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White Precipitation above Cloud Point in Biodiesel
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1 Tasuileaunsuannnisiesest (a) SG-STD, (b) P-Cake, (c) Washed-P lag
(d) Bag-Res #1781 GC-FID; 14 Tricaprin 1y internal standard (ISTD)
42 dvSwavesgampiififiemsiienznay  Tnsunlnunsuannmsiiase (@) CSP-23
uae (b) CSP-32 pitl GC-FID; 14 Tricaprin 1Ju internal standard (ISTD)
4.3 (a) LLﬁmLLmaLUﬂm%’mmﬁﬂﬁwu‘lugﬂﬁ 4.1 faan 27.02 Wit Tneadanduduuy
LARSHANTIATIZI SG-STD UaraiUansuiuaILARnIHan1TIATIZY Washed-P
4.3 (b) uamnaaAnsuvsinimuluguil 4.1 faan 27.11 wit - Tneaaeduduuy
WARINANITIATIEN SG-STD UazaUAnSUAUANLARINANITIATIZY Washed-P
4.3 (0) wamungaansuvosiadinuluguil 4.1 faan 27.36 vt Taeaanduduuy
WARIHANTIATIEA SG-STD UavaUansuMuaauwanItanisimsei Washed-P
4.4  uans FT-IR alAnsuves (a) Washed-P wag (b) SG-STD
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2.1 nquijiinedas

ulefealdannsdnhtunnfiudedniBaiumsussinlnsndieslss (triglyceride; TG)
e msudieameiiiady  (transesterifcation) wWasugUuasUszneusafaioamedues
nsalusfu (fatty acid alkyl ester; FAAE) Ifndiwoson (glycerol; G) ilunanfaeidnades Tnevilues
Wamueanseiemueaumsguiiten uaslimsavaeludonlensenled Wudussiiser Sola

asUszneuiiaeanesuosnsalutu (fatty acid methyl ester; FAME) vioansusenauiefiaiad

wiasuaensalusiu (fatty acid ethyl ester; FAEE) iundnsos:

TG +3MeOH & 3 FAME + G
v
vimsiufisenddsuzulasndivelsd  lulefweilderddaovumanliTundioslsd, landieelsd,
nilesu swﬂg\aﬁuiwﬁﬁ?magﬁw ewitluneTasdonilifiuuigvsgetuauiviunuiaievy
A HUNRUSNASTINAINAS19T 2.1 Bermunlnensensamdeny ddunssurunssaslaerily
zﬁwmswanﬁlﬁmnmi‘v‘h‘uﬁﬁ%mmmémama‘%Wm‘fs’umﬁv’aﬁq WiAansusntureandiveduivlule

foa snduhsululefgaildludaiifeidndideufase)
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2.2 MuIeiiNglT99

Lee wazAme (1] S1891udausUssanasd 2005 L%T'mﬁmswumsqmﬁu (filter clogging) ¥®4
thifufliwanas B20 Mdluamigeninuasglsy fadddufivanan 820 dldanlulediaa (8100) 7
HIULNASEIY BLOO - ASTM D 67512 Tnenualtiinisiiin filter clogging vaeinsfufiwanay 820 Tl
aunsavhnglingaandiiieatunsinafioumgisn (cold-flow properties 18 cloud point,
cold filter plugging point) wrUseiliulaan Filter Blocking Tendency Test (FBT) ANNINTFIU
ASTM Method D2068 uagfawuinnisiia filter clogeing Lﬁ'wifaaﬁUﬂﬁﬁ@g’m@dﬂﬁﬁm'Jn steryl
slucosides (SGs) wazaywusluthiiuity suunfensmariiozeglugy acylated SGs uavavansldn

9\

€

Tudhsiufte wiiilerutunausagg lunszuauniswanlulediwaasmdaiiosiudousuidu non-
acylated SGs

U39 Archer Daniels Midland Co. (ADM) as3awunisfiegues SGs lusheenslulefioauas
Thifufiwanaueagudn ses Sdwiilaudirunisivaveslulefwauasihifuiivanauutas wai
m31e SGs - Tyanaeuinage (240°0) lagaelululofiwauasiuiivana uwAinssweglulule
AeuazhifufivanalusUoynavesudamunidn (10-15 micron)  uenani sGs Yswnandntos
(<100 ppm) AvlAiAn cloud-like haze ’Luluiaﬁwjalﬁuﬁﬁqmmﬁﬁm wag SGs dansgdulviinnis
swdwFennudnvosasifedueindulululefivadie edilulofivaiid s6s  1Fovuieliidy
waunleiliiiansanazneuifunisue

