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ABSTRACT

This research project studies the reduction of Particulate Matter (PM)
by using bio-oxygenated fuel. The present paper consists of three main parts. The
first part studies on the physical properties of diesel and biodiesel PM such as
primary size distribution and agglomerated size distribution by using scanning
electron microscopy (SEM) and transmission electron microscopy (TEM). The average
agglomerated sizes of diesel and biodiesel PM are approximately 240-280 nm and
200-240 nm, respectively. The average primary sizes of diesel and biodiesel PM are
approximately 50-60 nm and 30-40 nm, respectively. The second part studies
particulate matter oxidation kinetics by using Thermo-gravimetric analysis (TGA). The
third part studies on diesel and biodiesel PM trapping and oxidation process inside
Diesel Particulate Filter (DPF). During trapping process of hiodiesel combustion,
pressure drop between inlet and outlet of DPF wall was approximately two times
higher than that of diesel. For DPF regeneration process, pressure drop of DPF wall
during biodiesel PM oxidation (regeneration process) was approximately two times
faster than that of diesel. The results show the useful information for future
designing of the DPF configuration for diesel and biodiesel vehicles which should be
improved to match with the higher level of Thailand emission regulation in the near
future.
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1.1 audiuamasarudfgue sy

Jagtunsrausaundnuwazazlansoulutlymddgyesussoaulanvass
wetasuitgyminanil indeseuiszAvinmgenisfiasgniauuarldadnon e Wil
it luswuedessudimlvineluduedessudfivaiiussdvsnmenudougean
WriaN5aze84gA (Particulate Matter w130 PM) 7iilUTunaanndniiuasdesgnitdneanain
Aleduineseudmwarielesiuduwindeniasavaimveyss 1wy uziSwen [1-2] a3

govsghnnAsaseuitiwaiilassadmemenmuasiaiindudeuinn Fasznaufeans
daupadrunsniliuveuds (Solid Organic Fraction : SOL) flduyseneundnfenisusu
(Carbon) wazidhlavs (Metallic Ash) Fsunatnans Additiveludpindsuiiatiy uavdufians
\Huweunar (Soluble -Organic  Fraction : SOF) fidaulsgnaundnaelalasansusu ans
azoesgAMIEAULULLALY (Pimary  Particle) divunuszanas 20-80 wilulins (Ultrafine
Particle) uazazimziudungu (Accumulated Particle) IunaUszanas 100-300 utluluns
(Fine Particle) sgusslniirafisiiinannisUdesdidnnseu (Thermionic Emission) wagdu
SiinAseu (Electron Capture) weslulanansusy SuAnduilanmzanmgigessiaians
wrlndluseaanndl daquunisiindesganssaldiinnseusuuninngsia (Scanning
Electron Microscope : SEM) wagiwuugadsia (Transmission Electron Microscope : TEM)
ul#lumAdeyhlfamnsadlasasiinseilasaiiminmenmuesaisazoasgdliuintu
ilifausasenuuussuuidaansavessgdldfitubon uwregilsinugaauding
neamuaziafiiissfuausadsunlastdludadinirantusgfunisensineues
irosudlazauauTRaelivonainiusazaiia [3-5]

i3sssurdun1Uniely (internal Combustion Engine : ICE) tHunasnsruiou
(Heat Engine) ivhwithiivUdeundasnuadl (Chemical Enerey) ﬁﬁag’iu‘lwaqammﬁ’mwﬁa
TiBundsnuainuieu (Thermal Energy) lnsendanisunlugl (Combustion) Fadlunisvia
UfAseueil (Chemical Reaction) sewinlaianavesesndiau (Oxygen) #ildamneiniady
Tuanavesasusenaulalasasuau (Hydrocarbon Compound) #lfiudainds s
UfiSensewinlnanaansnaiu (Reactants) dasiadsfussyhliAnmsnendanunsly
(Internal Energy) iifundsnuiafioanuiluguvesmudou Fonnsviuizeuaiivuui
UjASemernuiou (Exothermic Reaction) wasnumrwdpuillasusgvinamsininily

wioaunluil (Combustion Chamber) ssvilvfanssuluszauluana (Molecular Dynamics)



vaseluessnlndinniu wssiluanavesiensyyhiuiiuiinioies s indviemusiulu
9 v & & Y o & o =~ i
vieasnlniiuuaggauinnauluing inseseudduaidnely awnsadsunsiiluanaves
fnanszvinfuridsioannluifundisuna (Mechanical Energy) leeldnalannedminssuy
1 1 dl o = & - . .
lngdnlngjinsessudduniunieluszliuiaiossusiuuugngu (Reciprocating  Engines)
na1aRe vsiigngu (Pistons) Aalundulunszuangu (Cylinders) aeluvieanlung Ramives
(3 L4 d'u o o o 1 = = = a =
gnguazyhmihiuusenssianluanavesinesind Jufansindeunvegnguiadu
(Y] b2 1 @ o o
Wa991una (Mechanical Energy) Inefinalnseludassuuduiniauenueus

asUsznevlalasaisueu (Hydrocarbon Compound) findanumelufigedgauinanld
Whiundsdanundnlufeulaniagiiu dafuu Crude o) Wudanaslalasmiueu
(Hydrocarbon Fuel) vdndm3ugueust Ingazgmirlurunszuiumsnduiielildidamas
lalmsensusuniiasineg wu thifliuuy (Gasoline) Ssasiideaniny (Octane) ganusens
nszidadedies (Detonation) 163 Faanursagnesnuuulinamdudaifeiutueinia
roudieannlviiivieled (Port . Injection) vealeBaseudiuudy yasziliadneyussneln
(Spark Ignition Gasoline Engine) %ﬁﬁw’)um‘m‘ﬁﬁniaaﬂﬁ (Otto Cycle) uazddnsdrung
89 (Compression Ratio) Uszaiad 9-10:1 Lﬂ%‘laaauﬁmu%uﬁ]zﬁﬁaﬁﬁammmmuqudmmau
sondiuluaniatudamddeududofetuivsuniwildidfatvnnsninges
wansENUsiBANIndeLasqUAMIYYE iy uaRuAueulasenlest (CO) lelasariueu
(HO eenledvedlulnsiau (NO) waz a1savesigd annsagnidalamemalulagudanis
wlwdl wananlafrrauleiinasaumng (After  Treatment  Technology : Catalytic
Converter) I@laglalentininnzunulifiviunasendiouiiviesnnisenlviiiag Tuna
nseifuding thifufiea (Diesel Fuel) gneenuuuliidaidnviosnludilaans (Direct Injection)
wdwndaemealuesnlmiuldsamgiivageuiuiivansausmdnnisvesipinsilea
(Diesel Cycle) vauAInseunmsa 2wgNIATUAMIENA (Compression Ignition Engine)
fifidmdumssngedie 15-22:1 FnfusmiuiuedsseudfivaiivsranBamnislindaugs
nineSessudiuuduuiniifeids fie msUdssuaivesnledvadlulnsiauuasaisayaasgiag
agludadiuigunn Jslianunsadduativiind nldlnelfifioauneluladvdansinlg
siainrfuesewudiuudumseiifoiindesdnduresnneeninuiivionnnisen
Inffiengaiuly Suduseafinmelulatndsmsenlmiawsuaivassssimanan (After
Treatment Technology: Diesel Particulate Filter (DPF), Selective Catalytic Converter
(SCR)) Feeziituindagiunsimumaluladiedessuddusmunelutuuyssansnmgauas
Wulinstudanedenlalimnuddgiunstaunanuiutiegiu weluladignihunléiy
Ussinafifingransuafviduaiaunqdu avamglsy gu uasewsin (udu dwiu
Uszelnefmsiaziun i iigaowdtgmaunmeesuservulundedingq
Tneiialy fansesazesgitwassifuiagwiu (Porous Media) indnannusiiia 19y danau
anslud (SIO) wazaesAlavi (Cordierite) gninaslifvislaidy Aeladsannieiassusariva
ruTannuilld luvasiferiuasasensiasgninlifeYagnsudndn Sewvaunisi
SUNINVVIUNIANENITALBITA (Trapping Process) WagndIna1sayesdgigninauasay



funnneitsgrilimnusiluvisleidegeiusuiinanssnudumaicuwenaisus a1s
avenagdvaniuisuiuiinfesgnanns Tnensitugumgiiledeligeiuisgniiansaronsyd
ansaviugRsentusendiauld Aeuszanm 600 °C Femsusuluanuzveudsaznaindu
feensueulaeenled FaSeniivuiun1sTioueisdu (OPF Regeneration Process) Tngvi
TWinsevazessganwaaansanduanldlilmivasdisanuaivanlodegiuwandenldsn
maviiandn Useneude waluladnouniswiivsl (Pre-Treatment Technology) walulad
msmuaumsrilvsiluiATesud (Engine  Combustion Control Technology) ua
wialuladudsn1awlng (After-Treatment Technology) tiauledgmuafiufifnanle
Bouaziisliruinasguiintasssmatuniteanansazessgadesidudosdinifings
finsesazessganiwarimiiiiidnaisazessgd Idfuniseenuuuimunauan oy
uegaunsvansluuIsnguansosus

Hagtudeimasiulomwadundanunaunu (Renewable Energy) Snvadennilefiil

UsedAnsainvesdssinalng Nedslidefaasdsznisnan Ao andnsin1siintuues
asusulaeenladinsiznisduasistuawesfivilfiianisasuigdnsvesaisveunse
Sendmsueuilingey (Carbon  Neutral) navafsarsusulifimsiistiunsoadaluaius
annsndvuguiluguauuuuasuinging Wunaleensdinisldlulefwawnufieasunse
annsudesiwarsueulneenlvrdauduanngndnveslymilanieuluilagiu deddnetie
= <4 [ & a o - @ e =
voslulefwaraluweinaanioandiaueglufiiuies (Oxyeenate Fuel) 8BNFLIUUTIY

melulianaveadawmasausateiisniviauyselldna s [7]

1.2 AnusaneLasingussaefuansAnen

1. Lﬁaﬁﬂmamauﬂ’ﬁmamqmsmw (Physical Property) vadansazesdgaveaan
IuvuunssnidemdsiivauasluTofealduivunnuesaisazossgioyniauuuiieuasans

roasgaoyMakuumeiudunguiou

2. WisdnwanaudAnisvaad (Chemical Property) Yesensazansgavesuadly
wuwwinnidemdsiisasazlulofiea Wy wisnunseduililunisaaivansavessgives
waalnwuuuws

3. eAnvmgAnTIuNIRnUATaaeansaressgavaaaliuuuLnIINd NS
Auauazlulefwamediinsesavesginiea

1.3 auuAgIuvenIsine

1. ssazessgdnnuuminuuuunsvaslulefigaiivunaeymawuuiudunguiou
tepeniansavessganinuminuuuunsresiiramahlulefwaiioan@auludesanse
Pglunswludlanda

2. Tunsdnansavessgianniuarlnuuvunsvesiiwaliuduaminniiansazeegd
nwarliuvvunsveslulefwaludinsesaressgdfigainsivarsavessginivalien
Wesdusmududuresnisusunnnnitlulefiea
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Tonvendamdlulefwarailundsnumyuiisu (Renewable Energy) waziionas
nileandiausyneusgluluanavesiidiuies (Oxygenate Fuel) MsduATwikADINY
annsafinsandilulefiwaliumsveuiionseu (Carbon Neutron) minganudimsusulall

a & =4 v | ! = I < v 2 = =
matinfuvIeairdlmiudaunsavasuguiluguduld Wunalinnsldlulefwaunufiea
awnsaaamsuaessinwansueulneenledmazlulenwaldunaniniuainiiy sandaulu
& a ! 2 v X a e N a @ °
luanavesdamdsanunsatiglindlauysailangswy  adeiifnwiieatunisi
ar =i 1 -&, a = o

nIzUIMIANAITareasgavesUad LI IINTeLINaRwanarlulafwauusinses
azepsghnwawuunllitasnseandladaisazeagavesuarlnuuuunsaniamdsdiea
uazlulofiea

1.5 Y2ULUANTSIY

safedgouialuaesdiy duusndnwgudnemuemenenimuazmaaiians
azopsgAnInUalluvuundresfamavisauasiulafisalaannisnmdnwieynad
imefulunguifou snnseniviidamdsiwauaslulefeafen e rasndosgansse]
Bidnnseuuuudes uazndedidnnssutuvdsshudmivAnwuasunaLAazeynaiiiy
ngufeutfe) wazamdnwazuell Anvsaunamaninnaiaiivean U jisersewing
pendlaufuaisazesigivasuis lnsldindasiotinseilneisdaiminideninudeu
(Thermo-Gravimetric Analysis : TGA) t3asiianeisnnariueu lalnsiau uaglulnsiay
(CHN Analysis) FiA512viansINiinUfiseiail (Chemical Reaction) sewiwansavessga
fusendluiiteildsuaneunavswddiinaradiufsmiveulasanles (CO,) Tusurums
aangansavansgd asluannzilgamaiivasanufuiiniuaa ilevinisiiasizsimen
wasnunsydulunnsaaiasazenssd (Apparent Activation Energy : Ea) fisuiiusadlsly
msvURAsuatidug

daudiassfnwuisrfunginssunisdnarsazessgdarnivarlnuuuunives
dowdsdlulofiwauasiiealufinsesaressninivaiuarliflnsissufiseuai Tnansiad
ANUFURNRTBNTBIFINTBsasoBsgARwatuluAsuennsiansasauYesatsasensgily
AINTBAZERIGARAYALaTNgANTINNNTRRNTlndvatatTazeesgAnniUad liuuuLns e
Wawdsdulofwauasiealusnseneesnifivalufinsesazesimeaiiansiss uaylul
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2.1 MuwNneU8e

Tuduresmiddeiifentosdmivnmsanasazeasginnledevenniaudfisasem
nsesavengAnealihmsAnuideluil
David B. Kittelson [1] lévins@inunifes symewasasazessginunidnseiuulumna
uazLATsBud InMsAnyINUIdILUTENoUEnYesanTazeasianlaideveaTaeus
fwarenusuvesinmeiuunguiou leus lesemesuazarulsznavyssiuedu
augUii 2.1 dudszneuvdnuarlasiaisveseynnledereuniesus esunelditeynia
mivsuredsiamnannseniviiluinuemaudavhu§itedusenfiauauninudy
#139200938 (Particulate Matter : PM) 91n9u3i8a1113005U1809AL 58N UnaNv89a13
aveasgAUsznaume thiuvaedumaldilivua (Unburnt OIL) 25% Weiwaasmnnlsivun
(Unbumnt Fuel) 7% msusuvadudis (Carbon) 41% wuaeduq (Ash and Other) 13%
fuzfunagiir (Sulfate and Water) 14% u,asgﬂﬁ 2.2 17aYBITWINBYAIATasLeLdEIN
\ndesgudmwauuuvi lukas s minuansiesaumnateseyn A TsuTuiudy
HugudnanITBIeYNMARsEIN TG s wnAs AT sfudungufou (Accumulation
Mode) agllutaudusitugusnata 100-300 nm (utaiifiaympesusuvssudanetutiu
$rudunn dumnaveseynALUULRE? (Nuclei Mode) Ussneulusssyniasglutaadu
FuAUdNaN 5-50 nm

Solid Carbonaceous Particles with
Adsorbed Hydrocarbon / Sulfate Layer

B3y

Sulfuric Acid Particles

Hydrocarbon / Sulfate Particles
0.3 um

JUT 2.1 ddssneuvdnuaslastainetansazesganiadevennseseunaiea [1]




Fausznevlufvansusznaulessiveuasasussnoufudunasidiuiifuasueu
vowdaazlanguunig adiseyniafes (Nuclei Mode) Anidul-20% wvesaves
auATALAYINANTI 90% YBssuIUBYNA drumneiieynAUnnquiumn (Coarse Mode)
Usgnausmiy 5-20% Y89nasun1A aNNILUITUIAIINEYNIAGUTIEINIA (Atmospheric
Particles: PM10), tdurinugudnany, D < 10 pm mneyn1aunaguun (Fine Particles), D
< 2.5 pm vneymaniziulunguien (Ultrafine Particles), D < 0.10 pm wazaynn
WUULRER (Nano-particles) D < 0.05 um %38 50 nm

o Fine Particles ) \
. Dp <25 um
g Hanoparicles
3% Dp < 50 nm ’
4 | —
g | % " | Unsafine Particles PMI0 |
E | Dp < 100 nm Dp < 10um |
: &) |
£
o -
o l. -
£ MN
U a
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3, Mode R
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Nurvber Waigiie|

00

[eeemin Mass Weighiing

JUT1 2.2 naveuneumavedladuaniAsesudfiwaluuluwasdWIwwin [1]

Dhananjoy Kumer Srivastava Wa¥ Avinash Kumer Agarwal [2] lgivhns@nuauidedes
dnvnuzansasessgivesnissusiignsniiadsnsdasadamdlulofeadannsiinm
Iginmsmuunvesansazestsalagliisieiasinmuneyarnlaideiniosoudfioa (Engne
Exhaust Particle Sizer : EEPS) Gsanunsadavuinsynalalugag 5.6 f1 560 nm 91ngui
2.3 WuihiuuTesEnsarenganlwanglutie 29.4-34 nm Geiisuau 12.8x10° Particle/cc’
aslugininansavessgiluledwanglugae 16.5-19.1 nm Fafis1uau 9.23x10° Particle/cc’
wiamaiiswILvesasazessgalulefisaiinnindesnidemidulefieaduidowmdsdil
sondiulufieshgvilininfauyse@oilflenasendiuindudadndruvesiuiiin
duBumsinnnindemdsiiearilfeyniagnundrdwmaliouneynialulefiainny
BYNIARLTA



14
b —m—Dijesel
—¥— Biodiesel
12 4 —a—-B20
% 10 (a) No load (b) 50% (c) 80%
I
8 g
g 8+
g il
Z i
2 T il
S o]
(&
2 -
0

0 50 100 150 2000 50 100 . 150 2000 50 100 150 200

Particle Size (nm)

gﬂﬁ 23 muwmmsazamqﬁLt,aa:i'i'xmumsasamq%‘wmmémauﬁﬁ 1500 sauiilvian (@) no
load (b) 50%load (c) 80% load ¥ deinas flva (B0), lulafiwa (B5) waz lulediwa
(B100) [2]

Pi-giang Tan, Zhi-yuan Hu, Di-ming Lou kag Bo Li [3] lﬁv‘hn'ﬁﬁﬂmLﬁaqﬁuﬁ'}muaumﬂ
LaEIUIAYBIENsAZDBIGAI AT BaEdRITaTTlfiT A duTeRwanAnanaysiainnsAne
TdvvunnyesatsazesgaluUIAgT (Primary Particle Size) uazuuuaynimmeiudungy
fiou (Accumulation Particle 'Size) veutamasmigauasiulefisasniaisuiiwassuy
Indondsussfugs (Common-ail Fuel. System) Fslumsineunalagldiniomaaey
Engine Exhaust Particle Sizer (EEPS) mnwamimaaﬂugﬂﬁ 24 ﬂUﬂ@lﬁ?’]U’lU@Hﬂ’lﬂﬁﬁi'}
(a) BMEP = 0.10 MPa uaz (b) BMEP = 0.26 MPa lag JUil 2.5 wumduaueyniaiien ()
BMEP = 0.51 MPa wae (b) BMEP = 0.77 MPa fisauSaseus 2000 rpm ARUUIAVOS
BUAALULIALY 6 B9 11 nm wazaymawvuimziuungudeu 39 f1 nm vnidednui
Innueymavedluledwatpenifivamsrilulefwadudemisiiesndioulufuesh
Twlwlilgauysainiuasfivuadnniteynadiea



LOEH9 = = 10B+09 m
LOE+08 [ 1.OE+08
g 1LOEHO7 | "‘g LOEH7
= 3
5—- 1LOE+06 ;c. LOE+06 b
™0 =
) [5)
T OLoE0s 2 1o |
& , Z
10E+04 F J LoEs04 -
10E+03 TR — B g e o e
! 10 0o L 1 10 100 1000
Dp (nm) Dp (nm)
(@) BMEP = 0.10 MPa (b) BMEP = 0.26 MPa

Ul 2.4 aunesuaueyARdieT (a) BMEP = 0.10 MPa wag (b) BMEP = 0.26 MPa [3]

1.0E109 — 1.0E+09

1.0E+08 1.0E:08 |
"B 1O0E«07 | "E 1LOEH0T7
o ]
& 10506 | & 1Lo0E0s f
=] —a— R0 =0
£ 5
T JO0EH5 | —e—Bl0 3 10605 |
5 Lm0 %

