tnsearsudndfagali 2.1

I-0-0-T
I-0-0-T
I-0-0-I

31 2.1 gasTassadnveanfizeiu (4,5]

nﬁtmﬂ?ugnﬁuwuﬂ%uﬁniuﬂ a.f. 1779 Tay Scheele B9180nIGATNMsRAmy
(Saponification) sen-nahithuuznon (Olive Oil) U Lead Oxide aowlull a.#. 1813
Chevreul Mawuhndeiuiludusenenluluiu - Fas) Tavegluplveandivesea-
(DAMNDT (Glycerol ester) ¥0N3A 13T (Fatty acids) 3918 d S0 “nBwesen” Sannndily
amninfifianumineh fisanau

ﬂﬁwa‘%ug\,n"l%'“lumeqﬂmﬁﬂsmr‘i‘luﬂ%y'auiﬂﬂlu‘i’] A.#. 1866 (il Alfred Noble 141
nswaalaunlun wieluTasnd@wesu (Nitroglycerine) JuszazusnnIsHaanareIuRanIIN
Avunzdad dmsugammariumsdannizinfreTuiiinnudwaunniiqa Ao n1swae
Taold Tnsmuitumsdsdu éagﬂﬁwu114i'u“lmhaﬂmuwmsmﬁ 1930 1A LG. Farben

Tulszimaeeniunaz Tasusinwad ludszmmansgomsSm

222  uENTAvYEINAINEIY
AMAUTTAN NN
¥
o = =}
Auvesuvadla nila Usaunu azaiwazueanseoa lan asnielaantiesly
- A I'd - rd ] el ]
Taenadines whawames uaz lassnwy Wazaiwlu'lalasarsuou usanoaodnil lxen)
: a = o o @ o = ad L o o a’: = a R
idunnivuazdad danihazasduniddszmnmalany wu aaelsesy aulundmesiuis
@ o ﬂ. o = ] YN -
Wudwhazaeiiils lomideasnaorin  wassmguauiansmenwenfmesen
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A13190 2.2 ﬂmﬂuﬁﬁmamummmnﬁwamﬁ (4]

Property Value

mp, °C 18.17
bp, °C

at 101.3 kPa' 290
sp gr, 25/25°C

in vacuum 1.2617

100% glycerol in air 1.2620

N 1.47399

b
vapor pressure, Pa

at 50°C 0.33
at 100°C 26
viscosity at 20°C, mPa.s(=cP) 1499

heat of vaporization, J/mol’

at 55°C 88.12
at 195°C 76.02
Heat of solution to infinite dilution, kJ/mol’ 5.778
Heat of formation, kJ/mol’ 667.8
Thermal conductivity, W/(m.K) 0.28
Fire point, °C 204
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2.3 nawe 156 (Glyeeride) [6,7]
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—_OH i
HyO HC-0-C-R, | o %
HL-CH H,C-OH H,C-0-C-Ry
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APV GRE 0.918 572 39,350
NN 0.918 60 39,490
YEHIN 0.915 51.9 37,540
WeGLE! 0914 67.1 39,470
1hdu 0.898 88.6 39,550
o o
waalulhdy 0.904 66.3 39,720
o3 te 2 389
AR 0915 36.9 39,000
Y
Tufa 0.845 3.8 46,800
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C11:0 C14:0 C15:0 C18:0 C18:1 C18:2 C18:3
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13 du 14.1-21.0 ND-0.5 0.5-2.0 39.3-47.5 3.5-6.0 36.0-44.0 9.0-12.0 ND-0.5
¥ -
Wi e Tofu > 56 0.1-0.5 0.5-1.5 3%8.0-43.5 3.5-5.0 39,8-46.0 10.0-13.5 ND-0.6
» Sae”
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- U
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L4 & o 2
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» [
WJasfudmfeg 124-13% ND-0.1 ND-0.2 £.0-13.5 2.0-5.4 17.7-28.0 49.8-59.0 5.0-11
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* 11342: Codex Alimentarius Commission, FAO/WHO, August 2000, ND: Taiwy
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ROCOR'
Hzﬁ‘“ OCOR’ cataks! - H:"{--OH
HC—QCOR" = 3 ROH  geemn ROCOR" -  HC~OH
l - i
H‘_:JC "OCOR" ROCOR" HIC"OH
triglyceride alcohol mixture of alkyl glycerol
esters
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catalyst