Moreau uagane (2] Yingnoudiiuldandiumeg vesgunsallulssaundnlulofien uasds
ussysgmisdumaulunsuds mﬁnmamﬂ’ﬁ@hmﬂ%ﬁLﬂiﬁw“[ﬂim‘lmﬂs'}waammﬂizﬁw%mwgq
Wag mass spectrometry wudﬁﬁaaa’wmsnaummﬁﬁaunnﬁaae}wﬁ SGs 1HupeAUszneundn (fou
az 68 Tngvhuiln) wasdl monoacylglycerols fiu diacylglycerols sasegfiag

Tang uazAn [3] Anwidvanavesgmugifiinemsiianzneulurhiufioand wuinUsine
Yaanenouiiintusy cold soak temperature, cold soak time tazdoravvaslulofiwaiilduay

nsfnyvsingmsainsiiengneuiinandndngfinsanlulefiwaiindnoninduduvios

o
a a a

1 o o Y a v3 o & & & a a ] of
\Wuninidesnnansgasnuasylsvldiuduvienlutngivndnlunswanlulefioa  dewle

%

Tang uaganse [3] Anwrdsngnisalisndnlaeldlulefiwainananningivsedafufonuiusuna

[ a

o a a Q’! e/ a < %; o o o s a =l ¥
(513ﬂEJ“LWILﬂﬂEN“U‘L!ﬂ‘U‘U‘UﬂTI?NW‘UU']&JUV]U']QJ']I‘UL?JU'JmﬂﬂUIur]'ﬁNﬁm‘l‘UIE]ﬂL‘Uaﬂ’Jﬂ

9
[

HansANwalURvenz neufluazaneluisiufisanaundeitunisyvin cold soaking 91 4°C
Vot Tang  wasAois [4]  uanvimgnoudinluihdufisanauiindnendtuududaunauan

- monoacylglycerols LagUluauasnznauiiinfiunninlulefwadindmnaniuiudndes wona
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MIANI0 Hoed waymue [5] wag Bondioli wazmmuy (6] LLﬂﬂ\ﬂ']ﬂ’ﬁLﬂﬂCﬂ%ﬂ@u‘U’l'ﬂu‘l‘UIaﬁL‘Uﬂ‘ﬂ

ranINUENTITUARN SGs
nndEiRduih limnuhamgnsiiansneurilululefiwauenanasiutvaines
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3.1 g15nduazAiagig

3.1.1 gr5tad

asiiflilumsiieseaiusalasninngn e sterly glucosides (> 98%) 910 Matreya
LLC, heptadecanoic acid methyl ester, N-Methyl-N-trimethy!silytrifluoroacetamide (MSTFA; GC
derivatization grade), 1, 2, 4-butanetriol, tricaprin, glycerin, monoolein, 1, 3-diolein and triolein
N Sigma-Aldrich Inc., heptane (AR grade) 911 Fisher Chemical and pyridine (AR grade) 910
RCI Labscan Limited

v
° =

mvhaganeldlunsisanans loiun hexane, acetone and methanol WNSANISAN

'
Y Qs

maadunld 1eun Magnesol® (D60; The Dallas Group of America)

Y

3.1.2 fa9¢19
61"3@Emﬁ'lﬂumsmaamﬁam%mmeaqnmﬁﬂmnau‘mﬁ 6 vila leiun PO-B100, P-Cake,
Washed-P, Bag-Res, CSP-23 and CSP-32 lnefifianuasieniswdousss
- PO-B100 fi® iuiaﬁwaﬁlﬁﬁnnismuwﬁmluiaﬁvzmﬁwﬁwﬁuﬂwéuLLaswawaaﬂlﬁmn
msnduhifudy Jutngiu degludszmelng
- P-Cake o Winfildnnnsnsesvesnaufudasululofiaa Fevasmauussnaudiely
Tofwauazneneuftliazanelululefiaa
- Washed-P Ao a5fil#nnnsin P-Cake udednieuuesnag hexane, acetone
e methanol
- Bag-Res A ‘uaqwauﬁﬁulﬁmnqaniaaluia?1Lmaﬂf?uqmﬁﬁadawﬁuinusmnﬁwﬁu
- CSP-23 Ao fethemsnaudhiuled 23 °C nthdudiiiunisi Cold-Soaking i 4
°C w1 24 Falug ,
- CSP-32 Al fhedamenauAuled 32 °C nihsfuiiiiunnsyin Cold-Soaking 71 4