LOEH4 | —o—B100 X 1004 +

1.0E+03 T T RS e 106103

| 10 100 1000 ! 10 100 1000
Dp C(am? Dp (nm)
(a) BMEP = 0.51 MPa (o) BMEP = 0.77 MPa

;a'a.lﬁ 2.5 mmm‘l’mwaqmﬂﬁﬁﬂ (@) BMEP = 0.51 MPa waiz (b) BMEP = 0.77 MPa [3]

John P. a.Neeft, T.Xander Nijhuis, Erik Smalman, Michiel Makkee tag Jacob A. Moulijin
[@ vhnsenwinetusauwasmansnaaivesaisazessganieatld asazengd
Printex-U \{usnsazessgiunain Degussa AG @nu13amuasAl n d1suvesansuauiiu
0.73 (8198a9uNguiuee Shrinking-core. model) fifn 2/3 fiFlndiAasmiuvguf] a1nns
wuimdsnunseduiildlunsaateansazesigd Uszanal 168 ki/mol Tngldeandiau 10%
mugﬂﬁ 26

Pierre Darcy, Patrick Da Costa, Hennry Mellotte, Jean-Michel Trichard, Gerald Djega-
Mariadassou [5] lfinsAinwiafusaunamanivesansasesssanivai binauuassay
asiitenadl feanseufisenailuemuideidde ceraziconia  uazildainue
naaaadlAwviniu 0.5 fenlndifasiuAimimeguijaes Shrinking-core model fifwvinfiu 2/3
NNMIVPABINUNAME LN SERLYBEN saT e saTIaNTITfASeiA1 120 ki/mol uay
wiunsEiuvesasazensganlifiasisifitonadfidwindu 165 k/mol (Hesnans
wiisenaivilvlemasendiauinmseendladivaisavessgifiealafinitdauansniugy
#l27
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carbon conversions:
1+, 02;4,04;7,06;0,08

0 L b

0.0 0.5 1.0 1.25 1.30 1.36 1.41
Conversion (-) 1000/Temperature (K1)

(a) (b)

= L o as L2 =i g
JUT 2.6 (a) Swsmsufisenvesmniveuiumsasuilaasueu waz (b) nsm
Arthenius dwSunsesndeduvasaiusuitbifiaisnseufiteund ]

5
o

1E-3 1= 180 —
i :
9E-4 4 ;‘ -+ @+ Experimental rate 170+ '9\‘ S
8E44 & K, (M [ Mp)°8 = D 0/ 1] SN
7E-4 “! £ 101 2
4 .‘\‘ 3
T 6E-4- (it
o D
S 5E41 %MO“ ¢ Ea(CSO)
= 4E-4- S 1301 --¢-- Ea(N.CS.0)
3E-4 b=
< 1204
2E-4 1 o
< i
1E-4 - 110
OE‘O T T T T 100 T ¥ L ]
0% 20% 40% 60% 80% 100 0% 20%  40% 60% 80% 100
Conversion Conversion
(@) (b

Uil 2.7 (a) Sasmsiisonniivesiumsasuiasesansasessganaiilifiansise
aan o v oo o o = a I3

Ufjieuas (b) naanunseiuildaavarsavessginunisdsuniaswesnisesndladeans

ageganiasswashifiassauizenad [5]

Maria Kalogirou, Zissis Samaras [6] lavinisfnwaauwasansvesansazensganiea
Wisuileuiuansaveesgd Printex U wuuduesigd Tunsdinduiaumaiiaeiinuine
wiunsesuiildaaeasazessganiwaiien 185.50 ki/mol uazansazesdgd Printex U il
A 180.15 ki/mol Tunsdlgauvniibingdl wuirmdsnunssiuiildaameasazesssinioad
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A1 191.02 kl/mol wageansazeasgd Printex U dr1182 kJ/mol ddimlsiunnsinafiuannany

1.25

=

3Un 2.8

(a) ¢ (b) ¢
2 4 2

E 0 2 Q0

= E
-2 2

AV,
= : 4 ; ; , .
1.00 1.05 LI0 LIS 120 125 100 105 110 115 1.20
1000/ /K™ 1000/T /K

of 4 i i a 1 2 o o
JU# 2.8 N5 Arrhenius plots Mifif1 Error bars 18ensvnaesiigaumniisinag@agudydneal
o = = a o ¢ ay 1 {
anuwvRuLanItnTiigamniintiwaggUudydnuwainnaunsalgumaiiliaeived (a) a13
AreeIganYa uaz (b) arsareasgauuudnasiet Printex U [6]

B.R. Stanmore, J.F. Brilhac, P.Gilot [7] levhnisAnwniaidunalnseinseendiaduresans
avesgAeINgUT 2.9 uansisnsavl Arhenius plot 3838msInsiiaUisenaiivesniseand
ladansusuasuanasmsuiumsndasasilaun loth ausulasenled daniseend
lodassansazengdn susuiinanesdisuinludiriaiufimsnauvasasagassgiiinnis
ulé'aumnm%uawam%aﬂmalﬂLﬂuﬁ'mm%uaulﬂlmﬁaaﬂé%uussmmﬂ

5

b
~
x.,/

138, a]
[38, nj

log Rate (s}

-10

‘~<\171]
1 \\//

/

[76]

[75]

0.5 075

1T (K" x 107)

1.8

gﬂﬁ 2.9 n5 Arrhenius plot 284961 In rate ¥asA1sUUIUTIUWIBUAY 1/T [7]
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GA. Stratakis, AM. Stamatelos [8] lévihnisAnwiAgafunalaniseandladiifansise
Ujiseuniivesansavassgauusinsesazessganivaiivasgamail 200 i 400 °C astsauay
hiffensieufitenadivenuiouiisudomasiiiuas Additive (Cerium : Ce) uaglaiifiuans
Additive FildAnwniseendladlalasesveuiiiiumnanslessve (Volatile hydrocarbons
adsorbed) uagmseandladaisueu Inaliisnaaeulneirsesiio Thermoeravimetric uaz
Differential scanning calorimetry analysis (TGA-DSC) %‘qwé’amuﬂszﬁum%’ama VOF
Uszanas 190 ki/mol wagndsnunseduiilfaanslelasmsusuussunn 80-130 ki/mol Tng
dansiuuds Additive Ce Turnsgamail 420- 490 °C ausudl 2.10 waggui 2.1

100 -E—-. | 225
a0 - 200
g0 & +waalI:22(IaC\:\ 1478
. L~ Tiwall: 250 oC 4 A
£ 70 | = Trwall: 300 oC 1150 3
[ . e
£ = Tfwall: 350 oC 2
2 60| n N
g | —& Tfwall: 400 oC {28 >
D 50 ¢ f”\ 14 { 100 §
- L f ¥ i =
@ ,~ |HC oxidation | ﬁ ®
E 40 \*, !f ‘E
30 p ',! E
20
10 4

150 260 350 450 650 €50

Temperature (oC)
Ul 210 nymieTesfighasieilanisnimindwnuden (TGA) (Msamasveunaans
az005d) uaz DSC  (M5UdBLAINTBU) YBNATTa¥eDIgAULAINTBIaLRBIgARYARTN
\w3eseudfiuulnaniigumgilodeiiuandnsiuinuresdiansesazesigiiadaifuans
Additive 50 ppm Ce-droped luidlawasilioa [8]
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14 ———

catziyt .i;_uxidd:inn of catalytic oxidat on of
dry soot (50ppm Ce} VOF S0ppm Ce)
i
*fjv 08
£
£ o
=]
I=
'l?: 02 F * TF wall : 250 oC
= » TF wall : 300 oG
06 « TF wall: 350 oC
s TF wall : 400 oC
R
_-ﬂ 4 -y i " 1 M 1 " i 2 L w1
1.35 14 145 15 T.55 1.8
1000/T (K}

Ul 2.11 Mmedwgiineds qamgiibinsiivesansazessginneannisuiuniseinaniild
\ToindAsiwadinauansise Ce-droped USim 50 ppr sl Arhenius. plots léuus
seniliy 2 fredsilvetiodivansazessginiusuiignesniladunsilevaindiodu vor ign
sendladiigamaii 250, 300, 350, 400 °C [8]

Y. S. Cho, D.S. Kin and Y. J. Park [9] évhmsAnwufendungfnssunisinatsazeesyan
sasmsivauanssiuvufnsesasenndnwaiiimmsaiisonad 2 wdede viadifians
wUgiTenal 0.64 ¢/t wag 1.07 g/t lapfwuean §asimsiviavesansazeesyd Printex-U
(11970 Deggusa AG) 913U 2.12 wuhdnuaizwgAnssumssnaisazessganieliidouly
Snsansivaiiumnsinefiu Bsanunsaaguldindasamsluad 160 Umin anufunnaseuszan
flgeseann 2.7 kPa waziidnsanisiva 80 Umin mudunnasouagUseun 1.3 kPa audl
flndiAssturesinsetazessgimeaiaesyin Wumsedmsnsivaiinasomsiisiuay
arsaressAnUdsenuniazanivinsvesgnuLariuiiiITesiinasaressginiea
FeSnamesansazensginusanmslvatmuaieuluneldanmensiuiats
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. ——
- T
5 - a 5 - —— %
| = 2 -~ S 5
-_ - - -—
- e - o v
A - i -
0 }/ S v o - T T
- R - o _ 7 g i c
Z Y £ T
2z FE o] e . 3 = 1% P | < —
Y i — = s i P
- '/ # o /*” = /' V7 o _‘_.-—'/’
s - 7
10 ",’d L . i 1o ',;)}’ //&/ o
o’ o —&—— 0 Vmin rs o | —e——  50¥mn
T = 100 l'imin | o 100 Limin
05 e 120 | o ‘ir/ | == 120 Limin
—regr—s 140 U'min | | ==& =" 1OUmin
b — - — 160 l'min | — —— 160 bmin
o = 00 = -
0 1 2 3 4 5 '3 7 o ] 1 5 é T
Mass of soot loading (2) Mass ol soot loading (g/l)

Ui 2.12 mnudunnatenfusasinsinaiuanseiuvesasazesigives (a) COPF il
1 (0.642/0) Uag (b) COPF wiiadl 2 (1.07 o) [9]

K. Hanamura, T. Suzuki, T. Tanaka and Y. Miyari [10] ‘Lﬁﬁﬁmﬁ{fm%El\‘lﬂ'm.lax‘lﬂi'mgﬂ”linf!
msunlniiasageassivusiniatasessgdniea ansAdeianguil 2.13 wuimgdngsu
mininsivesdsarensgivuinsesareasgargariinneialsiuasdaneunislunligumal
wnlmiunnsefudmginssunisdnatsazessgiesliifladrlulusnquinusiazime My
foumilognquautuduiiGendrfeuaisagenigd (Soot Cake) uasnszuiunIsiulvdians
AzeRIgaULAINTDIALBBITANYA (Regeneration  Process)  @1sageesgavsgninnival
nawaJuﬁwaaﬂgﬁuussmmﬂ
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{12 Time =355 (1B} Time =0

(2a) Time =62 s (2h} Time = 205

(3a)-Time =73 % Gy Time =305

{4aiTime =78 5 (b} Time = 40 5

% G Y S
) T ecauct - s = . -
(SapTime =933 (5hiThime =60 5
{a) Cardierite-1PF (28 mg/em’, 3.5%0);) () SIC-DPF (9.4 mgem’; 10%0,)

= € 0 aaa a ‘3 1 v = ar
JUN 213 Unnganselviugisenfetuseninnssuiunasienindiansazessgduuiinses
avoavganwavilanesalsiuasdaneuniludngamgivida 867 °C uaz 700 °C [10]

P. Karin, L. Cui, P. Rubio, T. Tsuruta and K. Hanamura [11] lavihns@nwieafnunisuss
BYNANTATEBIFATBINTELIUNTIANKAENTEUIUNT T Taseesgalugngulasag
& o o = = L o v @ & [ <
wnluniladinsesasessgiaingui 2.14  wuirdinsesavessgawagnindududnuasd
' a g o v 1 L - o -&J = LY =
nszanuiuladnnsdmiuiewtumeganssmiluvteniuariuiivewiinsetazenigd
= o o a o = 1 Q = Qs 2/
AFAFMIUGUNYUANIANATaZRBIGARYN 200 ~C uaaqmﬂquﬁﬂmun'ssmuﬂ'rsl.m‘lmmﬁ

aveesgaegn 620 °C druiunmihdnvesiinsetazessginwaldailuniswilnl 10 uiii
1 3 ) s
wazdiuvaIuRITeIINTRIALRRITARALTAaT 5 Wil
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ic) Time= 10 minutas CUWEH 5 5 mingins
(@) Wut@envad DPF 9lia A (b) WuRuoINts DPF 9iim A
= s P e o ar P = & A v @
31]% 2.14 (a) WUNVUINATYDIRINTDIALDDITAMGA FUA A Uuay (b) WURNITOINUWINTDY
avopsgAnwarin A dwsunseuiumswiiniansazessd [11]

P. Karin and K Hanamura [12] Ifihms@nwniFesmssnuazinlvsiansazessgduuiinges
azopsgAnYa JaliihnisrdsuiinTesaseassamealvidauianiia 5 mm 872 5 mm uag
win 7 mm Jwkuuinisuuiinsesazessganealiieltlumsinynisuemgnssunisin
asavensnAuasviasazensniuuinsesaresnimeannidemasieaildiuwuy
vlugBamunnsgrudomds OIS K2204 No.2) lusmadeiildnsAsaduuvdsiuinas
ago0agd dummratilinziisadumasilinasazessgiinazfoansiannives 1wy
lovhuaglalaseiusumsnzilnsiansazessgiigumafinaiildun 525, 550, 575, 600, 625
waz 650 °C auddiu Tusswieinlndiansazessgdldvimsinfie CO was CO, fign
Uanudegesninlumsviufiensinlmimsazessgilagliiniesinmalunsvaass (Gas
Analyzer) vusansesaraesansatiluideildisuiiou 2 viafe Fnsesaressd

Awauvumlufigniudszanm 11 Um  uazdinsesazessgdnigauuuiitu Membrane
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(Diesel Particulate Membrane Filter : DPMF) fignsu 0.5 tm Tudiuvesnisinsevians
ageawmanmMenmldunamaieanNndesganssmiuuudonsia  (Scanning  Electron
Microscope : SEM) iefnwaymauuuimefufunguiiouanmmeaasmuivuslag
\adevewEnsavessivumeiuiunguiouyssina 100 s 300 nm wagléndesqanssem]
wuudeeu (Transmission Electron Microscope : TEM) Lﬁaﬁnmmagmauuu;?ﬁaﬁe‘lﬁ
YPNAYDIBYMALUULRAEIUTENN 20 9 60 nm wagliliesnzinuunaisveskiinaisueu
gmUsEana 3-5 nm vussana 1 nm wagyihnswalnidiansazessgdlaednlunaasudiag
whedleflilnreilagiadalmingaudeu (Thermo-gravimetric Analysis: TGA) A7¢
Faamglinsiinazgaumnibined edunammdunsedulunmsansaisazensd dalu
mAfeiildndsnunseduiileansasarensgiuufnsesaressgimeauuuinly 130£40
kI/mol wazdmiudnsesazessganuuiifu Membrane Useana 8413 kJ/mol dafanses
avengALUUTity Membrane 1wsinunsyduaniuansavensgianas 36% uUsivanE
Fudouuardsnnuamsiiasisiuasdrasmaiostilueiosunaivini anaudaldluns
munulumsivatirufinsesasessgineadsimuensiivszinn 12 /s gaungiilily
nsinansazeesgirmungamgiinedl 200 °C waslunsunlwiansazessgdlneligumad
nsuennliGuein 200 °C aufis 600 °C Fsdmunteulvadnsivanngldinsie gumgd
MwSeulsgneumelulnsiau 93% wazeandiau 7% I¥Evwesunaanlusaligamgiina
fouunana gamgiiittilunisinild

%mu‘i%’aﬁmuﬁmsLﬂuLmamalumuiﬁ’aﬁﬁazjaﬁm:ﬂL’f“'imﬁ'u@mé’ﬂwmsmaﬂwmwu,az
iniluesdsarastgd ngAnssuMIANUATNEsavaadgaMmEM e tasoasgaRiva ey
wvImsWRTINsetaepgaRaINe RN e ivd i usnuiRaTuaEn
THuasguuafivszdu 7 niswieuwin EURO 4 laefivsunaansavessgdluiiiu 0.025 g/km
wazluaunaesuwralynediviunisuiuseiuaasgiutiuszau 8 wisiflguwin EURO 5 T
fvusliuSuuansazensgdsedhitiu 0.005g/km  dslusuansuladiussmelngaegn
teiulfieanuafiuwieudlvantigmnisidalsanssonastignidaunndenanuadivle
\danninTessudiioa

2.2 Wowmaslulafiua

lulefiwa (Biodiesel) [13] fo Wowmdsildantnsufivuasdn ifiunszuiuntsma
il aduansiidendh wiaeawes wisefiawawed dulauTplndidvsiudamasiizad
ndunnilasidey awsolfifudemaduiniesudiealdd Tnglidewihnsrauas
LASOIEUS ?éﬂuiaﬁmauumaama%%‘mzé’mmunssmummﬂsgﬂﬁqﬂnizmumsmamﬁﬁ
Foni1 neudieamediiadu (Transesterification) e msynenisiufivwsednifidnsa
Tafuldihujiserduueanesealasldnsasonnaduiissuiisen vldldeames Tnoas
Gonulinvedlulefiwauuuieame Smuriinvausanssediililunsvinufide lulefiwasia
leapsitnuaRTndAsdomdsianilan Suforvesdlulefivatiteluil
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1. aunseanmaiididemdsiigamsedudomdinanldaninlssme
Fadumsairmnuiuamimdin amutuamssainensnss Wun1sadnuas
seldlumaduiifdadnoanznensnsnialulssmeld

2. awnsoanuafwainmseilvl Wy ansusznaulalasaiveu arsazessgd
was arsuauvauenled wmssiidiusznavveseaniiaululiianavendeinds vihlid
ranssvuBtauseanmuIndeuLazgunmilssaadiofisutuidemdiiea

3. ansanUiinanisusulasenled (CO,)  fflnalaansweantzlaniou
iesmnunslimsusuiifieguasmuiisunuuasunszuiums(Carbon Neutral) fauams
Tu awil 2.15

The Greenhouse Effect

Some sunlight that hits

the earth is refiected rad® = T TP TT T T Y TTT Ty PO
. Some bacom’!'\‘r.'-gi. G“’f" ; H Bio d:;::::'a ¢|.nbou
v €01 and other grses P H < :

”

in the atmosphere : The Carton Dioxide :
trap heat, keeping 109 H produced by the caris H
the earth warm, [ . reabsorbedby haplants

: used 10 make te Bio-Diesel, : ’

Vegetabic 0il  Bio Diese]

5UT 2.15 vannisieueednIzuIunsmsvauiinseusaslulediaa [14]

2.3 N5\NAEIareRsTa

msLwﬁ‘lwﬂﬁlﬁﬁuyﬁﬂiﬂau%amﬁauaslaimm%vauwaafwﬂwéaﬁu%aawwm%’ﬂﬂu
vounlvsiusaadessudiiga sliiRafeaisusueusenles (CO)  iiesnanmaiin
ATEUILMIIsEeNTduUINEIY (Partial Oxidation) MsiiiSunamesesndiaylliieme
Tunswrlndlugaeusnaidudarlwwuuums Oiffuson Flame) _aslelasansueauly
\Waindseziinnsiudsugumnatall (Chemical -~ Transformation) Wagtiledndauszwing
lalasiausaniusunsaiuanas szneliifnnisnediduluanabufuresarsazeassd
(Soot Precursor) uaznatewdu Soot Nuclei [15-17]

Diesel fuel
|  molecules
12
Precursor Incomplete 5
molecules combustion Microseconds
1-10 10-100 A
Nucleation 5
Soot nuclel Microseconds
10-30 50-200 A
Coalescent 5-50
Spherules coagulation Microseconds
10-50 800~1,500 A
il Chain forming 50-5000
* Soot particle coagulation Microseconds

P2 a -l &
Uil 2.16 nsvvaumsnMIMeamLezIaAiivesMsIinasasensgaluASoseud [17]
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93U 216 Soot Nuclei lBudusiufuuasesituiiuasazessgiaiveu
(Soot Spherule) Fwzdushsmfuuuudadissnlufigainareifuansazesgaiauysol uas
wniiUfinaveseendauiinafismelumlv duiiduasavessifasansownlndls
8n dnwaizvesansavessgAniindufunsenay afinsdnidosihvesanauasvauiu
w9 (Platelets) WU Hexagonal Face-centered Inafigad3195eninaunulseanm 3.55 84
aney eaedlawmlngniwnsindidndes warluwdazuiuasinisdadodeutududy
(Layers) TuusiaeniinazfimsdnGosdulssana 2-5 du wavansavesswaiilunsnaniiey
Usgnaumentinuszunns 100 wiln fguil 2.17