TG+ROH < — DG + Bio (2.1
catalyst

DG + ROH <+ MG + Bio 2.2
catalyst

MG+ROH  * - GL+Bio (2.3)
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O O
| Heat | .
R-COH + NaOH ——+ R-C-ONa' + HO (24)
Free Fatty Acid  Alkali salt Water
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Ester Allealy Salt
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2.9 QA [1]
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2.10 ﬂﬂiﬂﬁuﬂnﬂﬂmiﬂﬂfﬂ (Factor affecting adsorption) [24,25,27]
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2.11 F8nHaA (Silica Gel ) [31]
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Trade name/ Synonym Silica gel
Molecular weight 60.08

Boiling point 2230 °C

Melting point 1610 °C
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anududuieg
ANUTHTH (M) WFnpsasazarw (ml)
Na,Si0, Mg(NO,), Na,Si0, Mg(NO,),
0.33 0.30 150 130
0.50 0.44 100 90
0.60 0.52 83.33 76.67
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1309 MruadduazIazaua Vel lulafiwalssinnuiiaomasiveansa luliu

N.f. 2548
50073 Jofimun Sas e Fonaeev 1/

1 | witaeaned, Yevaz lanimiin Tighnd 96.5 EN 14103
(Methyl Ester, % wt. )

2 AU & quUgH 15°%, g 860 ASTM D 1298
flanfugnnafiuas uay
(Density at 15°C , kg/m’) higsni 900

3 | mwnile w qungil 40, sudn land Taidhnn 3.5 ASTM D 445
(Viscosity at 40°C, ¢St ) ung

Nigani 5.0

a | ', esriwaiFen g 120 ASTM D 93
(Flash Point, °C)

5 | ey, fevnzlamimmin ligandy | 0.0010 | ASTM D 2622
(Sulphur, %wt.)

6 | mndn, JeunzTaeimin Nigandi 030 | ASTM D 4530
Gevnz 10 voanniimFevinnrandu)
{Carbon Residue, on 10 %distillation residue, %wt.)

7| dwudou hidin 51 ASTM D 613
(Cetane Number)

g | i, JevnzTaoimin ligand 0.02 ASTM D 874
(Sulfated Ash, %wt.)

o | 1, Zovaz Tnmimin higanh 0.050 | ASTM D2709
(Water, %wt.)

10 | Aahudlorsimun, ovnzTamimin Nigandr | 00024 | ASTM D 5452
(Total Contaminate, %owt.)

11 | MSfANTOUNNUNBAY Nigandr | vuwav1 | ASTM D 130
{(Copper Strip Corrosion)

12 | wdesnmdAsmImalnsuieendiatu s Tidni 6 EN 14112
ungi 110 esruaiFod, §2Tae
(Oxidation Stability at 110°C, hours)
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50013 dofimua Snsgad Finanew 1/

13| mendunsa, higanh 0.05 ASTM D 664
faansulvunendoulenson ladniy
(Acid Value , mg KOH/g)

14 | mleledu, nfuleTedus100 niu higanda 120 EN 14111
(Todine Value, g Iodine/100 g)

15 nind Tuniinufiaeaaes, Zounz Tamimin higanh 12.0 EN 14103
(Linolenic Acid Methy! Ester, %wt.)

16 | amuen, JevazTaimin higan 0.20 EN 14110
{Methanol, %wt.)

17 | TuTundiwe s, Javas Tnmimiin ligand 0.08 EN 14105
(Monoglyceride, %wt.)

18 | landuelsd JovazTamimiin ligand 0.20 EN 14105
(Diglyceride, %wt.)

19 | lasn@iwelsd, Jovaz laminnin higanih 0.20 EN 14105
(Triglyceride, %wt.)

20 | ndweSudesz, Jovas Tnctimiin higan 0.02 EN 14105
(Free glycerin, %wt)

21 | ndmeiuimun, fevarTamimnin Nigann 0.25 EN 14105
(Total glycerin, %wt.)

22 | Tanzngu 1 (Imbonuas Talunaion), laigandh 5.0 EN 14108 4182
HaaniwAlaniy EN 14109
{Group I metals (Na+K) mg/kg )
Tansndu 2 (unadsunazuuniiidos), iganh 5.0 EN 14538
fiaaniw/nlaniuy ’
{Group 1I metals (Ca+Mg) mg/kg)

23 | eaesa, Jevaz Tavimin ligandr | 00010 | ASTM D 4951
{Phosphorus, %uwt.)

24 | esiduusa (i) Wit Wi 185 uamuiurensin
(Additive) BTLANTUTININATIM
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