°C yu 24 falug



lumsneasaieAnudvnavesansdeuuiiinessesianisifnsnoy waziafesnwvedly
Tofwa avldthetrdlulefwaidusinm sG wagansnqundiwelsnsneiu 1oun SG(0)-B100, SG(110)-
B100, SG(0)-B100L ag SG(110)-B100L Tae “B100L” wured IUT,amwawuﬂsmmmﬁmaﬂunau
nwelsdii uasiiarlueSeamnsaudunds s wineiinutudures SG ululefiwa wiedy

ppm

3.2 35A5184

3.2.1 arsUsenauiniiatodinasvansalysiy
nﬁ’sl,ﬂswwﬂimmmiﬂixﬂauLuﬁmaamai'fuaaﬂimimﬂuiuluiaﬁLma Mlagld3 At munniy

umsg EN14103:2003 liaSertinsieviufalasulans oy FID (GC-17A; Shimadzw)  nadunid
14 Ala FAME-WAX capillary column (30 m in length, 0.25 mm in internal diameter, 0.25 pm in

film thickness; Restek) waglddi@aanduniana

3.2.2 dudavulululafiva
Meeivsndadavusinan nfiwedu, Wlundiwelss, landiwelsd, Tnsndwelsd uay

awmedanglaledlululodiva vilagliAsTiduUasannanasgiu ASTM D6584 TneldipSasdinseiuia
thsulans Wuuy FID (GC-2010Plus; Shimadzu)  modnifild fie ZB-5HT capilary column (20 m
in length, 0.32 mm in internal diameter, 0.1 um in film thickness; Phenomenex)  wazlddi8ey

WuwAan

3.2.3 N15v/sFasduse snavlngufialasurlansinuuy Ms
msUstaiinesdusenauvos Washed-p WaEITNINIZIU SG (SG-STD) fae MS vilneldssn
AALUAIINNINTEIY  ASTM  D6584 TneldieSoshiasziufalasunlansy (6890N;  Agilent
Technologies) firioriu Mass Spectrometer (5973Network Mass Selective Detector; Agilent
Technologies) Aeduild Ao DB- 5 capillary column (30 m in length, 0.25 mm in internal
diameter, 0.25 um in film thickness; Phenomenex) wagldgideuduniamn nMsiaTeivilagly

Inun Electron Impact (EI mode) uasaunuan m/z §us 50 — 500

3.2.4 n1svsPasAasenavlng FT-IR
MIvRrinesriusenauves Washed-P uay SG-STD mewmada FTR vlagldiedes FIIR

(IRPrestige-21; Shimadzu) ﬁﬁiaﬁ’uqﬁnsfﬁm%mwu single reflection attenuated total reflectance
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a‘ o’ < -] Qs 1 <
(MIRacle ATR; PIKE Technologies, Inc.) AMTALUUREN ZnSe YNNTATITIAAINITAANG ULE

lu%29 4000-650 cm ™ yn 4 cm”

3.3 nIgadu

msgeduiieidnameianglaludlululefion vilaslulefwauasigedu Magnesol $oe
ag 0.1 Tnenhwidn Tdasluriaguaugauin 125 ml uazthllwegideanudaseu 210 rpm lua3es
e (4000ic; 1KA) 71 65 °C Wuim 6 Hilus wazfufeduhiuiounazvdinisgeduiiiethly

Arssimusnuamesanglaleddedsluinde 3.2.2

3.4 NISNAFDULHDESNINW

uloMwaiifessussnousaiu 1hud SG(0)-8100, SG(110)-8100, SG(0)-B100L waz SG(110)-
B100L gniiwmedeuiadiesmmiuIeuiisuiu Tnstmungamgilunsvnasunsi 3 gamndl Ae 20,

23 {lag 32 °C
minadeuediesnmvedlulefiea vhlnuthlulofieauldvin wagssiidlinaamndfirmus

nntudunanisiiaesnauuTiagiueinyn 30 Wi uasduiinuaiisuiiusenou
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NANISNAARILAZIRIT