SN
- Lilra
) NN
’4.\.!\’-."_ ;‘ 1 3 Il \ \Zé’:
32ty 1.2 nm ﬂg [
ot 4 kel
e esez Al
Platelet Crystallite Particle

= o <
3U# 2.17 Tassadveseyninsveu [17]

e a &£ - ca v = =] ' a g v
wagusngMsaimiaTuMelunssUng UYBIATENEUARIANLNA LT NI duaSu
ensuasunlamnaaiivagninenwluyielaids (Tail Pipe) Asgun 2.18

Cylinder Exhaust pipe Aitmosphere
® Soot @ Agglomeration
® Unburned b__ ® Condensation
Air hydrocarbons S - L Adsorption Q
\ (S Hyc_irocarbon ® Chemical ;
Fuel |—= fsag";g'g / transformation
— © SR @ Viscosity
Qil / @ Metals change R r
a Carbon
@ NO/NO, BBl Hydrocarbons
@® Inorganic =] Polar fraction
oxydes Metals
Water
B Oxydes/
sulfates

JUA 2.18 nssvaumMImeamIgAIALaEmaAiivesMsiinansazeasganealy
\SedgusfLYa [17]
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=

2.4 nsanUsuransazoadsa

lumsanUSinaansasestgiveuds [15-18] awnsavhlananeionweluil
1. MIBNULUUIATRIEUdLasAMANTRTD LT BINAY

2. M3l438n13n384 (Filtering Devices)

oo

WudsnsnilanvislunmsanUSunawesansavessd fivdesesnumnvielalde wiisnisi

P = a o oo e v O o v oa o o
mﬂiﬂﬂ'ﬁgﬁE‘b’t’lﬁ"lwuqq]glﬂﬂﬂqi?.}'ﬂmuvwnﬂiaﬂagaa\‘lﬁaﬂlﬂfﬂ ANUUPNADIUNTTILAULUDLITUDY

9

ar =l -

DININTDIBLDDITARLYA (Regeneration Process)

P | ad ) . v

NFUN 219  151E@M5AUUEIENSTIRULLBLSYU (Regenerate  Filter) ve3fiangaa
el by e @ by

azeaghnals 2 FandngAa

1. msldanuiou sellegineiu 2 dnwaz fis msifamselinuiouiulede
neunvziinfinTesazeesganiea wsenslianuiouiudinssazessiniea Wy n1sdn
Post Injection lusassuAmeauuus 195N Fadiumsiienudoutu awsofissviilavans
ad 1 s 2 . — & s = = ¥ o
iy mslimnuseuwuuldlwih (Electrical Heating) fiuladereuiszidrdinsesazans
gaRlea ¥3e MIARRITEULTILD (Burmer Systems) luduiiluiinsosazeesganiea 1

9
2 1

#u uitlynwesdSivaiinde aududeutesseuviarsaifias wennlamuuansiieues
gungifionuintunelufinsesazenigdnvaszdmaliianisveefavesianiluvinty
wazrelviiam muAuEntu (Tensile Stress) il unwmuvesnsatazeaganvaana
2. msldansiiufnsalfitenieananmgiigefinlnesaisazosiyd

wnganuigamgliivhlviansazessgauiianisunivi Sdussujisedaeildtuey 2
JULUU fAB

2.1 Wuansiiuusismmuninlui@emas (Fuel Additive)

2.2. Wumsiadioudishnsssayasiginiwa (Catalytic Coating)

= o S o 1 asa ¥ 4 owvw Y

Falumsldansimtudnswizentu awnsaiiagile 3 wwamemeiy
o = a & [ = = = & -
13U 2.20 Taglunuamadl 1 duszilumsdivansanUSinansiinansasensgiluidends

U

o a =4 ¢ = & aa a aw v oa & a ¥ va 0 o s =
AdslueTeseun sathiisnmsiudazuisvinanamddaiinislafiueguds drulunuamsi
2 wlumadvansivgdaglansazeasgdiianswalumiludisseninsdiledeesninain
insasguRLaznauiilaldeiuazidngfinesazensgasea winumelfaeiidgmludunis

0
s

Nogvilviansifuusis (Additive) tunszaneduiiveynaansazessgaldmds warlemavesm

=

Heenuguissimaresasifuwsietuideligs dauluwuamei 3 Wunsiedevansiss
Uftemaunlniansavessgideluddinsesavensgifia
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» Exhaust gas
heating
* [xhaust gas

throttling

= Filter heating
@ Llectrical

heating

® Bumer syslems

& [owering soot
ignition temperature
before the filter

e Fuel Additives

@ [owering sool
ignition temperature
in the filter

® Catalvtic coating
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& Electrical ® Microwave

heating heating

JUT 2.19 TBasuSinaumsudenansagoegivengusseinia [22-23]

| Air

} == Lo g [ Exhaust-
Fuel &= * o 7{ - e\ :
| [ fraeines AR N Y A
2 . hi particle Filter
Aar i ZM"" = Additive —— 19 | |
bl Cowaks—{ Engine |) ey meada- (L) Exhaust™
Fuegl [FF&R= s VI ¥ - :
: — Sool
L 44 = Additive partice A\ 1)
Air\ \se [C g P —
‘ g IE“ ine l = o Exhaust
[Fuel '\ W&t i-'.h. PTEOA R /= us
| Soot . {
ls » particle Lnt:fl_\“sl coating

3T 2.20 wwamemsldansiiudada§isen [22-23]

2.5 #ansesazeasganaluleifevanniossudaioa (Diesel Particulate
Filter : DPF)
asavessgafieeniniulaidevesndoseudieaanunsamunuldlaegldinsasazens
saflva Furdedidnvuritaviodomugumgiigeesdadeliuazannsavauazen
suedlsl munfeznsevilasnsesndladansazesginazansglusinsaavessgdmiaa
Sendsruuiiaueistusiinsesazessgdniea (Regeneration Process) [17] fanssazess
sAfwaiivaneviin wurliadsiaesiia (Ceramic Monoliths) ¥ilanzunssanindevesqiivl
(Alumnina-coated Mesh) ¥lialanesdia (Ceramic Foam) uwazunulewwsiiia (Ceramic
Fiber Mat) Wusiu Jausavviinasiinisgaudornudunasyszansammnsesunnisiulu

wRazsle
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2.5.1 deduardaidvasniniataveassiniva

1. fnsesazesighnwawiozazenudfluiinauslussuulode

2. masudenisdudiofnsesasessgiinwesnifuasazessilinniu

3. melfannsmsvhaouunivesnSessudfiea a1sazessafivazanliazl
anmsadnliuaveeniladliionilosnngumyiivedledsliismeriliaisazessgdiinnis
pendinduld

4. dleiamseendladussansazenssd nasurumsunivivedesgnauauegg
Tndaaiedesiililigumaiiguiuly uaslilifnsesavensgimmainnruudonels (17)

ar 1 o o 3 - -
2.5.2 fnsesazeasgingalwaitumnauuiindsils (Ceramic Monoliths or Full
Flow Diesel Particulate Filter : DPF)
snunilaresdes (Cel) gnilalinumemadiuazdnduniwedesgnlaliivans
masenaduiu /hilvledehilan sagessgignisdulilvasinunivewesiluesfindadl;
wyu Muuenvessiigniiliviaululasinseayeesganwagninnl ilnanuinseseus
A w a o i 4 v oo v A o N =
\esnwgmugiivesiinsasazensganaligalivinnzululd Wedinsesazonsgdnivail
a [7) X @ ' - v o & e & a £
asazessgharauliinniu amnudunnaseufesifiudnuihlidedinsiatiamaadunntiu
ievagaiasngydsly dualvigumaiiveledegeiu Gwmagavihafagiliiansye
) L ' - aa b - A) g e
sziinuesaisavessgalaalddnsaujiten dninsesndladansasvessgiioziuegiv
gunailvesinsesazoeganiva JwWnTesareeganwaTinlizanarsazeaswinesnuniu
= ot ves W < : Y o v =
iwIssusRalatiaianaz70 vieuinn f;;;anwmzn'ﬁwmu'}.ﬂmgﬂw 2.21

Eront plug

Exhaust gases
from the engine

Sool deposit

Filter walls

Purified exhaust gases

Ui 2.21 uansiiensvesleidglvariuinsetasessgdnwayinlwanyndiu
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2.5.3 mniamuaaaqam«ua‘lnamuﬂnd'm-uuﬁfﬂmﬁmn (Ceramic Foam)
Minsevazonsgdnivaiai winvesdinlnuvzdedlvuadniismefiasdinnsesans
aveasgavetlady mammﬂiwmwsmﬂussﬂaﬂumﬂsamvaaasaﬂwa%maamjmmaswsu'
ma’lwa'ﬁa.,amﬁalwamwmsvmwLamiwuLemumn.a.flwzuummnunmm’tmm‘[ﬂu
wi'mﬂﬂwsaauaumsavaaaqﬁhiau'qmﬁﬁwu ﬂ'Ju‘laLaawmuﬂ')smnnsm‘lwama‘lﬂmmala
Laauavaaﬂaussmmﬁﬁalﬂ muﬂwsumwﬂmmn'ima.,amﬁaﬂwawmmas"lnaﬂu
msawummasnmammi‘lwm‘[ui sunilafiasdiulg Asuansluguil 2.22

c‘ w ar 1 ! = ]
JUn 2.22 anwmisvasiiniesaseesganualvarunndauiialiuesa

2.5.4 sansesaressganwaluarnuunsdusiinwivlwsdaniolived (Ceramic
Fiber Mat or Partial Flow Diesel Particulate Filter)

Mnsetaroesaneatiail a"mu,wu'lﬂmmwsalwwmmmwaunumqu Faay
m'lﬁlaLaaﬁl‘wamumnsaaawamﬁaﬂwawﬂu swihusiulaiwsfianielvivedunndeusy
whutuq mﬁ]~m’lv’1‘lmaaﬁlwamumnsma..amﬁaﬂma IYNANNIDIANTALIDIGANMUTUIN
ﬂmgwsumwawmmﬂsaqauaaaﬁammamﬂlaLaEmmummmmavaawamﬂna faglva
Auvisuazeengusseniesely & anmmumwmnﬂsawuﬂumsﬁﬂ 2.23
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JU# 2.23 5ﬂﬂmxﬂadﬁiﬁﬂﬂimﬂ‘ﬁa$@a\ﬁﬁqaﬁwﬁ‘ﬁﬁﬂuﬁﬂﬂL‘ﬂi'lﬁﬂ [20]

2.6 wé’nmﬁﬁugﬁun1'sé'nn'saaa'rsazam§§ [20]
2.6.1 na'lnmsmﬁ'auﬁ"ammaﬁazaaqqﬁ
ﬂa‘lﬂm'sLﬂé‘auﬁﬁaamsaxaaaqﬁazgﬂa‘j’w?aLn1sﬁﬂﬁui‘aqw;waaﬁaﬂimasaaqqé’
fiwalnenalniid iy 4 naln & MINTZNU MIUNS N5999919 Laznzinsesey Faiuansly
Tugu 224 Fdinalnmsvhouseielyd

ey, T MUY (0 fnsemy
ey (UMzunsIsan
E i OO D e =7 immouery gy ]
= N -
O e
wuly  eyme

gﬂﬁ 2.24 ﬂalnﬂmﬂﬁauﬁwaaaﬁazaaaqﬁ [20]

1. n13uns (Diffusion) MIunsvesIsazesega ULV ILEIEY Erownian
Movement) ﬁetﬁﬂmnﬂ'}wuﬁ'uszwmm3azaaa'q§'v‘1’w'lﬁmsasamﬁ;a"tﬂé"'auﬁuuuﬁﬁﬁmq‘lﬁ
Wuuay -au'LUﬂuﬁ’uwﬁﬁaqw;wmﬁaﬂiaaasaaqqﬁﬁwa MUNSLUUTITTEY Brownian
Movement) ﬁ%ﬁé’mnﬂmﬁuﬁmﬁamsasamqﬁﬁﬂmmé‘naq ﬁ’aﬁguﬂalnmsl,l,ws'ﬂmiwﬁ'ﬂ
hadsasnzessgiivwabin uameislugy 2.24 (n)

2. M3NIEN (Impaction) Lﬁrﬂu‘]"amsaaaaaqé‘ﬂzimmmﬁ’ﬂwauﬁ'ﬂﬁﬂmwlﬁ'ﬁ’u
\oswnusades ﬁﬂﬁmiaxamﬁ‘ﬁmmqmaanmﬂLf’funsmnamﬂ"m Jevunazilediniugenin
‘zmaﬂgum‘ﬂzuwn‘sszmn%mﬂnsazamqﬁ na‘lnehu'iﬂzyjtﬁmﬁuawsazaaaqﬁﬁﬁmmmhzﬁuaz
fienunsags uanssslugudi 2.24 ()
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3. A139AYI14 (Interception) m'ﬂwa‘uaqmﬂ'lmﬁapi'luwﬁ’wn'quwmﬁa
nIBeavesIgisiea dunssuansivavesemasyinaldsseuianmyu aqmﬂﬁﬂvwmﬁ’u
mmﬁmq‘mammauﬂsvuamulﬂmamwaﬂaaﬂmﬂLaunfiuuamﬂmaﬂmunlﬂ mwaa
Aussggvsseniadunseuaiutagnyu ﬂ'l'i“’&luuilﬂ’]L‘Vl’]ﬂUﬁﬂ;J‘U?Nﬁ’ﬁﬁu’e)ﬂﬁﬁa Feans
avaaaﬁamvmnmamwsumi'} US9UWRB$INE (Van Der Waals Forces) useiuinesinga
Lﬂuuiamﬂmwwm‘[uLaﬂauavaa.,mmmwmumassaumﬁvmwﬂnLanauaaaq fananglu
i‘LJ‘Vl 2.24 (m)

4. peuwnseIau (Sieve) mﬂLuaaumﬂmmﬂ’lmyﬂ'a'ﬁ'samwswmmniaaa~aa\3

samwadeililiaunsarulule mmiwmaumﬂummm‘lmmsvwmmaumm%v
nequinlugiagniuvesiinsesaressgvasuiisgavgnis uaummmﬂmiauaawamu
Tvgiiisusreilisuiden 3 Jufnmsiafunseveuiagniy wﬂmmawaﬂwsummﬂmﬂm 3

¥/

lviananseduansavessgaianasiulien muaﬂﬂu’iﬂw 2.24 ()

TN g %
2.6.2 mMInseseEnIas amqmmnw‘lmﬁﬂﬁ’uwugm
msnsenduiBnsiienunsaddedadovuiifoymadureuds T Taniidignguun

q

yemsivavesfingleds szmsaau‘lwm%‘latasm'mumaﬁa"amqawmmm‘lwm gy
wgnannseslisumihvesiinsesazonsaiion dauansavessgivueidnndiazgningae
nalﬂauqmuﬁm’lusﬂm 2.25 Iﬂamnsmauamﬁammawuﬂu'lmmanuaamuu AU
Lﬁum'}wumuumanaﬂww (Packed Filter) sz.lmaaawmuwawmunuwmmu,a:;amﬂu
wuLin LI "Laﬂ'samwmm eifufaifimaanusnbiinntn dausuuitdes Tanwyy
videenasduiletuisane fuiuih (Single Layer Filter) mmvzﬁmummmsavamﬁa

wsaaanmnnwlal,aamnLﬂimaummwa

I AT ldnses {

SUNIITOU (4 NMSUATIN * aca
=Y e
S Q8B /099 o
mxlods - g &8 Vsl @) -
N, 9. ___.t-},o\o.f\ o
‘s ... % 2 “@
h‘ T, e o —— -O\O O
i .. L. -. .._ s QOF O
) et -CJO el
yma L S Y ? E O Moo
a3 ks O o 0 fzam
“mIng ITLNT

JUT 2.25 uansensagessgivesineladegnindusmenalnsineg [20]
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2.7 Uadeniinadan1sinnsasansazeaiganiea
| ' @ o ) Y

UadeniinasionsfnnseteyninuaaIsvedasossuRma s

1. AavuUuYeIeynIA

2. ANUNUILUUYDUATEINNNTDY

a [ [ o = 1 95 di o
3. ANUL57 wazAuRuRnATaNYesniYladunauLASaIRAnT 8
4. YPUINLAZENYUZNINNENTNYBAASDIATBIANNTD

2.8 AuAUANAIEY (Pressure Drop)
NMSATLINMIANNAUANATENYBINTDIBTOBIFARTATENI NV NI IUALYIDDNTDIR
nsosazeasginwatududnddyBndunillunmaassilesmnanususnaseniinase
nsAnwnslifnsesaressgdmealuiemasdivauarlulofiea Tnsnseuammeay
dunnaseutuarliaunsiuefydlumsdunsiauns

AN
—p—g7=H (2.1)
Pg . 28

o — f waiisdninAnuny (Pressure Head)

- = :
— e leailssainAIusy (Velocity Head)

z 8 Lamﬁaamﬂm'wqq (Elevation Head)
Ao wwasiudmsunnsiva (Total Head)



27

2
ar

r o 1 o = d‘ s 1 a A
nmyiarnuduenasauinsiiadegunsaliiefadausuiividuazviesnves
Y =
gunIalfsgu 2.26

Intet 5 DPF Outlet

=i a o ¢ d s '
3UN 2.26 M3feRgUNTaILEINAIINAUANATOY

nauns (2.1) szl

PZ-PI
(2.2)

Ps

Ap
+=3H (2.3)

Ps
Ap = peH (2.4)

= b L 1 ¥ b2 s =a
9 AP ABAUAUANASBUTEMI NI UYILALYIDBNUBININIDIALDDITAALYE (kPa)

2.9 nunaNMIINUYeIndaanssaibianasoy

ﬂaawawssﬁumanmiauLﬂuﬂamqamiﬂuﬁlﬁdmaumﬂaLanmauwamuaﬂ,ums
psIvERUinqUILLASESSUM | Weasinmnugnduvesdeynndidnaseutiudunty
ANUBTIARULAT 100,000 Wi m‘lwnaaaﬁ;awﬁﬂuaLanmaummsm’lwﬂsuamﬁmwaa
MaweNe  waznsuanuIsTIgasiagnlmuiieniinassganssmivuulduadagaunsauen
seasBusvesingiidnuuin 10 Sansen vie 0.1 wilumns (hdesanssmiuuulfuase
wanuasswazdealalszan 0.2 lilasuns) JuilindesganssmiBidnaseulimdwensgs
Wnda 500,000 Wi LaRIFILARIENS1EN 2.1
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13790 2.1 uammsvﬂ%’ammﬂua‘maﬂvmwamam
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YavssemiLuuLauazndoIganysem

Biénmsau

rEanIvesgUnsal | ndesgavssen] | ndesqavsse NABIYANTSAY

(Capability) WUUKES Bilneeunuunsin | Bldnaseunuudes
1933 (SEM) 87U (TEM)

Source of illumination | Visible light Electron beam Electron beam

MIUINUASWAZIBEA | 200 nm 3-6 nm 0.2 nm

gedn (Best resolution )

Adevene 10 - 1,000 20-150,000% 500-500,000X

(Magnification)

sresdaan 0.002-0.05 mm | 0.003-1mm 0.004-006mm

(Depth of field)

sllavosaud wA(Glass) Electromagnetic Electromagnetic

SNYULYBININ 2N 2 416 2 3 315 2M 2 4

anmg USSR AN AU INe

2.9.1 ndpsganssmiBidnasaunuunsinnsag (Scanning Electron Microscope

SEM)

d =
# 2.27 ndosqanssiBidnnseunuunsinnsae
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NFUT 2.27 nz’fmﬁ;ammﬁé‘téﬂmauwunﬁﬂmi'm (Scanning  Electron
Microscope : SEM) [25-27] uaz3UTl 2.28 VannIsiuTeAIes SEM Usznaume
Lmdﬁ%ﬁﬂﬁLé‘nﬂsaufgaﬁwﬁ'\ﬁwﬁmﬁaﬁnmamﬁaﬂau’lﬁﬁmwu lnendudidnnsouitldann
uvasiuilaazgnisafeaunlng annﬁuneju%Lé‘nmsau%mmaueﬁnmm%’eﬁ (condenser
lens) Lﬁ’aﬁﬂﬁ'ﬂejnﬁté‘nmmunmmﬂuﬁﬂ%té‘ﬂmau %"ammsaU%’v‘lﬁwmmﬂmﬁﬁLﬁﬂmsau
Ingivednldnudosnis mnc?i'mmsnwﬁﬁmmm%’msﬂ%’u’lﬁﬁﬁLﬁnﬁsauﬁﬂmﬂLé‘ﬂ
wé’amﬂﬁuﬁ?ﬁLﬁﬂmamsgﬂﬂ%’ussaﬂwﬁﬂﬂmauﬁ'[né’i’mq (objective lens) aslyuy
Adusitieansiine wé”amnﬁ'lﬁz,ﬁnmaugﬂﬂsmamu%m'm%ﬁﬂ'lﬁlﬁmﬁLﬁﬂmauvgﬁa
9l (secondary electron) 3y ﬁqﬁ’zyrgwmﬂﬂﬂﬁtﬁﬂmsauvgﬁagﬁﬁwgnﬁ’uﬁn wazudasluiy
dyqnaumndidnvsedinduas gmhlvadadunmuuesinsiadsely wazannsatuiinnn
Wnmialvsviend (Video Screen) 1&g