4.1 99AUSENBUYRIA1RES

lulefausenaumeansUseneuiaeamedvensaluiy (FAMEs) Sovas 98.5 Tnevwiin
wazdadeuu Wun ndlwedu (), lilunfieelss (MG), landiwslss (D6) waslnsndlealsd (TG) Sou
av 0020, 0.70, 0.18 wag 0.02 lowthwnin musi Fadulumadermuaronsensmssny
(579l 2.1) Kansnsiviinuanesanglnludnupiduduvesaneianglnledlululafiva
3F1 110 ppm %ﬂLﬁaLU%EJULﬁauﬂ%mmaaama‘%angiﬂlqm'ﬁ’w‘%mmﬁaL%aﬂu'«i’qwanmsﬂ'ssnaunﬁ
walsd asfiuinameanglaleddudauievuiifivinaesnnlululediea

Lﬁaqmnwamiﬁnmmqngmszﬁmstﬁmmsnaum’rﬁqmwgmné’gwuan‘lﬂu‘laﬁwawmwﬁﬂ
dnldfeaquisdiniusiunsiioguesdadovusman Tlundivelsd, landiwelsd, Tnsnfiwelse uae
awoiangleles Seornduiflesesnguiemvionmenduuuiu fduilummiteiFasfnsumsh
4 nguiinanunfundn

guﬁ 4.1 UWaAINANTUATIEN SG-STD, P-Cake, Washed-P uay Bag-Res felaSesiinsizy
ufalasulansuuy FID- Tasunlaunsy () 984 SG-STD LARIIAYDIENSUINTEIY tricaprin Tiaan
23.70 ¥l uer campesteryl glucoside, stigmasteryl glucoside, B-sitosteryl glucsoside v
27.02, 27.11, 27.36 W1¥i MuEIAU _

dlefimsonlasunlannsu (b) ves P-Cake sznunguitrunlvg) 2 ngu Tutianan 11.68 -
13.90 uay 26.94 - 27.44 w1l nuusnABRATIIISNGY FAME uaznguit 2 \ufinvesansnduaine
%aﬂfﬁfﬂ,%ﬁ (campesteryl glucoside, stigmasteryl glucoside, B-sitosteryl glucsoside) uanmnﬁé’q
~wultrsuadnlugas 14.70 - 19.80 Wit Gudushumlsvesansnaulalundigelsd  willdwuiiely
Panadadudumimedandiolsduarlnsniwelsd  ddulu P-Cake Sefiensihifussdusznan
véneg 2 ngu Ao anedanglaled uas FAME Aliaunsaueneensinaznauvendald  ueneini
mavianadnseiuansiily P-Cake fiasnduawmedanglaludogiorns 13.3 Tasthmin e
Rsandndiuuinnm FAMEs sie MG Tu PO-B100 fudmduu3una SG #e MG lu P-Cake a135a
Snseildinlilundwelsdfinsranuly P-Cake Lﬁuaaﬁﬂssnawaammﬁazmaagﬂu FAME sl

< o & a L= -1 (3 o Y v g <
VBDILLU ﬂﬁUUﬁLﬁ@iﬂﬂQIﬂl%ﬂﬂﬂUJUBQﬂU?Sﬂ@UWﬁﬂ%@QW%ﬂ@ﬂﬂﬂﬂﬁLﬂUlUI@ﬂL%ﬁ
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lasunlaunsy (o) ¥89 Washed-P fidnwazadeiulasuilounsy (a) ves STD-5G fe fifaly
fa3m 26,90 - 2743 wiit Fadufiavesansnguaimeianglaled ffudsagUlii Washed-P &
29AUSENOU 3 ¥R Ao campesteryl glucoside, stigmasteryl glucoside Wag B-sitosteryl glucoside
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SUT 4.2 uandasuilaunsumes CSP-23 upy CSP-32 ddlfmnmsinseidnemadaufalns
ulanamiuuy FID 9ntasunlaunsuasiiuinly CSP-23 uay CSP-32 flawmeianglalasuazansnay
wiaamefvesnsaluiulussiusenoundn Mulunfwelsdifouuluviinudosin uagliwuans
neulanfiwelsd uaglnsndwelsd  nansliassiiiifadreiunsdives P-Cake uas Bag-Res Sy
ilulundivelsidwoudesinsranulu csp-23 uay CSP-32 iazndulilunduwelsd@asasadlu
witaeamesvesnsaluiu lllvdwidurenddunsnoy  RefuFsatimeneuilianduluguiuly
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4.2 nMsusdvinvasduldedulunznou

nsustrlinuesdadevuiivhlmninmsanasnaulululefwa vlaednseiuSeuifieunznay

firinunsihe (Washed-P) fuansunnsgiuvesainelanglales (SG-STD) faewnafin GC-MS uae FT-IR