Ve
-
- /
s
S
G
S

il
Wy
L)

|
S\l

B &

N
7,

7 \x\‘\\\\i

7,

\
\‘\\\

'~
oy
=
E -

)

hs) X “deflect
° 1 ‘ | ~objective
= U > lens.,
;«{ a2 ~ /
< video= - ] s
*‘E}- L S
A\ b @If el e L sge’gﬁn

-\ Xy A

A\t 2 de . Speci

Sa_ Ao G0

jUf 2.28 vrén’ﬂmaﬁ’muwmné’mqam'iﬂﬂﬁLéﬂmsauu‘uumwmm‘sw

2.9.2 ndesyanssriBidnasounusdosing (Transmission Electron Microscope :
TEM)

U7 2.29 L{‘Juna"’mqamiﬁﬁﬁLﬁﬂmsauﬁ'{%ﬁﬂmﬁaathwﬁmm@ Fanseuiulagia
ﬁmmﬁa’iﬁﬁmqmﬂﬁLé‘ﬂmﬁaumuwzq‘lﬁ M3 menndeslssaniasyildlaenis
Ay inBlannseuiveasuietahueg naewanssAmbidnnseunuudesing (TEM) [28]
mmzﬁw%’uﬁ'nvmaam%‘ammmﬁﬂwnaum8‘114%»161’1@&}1\3 Wy ssAuszneunsluwad
dnunzvendeviuwed nifuvad Hudy ﬁamﬂﬁ’swamé’aﬂqaﬂ'jwné’mqawﬁﬂﬁﬁﬁmgu‘]
Li’iaamnﬁﬁwa"mmaLLazﬂizﬁwﬁmwlumimanmaamﬁamqamﬂ (MaswensgeanUssana
0.1ulums)
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3UT 2.29 nNA0aNIIALBIANATOULUUEBINIY

UM 230 wénmahauveaaies TEM - aziseneussuvasinindilinaseuan
wihiinanduinaseuiiiedeuliifussuy  Tongudidnasouiildrinuudsiifinazgniseiae
auniliih sndungudidnnseussituiaudsiusinsid (Condenser Lens) ilavilvings
didnaseunaeiduddidnesoy Feaunsauiulinnnveddidnesoulngviodnldny
Faams mntugidnaseussedauiidusegaiinsdnm (Specimen) U Fasaodsiiaz
FAnwessesidnynusiivuuazunann Wesaddinuheglutiesswine 1 - 100 wilums)
nndussfiomsnssieymeiudledidnnseunsgrinuinetely. wavdidnaseuiinyasin
Fegilfezgnuulnfavssnmlneiaudlnding (Objective Lens) Guiuaudiviwminii
ygrunnlilesgazidenunign mnﬁ’su%“l.ﬁ%'nmwmaﬁ’mmuémammﬂﬂéaa%’u
(Projector Lens) wazuSulifavesdioynndidnaseuliisniwedfiasusnguuainideuas
gavheazinnsasen il
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2.10 spsiofrseilnedidsimindwudou (Thermo-gravimetric
Analysis: TGA)

UM 231 infeddiefiliinreilagiidaimin@enuden 1291 1¥insesimuiades
vosTanuisliiuanudeulasms indminvesfaniiiudouudadluluusass1gangiifae
wSesdeiifininilge wedadmnsdudmiumitinseimaasuitasanmuosTani
Readesiumsgedufnviesemeveniuarliinunisiinufiseoendintuuasisndy Ty
myAeTeiiedt fediezgninausuuuadndudeuieiuiniesivasiBeniidaula
son1siUdsullasgs Tnsianuasgaglumitamnsoniuaugumgiuazussernield
vssmameluewezfiufhadesvidefeiifimiudashitu smmdesandiau Tagdwnin
yoshedeivasuuladuazfnduigungiiamzussasustazaiia Tnsuindiveludy
AintuTnnssze nstegdagvIemMIANUfATe W

= < a asdd ¥ v a v
5UT1 2.31 iseslleinTevicmg TSt minidennudeu [29]
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2.11 MIaTIvFsuTlauazUnIns1nAEmALANITN TS AENAIUYNSE
13nd
mInsedsurlauasUTunusgeiemalianisnszatendwiuvesdsdiend  (Energy
Dispersive X-ray Analysis: EDX) [31] fndnnisvinalaenisnsudweddnaseuluiuay
uduanudesidiendennun deisdendiivdesseniniuiudnvasianereusiazsni
Uasgeanin

rimary
electron

N

: g
R St ¥

n‘ o/ o = e/
JUN 2.32 vanmsiauvesmsiinisdiend [31]

a g Y v o a o 2 = a
nsYuvBIBlannIeunRY wwhlurudidnaseuniglndliaasenliainesneudadie

anneiignnIzAuAsliiaesdsdiainmeneuihliidnnsiades - Tnansndidnnseoulu

Qs ﬂ’./' ar d‘ A 1 1 Iq
sgautundsnusuanasinliunud - Taenselanaduwnuidesinanididnaseuislumgn
sanlluahliiinnsdantdesndenudmiiuseninluzivesssdiond (Xray Photon) Gl

Qs ! Q) 1 - hrd I’:: s 4 d‘ 2 o
wawmwnﬂUﬂ'J'mumnmwaaaLﬁﬂmmm'mizﬂu*ﬁuwaaa'mmw’hmuwuwnumgﬂ 2.32 @y

< = v W & ' @ o °
wanlaannsinsieimendnnisiiasuanslugivemnsmseninsedundsnuas sy
Bidnaseuiivanuderesnin ynlvaunsolnssiiuemiliifiosiussnouvessmladuay
F T = o ] 1
TUSinantudadiuwvila [31]

2.12 wRasdiasnzvisinariuey lalasou uazlulasiau (CHN Analyzer)
winnslunsifansazossganwanazlulofiva Fulndnnisiudsteluiinies
Arseismensusulalasiau uazlulnsiou (CHN Analyzer) [32] vieanaiSundndeniisin
iwseditesevisniiiusidusenoutesansdunis (Oreanic Elemental Analyzen) fu
inseddleddgalimuinusiniiiussdusznevvesansdunidanagluindasiiounsiu
aunsaleaTzimySinadames (5) lade
wdnnsvhaurenaissdlelunsmuiiusamaiieifenswlndiednsanida
(Flash Combustion) titeidsusiniiuesdusznouvesasdundslufedslufuuiad
duiusfusnaiug eghadidadiuiiuvivey Wy sglulasaussgnivdeuluduuialulasieu
Ny swmiveuszsgnuldsulufuuiamiuevlasenled (CO,) uazsmlalasiauasgn
wWaswduleth (H,0) MnduFsenufanausenanfuievusinauiawiassiasely
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FuATemMAABUTY 2400 CHN  Elemental Analyzer vasU3® Perkin Elmer i
dnvaizveuniesdiouanafizy 2.33 uazunuiansvieudegy 234 wesiledindnnns
Awsiziadne 9 futuiinanandheiu TumsiinseifesaSinansvna 2-3 fadndues
gnussyluuavgaiiynuasilunduszuuguiegnedalusi® sntussgmitlundeuashily
Reaction Chamber fifleen@iaunnnifiune figaumgiivszunm 990 °C Fwensamiiauiasiig
q saviainafveuteuenlediutudiesiioendinuinniiune wazezineendndulag
auyseldleinludsnednifiusspisawulaseenled Sadidusiswiite Tusliufana
CO,, H,0 Uae NO, y9uvia O, MAunerfundna eazluasiny Silica Tube Tussgdon
Tavznaauns (Copper Granules) %w%nmﬁlﬁazﬁqmmﬁ 500 °C &1 0, ﬁmﬁaw‘huwzgn
Juld way Noxﬁazgﬂtﬂﬁaulﬂti‘iu N, 3ntuenaineduidmiusu SO, wazuRaiglas neud
uffanauazgnwlaeufatidenluds Chamber finausuUSinmsuazaudy wagasgniily
HIUNISUBNAI8IEUU Zone — Chromatography ﬁws'lﬁé’zyzywmaaﬂm'[ugﬂﬂxuﬁ’ulﬂ
(Staircase) ¢iagU 4 MmigevasdutiulavsudsiulasassiuUBiavesaufase q fignuen
panin JennsamUinaldlaaifisuivansuesgiu leedl Detection Limit dwsunsalld
a13ieE 2-3 fladnsu agjﬁﬂszmm 0.05 W% (~500 ppm) Inefinnnpamndeulssana
+0.02 w%

U 2.33 injeslioliATwiiansageigimelrsediiasieingmiveu lalasinunazlulasiau
U8UIHW Perkin Elmer
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U 2.34 wuransyinnuvewaIeile

2.13 msAnwesdvsznauvesatsUsnaulasléisnendudavesdiomas
(Distillation)
1. aadhanlunsidinwananianisndy
annsnuvseenl@fsraluil

1.1 B ugnilunsminnmanduresaniasitlandeuiaunsnau [33] Juis
Méfununilugravassutlasidon  fulunivuiineasuiiiiifiaalng ASTM
Committee D02 fiwun WeBnsmnaeuiignldunituiaiu willédoyadwouunuay
fuszaunmsallunisdaundislumsuseiiuludiuvewdadusivazuiunszuaunisuin

1.2 a1 Volatility Lﬁuﬂmﬁnwmsﬁéﬁmﬁaa Hydrocarbon fiusuendis A
vasnse Tnslavngagebafuguaniilunmssuunseninaudu Womds  waziavh
azany Boiling Range Widayatieaiy ssusznoy auaudh msdaifiu waznisldau ms
vagaum Volatility Wudevdn iilemuuslsiures Hydrocarbon Mixture fionansliianis

vinvosloszineg

1.3 Auasiduinisndu Wugudnuueddnlunsinnsanvesis Automotive
Wag Aviation Gasolines Tuudas msfnA3ad M3 Warm Up wazhualifunisiin Vapour
Lock waiziitasessudiviheuiigamaiias vis dulussiuge wievi 2 nadl msflesiuszney
ﬁa;ﬂLﬁaﬂga’lm%amﬁqmehﬁ'ﬁm%’amﬁqgu q DrfadAgysadn3IN15An Solid Combustion
Deposits

14 dasnsseme Fadulededdglunisilvldussleniludiuaesdar

rany vanevialagawizldluanud

1.5 waitldannsnau sngnirlulslunisiivun Specification of Petroleum
Product finnasiumemsiuazmengwine wasmsthluldlunsmusunssurunsnduly
VBNAUUYN



unil 3
75A14UUN15398 (Research Methodology)

3.1 uuaAnluniside
ﬂﬁﬁ“}'ﬂiﬂumiﬁﬂmLﬁ'mﬁquﬁnimmsﬁnu,a::mﬁ'wuLuaLi*'ﬁ"wmé‘f':ﬂsmasam
snganniemdslulofieauariion Tneusndnlunsinuildielui

1. unAnveIMIfinyTLIAYeIENTaTaIALUUBYMAR AT LUVBY MM ATy
ngufeureaalniuuunveaTamdsfiauariulafiwaninawesvesndosganssemd
SifinnseuuuunsIRALandaanssaituvdssinuiiolinszinsaagasazonsily
neviugisenadl [10-12]

2. wndslumsAnmmsesndladuesansazessgilasiluvaasuieirdosiodinsie
Tagdnimindemnuioundmniuhasevessinivauasiulofauanaumagsiin

uiniluneaeudneieiasiaiinseilagisduiminnsmiuiouiiesassniseand
ladansazessgamelianioznisvinauweaniessudass [22-23]

3. wwAsluMssRNUULE N YIMAaBI IR mUam Al TusInsesazensgd
filwa FuanmsimuarauEIseueseiaseudi 3000 pm  uagldmngiaiessudii
Usms 3,000 CC Tasawnsadnnamnusiledeilvasiusaniesazensimen 1131
cm/s wmmﬂuummsaswsvwmiﬁﬂmiawamﬁﬁlﬂaﬂmﬂuammﬂaLaazoo °C 81984
AUENMNISINNUTEATBIBLAIS WaTa19sEULS I LBt uTR N TatareRIgARITa
lnemuauanmgiileds 550 °C [10-12]

o ' & a = in 9s
3.2 Aedvveavawaswanazlulofwanldlunisnaass
321 mansiausuinveutowds

nﬂ.’) 200 ml ¥

5%

¥
s

= = L u & a = = % aw &
JUR 3.1 uanatle ($ne) Wewwdsiwauas (v11) Tulefwanldlumsidensall
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Wawndsildnaaeuluawidedd 2 vie Iun Aadu B0) Fwaaeulay ustm

o L = A = o 1]
Uan.d1in umvu uazlulefion (B100) nEnuasdmunenuaInIgIUERaMNTIY (LN,
2313-2549) Fandanunanuniuviduledu dananuisninfuivuny Aauaudiing

AMYANNYDIVIAD TN LALEAIRIRITIN 3.1 Wamdsrwauazlulefiea

TunsfinwesdusznaumaaiiasnnindomaiwauasluTefeadsluinsesim
AuaulinmIndurendamnisiiwalagldinmsgu ASTM D 86 Tunisvedeuuazdmsy
\Wonadlulefigaldunnsgiu ASTM D1160 Tunsvaaeu Tnedudemassananlviinseii
dhedinsiesinainn USE Uan. $1n Govnaw) Swanisnaaesaztinausluunil 4

= o)

A13197 3.1 Auanlivesdemasiivauazlulefiwaildveaeaulunuided

fwa (BO) lulemiwa (B100)
" s A AN — fin WY
810U | ANENUA | ASnsnedau > .| AEnsnedey | .
AUATIZH AATIEN
Flash
1 ASTM D 93 68.0 ASTM D 93 184.5 °«©
Paoint °C
Kinematic
2 | Viscosity | ASTMD 445 3199 | ASTM D445 45 | mm’/sec
@ 40 °C
3 Water ASTM D 2709 <0.005 ENISO 12937 0.028 %wt
Lower
q Heating ASTM D 240 43.0 ASTM D 240 38.20 MJ/kg
Value
Cetan
5 ASTM D 976 5772 ASTM D 6890 68.2 -
Number
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3.3 33msAnwniSuaasazaassivaaUadlnuvuunsinidowmisiiwauasly
Tofiwa

TumsdiiunsfinsuSnamesvaliuuuunsveatemasivauas lulomgalneld
M3EN8MNAILITY3ITU (Schlieren Photography Technique) annsaitasieiainaagy
yeaUalwuuuunsnisuenismnuuanieesUinuansareaildteastinausluund 4
FedofvasszuumsieawneByTisufemaiunwariusnsras IS
nazanl@eadi 1 (Concave Mirrorl) wagnszanl@siaifl 2 (Concave Mirror 2) Tnsansinm
gaauasveslaliuuuuns

3.3.1 maassugunsallumsdienniaedsyEisy

9MNgUT 3.2 ansdnenmshamaleysisutsaisazessgalarliuuuunsann
\Wewdsiwauaslulofiwa smaniougunsaitenmuuugBisudsivinnsinudEuen
wndsdifiauas Juderlivasnlndusuldiufinuasesnin suasiiasgnarusnuiauduay
UMY ULETIRTY mnuguﬁ'luawsgna’aqlﬂnsswunszﬂ]ﬂiﬁaé’qﬁ 1 PInuduasIEinm
iuyavesevdafuasliuuuisnnifemasiwauaslulefiwaninan s uaziouly
fanszanlAeind 2 delidwawinmludiiumidrtadeegnanuadoluiodnuas uds
dduasiulunsenuiuninaudusindesdeguuuuiialy Ssssasiduavawnsivedild
ey Gsagnaesueluviadie 3.7.3 STUUNMSATUANINAI INAUANATDNRAZYUNNIYD IR
nsesazessganwa Roulvlunsdsnmamlivendomdsiwanazlulafioalidnenm
pouiimgeealiuiauysaifuSeuiiouiinldnsemivhfurendonasiee
wazlulefiva dwgunsalueanaiianisaenmuuurbisulseneuluse

Pin hole

[ —— e e — .
- }g N\ 2o Nt NCNILo . R St £
/ -
=S | P
: Y,

Light source . GliT e®

Concave mirror 1

Camera

Concave mirror 2

Knife edge

JUN 3.2 mithemwemallagisurasaisageassiiialiiuuunsanideindsiiea
waglulefiwa
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1. ganuilauss (Light Source)
yoidauaiiugaivilifouasaidunsnasuasmelugaduilauasUssney
TenaanlnFueu (Xenon Lamp HID) Anuadauawun 6,000 K welduamniua
uaztaanadaun 100 watt MNtukdsgnAIUHIUAUdRTuYAgFALAS (Pin hole) Tunisiden
ywmAmesuasivgadlunsEnun SNz 1

o -

§ﬂﬁ 3.3 gAnuuaas (Light Source)

2. _ns¥anlas (Concave mirror)
nszanlAgiledunszanlas 2 v Wlunsdnmueauasts fduriugudnane 180
mm sgeglylfa 1,800 mm

= & .
U 3.4 nszanlés (Concave mirror)
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3. yaluliadaugs (Knife Edge System)
W o v do \ a o0 1 @ @ v o P
yaluindauasifiviiidauasdiufuiisunisiwiandnszanldeiaf 2 easld
wiuamndstu mndumsanenmuuunlainsmaghildyaluiafaues

5uil 3.5 ilusiadanas (Knife edge)

4. ndesdrsguuuunaly (Conventional Camera)
nagsaezuldargnwnginssunisinalvdansagensgasinalviuuuunsaes
& a o
Wamaaniganazlulodiea

U 3.6 ndescezunuuiily B%e Canon Ju EOS 400D aud 50 f 1.8
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3.4 FnsfAnsausniinInen wYsanTazeasgavasadlnuuuuns

3.4.1 FBansifiudeguariimsiavuiamsazessgioymanuuiAeavaadlyl
WUUUNS

TumsfnmaantimsmeesansazessgioynauuuievesUadlLuuLnsaIn
Womdsdigauazlulefion Tnewdseonidumsmuuneyneasasessgauuuiden (Primary
Particle) IneldndasganssmiBidnnseunuunsiansaa u Hitachi su s 4700 Fauandlugui
3.7 wasmauneansazessgieynauuuifed InglindesganssmBidnasounuunsnnsa
U JEOL JEM-2010 sfauansluguit 3.8 dmunmswSsuntsvaassd miunsmuunavesans
azopsgALUUIAL fuusarugulunisveasdliun amenldnzifesiivify Usinuues
Wowdsdauazlulefiwaiiviniy mugddnsisaieliuilunssiviveavailiuuy
undmdlourty fumevlunisifiufesnasazesigivenasliuuvunisnidewmasiien
uaglulofiwasnensednasazessgilasnsemuaulnemsdaiminvosinaudomdild
W vhanstfvansazessgaveadenasiivauasluledwalneynnissauasiumeifismn 10
il ermuauanageedldnzifsuaziTouieudamadindsmuwindy udmntuh
nMsfuansazeasivesiadlwuvuuninindaimdsiiwauasiulefualvidthmin 0.5 ¢ ilef
U%a.nmﬁmﬁnﬂmmsavamqﬁﬁgﬁmwa‘l,umsﬁ'}‘lﬁwﬂaau'luehwawmmLLazm'sﬁwﬂﬁﬁ%m
inilvasensazenigd nugUi 3.9 uansisansagengivesvaTiibuuunInitienasiien
wazlulediiea vramﬂuumisumamaa’ﬁa“amqaﬂaammlﬂuuuuwsmﬂwmwmﬂwa
waglulefwalunnyuzvianaradnuaniluiiasziaendsgansimiBianassuwuunsia
ananasndasganssmiiinnseunuudesiny MimnesatunuEiwiimsnsaienw
wagvhmsinuinvesasazesssdvesuaiiuuuunianifomasiimauasiulofiad oy
20 am Ingliisfievainavasuininanuen (x) wagauniae(y) vindumdidoes
YNANSATBAGATYMALYULRE ey)/2 FhnsTnansazoessieymPuuuifes iy
100 fou lnsidannmieuarsayessgaivafiamnsaialdudvinmimstamanaionn
Snufoumazossgdiionm fauaaslugud 3.10
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duguT 3.11 uazguil 3.12 ameevesiimsiavuinvesansazessgivesivanlv
wuwsInFemasiwanarlulefigasendesganssmiBiinaseusuunsansie dugui
3.13 uarguil 3.14 uamanmiemsiaruinansazessgiveaumliuuuNITINaINES
ArauarlulefiwamendewanssAudidnasouluudsaniu

i - Diesel PMs

li V ' =1 ] &' @ = =l
3U# 3.9 avazessgavesumliuuuwsnnideindsfiwanarlulefius

% (X+Y)/2

d ac L2 = d‘
FU% 3.10 18MTINYUINVBNETALBBITABUATALUULAE]
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/ 54.9nm

| .‘57.9.8 L

55.0 nm
-

(.6 nm

| 57.6 nm &3
w

TMEV‘ 5. DLV 12 Smm x100k SE(M) 2/1/2011 16 4’%
31J1r| 3.1 mwmﬂm:rm'uu'mmaaaﬁazamqaaqmﬂu:uumswauﬂaﬂwu,uuuwﬁwm
\eunashion