4.2.1 6an153asiIevine GC-MS

UM 4.3 (), (b) uaw (c) uamunsaUnnsuvesiiadinuluguil 4.1 faan 27.02, 27.11 uay
27.36 Wil mudeu TeeauaniumMuULLERINaNITIATIEE SG-STD waralansuduanuansNa
MIATIEA Washed-P azifiudnaluaniuues SG-STD Way Washed-P Sdnwaizadnefusin @1unse
ayllidnduaseliafiedtu Tne m/z ratio wiiiu 361, 217 way 147 Husyus tetratrimethylsilyl
(TMS) ¥84 glucose fragment [7, 8] wag m/z ratio iy 383, 395 waz 397 Wuoyus TMS veq
campesterol, stigmasterol wag Bsitosterol fragment suasiu [2, 5, 7-8] Femsnvaansuil
Fumdaananlufimdunisuesiilunsnen campesterol glucoside, stigmasterol glucoside uay

Bsitosterol glucoside 1uasAusenay

4.2.2 Han153iAs1%in e FT-IR

guﬁ 4.6 UAMINANTTIATIZN Washed-P uag SG-STD sewnafia FT-R Ssaiiuiiadandud
pannsiasizd Washed-P ey SG-STD fdnwusiauadiefiuwn Imamﬁ’a‘ﬁaganﬁﬂﬁ?ﬁmwm
maaﬁﬂlumamﬁ%’aﬁﬁéﬁsmul”i [3, 4,6, 9, 10] mmmaqﬂlﬁoﬁ’aﬁ Ao alUanfusidosanfinyLn
Inguasn$revesngu OH Fisumtis 3400 em”, msfuuuvainasualiaanasves CH, 7 2935
uay 2871 cm-1, NMSAULUUIDUBY CH, uge CH, 71 1464, 1446, 1381 uay 1370 cm* uagmsdumes
niu C-O lutas 1185-1000 em™  usiliwufnvesnisduveangy C=0 Fauamensilegueanguiudia
wawas, Wlundiwelse, landiwelss wavlnsndwelss maniTinsieiuandiifiuiiesdusenauasg

Washed-P Lag SG-STD fiWuseiniinaslassasianiiousy

wamsnnaedluiato 4.1 - 4.3 uandiiduhlululefwaiindnanunduhsuifamunmen
nainusasguludeinunveinssnnmdsny fRadevumnlilundioelsd, landeelsduaslng
nfwelsnlussiuiiginindadevumnametangleles  usidesnesdiuseneufinsenuly P-Cake,
Bag-Res, CSP-32 uay CSP-23 duilvgjiluawmeianglaled uaslilulunfivelsd, lanfiwelsd uazlng
niwelsdifosann Feaguldhneaneeneulululefeaiindnanundimivuiigaumaiindyavuenuay
figamgiviesdaufinssninenszurunmandauaynisiy flenwmnanawesangialed lildlulundive

150, landwelsduaglnsndwelse
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4.3 Aruduiusszninediunuaneianglalediuiativinwvadlulefea

INT1971 1 wamedviswavesdaiovusmaniulundiuelss, Tandwelsd, lasnfwelsd wazawme
sanglaled Aewafiosnwveslulofuasswitnsifuilgamndsneg  maiululefiea SG(110)-8100
uay SG(l10)—BlOOLv%GL%UIUI@EL‘UaﬁﬁﬂLm@%aﬂﬁﬂﬂ‘l"vﬁ 110 ppm V3lgamgfi 20, 23 and 32 °C 9¢
vhliAnznoudumely 3.5, 4 uaz 10 Falue mudidu usidmiululediwadilifiawmesanglelus
SG(0)-B100 uaw SG(0)-8100L vxlsiiAnnznavuduudiaandilugs 24 d4luq Foueaguldhmsiin

v ¢

nzneullaudiiusiunisiioguesaimeianglelesd wasumnvedlulundwelsd, landwelss, las
ndwelsaludrsivinsfinuilidmwadiensanagnavlululofaa Jsaonndestunansnaasduide
4.1 hay 4.2

Wesnngamafiviesessavdlng visogumpiluaensudalulssomily fdnadennni
viawhiy 32 °C - Jevinsvedeuiadesamveslulofwadleiulsa 32 oc TnewSeudisunsdllule
Awailsannisdn (ngldrunisusuaningae Magnesol: Fresh) uaglulefigaiiniumsusuanin
#78 Magnesol (Treated) %ﬂﬁmmL*ﬂ'm’fumaqama%angiﬂlmﬁ 110 wag 20 ppm sudsu wunldng
fapsed 2 Aelulediwaitliiumsyuanmgae Magnesol azmnaeneudumely 1 u wilule

AlwafikuN1sUSUanIMA28 Magnesol wlawelanglalys 20 ppm wlinnnznauusiaisliuy

A1 60 Ju
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*

Minor component Precipitation time [h]
MG DG TG SG
20°C | 23°C | 32°C

[96wit] | [%wt] | [%wt] | [ppm]
SG(0)-8100 ' 0 > 24

0.70 | 0.18 | 0.02
SG(110)-B100 110 3.5 4 10
SG(0)-B100L 0 >24h

0.10 | 0.00 | 0.01
SG(110)-B100L 110 S5 4 10

A15199 4.2 mwé’uﬁ’uﬁ‘iwdwﬂ?mmama%aﬂg‘[ﬂlszjﬁﬁ’mwmaﬁﬁﬁﬂﬁlﬂaﬁwamnmnawﬁaLﬁ‘u
147 32 oC T,ﬂEJLfJumsLU'%aULﬁa‘uﬂizﬁluiaﬁLﬂvaﬁlu'muLLawhumi@ﬂ%’U

Unit Fresh Treated
SG content (ppm] 110 20
Precipitation time [day] 1 > 60
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Nomenclature

Wsg weight of steryl glucosides (pg)
Asg area under the peaks of steryl glucosides (uV s)

Aistp2  area under the peak of tricaprin (uV s)

customers. In Thailand, even biodiesel producers have included
this procedure in their processes and the government also set the
goal to commercialize B10, petroleum diesel blending with 10%
of PO-B100, over the whole country within 2012, this goal was
not successfully implemented. This is resulted from the occurrence
of gradual formation of this precipitate. Therefore, the regulation
used at present controls the amount of PO-B100 that can be
blended with petroleum diesel to be not more than 5%. To
overcome this limitation, it is necessary to develop an economical
process for preventing this precipitate formation. The main compo-
nent that causes this problem under Thailand's climate condition
has to be clarified to accomplish this goal.

Precipitation in B100 meeting ASTM D 6751 and B20 made from
biodiesel meeting ASTM D 6751 has been reported since 2006 in
North America, where soybean oil is mainly used as a feedstock
for biodiesel production [1]. This precipitation occurs above cloud
point (CP) of B100 leading to filter plugging in vehicle engines.
Moreover, precipitation occurrence cannot be predicted by cold
flow properties of B100 or B20. Archer Daniels Midland Co.
(ADM) found that this phenomenon closely related to the presence
of steryl glucosides (SG) in biodiesel [1]. Steryl glucosides gradually
agglomerated and formed cloud like small particles, due to its low
solubility in biodiesel, even in B100 with SG concentration as low
as 35 ppm.

Naturally, plant oils contain several types of steryl glucoside
(SG) and acylated steryl glucoside (ASG) with different amounts
[2]. During transesterification in biodiesel production, ASG is con-
verted to SG. Therefore, the amount of SG in biodiesel increases
and may be higher than that of the originated oil. Depending on
plant oil, oil refinery process and biodiesel production process,
the amount of SG varies from several ppm to several thousands
ppm [3.4].

Monoglycerides (MG) and diglycerides (DG) may cause precip-
itation in biodiesel from other sources such as soybean oil, canola
oil and cotton seed oil [5-10]. Moreau et al. [5] analysed the pre-
cipitates collected from various equipments in biodiesel supply
chain and found that some samples consisted of monoglycerides
and diglycerides without stery! glucosides. They claimed that the

samples used in their study were likely from soybean oil derived .

biodiesel. Tang et al. [6] indicated that the precipitate from poultry
fat based biodiesel mainly consisted of monoglycerids while the
one from cottonseed oil based biodiesel contained both steryl
glucosides and monoglycerides.