7.1 nm

4 &

TMEC 5.0kV 12.2mm x100k SE(M) 2/1/2011 1 7. 02 500nm
31]71 3.12 amaenTinvuinvesasagessgisunALuuisvsalaliiuuwnIves
wemaslulofiga



suuRenvanUa iU uLns U89

3U# 3.13 niensinvunaveatsaresdgaeuA
.&‘ = =
CERIGREILR

iy

5UT 3.14 amanensinvuInveEnsaressgasyNMALUURgITBIUa LU UL eS
g o
Wwamdlulewa
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3.4.2 Bnaifiudredruarisnisiavuiaaisazensgdoynawuuineiudunguiouvas
wWaalWuuuuws
Tunsfinwvunamsazessgdouniawuuimeiudunguisuresdadlniuuunsves
Femdsdieauaslulofiwalfintenturudunssaunsasianius Snihmsfhasazessyd
youarluuuunsnnidemasiivauaslulofisailiovsuinvesarsazensgduuuimedu
Wungufou dumeulunsdudiumsneaes Buduiuiedulnsihnszaensesndnas
gopsgAvaalalruvuuninndamdsiianaziuladoalugananssnuided 3.7
nszuIuMIAnansazesssivesUmlnuuunsventemdsiivanaziuledwauufinses
avessgamwanvulvaiundiy nainansazesssimenseauldinandn 1-2 Jund &
musnaiasazessgnniUadluuunstsdemdsiivauarlulefiwaliivsumnms
Vdswansazessghmendsnuiiviniu damguil 3.15 uansegunseminaiusuealan
Ilwuunsnndedidisauasivlofiea ndmniunsgmunsasansavessgiveaarin
wuunindemasdisataglulefealuiinseifendananssmisidnasounuunsn
A379 (SEM) wédanlanmeaieSeusasudwieuninisinvuinvedaisasessgiuuuineiu
Gunguieusesuadlwuuuunsnnidamdsiwauazluleiva Tagléisfievainavesuunn
Tae333nauem () wazanunig (y) wdnianuinfudmnAieievesuinnansazoosgd
sumauuumesiudunguieu Gery)/2 FoimsinasazassgiouniakuuiAeasiuiu 100
fiou Tneidenamisuasazesssanianannsaialswdnimnsfamaiadsandiuau
feuansazesagavioun dauandluguil 3.16 dauguil 317 uandiinsinansasenssives
waliuwuimdnnidemisiigamesnimiegUasndasganssmibiinaseunuunsanss
uaz3U 3.18 uansiinsinasavassivenalnibuuunsnnidemadiuTefeadenm
e UvDINADIYaNSIMIBIENNIEULUUNTIANTIY

JU# 3.15 nszawnsesansagessgavesumiviuuunsnweimasiigauazlulefiea

h (X+Y)/2

= ad ar = w @ 1w
3U% 3.16 TBnsinvunvesdsavessgaeymawuuimenulungunou




- 18@8 nm
Fl

g 33 i nm

i

SRR, U U

TMEC 3.0kV 10.4mm x30.0k SE(U) 2/23/2011 10:44 1.00um
JU# 3.17 nmderemsinvintesasazessgdeumawuuniziulunguisuvenian
Inkuuunsveadonasiion

154.8 nm “
e

143.0 nm

R L T e et B 1 el Jo |

TMEC 3.0kV 10.1mm x30.0k SE(M) 7/20{2011 11:05 1.00um
JU# 3.18 amdeveamyinruinvesasarendgioyunIALUUAEIvaIUmI lWLUUUNS TRY
wamadlulediwa
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3.5 35n1sAnenvaunadaadialivaniswiludiansazessgiiveuuadinuuu
U3

lunsfnyrraunamaniinlivesnismivivesansazessgalaenisindnsinig
WeufRsuadiszuinansazessgiruesndauannsavildlagnslfiedomaaaunisanas
maqff’ﬂwﬂ'ﬂiw'mm'iv?'mﬁﬁ%mmﬁﬂmzLﬁuqquﬁ (Thermo-Gravimetric Analysis: TGA)
fauamaluguit 3.19 Teeldansazessgimwanaziulefiwaiivinisifuaindsdsnaniade 3.4
FelumamnaeuillivhuiinuessazosginwauaslulofeaUszann 3-5 mg ddlumsfin
afatutamannass 2 38ldun Bn1svanenuugumgilsingil (Non-isothermal Method)
aeldoulvaamgiitiiintulugng 10 °C ol 91ngamgll 25 °C &1 800 °C Tneldl
pendlou  100%  wardSamumgiiagil (sothermal) Taeld35anmaiilinsidmiunen
ansusznaulelaseSusufiuaiueussnaniu uazifenmgiiasiidmiuasusuliisstne
Wen uazhansavessgaustasaimhlulinswimesdussnausessmlagliiaiosiinsey
smansuau lalasou uaslulasiau (CHN - Analyzer)

PM+0, = CO, (3.1)

@ = ana = o i
nTINBANUGATENALLY aun1si 3.1 @NIRAIIMeIN Ui 3.2

d[pm]
dt
e [PM] Ae 1779938280954 (2)
t Ao 13an (s)
k A FasTivasmMainURRTeLAd
n A drunisiaufisenall (Reaction Order) Ya9msusu
m fig drdunsiinUfie il (Reaction Order) aandiau
FasTimsiAnuiisenefignedunslon aumsi 3.3

=[pm]" [0, ]" (3.2)

o5 RT

k=A (3.3)
e A AasinSlenlniuu@ea E, Aendanunsedu uay R AeAAsivesineg lagAmdsan
[y ° <
nseu awnsarwInly aumsi 3.4
-1 d[PM] E

ln - =2 +(InA+mln[O ,]) (3.4)
[PM] dt RT

A1 E, @unsaAuiaanmsilsunsi Arrhenius Plot Tugunsh 3.4 dwsuanuidediauui
v 1 o A L U = o 1 s
Win Wi 1 iWeliderensiesgilunisiuinmawasnunsedu [12]
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o P A o ad o B . a k4 % .
JUN 3.19 irpsliaTinTeilae s dsuminieni1uaay (Thermo-Gravimetric
Analysis: TGA)

3.5.1 3Bmiiesisiaisazesigilaeiniasiiolinsisilagisdainnindsaany
Jou
aa = '3 < I P a0 g L) a o
FslAsgiansageegalneasediodiniilas ISt windernuseuazyiinmg
Y aal ay v oA aa o e vad
vaaeneIsguugilliagi (Non-Isothermal). uasdsgungiiaai (Isothermal) lnel43s
gaunpilhinsidwiunenansussnavlalaspdueuduaivausenanii uagisgumgiineg
[y = 1 - i ad ay 1o v
dwiumsveuifigeedrantiannenldlunisvaaaisaamgibinmazaiuaunelieuly
g iiiuauludng 10 °C siaun? ngamigil 25 °C fia 800 °C wagldoandiau 100 % Tu
o A aa ac - A 1 U i =) i | o
mMavhUjiTeuassgumgiaeg Ynusnieungungissaiemununelitoulvgumal
lﬂl :'.’ Qs 1 - = AIJ
diRuludng 40 °C sipwnil Mngauigl 30 °C fi 450 °C uawAsgangiin 450 °C unan 1
H2luslagyinnisnaasangumgll 450 °C 500 °C 550 °C uag 600 °C audrdu wazly
29NBLIU 100 % lun1sviufAsen

me - - ad 3 o =

3.5.2 FEn1Inesasvauaiasiadinsilasldisdenuindennuiou

as = s 8 B = ndl‘l 'c’ ar -

Bnsneasnhansazesdgaluinsevimeinisdiolinseilagdsdaimingn g
b4 d = = Qs o ﬂ‘; o
Jou efinyimaifinuiseniivesansazessgdnwauaslulefiea ndsnnuumhansazess

aa = a & | = ety oy =
ganwauayluledwalyimsgimadnlsznaumaalivesansagessgivalaun druidu
A‘ 1 1 ﬁ' d 1

Ay davedlalasasveu uazdimlumivouousnaisusznaurguesansazend
38 ganneiiansazessganivavarlulefiwaludiasisimidAmasiunsesu (Apparent
Activation Energy : E,) filfiuasusnansazossgivesudnaneiduing
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3.6 FBNsAnYIANANEALYRIRINTEIATDRITERALYE
3.6.1 BmAansimauauianmMen nuasmaiivesiansetacesigaaa
fnsesavessginwaildnaaeuilveiaeniavianefifielsi (2Mg0 241203
55i02) 871431 Magnesium-alumina silicate ﬁqﬁ"zﬂsmazaaqqﬁﬁwa 2 %l ﬁ'ﬁgﬁ‘?‘l 3.20
fie finsesazeasgdnwaiilifiansseufisenail (Non-Catalytic Diesel Particulate Matter:
NDPF) uaziinsetazessganwatiiansisaUfitonndl (Catalytic diesel Particulate Matter
COPF)  FsfipmantiRfugrudereluil mmmuvesntsfinsesazessgiiea ( Wall
thickness) 12 mm uagfimuynusaiwad (Cell density) 300 cpsi Tunsnwiassiiguil
321 wamamasdentuelaeynmsdntunuliivuadnanaiuiiseaoua ade 2
findiuns oM 2 fadums wamstuhfunudesdufnanludendenansseididnasou
LUUNSIMSID B JEOL ju JSM-6301F  siluansluguil 3.22 iiledirmesidnunenis
mMuamwesiInsesazeswndnaTnUalNLuULIve LA wauariulefiea uagm
yungnguIRALYeIiInsetazeasganwaiislufayafiugulun filsesingAinssunisdn
ansazessghuaznghnssuMSIUILesTuTesInTetarensARLYa
luduvesgueaniimaniivewhnsosazessgiwalaonInsidsuriiauazUsunnee
shematiamsnseaendauvassid@idng (Enerey dispersive X-ray analysis: EDX) Ll
Ainzimdulsznauvdnuesdinsetagosmanvaiitarsswinioieiinaslsifiasise
Ujisened

= 1

d ar L7 i aaa 1 1 S aa
3UN 3.20 finsesazensganiea (dhe) wuuniliasswjiteuas (o) Liflassafizen
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JUM 3.21 MIwSeutunuvesnsesazesdgdfieade) nlassefisenad waz (917)

fnsesaveasgaswaliiianswfitenad

U7 3.22 Nd8I9avIAUBIANATBULUUNTIANTIY
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3.6.2 33msindArmuvesiInTetazesgiLYad eI Tunuiivn
Tums¥aranumsuessTagveassannsavilivansTBusidowhiunnie 35ms
wnuiith FaiifuneumainsiarmmumqulagiSmaunuith angui 2.23 dil
1. ihnsiavinnsvesiagvaaes v,

2. i sIadsunsvesun V

water
3. ihiagmeasanldlududninsiausineshidivdunudmne Av
4. wiuAadluaumMsiiamAAungu

vooe & - g = A 1
IAUFUETVRIIIUTUNY, Inuiumsyen ImBunssraniugu v,

Air

= @ 1 a =
31.]1‘1 B.23 MIIAAMMITUNTUVDIAINTDIGTDDITAALYR

AUNTMIMIAIAIUNTUY
V=V +\V (35)
Av=v_ (3:6)
vV
Porosity (%) = —1— x 10 (3.7)
Vam

= = @
e Porosity (%) AR AMUNFUYBITEAVARDS (%)
vV, fie UsnnsvesiinTatayessginsaiteiniAnauiuianniy
V. o Uhimsvesiinsasazensgieailifiennauaog
< = @ as
V., fe UsnesvesenianunIndiegluianneass

V, e, 8 UStNasiniiiisduiievih fanvaaeaumiiadlui

wate



51

3.7 3msfinunszuaumsanasazessgiveaarnuuuunsvesdiomas
nwauaslulafiwauudinsesazeasganwawuulwaniunndau

Manometer

‘] Desiccant Agent

Digital Weight Meter

FUT 3.24 UHUNTNKARITIYRVINERINIEUIUNISANANSaTERATRLUa L UULWS AN
WeolndsRlsauazlulediva

Digital Weight Meter

Data Logger —__

S

p o d v ok " P
3UT 3.25 JUMARRRTIIAT1UUYeINIEUIUMIANE1 I8 089gE
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Tums@nwngAnssunisdnansazessgivusiinsssazessgdnwaty Weswwinais
areasganlineIeteusyassinIen1sdn (Compression Ignition Engine) fiaududou

:é J 8 =

Ferpudnaitorlumstinsedt fafunfesnisiirldnamaneassiinngSslildasasess
sAfAnneziedlunmsaasunsglunmaaesnsifesnmsiiasandauds Wun anutu
(Moisture) uaglelasansuau (Hydrocarbon) finauvdesinunlugl (Hydrocarbon) ifunns
anduievuluansazenssd (Particulate Matter: PM) Snulazfossenuuunazdentdiand
finuudause Suanudunanaseuiiiaduld T dudenanudusnaseuiinadifgunn
lums@inw TummeasawuidadrAglunsesnuuuie msainganageulidinuiives
asazossgiveadaliuvuunsvesdamisiwanariviedeailfunlndunaziedl
anusiwedleidelndiAssiuiniassudinaassnelfanngldauass Feluditis i didusim
guinansviewinfiu 38 mm Sredenmeuintislaids wasldtuaganmauuugeasazessyd
vauarlruuuuwsanasasiisniediasslvimiloufunisaigleidsvaniossud
FBidunsmaasnnguil 3.24 wanBaunudsgunsainanaasdlasin Fandnnisineu
vasgunsainsvnassiife nsthwuadeuluGusiy 1A AvgamgiGusuresernialuviede
desgauuaiine 25 °C muaumeluislligumgil 200 °C lagldgnme Tuuuukulsenuiiniu
wifsvaandesiadsuviilifamstheanudeurilansilévindeddsnsosazessanioa
wedaedifigaumgilndifsiuledeiieentnainiadaseud uaniumsudnleviluanne &
yamuAuilaRUANgIMgE Ay Tnnusunnaseuviuuulsinueiivesuasieures
Faaudiu wdtuiinaulddamdunnasengege dwandlilugui 3.25 dagazidenues
mMsvnReswgFnsTIMsANENsazeassAvUinTetayassaRtautllfvatehdesweluil

3.7.1 szuuldianufaunnvioloids

dwiussuumsTimudeunivieleidevesgunstinaans Faimseanuuulagli
aufsunnutisduuen Juiannnmnhmuseuiiulanzanalisasnindiduuenda
indaminluieiiiunstimungampidufuresasarosninnladeveadomasiivn
warlulefiwa Fwhnseenuuuidunuundsaiieligumpiivesiinietazessgdnivainiu
200 °C Faldoonuuumugii 3.26
Toeft AQ fie Aaudeuiiliiftuszuu (wath)

N fAp ABRIINISIATBIIaEINA (ke/s)

Ao AATuLLILYeeINA (ke/m’)
fia AR5 I898NIA (M/s)
fie Aaueuvemiisviedeud (watt/m’)
Ao Aguugiivetisyie ()
A AduEUgUEnavaviD (m)
fim AR ME1IVID (M)
AB ANITUIAIINTOUYBI8INTA (watt/m. °C)

TI_Q_E-{f c o
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-

gs

e i
" } d Tout 200 °C !

Y

l=i ¥ 2 1 as =l I
E‘UVI 3.26 ELN‘N.ﬂ"IWLLﬁﬂ\ﬂﬂ’ﬁ'&’]@ﬂLL‘U‘UiS‘UUI‘Viﬂ’J"IJJiE]uRﬂWJﬂﬁ’ﬂﬂﬁ%‘/ﬂaﬁﬁqaﬂL“?iﬁ

lumsesnuuuszuulimnuieuluyamaaesiilaly
AQ iL nth (7;:2 ; Tbl) (3.12)
- AATIIWIWNUDINARIAT 0.436556 ke/m

- annansanmeluvie Q=0.00083 ms/s, A=14x0.05x0.05=0.01 m’
- wnuAzlAAMSY u = 0.083 m/s
m= PAu 3.13)
m = (0.436556X0.01)(0.332)
=0.001449 Kg/s
unuAluaunis 3.12

AQ = 0.001449x1.09852 x(473 — 298) = 0.27 Watt

vn - AQ=q, dabL (3.14)

AMuAAINNENIUNISYRIEAmesLUTLHY = 0.5 m. wnuluaunis 3.14 agld
0.27

(4x0.04x0.04)x(0.5)
g, =87.071 watt/m’

d
Tw{%]”; (3.15)

1 T, 910

wnuATluauns 3.15
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[ (8r.07)(05)
" (0.0315) (3.60)

T, = 584.056 K
T, =310.90 °C

+373

° a @ o o %
MNMIAMUINEALUUgMNAINIANaTareasganwasarlulefwa 87 watt Fdn
s o 3 el a o & ﬂ” 2y <
weinhnsesnuuuanunsaldanulangumgil 200 °C Fdlunisveasrsadldgnlddanes
) 1 1 o ] =
WUULHUS LU 4 WY usiuas 400 watt 53u911uNIMNR 1600 watt tiveaariaitunisii
ANTBUTRIERABIANGUN 3.27

JUN 3.27 uansfisBnweiuuwiuUsenuiiuenaanlinanuausau 1600 watt

3.7.2 szuunsaIuaNASditvadiudinse azessganiea
1. aruSrlueSessinnsesayma
NENYUENINEATNTBILATBIRNNTBIOYNIALATBITUARLYALINAINTAUUS
anuluvisledeiszuuld 4 dnvausseguil 3.28 Sddunmeassadiilldsuanenungad
varisnsecazeawginwadsgui 329 aiwuamuiiilnariufinsasazessgaiva
Wiy 11.31 cn/s Seeglutievessauveaniasud dwgunsaiflslunamaasdussuuns
muaumHilvaiuinsesavessinwaiifieluil



Velocity (cm/s)

=
g i
————ii- Vi fb T’r

N\
" - \b‘/\* v,

\- ~ \-> —

JUN 3.28 wansemaniienegAindulusinsesazessginiea [11]

v, fin rusaneuidiannnseseynin

v, fie amnandavasdngnguvesinsasaessganiea
V, fio Saiinugnauveskileianged

Vs fl® mqm%’;ﬁwé’qaaﬂmﬂé}’qﬁ’ﬂﬂiamqmﬂ

Engine speed (rpm)

JUN 3.29 wuudaesmnudinivariusinsosavesgiiee

55

25
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2. ﬁugﬂuuuqsgcywmﬂ (Vacuum Pump)
TumsvnasaitesiasdliemanigluviefimunialndiAsstuvielaidevinlisndud
zﬁaa‘tﬁ%mmmmqq,g:mmﬂqﬂmmﬁmaluviaLﬁﬂ‘lﬁ‘lmﬁalmmuﬁ"nnsmasaa@qﬁﬁwa Ju
ayamasanldifuiuwuulmg vnulaemsinfnggainautenilaserduns
vyuvawniulsn3 Jmyuieliifnmusuiugaiiniiauduusssnadegud 3.30
HaidnardinaiRsed

o s &
A15197 3.2 MudnsnaENTRvesluaawUUEINA

fivie Nakabo

Ju A5 50
ALSITBU 750 seURBUT
nsmsiva 50 ansmeun

3U# 3.30 Uugauuugaameildlumsmeaes

W

3. fanseerugia
iesmniugauuugmeinidliaunsogrennaiifidaievusasennaiigamaiigadn
uldlaonsedilumsmeasieniioyneasasensgivansendniunigluduildludiongns
Tuduas ieusluiielilvitamiliistuidéinsesnuuuinsesiuianldsnnses
sumaingasendrlumelusiiugauuugggyinia ddifinasesnsnsinaveadsriugh
nsesazensgAmea fguil 331
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o ) . H
JUN 3.31 DINTBIRIUUN