Some recent studies showed that saturated monoglycerides
(SMG) had negative effect on low-temperature performance of
biodiese] (i.e. cloud point, final melting temperature and cold soak
filtration time) and potentially contributed to the precipitate
formation above cloud point in biodiesels from canola oil and
soybean oil [7-10]. X-ray powder diffraction and differential
scanning calorimetry results showed that phase transformation,
rom metastable SMG into the more stable but less soluble one,
»ccurred when concentration of SMG was above the eutectic point
and the effect on low-temperature performance became more
]igniﬁcant [8]

In literature, there are few works focusing on the precipitation
}n PO-B100 and diesel blends derived from palm oil. Hoed et al.
3] measured the amount of SG in hazy biodiese! produced from
efined bleached deodorized palm oil (RBD-PO) and reported that

industrial grade RBD-PO-B100 samples contained SG with the
amount varying from 55 to 275 ppm. They also identified the main
components of the filter cake obtained from filtering biodiesel in a
storage tank and of the washed filter cake using nuclear magnetic
resonance and mass spectroscopy techniques. The results indicated
that the precipitation related to the presence of SG in biodiesel.
Bondioli et al. also identified SG as the main component causing
precipitation in biodiesel produced from palm oil [4). However,
Tang et al. found that the precipitate formed in PO-B100 after cold
soaking at 4 °C for 24 h consisted of monopalmitin, monosterin and
monoolein and concluded that the precipitations in PO-B100 and
in diesel blends derived from palm oil was resulted from these
monoglycerides, not SG [11]. )

In commercial biodiesel plants located in Thailand, the precipi-
tation in PO-B100 was found in wide range of temperature. It may
gradually occur even at 32 °C which is much higher than the cloud
point of PO-B100 (CPpo-p100=17 % 1 °C, [12]). To design an econom-
ical process for preventing this precipitation, it is necessary to clar~
ify the compound leading to the precipitation which may not be
the same at different regions of temperature. Although there are
many works focusing on precipitation above cloud point in biodie-
sel from different sources in literature, predicting the precipitation
in PO-B100 from these published results is difficult. This is because
the phenomenon is complicated and sensitively influenced by sev-
eral factors including composition of fatty acid methyl esters, the
presence of other impurities and the temperature range. In addi-
tion, biodiesels used in these works had cloud point much lower
than the cloud point of PO-B100. No comparative study on the pre-
cipitation at different temperatures, near cloud point and higher,
was reported for PO-B100 in literature, In this study, the precipita-
tion in PO-B100 meeting EN-14214, similar to the specification
regulated in Thailand, has been investigated. The objectives of this
work were to identify the compounds causing the precipitation
near cloud point and room temperature and to investigate how
their concentrations affect the precipitation.

2. Materials and methods
2.1. Materials

2.1.1. Samples

To identify the compounds causing the precipitation, PO-B100,
P-Cake, Washed-P, Bag-Res, CSP-23 and CSP-32 were characterized.,
All the samples were obtained from a commercial scale biodiesel
production plant in Thailand. Palm oil based biodiesel (PO-B100)
was clear light yellowish liquid and was used as received. A mixture
of precipitate and biodiesel in the bottom layer of the PO-B100
storage tank was filtered to separate biodiesel from the precipitate.
The obtained cake was named as “P-Cake". To remove all biodiesel
remained in the cake, P-Cake was washed several times by hexane.
Acetone and methanol were also used to wash other polar contam-
inants that might remain in P-Cake. After washing and subsequent
drying at room temperature, the obtained solid was light gray
powder and named as “Washed-P". Residue from the filter bag
obtained from final filtration step, filtration of the biodiesel
pumped from the upper layer of the PO-B100 storage tank through
the filter bag before transferring to transportation trucks, was used
as received and named as “Bag-Res". Cold-soaking method for



290

filtered through a 0.45 um nylon filter and used for the quantita-
tive analysis of SG content.

2.4. Storage stability test

Storage stabilities at 20, 23 and 32 °C of samples, SG(0)-B100,
SG(110)-B100, SG(0)-B100L and SG(110)-B100L, were compara-
tively investigated. Precipitate formation at the bottom of the bot-
tles was observed every 30 min and the time that precipitate
appeared was recorded.