3.7.3 STUUNIAUANIAANAUANATDNLALIUN)NVDIAINTBIATRBITARALYR
luidiaiiaingui 3.32 uansdsgunsaliltinaasulussuumuruanudunnaseuuay
A‘J as ' o/ 4 d’l
gamaiidasyuumuanmuiuanaseultaunsallummaaesialuil

q U

‘\"7‘,'»' el ——— WY

Differential Pressure sensor

| Fuse20A

o=

< & =k -
JUN 3.32 uanstsgunsninlinaaeulussuumuaumufuAnAToNLaL g

u
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1. wuadines
¥iamanusuanaderlurissinnseseymn fdnvuzduvaeauisusg Swaeinmils
soriroumiuaissinniswaruamednirmisadmiuniasinnses TuilidaunsaTaenla
g9d9 H = 2 Wms ¥ 20 kPa Mvsaumaniiussydiuhngu fuanduguit 3.33

5U# 3.33 uualiings

2. [WugasinAlusuAnNAsaL

d Y . Vs 7] [
31]14 3.34 Differential Pressure sensor MAAANUAUANATD

Tunmsiaanunnasaulagldieuresinnnuiunnasauvesmnsssazengdwale
Genldwugasniinuswdngludr 0 f3 5 Volt &adldaslunisdu 0 8950 kPa@n
o @ § 1 @ ] 3 o 6 =
rudiussEIeNuduanATaRLazAUseindniiiheglugui 3.35
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2.0 O N S - —
45l Transfer Function: ~
| V= Vs (0.018°P+0.04) + ERROR 27
40 vg=5.0Vdc x"
35| TEMP =010 85°C XN
ol ) //7// TYPICAL
v L~
5 MAX L Z
15 7//
1.0 /A,/
05 A/
Sp2
0

0 B/ 10__T5~0\//30— 35" 40 MO\ 50 5
Differential Pressure (kPa)

o o 4w = o o '
5UN 3.35 ussaurndndlnihvisanileuiisuiuaiudunnasau

=

3. Waunsunldlumsinszuurnusuanasauwaza gl

u

oo 76 - 11

Time Data Temp Data Pressure i Weight Fuel A

= 3 n o )
3UT 3.36 Tusunsu Labview fil#iiudaya

u L7 ! = v v = v = =i
Tumsiarusunnaseunazgumgiiilfifuioyaynuniideldmunuaamgiingg
wagifiuAmuiunnATeNYesETazeRIgEiuRInTetaveRganwaLaydnsINsAudases
azifigaiternumanTmMIlindsnu Juil 3.36 Wuldsunsu Labview Ailflunisifudoya
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4, nﬁmﬁus'w‘a"mil’aga (Data Acquisition Card)

BEADEAIAGVDAISA LSS

o e v e £ MR S T T e

Ui 337 mimfiususudeyailld fu Ni 6009 USB
U 3.37 mianldsrusadouadona fu Ni 6009 USB (14 pin) i Al resolution 14
bits, Smslunisiiudeya (Sample rate) winiu 48 kS/s , i 8 asd M3y single-ended
analog input (Al) wazil 12 digital input/output (DIO) channels 929 +10 volt dwsu
Analog output range dildlumsSuasindnanmuvensugeinnida Data logeer

5. mdatimiin ( Digital Weight Meter)

5U7 3.38 andaumtin

mngﬂﬁ 338 mdaimiin 8% AND ArwanBenlunsia 0.01 g AAaluAIAn
3100 g Fslumsnaassifldmdniminlunsifuinsaudsatamduiialussudiou
nsAudemdunilumsiuisuasazossganwauaslulofiva wardsdoygn output T
€14 Data Acquisition Card Lﬁatﬁuﬁagalu Data logger
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6. masluduilla (Thermocouple)
5Ut 339 weslududa ¥iin K Fwnmaveaesilldfadgunsaliagungiivhnns
AnsanesludidafinssfinarsveielewdeiiteTngungivesenie fegumgiiveunes
luduWasglugig 25 fis 800 °C

35U 3.39 (o) shumdsnsiesamesluduilanay (1) inesludula vin K

7. YARIUANGUNYI
a < o o o = 1 ad
Tumsvanesiiguugil 100 way 200 °C WeTivzmuguligamgiinngluvielgumgiif
| 2 a [ =& < - <
200 ° sewdinsldinsosmiupugamaiialy Tunthiduesesmuauenmgiuuu On - Off Ao
o - a8 : add o o o @
whnuliegamaiininirgumginaweild wevannsadaieanmildnunimue Auans
Tuzuh 3.40

5U# 3.40 YarmuANgUMgil
] k3 v
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8. azifivaualdnifios
JU#l 3.41 asifeaildiluinanasaroninwauaslulofealunmsnaasadiefiay
muqu’[.ﬁ’msqmL%amﬁqlé’msaxamqﬁLtﬁazﬂ%aﬁﬁﬁlnﬁnﬁﬂaﬁuuﬂnﬁqﬂ JIMIimvun
UinasildlunsSudunmasdifiduvintunnads wastmualdnsfoasuduliia 15 cm
lunsvaasmnads Ineflssazdarsldonesninanenies 1 cm devnsinAudazads
ypqmsneaedldiasen 1 cm islildmumnuivasazessgavintunnasslumsvaass
Faguil 3.42

—
8 ¢ Diesel

= i U a a ' & a
JUT 3.41 axfeaildluimdnasesessgianuanituuunivesendsiivauarlule
=
flwa

JUN 3.42 ($he) Snwsiaiipzifewas (131) mstvueauenldnsifsdivaas

9. 1aTasinuseAninnatudi
TunmmasdinsiaruszdnsnmatusiieTauszaviamnsinnsesweadasdn
nseswfianneg lunsveasdldlinszamunseaniadssansamnsnsesudniluguei
insosTaladidudntud inSesinefifudaiudifiinunlédse Okuda Ju DSM-240 No.
1008 n3zAIEnsasTidEKe Kitcha Yuim 4.5 cm I.Lamﬁx‘l‘gﬂﬁ 3.43
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e S S S e v I Sl R s

_'-;mo ; al .
| Aumen ldnszadnAduAn

1S1moke Mefte
(Bscir)

d. ld a o o ﬁ‘ o Vs 1 = =
E‘U'VI 3.43 1A3893IRRTUAIYBINTEATYN TR LE InAUsEdvE ninnisnisnsas

3.7.4 Fn15VAaes

funsulunisvassssesiadelBmsfnunssuaumsinansazessnivasvailiuuy
unsveadeiwaeRiwaaglulefisatuinsesaseesgineawuylnarunndnudiod dwdu
fnsesasensgimmarimawieyfusulidusuuieunii 5 cm uagem 5 cm v 5 mm
vhmsusznusswigfumumaieulssneuidhiigunsainaass vdsniuinaidesn
wasmunugamail 200 °C fermusilunisvnassieonduduSIFvesganAaasiiiiAAy
funnasentiiesindanseazossgaiiag 2 kPa wasinsnasaseatsivonuariiiuuuns
mnufuanadeuszAss intuidasnUSinutesasazessgivenarliuuuuniann
\Womdsiwanarlulofvadtluavaniidanseazesgamaaunssinuiunnnseuyeeia
nsesarepgalinl 8.5 kPa ninldenmgiioimeaiaruaulsvinnseansifeaiioUdosans
azengivasatliuuunsnndomdsiwauariulofios sewiniuduiindnsmaassan
inestaimindngituiindeyauasynismaaesinsaafuanasenanunueiine
ilesannmsiaruueiiwefifiuimmasesuuuiiazgn Auiuieinsifudamiudunn
afeunduges famnududserldfoyauuunanaiat (Real Time) vhmsnaaasd 3 ads
Wevhnsassasummnideievesieyatasiiiunmnnaasudermuslummeassdae
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3.7.5 wuuTassanuduanaseuiinalufnsesazeaginien
lunsveaeamenufusnasensenividuazvesnvesnsssaressgasialy
nszUIUMsAnansazeasgavealmibuuuwslatvuaruiunneseslufnsearenigd
flwa FuAnnmsazanansazessgiliisufunasisnumsdeuil 3.40

10

i (o)} o

Pressure Drop (kPa)

N
=Y

0 50 100 150 200

G e O 2

3U# 3.44 wvdassnAnverNAuAnATENlusSEINMIANBYNIA

vaneLail Ao dnvairvssgwguiiazen
vaneaeil 2 fie dnwarvesgwguiliulianazeesiiiundulugngy arudunn
ﬂs'ammﬁmﬁuaehq%’ﬂ
winelavi 3 Ae dnunvesgnuiiiansazenigatngwgy AmufuAnAToNzIRty
057
vanewavil 4 fie dnvairvesgnuiiansazessgiiunulasduduiiianirian
vinaeEnayMATITUMRUIN Soot Cake AuRUANATNIZRLTUBE Ay

=
G
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3.8 A8n1sAn¥INSTUILNMSTRUIeLITuTaIiINTaRzaRgARIYA

3.8.1 /MmsAnymIaunamaaiialivaniswiludvasaisazessgilaefanses
azensganlwafiflansiseujizen (Catalytic Diesel Particulate Filter: CDPF) ualsifians
199U§j381 (Non-Catalytic Diesel Particulate Filter: NDPF)

“lumiﬂﬂamﬁlé’ﬁwuﬂamasﬁ‘lﬂumswwaaaﬁaa?%‘qmwﬂvﬁlﬁﬂaﬁﬁ]zmuﬂuma’léf
Revlvgrmgiiiisduludnn 10 C dounil Mngamgil 25 C F1 800 C wagldoandiau 100
% Tumsvilisenadl

%v’umaulumsLﬁu61’19ehaLLazwﬂaawsumauLLsﬂﬁwmmsasamﬁﬁﬁwawauﬁ'uwwaqcﬁ’q
nyesazensgAnaTiunasBaaudy naudulushsidiu 1 e 1 Taenjwiln snualdidiu e
Tnarlumsuaduna 2 Hlus lnsansazesssinwanauiuinseazsasmeauuuiians
wagkauiuwuvlifiansss auddu udwihluiueadestuiuaisazessgalulediea
wdniuthasasesssdinaudeueondlUTinrmmaaissdiodinseilaeisdaimin
Bamnufeu Viinaiiluaviaas 3-5 me tefinwimsiinufisenaiivesansavessginiea
uazlulefiwauasmamdsnunsedu WelSouiisunantmaaasssnindasisaufisen
wazliifiansisaujifendauendusui 3.45

Biodiesel

Diesel

JURl 3.45 msthansazessginwanazluloiwauanauiunaesiiia
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3.8.2 msAnwmgAnssuvensTuIunSRueIsiuTesianTeazeasafen

1. mseanuuuszuuldaliuieuvasnszuiuntsnisTiauluaistuvesianses
AzeReganAlYa

Tuns@nwmginssunissiauueisiuvesansazensdniea lévinnsesnuuuuay
a¥ganaasmdaainiiimsinansazossiveatalliuvuunisnidemdsiizauarlule
flwauuinsasaressganivaliouiosuda Fuil 3.6 uansdsiniseanuuuauevied
Timadountdsluvie Aulnuddsnuaumsi 3.12-15 Fdunvnaesiienauenvie 50
cm wsneduranueminilguvgiiovieligungil 750 C uasvldgamgiinieluvied
AUsEanal 550 C fismsnisinaveserne 15 lom 393mna1n Flow meter sammadly
nseanuuuatsiidentdiucu 350 watt dwmiuiiiugamgion 25 oc Wy 100 °C vdn
{hildEnnes 1600 watt iingumginin 100 °C Wy 400 °c ndmndulddnmesifugamod
910 400 °C u 550 ¢ slumseenuuunazaiisliinsdmumanufeugydouissuy
Faguil 3.47 uansdaunuisnudunuvssssuumasaulasiauinsthauieures
awufurufeulouds (K = 0.032 W/mc Tuguil 3.18 wansirmdougadeiien 276
watt #8msinsive 15 lpm Igvhmasudlatigvilasnisvuauiutuauieulsuiiiie
Ueaiulgmnisgaideanuieuunszuuuazannsailiyanaassmunuaamgiilussuu’
uelsTuresiasareganwaTigamgil 550 °C udanldhniseentuuiieudesfivh
nsasgunsaiveaswely

1400
1200
1000
0”800

=O=T2 600 1Q:tpm
-T2 600 15 lpm
2512 600-20 lpm

E:
2600
400
200
O S — S

60 61 062 03 04 05 06 07 08 09 1 1.1
Pipe length (m)

JUN 3.46 MIvenuuuANEMViBWIBUiUgaMglintwewvialaidy



Tw A A sl NTsZ N A Tsurr

R1 R2

R3

P ) a o v = '
E‘U’ﬂ 3.47 ﬂ']'lll(ﬂ"uﬂ'\u?!'ﬂﬂ'ﬁzﬂuL‘WE]ﬂ'\u’)mﬁ"lﬂ'fﬁu?ﬂuqm‘}ﬁﬂLLﬂi&a’UU

e
Tw fie gaungivesmulunuiiavie (°C)
Ts1 fe gumlivesruuaniiuiava (°C)

= = 1 -‘y - 13 o
Ts1 fle gaungilvesnuueniuravie (°C)
Ts2 fie gaungiivasanuluiuiawnuiad (°0)
Tsurr fie UM ivesduaday (°C)

710

o~ 700

—

< 690

T
& 680
gu
G 670

S 660 |
8 |

=650 | &

=
—9—-Flow rate 10lpm 600C

=B Flow rate 15 lpm 600C

= Flow rate 20 lpm 600C

640 |
265 270 275

280 285

Heat loss (Watt)

64 b3 = 3 = =l n5
3Un 3.48 mﬂmauqzytaﬂu.nswwmammaﬁuizwsmumasiﬁuu

290

67
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2. FBNMIMARBIYBINTZTUUNMSTRUWBLSTUTRdINTasazaRIsARLYS

Tu3Bmsmaasanszuumsiiaueisturesiinseazessgden lunisingoudy
nedavensganlalafalinuen 4.5 cm ANNEN 4.5 cm wazAue 5 mm Wuluy
wiuvdsnilivstusznevassimnmusiulszneudhilyanaaes ndwmiuhms
veaesnEnsEUIUNsAnasazenAvaualiuuuung Feduntmeassilgumaiilunisin
ansazeasgAilAingil 200 °C AATIFuANATENTBIINTatarangERnTas LUl aeTlTans
arasgadzaudAYIiU 5 kPa %‘@ﬁﬂ'ﬁu.mmv'i'm'mm'imaawmn‘ssmum'ﬁﬁ'ﬂaﬁasamqﬁ
veaualwiuuunsuuiansesasessganwaliasanlunsmaassenssuunsTiauLLe
stuldfianmunavisuasldluauenvie 50 cm dufarimuslumaimaasndsilaenisgn
aufipilaliummusuanAsenTewinsetaznwARa asavensgavasUaTlLUULNI
ragqinluazaniisinsesazeniganisa aunseiismeauiuAnAToNAUTEIIM 20 kPa B
sai'mmé'fumﬂﬂéauﬁ'ﬁuﬁ’uﬁmqﬁu:uuEggg:mmﬂ%uﬂu%ﬂﬁﬂﬁmmqﬂﬂmi wisntudadn
wesiiugamgiimadwesemealuislodelugansasdionmgiaeluisnaisain 200 °C
TugamgiidmiumsSiaueistuteshnsesazessginwan 550 °C Gslunsvaassilld
oondlaulszanel 21 % duduanuduusseinia ndmndurhnisiadamudusnadon
ssivuiuazvesnvasEsarasgaTendalmlu NI T INWaAsisanasdonadly
Tedwauusnsesavastganvauuunlitlainssfizenaiiaunseisanasvinfuaisusiu 5
kPa SernAnusiunnasevazysusnfiimsanieYasaTaseegadegludnTasazsasgaiea
vugUnsaivaned Feimsnaasseh 3. ady fevhmsssisasuammindeieovestoyauay
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4.3 auaudAininigamyssasazasssivesarlnuuuunsaniomasien
waglulafia

4.3.1 vuevasEsazensgiaynALUUIABIINWAlWLU UL Ta ula RIS
wazlulefiwa

nnguaeguil 4.4 wazgU 71 4.5 WuameevssasagensgiaynALuuayna
FervesuamliuuuunInnieindfiauaslulefiwalngldndasgansimisidnaseunuy
N51991579 (Scanning Electron Microscope : SEM) 31nAMeNenasy SEM msaaaaaqﬁmm
fafivunlngniroymalulefioa 3n3uit 4.6 wazguil 4.7 \unmeaievesansazenssd
synALvUeyMARBITesUa L uLunT N emAsiiranazluTefalasldndes
JanssmiBlinasauLuvdesiiu (Transmission Electron Microscope: TEM) 91Anweng
wuihunvesansazesiganealvgninasazesigilulefivaduviioufuguieasazens
siveaumuuuuninnidemdsieanaslulefisannndesqanssmididnasouiuunsin
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Awannailmuuuunsfivinlugnivarsazeassalulefisa Swuinvesansaressgives
Warlwwuwsanidamdsiwaiivuneyniaben 51-60 nm uavarsazesssivesvarii
wuuuwsnmdemastulefiwaiivunoymaiie 31-40 nm WRRATIIUAYENE AL 0IGA
vouUmliluuuunsnnidemdsfiwaiivuiningniiasazessgivesarimuuuuniann
Wewadulefion enazfumsshasazsssgiasuabiuuwsaniemasivlefioadl
avneuvesanndiauluiestg i vy sainiviiigumgiilunswiiviigaindiaeta
frfluvessazessgiveaariiuuuunsnnmidemadlulaiwagneendladlfiendinds
wralilulefvadivunadnnhuasfigadishsdussnifveilasiminnnnilulsiia
yliansarensgilagmdvhldinualugnin luiueadisriuasazessgiivesadlvuuy
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wnsanideunddlulefigaiinaiuvunutiusinnirdeudivurndnnindeseuiisy
ANUELUSYRRIALAZ ALY

1NgUT 4.9 mswsulfisuressunalasiedsvasansarensnivesuarliuuuuns
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4.3.2 yuravesasazassgiayniauuuiniziulunduiouveadondeiion
wazlulafiea

MNUR 4.10 ez 411 Wuamdeanndesqanssmidifinaseunuunsange
(Scanning Electron Microscope : SEM) vatansaveaaigaoyniauuuinmsiudunguiouyes
wWarlwuuuundanidemasiisauagluleiganugiu INANEIENABIFANTIAL
BldnATEULLUNTINNTIY wudasazeesgdnwanuuineiulunguieulivunalugindtans
azeosgalulefwadauansimuiavesadliuuuunsnnidomaslulefieaivundnnia
wardeufuvuuunitaisasessgiveauminuuuuninnidemasiieadosuieud
waresasarassgisumALuuNeiulunguieuwiniy ﬁ’aﬁﬁumsazamﬁﬁaqmﬂu:umms
fudunguieuveaimiiuvuwmssnidemadulefivadeniinnumuiuiusnnnd sngud
4.12 Wunsmivuneedsvesansazessgieymanvuinziuiunguieuveatadlwuuuuns
MniFediauaslulefiga Snkan1vinaemuTmEAsTeNEsAYER TR EYAALLY
imzfuiunguiouveatatiuuuininnifomashiwaiivualnginilulefios auninde
yewnsazensgivasUmbiuvuunsnnidomasiiauasiulemwanuuimefuunguious
A 240-280 nm U@ 180-240 nm AWy enasifumsenuantRnIuaiivenToinds
fwauazlulefiva Tuvhusaderfudemadulefiwaiiosnerateondiauludaiosiislien
fanysalndwihlfouiadnniuandomdsdieniidnmaduvesasvaulasiwinunnnily
Tofwavhliansazossgilnawns wihlviivualngndt Fsonuanismaaesfameunvesans
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4.4.1 mFAwszsmwassunsydulunisaansssazessgalneiaiasfiodiane
Tae3sdaimiinenuieuinnimanasiaeisgamgiilsingg (Non-lsothermal
Method)

gl 413 WBunsmiuansmufiniudnsanastenimiinvesasazeaagives
Warlrwwuuwsnnidewdsdivatasdomadilefiwarniadssiiolnneimeerdeulay
1¥353alaeninin (TGA) Bedoyailintasgamaii 25 °C 1600 °C (osaniigamail 600
°C ansazessgamsusulignesndladluiteudesdiunsviseiaiedioinizilagists
thuiinidsmaifeu (TGA) anunsalagas i gidoyaluninauandensiinsgieag
gampiimseentladeansavensgavesvaalivuuninnidefivaiaslulofwatisguugi
25 °C #4800 °C 9NHANTINARDINEILINMINTDIATAZEBITAANAIANTIS TI9UN
Lﬁﬂﬁuﬁqmmﬂﬁﬂizmiu 100 °C shwiinanasuszanal 1-10% Seuansiamsanaswesiwin
MNMTTEETBNITLES wé’qmﬂﬁguﬁmﬁmaamsazamqﬁﬁaaqaﬂaaﬁﬂﬂ'ﬁsmm 10-40%
Tutheiges 3ngamgiivseuna 100 °C s 400 °C Fauansfeasusznaulalasensuaunie
Wemasiignnlvliliauyseildgneantladuavtnsaainetminansazessgiivdeusrann
40-60% anategreInFiigaumaiussan 500 °C fla 600 °C Fwuanudunisuansienis
anaadiasnnmsvihuiisensswinenivsufusenfiaurin wandsiifiui asazessgiv
deswilaanunsnihufisenduesndiaula anelagaumgil 550 °C 3 600 °C NwaN1S
veasmuEsazesgavesUaliiuuIsTINIFamashiwarsyhnseandladldiendians

gopsgAveaaTliuuuuninnidanasiulefien uasasusuuuda N 330 mudduenad

avaresgavenUmlnluuLnsSineendladansazessgandnuurlndifssnfuounudn
N 330 @ensusunudeiidnuasiumsveuuigvsliiduiiuiouiisunseendladans
azgasgAvanUmliuuuunInidemdsiieauasiulefiea
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ASUBLUAA N330

UM 4.14 uansiiednsinsanaswasansazessgivesmliiuuunsanideimwisiiea
uavlulefiwa uagasueuuuda N 330 wuiiludasgamail 200-400 °C a1savenigaves
wWarlwuwuumsandewddieasendladlfidiminasazossgalulefivn wae msvounuda
N 330 anuddu drumamaiaenadesnuiinanndudiu 99nguil 4.15 GumawSeuiiien
dnehuuszneuvdnuesansazessyd wiseenliiiu 3 du léud dauiuled dawvseneu
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JU#l 4.15 diulsznavvesasavessgizeauailiuuuunsanideindsfiwanayluleniva
Tneuseunaannns i wsesiindmserilas s tauIntnynemIusay (TGA)

N3l 4.15 nransmarsmyIdILTaInsusvluasarendvesUadlvuuy
wnsnieindsiwatazlulafigaiidiviy 86.06 % way 8305 % Ay Feraniuey
vasensazessaTeulmniuuuniMnemdsiigaiduinnintemaslulefigantesdy
mes'iwm'iazaaaqﬁluiaﬁmaLﬂut%amaaﬁﬁaan?ﬁwu’[uﬁfsLaq*‘tha’lﬁmﬂwﬁauuﬂmﬁ%aﬁﬂﬁ
Amudutuvssnriveulugisazossgivesuarliuuuundanas lugudl a16  1Wums
AnszimesAvszneumaaivessigaisusuuaglelasmsueuainiazssiasiesis
Asuau lelasansuounaslulasiau (CHN Analyzer) Lﬁaﬁuﬁummgnﬁaqmﬂwamimam
833U 4.15 Mnmsdeseinansvaaeunuitdwesiduivssaiveunadlelaseniven
yesansazensgireulmliiuuinsnidemasiivanasnsemaslulefiaiisviiu 92.42
% 0.95 % 89.76 W 1.09 % adhwudwdesiuiiiiemsllumaderiufiudeyaveagui
4.15 903Ut 4.17 Hunnsfmamiasdnliavesansuay (@1 n) MAAsvnuIasazess
sivevmlruuuunsanidemdsiiaiicndndaliavesmiveutnnnitlulediwaduansin
Smduiluiiiadeuhinasvetansazessgalulefeaiilontafioondiauszaviise ld
fndrdwalunsdiifuadinuuuunsanazifssaunsafinginseildinasasensnives
wWarlwuwuunssnidamdsiiwaansaeendladliiteniasazesginnidemadule
filwa 9ngUTl 4.18 WunsmiFeuiisundsnunseduresasazessgivasailiuuuuns
MniFemdsiigauaziulofea uas ArsuBLLLSA N 330 PNNTIHNUTINEIUNTEAUT UL
asdrgampiinisesndladaisazeegd 400-425 °C aufia 475-500 °C ansavensghveslan
Iuuunssnidemadulofiealdwdsnusiing uastaegangil 500-525 °C uag 525-550
"C ansavessgivenmliuuunsnnidemddiealindssnlunseendladansarenss
Andn wazgu 4.19 WunsmiuansnsiFeuiisudrumnamenmidilemaiiesndiaurh
Ufiisenuansazessgd anmsieseinuit Tuwdastegaumgiinsesndladansazesssd
400-425 °C qufls 475-500 °C asazepsgAvasvailvuuuunsnnidemaslulofeadmal
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= Y = a
4.4.2 m3enimwatnunssqulunisaaieansazassgilaenisdiadasiev
a y g =y 3 = = d
TngTBdniminsrnufouasinisnaaesineiSgamaliaci (sothermal Method)

~2

-4 < Biodiesel PM O Diesel PM

Ln conversion rate (s-1}
>

\\'\-,
‘&\\H
-8 K“\u\\
o
-10
0.0011 00012 1/T (1K) | 0.0013 0.0014
636 560 496 441

TC0)
JU# 4.20 AWl Ln conversion rate vesasavessganwauaglulefwalneiSaumgiineg

NN3UR 420 1 Hunsmluanandudiuiusvesdn Ln conversion rate fiu 1/T44
ansafuammdsnunssiilunsaaieansazessivesilaliuuuunssindamasiioa
uazlulofealneldisgamaiiae (sothermal Method) l¥uAenuesgnmgil 400 °C 450 °C
500 °C wag 550 °C $19Bewmannisit 3.1-3.4 agluunil 3 Fwmanmsveaesnsi indesile
JeneilagIsduimindemndeu (1GA) neaesdaeifgamaiinsitannsoglilunaruan
v. Wisgumgiindiieseimamdsnunsssulumsamoasazenssivesivailnuuuuns
Mndmdsmrauarlulodwaludniiduanfueuwiiy

A3 4.1 Fauanmanisinundsnunssiulunisaatsansazessgiveaail
wuuwinnieimdsiwauaslulofiea PINMIAATIRINU TN INAdE UM ISl
Al gamgligne 405-485 °C mpributisniseendladuaslelnsasueuresansazengily
Tofwwailen 138.7 ki/mol uazdwaiien 1523 k/mol illesnnlelasensusuiiogluas
avesgAvasUmliuuwiTndemaslulefeaiieandinulusaies daelfieudniseand
lod ¥ilirmasnunssfureaalnuuuunianidamadlulefivaiidmninues daulu
Fveaewhitgumaiia 19gamall 450600 °C ursnseendladvasmsueudd
wisnunsedulunmsameansazessgivesualviuuuuninnioindsiigauas lulefimadien
155.9 uay155.6 KJ/mol suddy daiduniioutudlesmmbuniveumniioutu
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Ea (kJ/mol)
. HC Oxidation Carbon Oxidation
Particulate Matter Type
(Non-Isothermal) (Isothermal)
405-485 °C 450-600 °C
Biodiesel Lamp’s PMs 138.7 155.6
Diesel Lamp’s PMs 152.3 155.9

4.5 ANANYUYRIAINTDIAZRRITANYA

4.5.1 ANENUANINNIBAINYBIAINIDIALDBITARIYE

9AA13197 4.2 iumsmImmAIANINNTBIRINT B BIgAALYATNRINANS
NARRINUIIAINTUTBSNTesaLeRIsARTaiiATU ST 53.4 % Hasndinsesazend
gEnwavhinnwsiinduiianedifels tay 993U 4.21 Wuameaevesiansesaresigd
fwaitiansissfiseneiinaghifianaissfizeed iinsiamvungngusonmdie
MNndegansIAlBidnnssunuunsensiy (SEM) wuitgvesianwyueglugasyszanm 10-

50 Um  #unmsainaeusiaesUiinasinmemadannisaenduiunessdidng
(Energy X-ray Analysis: EDX) Li‘J‘umivmaﬂuﬁﬁaﬁﬁﬂizﬂﬂwa\aﬁwﬁuﬁqﬂsmazaaqqﬁﬁwaﬁ
asswiseetivasilifisisaujisoeiinuitansu§itenadfnuliun Fe uag Ce
Fauandluzuil 422 dwivinTgiosdusenouTesmuefiNToIns 0 saRwATIiaNTIS
UfRSouaiiuarsuil 4.23 dwiiiliasgimesdusgnaumaaiivesiiniesazensnanieadil
fansisafisenad uazensnd 4.3 udsyannantimanisnmuasmaaiivesiansas
azessganwatitelilunsAnymgfinssumsdnansazensgiuasnisesndladaisazessgd
voualWuuuuniTeuteimasiiwauaslulafigauuinsesavensginiea

= ‘ o ol & %
A9 4.2 AMABUAINNTUTBIINSBIAYERIGARNA (N1sUnuTii)

n15MIARBIAST Usums USunmsindl AUNTU %
iy,
1 7.65x10" m’ 3.6x10° M’ 52.9
2 76510 m’ 3.5%10 m’ 54.2
3 765010 m’ 3.6x10 m° 52.9
Aade 53.4
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A37199 4.3 muansRuanlivilUrewnTataressgafiea

Catalyst Non Ce, Fe
Wall thickness (millimeter) 12 12
Porosity (%) 53.4% 53.4%
Range of pore size (micron) 10-50 10-50
Cell density (cpsi) 300 300
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JUT 4.24 eudunnasentasansazoessiniwanazlulefiwaianmall 200 °C

-l @ @ & 1 Y ' L) 2 [
UM 4.24 nsmlnansaudiiusssnineununnaseriuauduasndgsa

figaumgiinisinasi 200 °C Tnelduedives  uwasiumeiinarudunnason A
Audemdsnuisduismnanrarieniminvesdemadidluguiurnnuseures
\Fowmds (Lower Heating Value) anHan1snaaaanuiiiuansaseegiinmieuue
fimasuazduwesinmusuiimbivhiudesanldnioiinfeisinuafinesivueld
dnnindsdealivRinaresansarossgaveslmuuinInnieamasiwaliunnasarees
galulefiwaiinusiugian 85 kPa Hurauduanadenganiigunsainaassivils
uanINianransvaseRInAI U sazsesTeualluU v T niTomasiived
VSuaansazessgauinainlulefiwa 2 win nelddinsesazessgdfealiondu g
wngAMIIdnsetazesIgaRTaLUUTlUaINIIhMIdnansaseesgvesUad iy uuns
MniFewddsauatlulofiealdwiiuuinvesasazessgioymanuuimeiudungudou
yunwdsUssana 180-240 NMUALTUIAYBIFNIULBIFINTBIATERITARIBATIAT 10000-
50000 nm gansaefuglidtnnavesansavensgivesailvuuuunsiivundnnitouing
NjUTewNINTBIaTeRIgARAUTEINM 50-200 ¥ A1TaviNSAnaNTazeIgaeuAIALUY
imgfudunguieusesvalwivuunsiniemdsivauarliulefivals
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4.7 waAnssun s lvdansazeesgivasuallnuuuunivasvanasniua

uazlulefiwa (Regeneration Process of Diesel Particulate Filter)

4.7.1 WeANTIUNITMINIiveET 5800 TAUANENNUNIYI1TIAYEIAINTBIEYDRY
ganLYa

NN 4.25 ﬂ‘i'ﬁ‘lu.amm1né’uﬁuéﬁswdwqm‘a’aﬂawaaﬁ"mﬁ’mmm'zagamqﬁm
nanraiiaudazvin iedsaladiszimemnudoulneliisddnemin (16A) Sefioyail
fintasgamgll 25 °C fi1 600 °C s ndigamail 600 °C asazesiginsusulugnesnd
ladluiSsufesudirzimideludiurensgifidvesiinsssazensgasea daunsineie
in3eaiiofinseilngiBdnimindennudou (T6A) ansadagnsviinsesideyaly
AANLIN 3. FansileTgitsgumglinseendladansazesssiveaaaliuuuunsain
\Wondshiwauarlulofieatisgmmgdi 25 °C §1 800 °C WNUANMSVIARBIMUTINSARAIANS
avepsgivesUmlnuuuunsnindiomdsiiwaiiuanasragsfiafiiansewiisonadannse
sondladléifininansazeagavesvarliiuuuniannidemasiivaiiuanaunasiinilid
m':Li'mg‘j'ﬁ%memaxamqé‘maama'ﬂﬂmuuw'a’qqnu%amﬁaluiaﬁwaﬁumaummﬂﬁﬂﬁﬁ
aswisonat asazessgivauminuuuuwinnidemddlulefisaiivanaunagsniing
hiflansiseuiseniedl arsarassgivesmsusunudn N 330 flusnaunadiafiilaisise
U ueiluazansazonsgaveinsuauLUAe N 330 Musnaunuys iiafilaidansisau fisen
il auddy aansnssunsliiiaisazessiveaUminuuuuniamdamidulefiari
UfRentvesndmuinitnnginansaresssivesuarinuuuumdnnidewasluloigail
Tassamsmenmiudouniiansagsanivesmlnuvuanianndomaiies szl
AATIENINANEEYRINEBIaNTIAUBIENNTOULUUNTIAATIMNUIIETas0eIsEoynA
wunzfuiiunguieuvesmiwsuuunsanidewasdulefwaivuindnuasiuday
wuunimsazessioymauuumeiudunguisussuvatinuuuuninniemasiiea
dumsusuuuia N 330 uanawwsianeondladuniigainssdnilngiiidulseneu
yaAnsUBuLTaS WotTsuliisuaisavesssaurassiadeunnausesiafidansiss
Ujiseumiluaghiflansisajissuainuiniguvgiiunnsniulssuin 15 °C Uil 4.26
GunsmiSeuifivushrinsanasuasasaressivenUalniuiunsannidomisiioa ans
avessgiveaUmluuuunstnidawadiulefise uarriusunuia N 330 Seuanauiuss
mqﬁﬂﬁﬁmiLéqﬂﬁﬁ‘%mu.a.,hjﬁmiLi’aﬂ;jﬁ%mLﬂﬁwuiﬂuﬁwemwﬂi‘: 350-600 °C @13
auaaaﬁaﬂmma‘ﬂwuuuLmimnwammmwamﬂgn'im‘lﬂmm"umsa"amﬁaLﬂm“lmm'u
WHIINITRLNARLYA a'rsauaaaﬁa‘umLﬂaﬂwuvuummnwamm‘lviamwa waz AU
wuda N 330 nuddu druvepaiaenndosmaiina ruudadusu



Conversion (%)

Conversion rate (s1)

100

80

60

40

20

0.5

0.4

03

0.2

0.1

g1

—Diesel PMs + CDPF

~Diesel PMs + NDPF

—Biodiesel PMs + CDPF

—Biodiesel PMs + NDPF

—Carbon N330 + CDPF
—Carbon N330 + NDPF

0 100 200 300 400 500
Temperature (°C)

JUT1 4.25 nsarasueanTinesdsasepsgiuanaureRinusadn

600

—Diesel PMs + CDPF

-~ Diesel PMs + NDPF

—Biodiesel PMs + CDPF

=—Biodiesel PMs + NDPF

—Carbon N330 + CDPF

~=Carbon N330+ NDPF

T TN RTRC W

0 100 200 300 400 500
Temperature (°C)

3UN 4.26 dnsiMIanatuedanTarensgiuaNaNkglinunasyln

600



]
J

gy (kJ/mol

5

Activation Ener:

LnA+mln[02]

300
© Diesel PMs + CDPF
€ Biodiesel PMs + CDPF
250 §
X Diesel PMs + NDPF
O Biodiesel PMs + NDPF *
200 " 3
+ Carbon N330 + CDPF
<
+ Carbon N330 + NDPF 8
150 (] -]
8 e o
]
2]
o 8 X
100
<
X
50
4]
400-425 425-450G 453475 475-560 500-525 525-55C
Temperature {6
-ﬂ' Qs v =f - 1 -
31]'11 4.27 wamuﬂssquwmmmzamqaumwaumwﬁﬂmmaxwm
35
& Diesel Pis + CDPF
30 @ Biodiesel PMs + CDPF +
¥ Diesel Pivis + NDPF
25 b
Q Biodiesel PMs + NDPE k3
4
» + Car +
20 Carbon N330 +CDPF & pe
+ Carbon N330+NDPF
o Lo}
15 -] % o
a
o
10 ® X
<
5
b 4
0
400-425 425-450 450-475 475-500 500-525 525-550

— Q
remperature (TC)

JUN 4.28 msdnnamnatlenaalsazessganiinuiisewad



93

mngﬁﬁ 4.27 \unsmuansrmainunszfuven1saaisasavessgavestadly
wuuwsanidemdsiiea lulefiea way ansusuwuia N 330 Seuanauiunaeiiniilans
wiieaiiuasilifiassafadeuad NAnsmwuIwasunseAuluusazdgumgl
mseendladansazessgd 400-425 °C uaz 425-450 °C wulasavessgaveaUallwwuy
unsnndedsiisaunnamagfiaflifmaswiiteuaildndsunssdulumsansans
ageasgAmnitasazessgivesmlnuuuunsinidemdsiieauarlulofaunnanuns
wliafilasissufatenadl uasarsageasgivenvariiuuuunsanifendsluledisa
AU Uavdeguugll 450-475 °C wudiAmdanunsziulumsaatsansazenigives
Warlwuwuumsanidewdsiwauanaunassdiailifiassiitonailindununsedush
niensazessgivesUailiuuuunsnnidemdsiivanar lulefisaiiuanasmasiiafisians
SUfASonell uazarfusuLUda N 330 uanaunsesfinfilannsaufitenad auddy
Fr9gaunail 475-500 °C wuIaIsazesgaveInIuBULUAR N 330 unnaufuNsesEiaiil
assaUiseneillindenunsefulumsaasatsazossivesvaliiuuuunsinidoinds
Awauanaumaesdanlifiamsiiteuad amsaseemiventailibuuunsinidomasly
Tedwauanauiunassiiadlifiansseufisend asazeasgivestalnuvuuniann
\Fomdsdwauaglulofeaiiiarsisw e WAETI9QUNNH 500-525 °C WUIATareDs
gAvevarluvuundnnidouddiulefisauanaunsgsiaithiflarsissuiisenaild
ndanunssfulumsaaiesniansaressgaresaTintuunsindemadulafvausway
nawilafifiasiselfitenad arsasassgiveatailnuuuninIntenasRigauaraLs
wslialifiansisfitouns a1sazessgiventmlvuuuunsinidamdsiisauanauns
Wwiiafiansissufiter msveuuuia N 330 usnaunsesdaTiasswATeaiuas
mfusuuUARn N 330 venaunsesfiafilsifasiseufiseadl awddy uag Sa9gnumni
525-550 °C W§snuillfaansansazessgiveaaiuuunssnianaslulafioaunnass
wiiafidansidaufisenaiivhniaisavessgivesamiuuuunsinidemasiulofivaun
weunsiesdafilifiansideufisenatiuazarfuousuia N 330 uanauragiaidiansise
Uiinseneil amudrdulunsasdisgumpiindnunseduilflunisaaeansazessgaiian
wANFNIU NKANTNARBINUIIATaYeRNATe MM It uuunsaunsaeandladlasindn
miueuLuan N 330 muddu lunsdiuamasiisiensisaufiseainuin arsasessgive
Warlwuwuumsonidemdsiieasunsamiiniasaressdlfifiniaseressgivesarin
wuunsnnidemddlulefiea wazmiusuuudanudiiu dumsuisuiisuivansazees
gatuanaufunassdiafilifasisfizenaidmuimsazossivesualnuuuunian
\Foundsfisaiiuanauiunaeiiailifiansisafisenadiannsanindasavensgives
wWanlrwuwsnni@ewddulefwadiummznnmsinusiluavesnnsueudsielomail
sendlauidinluduiaiuiiioieuinnsvemsinauvesansazessaiinunnnitlage n ves
ansezesgAveUmuuUUNS I aWEsHisadie 0.795 uaze n vevTazEBIATEY
wadlwuwuuwsaniFemddulediwaiien 0.59 Fudindmdsunssuresasavessgives
warlwuwuuwssndewddulefwatiriniasaressgivesualnuuuunsanidemas
fLa
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U 4.28 \unsmluaminsTsuidisudumineniduleniafioondiauh
Uifsenfuansazessgd anmsianeinud luwdiasdgungiinnseendladarsazensi
400-425 °C quia 475-500 °C asavessAvasUarliuuuusINEoEAwaUAnENN
winfinfilifiasis §izenaidsiidmailenadioandiauindsufasenadidmndtans

ropsgivoamvuuuninnifamdslulefisavanaunarsiiefiiasisefaseuad uas
Iuwuuwinnidemdshlefiwauanauraesiiafibifasnswiasoad iy uaeta
gamadl 500525 °C wui1 asazessgdvenmiliuvuuniviniomadlulofivaunnduns
wsniailifiansisfiteaiideismanilenafioondiauiufiseueiinsasazessgiien
Andivuuuundnniemaslulefigauaraunasniiafitassiisonad msueuuudn
N 330 usnauRawsdipfasseUiiSenad asazesniveavarliuuuunsanidomnds
frauanaurisiafiiuarbifasisafsenaiivazansuaunuda N 330 uanaukass A
lsifiansisaUfitened] audgwu