3. Results and discussion
3.1. Composition of samples

Quantitative analysis using GC-FID revealed that PO-B100 con-
tained FAMEs, glycerin, monoglycerides (MG), diglycerides (DG)
and triglycerides (TG) with the concentrations of 98.5, 0.020,
0.70, 0.18 and 0.02 mass%, respectively. Composition of fatty acid
methyl ester in PO-B100 is presented in Table 1. This result indi-
cated that the quality of PO-B100 was acceptable according to
EN-14214 and Thailand's regulation; FAMEs >96.5 mass%, glyc-
erin  £0.020 mass%, monoglycerides <0.80 mass%, diglycerides
£0.20 mass%, triglycerides <0.20 mass%. In addition, PO-B100 also
contained SG with the concentration of 110 ppm, which was much
less than the concentrations of mono-, di- and triglycerides.

Inliterature, the precipitation at the temperature near cloud
point in various types of biodiesel was considered involving the
existence of at least one of SG, mono-, di- and triglycerides
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[1.3,4-10]. Therefore, the existence of these compounds will be fo-
cused in this study.

Fig. 1 shows the chromatograms of SG-STD, P-Cake, Washed-P
and Bag-Res analyzed by GC-FID, In Chromatogram (a), SG-STD,
the peak at 23.70 min was attributed to tricaprin (ISTD2) while
the peaks at 27.02, 27.11 and 27.36 min were attributed to campe-
steryl glucoside, stigmasteryl glucoside and B-sitosteryl glucsoside,
respectively. In Chromatogram (b), P-Cake, two groups of large
peaks were observed in the ranges of 11.68-13.90 and 26.94-
27.44 min. The first group was attributed to FAMEs and the second
one was attributed to steryl glucosides: campesteryl glucoside,
stigmasteryl glucoside and fg-sitosteryl glucoside. Tiny peaks of
monoglycerides were also observed in the range of 15.50-
18.25 min. Di- and triglycerides were not found in this chromato-
gram. The result obtained from quantitative analysis of FAMEs,
MG and SG in PO-B100 and P-Cake is presented in Table 2. P-Cake
contained 13.3 mass% of steryl glucosides. FAMEs detected mainly
in the rest should be the biodiesel that could not be completely re-
moved from P-Cake by filtration. By comparing the relative
amounts of FAMES ~ MG and of SG - MG in PO-B100 and in P-Cake,
monoglycerides detected in P-Cake should be the one dissolved in
biodiesel remaining in the sample rather than in the precipitate,
Therefore, steryl glucosides group compound was considered as
the main component causing the precipitation in the storage tank
of PO-B100. Similar to Chromatogram (a), there were only three
peaks in the range of 26.90-27.43 min appearing in Chromatogram
(c), Washed-P. This means that Washed-P consisted of steryl gluco-
sides; campestery! glucoside, stigmasteryl glucoside and g-sitoste-
1yl glucoside. Characteristic of Chromatogram (d), Bag-Res, was
similar to that of Chromatogram (b), P-Cake. FAMEs, steryl gluco-
sides and trace amount of monoglycerides were observed without
existence of di- and triglycerides. Quantitative analysis revealed

Table 1 a .
Fatty acid methy! ester composition in PO-B100. that Bag-Res consisted of 48.9 mass% of steryl glucosides. By
Compound (mass%)
Methyl laurate 12:0 0.86
Methyl myristate 14:0 2.14 Table 2
Methyl palmitate 16:0 44.85 Compositions of PO-B100, P-Cake, Bag-Res, CSP-23 and CSP-32,
Methyl palmitoleate 16:1 027
Methyl stearate 18:0 5.96 FAME (mass%) MG (mass%) SG (mass®)
Methyl oleate 18:1 45.64 PO-B100 98.5 0.70 0.011
Methyl linoleate 18:2 0.47 P-Cake 85.1 0.60 133
Methyl linolenate 18:3 051 Bag-Res 50.2 0.36 48.9
Saturated methyl ester - 53.11 CSP-23 915 0.62 6.9
Unsaturated methyl ester - 46.89 CcspP-32 85.6 0.59 124
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Fig. 1. GC-FID chromatograms of (a) SG-STD, (b} P-Cake, (c) Washed-P and (d) Bag-Res; tricaprin was used as an internal standard.



Intensity

Fig. 2, Effect of temperature on composition of precipitate. GC-FID chromatograms of (a) CSP-23 and (b) CSP-32; tricaprin was used as an internal standard.
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