4.7.2 WORANITUATIALINBLITUVEIRINIB9ALRBITAAYAULYAVIAGDY
mﬂgﬂﬁ 4.29 Junymuanmginssunisanaisasessgavealaliwuuunsain
\Fewdsiwauagluledwavuiinsesazensganiaiilifianaissufaseai lummaassil
murugamgilunssnasl 200 °C nEamMsMaaasiBEIATwAli T sarensgd
voualvuuuwsnndamdslulefwasglissovaalunadnuiundiansasessgives
Warlwuwuunsnndomddien Wumsizindenddulofwaiivondiaulusieselums
wrlnilFanysahi i nmeeimsazessgianas lunsvaassiimAnusunnaTouasty
geaeiivsst 20 kPa - Fuedfuiadidavesgunsaiviaasslneunirmiadunnasen
Usganas 50 kPa dndufidesldszuuiinuuasiunetosiulailissansamosunioseud
anas [5-11] waz3uit 4.30 WunssuaumsSiaulueisiuresineiagesganwaaunsn
Anseiildasaoesgivesainuuuunsandemaduleteaauisownlmildisninas
azoosganwaUsznm 2 whanelddnsesaresssifiwaientu fsawsaaguliinfinses
gopagdnwauuunansaldlunssuiumsdnasasessduasiiauuasiuresiinges
azesgdnwald dedoyanssfuiruumstieneidemuieulagldndnimin fungua
ilewnansansenuvenfizeinsatsmnuieurasaisarassgiveaarliuuuungann
\Wemdalulefioa Tunsdififumsarensiveatailiuvuuniainpsies uazBnvauanil
Wumszemeaiilvasiuansazessgiifiumslvauuutsdu (Force Flow) filiaraguusann
woitvsunsnduinlusewinansazessgafioudeslunguansazensgafiteuriufulfognsivi
WilemailazifioufAsendirguion n fegunniutiuies lumenssiudtuedesiie
AnseilagIsdaihmingenudou (TA) Wummaaeuillfeendiuunsidluiuiise
Tngendevdnnisuns  Tagsssurasslenafiszannsounsnsiussnineynialddn
frfuiaiulddadnlunsdarsazessgivesvallnuuvunsanidomasiulefivadngu
suMAgauiuiuLUUIWINNnIRgaatglagnniatsavesssiveaadliuuuunsain
\Horndaia



95

25
x X X

_ 20 . EX*HK&’%A
gt
a. 15
e
5 * Diesel PMs
2 10
£ * Biodiesel PMs

5

O ! 4 45 B S A A1 T /S S . > =z N

0 5 10 5 20 25 30 35
Energy consumption (kJ)

A ar 1 L = 1 J = o=
JUN 4.29 mnadupnAsTeNBINIRNaTsAzRaNdvetUaTluLINNTamERIiTauazly
Tofwa

25 e _ 7

= * Diesel PMs
=
[a18 %
< 15 %#:% ; + Biodiesel PMs
a f A ;
o Eemel :
© o, | o
& MRy
x | ™

5

0 - -

0 5 10 15 20 25

Time (minute)
A .73 [ = 1 g - ]
3UN 4.30 m’mﬂumnﬂiammmaamamsaaamqammLﬁaalwuuuuwsmnwamaamwa
wazlulefia



unil 5
ajunan1snaassuasdatauauy

5.1 dajunan1ivnasy

nnsfnwngAnssunisdnuazesndindfuresansazessgalulefivauuiinses
aveasganLya InKan1sAaasulasnifuarududaduiinie@nsuieaiuntsing
ANANTAVINEA YD IE5A%0845E LTUIUINTDIATTALBBGALULLAYY (Primary Particle
Size) uazasavessgAwuuimeAulunguisu (Agglomerated Particle Size) Tuguiinia
ausaagUldfieluil

1.1 wwavessmsazesssauuuAsveLUrIliLuuwsTIndemasiia dvutalveg
nimfueuuuda N 330 uaratsavessgdvesadliuuuninidenadlulefiva
ANdIRU Fevunmasansasesdgiflealiunn 51-60 nm AdusuLUEAN 330 fuun
Uszunas 41-50 nm uazansavesssdlulefivativuinmsayesigd 31-40 nm ngnaiiuug
yasansazeassAvelm i vndeondsiwaituinlngndilulediea nsizitlule
Auailesmonvetsandaulufiesthelinlndauysaindviliaamailunisimiludgends
ilornfniuvesansassasgalulefiwagniniinmilfienitulumasalilulofiaiioue
dnniuasflsadsndnmesarivanlastiwinnnnitlulefwarinlvansazeasgilnewn
Fwilvilowaluainda

12 nwnwdsvesdsazesisivesiariviuuuwsonidomdsiion - Sefivuinlug
niluledganuuinefudungufeuduinansazetgdvesallntuuunsnidewmaa
Awauarluleflwaiiiuszanal 240-280 nm Uas 180-240 nm AINERU IMARATIVLIAYDS
ansazessginaivnalvgnitlulefwaliums s hlulefivaiiosneuvaweandiauludies
Heliiunlviauysainiuasdwaiidanduranrivaulagiminuanitlulofeavilans
azossgalasundviliiinuelugndn  evunavesasozoessifivanariulefieai
audniusussfagaszaanatasussliihadadansias Anludednsely

dwiiaeniunsfnuauaniinuaiivetaisavestgilaensfinuinseandladans
aveasgaReniasasesgagnluiilaenisiiisedueendiaulasuainaifususauds
nanatufiedtaansadunamwiinunszguiililunisaatsansazessgiininaanismaaes
i ] Vo 1 é’
Tudufiaesansaaguladialu
2.1 asazeesgdveumuuuwnsnnigamasiiwauaslulefigaauisasendlad
ledeniiasusunuda N 330 Mnnsveaemmuia@sazessgaveaumlvLuulwsgedinag
27 =l oo Y o=y & [ . =
wnlvilasazensgdidnualndlfesmivaunuda N 330 nsiziasavessgivealail
wuuwniiunmswlvdermafuilitimalalasasusugnilunusuazaisazossgives
1 &’ a o al /1 r J = =
wWarlWuuuunsannidemdviwasvesndladlaienindomasiulefiva



97

2.2 Ysnunsusluasazessgiventmiuuuuninnidomasiwatunniives
Waddlulefwaeasfumsehansaseesgivesmiuuuuninnidemdluledisaity
WomAsifeenfiaulusesdisliunnsiauysal viliviinuasarensgianasdsasazons
gAvenUmlvuuuLninlamasimaiiddadiulaniavesafveuiidudasendiay
wnndlulefiratuanridanduiuifiadeuiinasvessazessgivenaliuuuuns
ynidemddulefigaflenafieendinuuviuiiselfdnintemdsmealunsdiduarl
LUuLnsIINAzAssamsaiinglinsedlditansazeasgdvenualiuvuuninidemnds
AwaannsowluliiFhenihmsasesgivesualiuuuwinnidemddluledisa

23 winunszdulumsaaieansazesssivaadarliuuuumsnnidemaslulefiva
findsanunsedusiniifien udasazessgiveatarliuuuuwinndemdsiisanendladld
frenilulefwatilesainnay LnA+min0s  Sidannda 91nmsiesizvinuilumsmegau
eiseamgiilined qungiithe 405-485 °C eadndutalalasmiveuainarsazesigd
vaaumlriuuuninndeiwaslulefioaiinn 1387 ki/mol uasdleaiian 1523 ki/mol
\losannlelasansusuiegluaisazessgiveaarlnuvvunsnnidamaslulefivad
sanduauluiestieliieuinisesndlad il mdsunsyduresumiviiuuunsain
Wandsdlulefiwaiiadniiduies dwluisvaaeseTsgumgiingg Tasumugii 450-600
°C \futrnseendladaiuaulumaaeesgitidmiuunseduresasaseaigivam
Iuuuuwsandemdeiivaunslulofiwaiia 1559 uaz155.7 Ki/mol swdady Fadian
wileufuflasnnidumusumiloudiy

dwiiandumsinsnszuiunisdnuasieluiiansazassAuuiiniesnzoosgs
feadainsesnuuuaiiganaassdedmuiewlneldannznsldnuaiosnsud
Nnuamvaaeduduftaannsauseeniuldfelui

3.1 nssuumsdnasaresdgavenumiviuuiivnidenasiealuleeauusa
nsesareniginlya Jesmnuiuanaietesasassassimanaslulofigaftgumgfinigdn
asazensgai 200 °C Insltueiimesnuiiasazessgvaaaalnuuuuninnidewdsly
lefwaldsveviianlumadnaisaresssisnuiuniiarsazestgdvendarliuuunsain
Jomdshia Ussana 2 whmeldmnsesaveasinmaioaty uldlndifssiunisly
Wuweiinmiusiunnasen Jumnermindnsesarassganvauuuiliansaihnsdn
asazesigivesUamlnuuuininniomdiivanaslulefwalduiimuntesasayoniss
symanvumeAudunguieuiivuiniafgyszuia 180-240 nm UALTUIAYBIFATLYEIG
nN38tazasdganLYalial 10000-50000 nm awnsassuiglainvunnvesasazesigaveslan
TuvuuwsSvnadnnimunagnuesiinissavessghmealszana 50-200 W1 @13nvi
nsfnansazessgioyniauuuinsfudungudoureauadliuuuunianidemasiia
wazlulefivala

3.2 msanasansazessgivealadliuuuuns NI Risadiuanaunagsdiadi
asissufiteadiannsosendladldinitasasensivenvailiuuuunsnnidemasien
fusnaukeTfiaflifiassafiiemaroesgivesvailiuvuunsnnidemasiulefiva
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Auanauneiiafiflarndujisonnil asazessgivesdaliuvuuninnidemasdlule
Auafiuanaunsasiadilifarsisawfizenad asazoosnivosaiivouuda N 330 flua
naukawsinTiasisURseualiuasansasentgivaseiuauLuAn N 330 Tiunsds
wsiianliffansisafazonedl mudu awnsassuneldhansazessgivenvailvuy
LL‘W‘f'i]'lﬂL%J’aL‘wﬁﬁi‘lﬂaﬁLﬁﬁaﬁ'lﬂﬁﬁ%EJ’IﬁUE&E]ﬂ%LiIU‘Eﬁﬂ’i’]Lw‘5'13’511’11561:»’6856‘5‘2}8\1L!Ja'ﬂ‘ml,‘uu
wwinnidemddulefiwaillassadimsnmonmdudeuntansazessgivendarlnuuuuns
Nnidamdsdia mnsdeinmsinnamievendenansmisidnasunuuninnse
wuhansazesssdeynanuuinziuiunguieurenuariiuvuuwsvinidomaslulofieal
wndnuazdudeunuuiunitasazesgioymauvuinzfudunguisursaadlvuuy
uwsnieindsiiien dunfusuuuia N 330 uanaNHEsTinToendladenTigainge
dnilwgifidiuuszneuvainiusuuians WewSsuilauasaroassiusasuinteunnauns
wififfiansswiouaiivazhifiassafizonainuidgumpiunnsetulseua 15
°c

33 lunsdluanauiifiansisajizewainud arsaveasgiveavalvuuuunsann
\Jouwdsiiwaanunsnoadladarsazestsiliifindiasesestgavesaslriuuuuniaan
Fowdsluledwanasaiusunuda sy dunisilFeuiiguiuansazessgaviuanauiu
nuwsilinithifiarsisaiizeuadifauiasaves givesuailiuuuinisnidomasiivad
unwanfurendadilifannsal fiteuadannsawniviaisazoosnivantailnuuuing
mnidewddulefiwaitumnzannisduameiue veseriveudsielomaiioandiaudrly
FuaiuiifnreUsinavemmnauavasazessgaiiAunnndalagan n VHIATATDIGAVDY
WadlWuuuunsaniFomasdisatin 0795 uaset n vesesazeasgavesadliLuLLns
Pnidamddiulefiveiian 0,59 FaurmanunsyiuresasasassgavenUaiinuuuuns
mm%aLwﬁﬂu‘leﬁwaﬁﬁhw‘i’ﬁﬂ'ha’l'iazaaaqﬁﬂaammlwuwuwimnL%amﬁqﬁma

34 nspUuMiRuluetutewhnsetazansEAwaa NIl ERliasazoes
gAvaadliuvuuninnidewddlulefisaannsasendladliisanidsazensniea
Uszina 2 whaneliinsesasesssiieaiiionty dwansaagldhinsesasessgifiva
LLUUﬁ"ﬂ.Uamﬁﬂ‘lﬂ?j’luﬂsxmumsﬁnmﬁasamqﬁu,as%'mwuaLiﬂiﬁ"u'uaa@hﬂsaaazaaaqﬁﬁma
1§ Fedeyansafuduiunisilaneiidianufeulnelindnimin fuvauaidosnain
wanszEnuTesUfitenismemnuieuraesavesssiveamiliuuuunsnniamaslule
fiwa Tunsdifiiiiuansazessgiveauailiuuuuniannasiies wasdnananiadunse
ammiilaruasazessgdifunslvauuutsdu (Force Flow) Aifiaraiguussnnwaiiay
unsnudnluseninansazessgifeudsnlunguaisasesssdiidauiiufuldagefvinl
Temafissiinufiendimgetunied n  ferganiutiues lumemssfudu inasile
AnneilagiEdnimindseudou (TGA) \Hunsnageuiilioendiauunsidnluviugnsen
Tngandevdnmsunslagsaumatilomaiiazansaunsninusenieymaldsann fudy
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PTT PUBLIC COMPANY LIMITED Jﬁ%
QUALITY ANALYSIS DEPARTMENT, SUPPLY AND TERMINAL OPERATIONS, OIL BUSINESS UNIT s
555 ARDNARONG RD., KLONGTOEY, BANGKOK 10260, THAILAND \127
TEL. +66(0)2239-7148  FAX. +66(0)2239-7149 WWW.PTTPLC.COM st
Page 1 of 1
Certificate of Analysis

Product : High Speed Diesel

Certificate No. + T-12/17148
Sample Lab No. : OP-HSD-1217635 Received Date 123 Jul 2012
Customer/Supplier : Phrakhanong Ol Terminal, PTT PLC. Date of Test 123 Jul 2012
Sample Location : Depot : Phrakhanong Oil Terminal, Tank No. : TA 12 Date of Sampling :23 Jul 2012
Batch No. 1 TA 12/12/0051 Sample Condition :Normal
Product Source : Ship- AMPAR-1, Refinery- REF-T,
Test Item Test Method Limit Result

* 1. Appearance Visual Clear & Bright Clear & Bright
* 2. Calculated Cetane Index ASTM D 976-06 Min. 47 57.72
* 3. API Gravity @60 °F, Upper,°API ASTM D 4052-09 Report 392
* 4. Specific Gravity 15.6/15.6°C, Upper ASTM D 4052-09 0.81-0.87 0.8289
* 5. API Gravity @60 °F, Lower,°API ASTM D 405209 Report 39.2
* 6, Specdific Gravity 15.6/15.6°C, Lower ASTM D 4052-09 0.81-0.87 0.8289

7. Flash Point (P.M.),°C ASTM D 93-10 (Procedure A) Min, 52 68.0

8. Kinematic Viscosity at 40°C,mm2/s ASTM D 445-09 1.8-4.1 3,199

9. Pour Point,°C In-house method based on ASTM D 5950-02  Max. 10 0

(Reapproved 2007)

*10. Sulfur Content,mg/kg ASTM D 262208 Max. 50 289

11. Distillation :Initial Boiling Point,°C ASTM D B6-07a Report 169.0

12, Distillation': 10 %vol. Recovered,°C ASTM D 86-07a Report 209.3

13, Distillation :50 %vol, Recovered,®C ASTM D 86-07a Report 282.8

14, Distillation :20 %vol. Recovered,°C ASTM D 86-07a Max, 357 355.1
* 15.Water and Sediment,% vol. ASTM D 2709-96 (Reapproved 2006) Max. 0.05 <0.005
* 16.ASTM Color ASTM D 1500-07 Max. 4.0 L1.0
* 17. Electrical Conductivity, Upper,pSfm ASTM D 2624-09 Min. 50 0@27.0°C
* 18. Electrical Conductivity, Lower,pS/m ASTM D 2624-09 Min. 50 0@27.0°C

* 19, Electrical Conductivity, Average,pS/m ASTM D 262408 Min. 50 0@27.0°C

Remark :* Test-marked "Not TI51 Accredited" in this Certificate are not included in the TISI Accreditation Schedule for our Laboratory.

Approved by : Witthaya Yungkene

{ Witthaya Yungkene )
Position Title : Product Quality Control Officer
Date of Issue : 25 Jul 2012

(This certificate relates only to the sample tested. Reproduction of it or any of its constituent part is not permitted without the consent
of Quality Control Division manager,)
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CERTIFICATE OF ANALYSIS
Reference material for Fatty Acid Methyl Ester

Attention kML R

Product Name :  Biodiesel (Fatty Acid Methy! Ester)

Date of Delivery P luly 19, 2012

Remark :  Sampe should be stored out of direct sunlight, and preferably at or below 30 °C

ANALYSIS RESULT

[ Test Parameter Limitation Test Method Result
1 | Methyl Ester, %wt 96.5 Min BN 14103 97.9
2 | Density at 30°C, kg/m? B64.1

; De:: at 15°2 gm’ i i 874.3%%

[ 3 | Viscosity at 40°C, cSt 3.5-50 ASTM D 445 45
4 | Flash Point, °C 120 Min ASTM D03 1 1sas
5 | Sulphur Content, %wt 0.0010 Max ASTM D 5453 * < 0.0001
6 | Carbon Residue, on 10% distilation residue, Y%wt 0.30 Max ASTM D 4530 * <0.10
7 | Cetare Number 51 Min ASTM D 6890-10a # 68.2
8 | Sulphated Ash, %wt 0.02 Max ASTM D 874 * < 0.001
9 | Water, %wt 0.05 Max EN IS0 12937 0.028
10 | Total Contaminate, %owt 0.0024 Max EN 12662 * 0.0003
11 | Copper Strip Corrosion, %owt lz ASTM D 130 = 1a
12 | Oxidation Stabiily al 110°C, I¥. 10 Min EN 14112 26.3
13 | Add Value, mgKOH/g 0.50 Max ASTM D 664 010
14 | fodine Value, gl/100 9 120 Max EN 14111 515
15 | Linolenic Acd Methyl Ester, %wt 12.0 Max EN 14103 0.18
16 | Methanol, %wt g 0.20 Max - EN 14110 0.03
17 | Monoglyceride, %wt 0.80 Max EN 14105 031
18 | Diglyceride, %wt 0.20 Max EN 14105 0.05
19 | Triglyceride, ont | o20Max EN 14105 0.01
20 | Free Glycerin, Yomt 0.02 Max EN 14105 0.00
21 | Total Glycerin, %wt 0.25 Max EN 14105 0.09
22 | Group L metals, maskg TsoMax ENMSB8> | 039 |

Group IT metals, ma/kg 5.0 Max EN 14538 * 0.69

23 | Phosphorus, Yowt 0.0010 Max ASTM D 4951 = < .00001
24 | Additive Report - No
25 | Appearance Clear Visual Cear
26 | Cloud Point, °C 16.0 Max ASTM D 2500 140

Rermark* ; Test results was conducted by Intertek, Thailand (Test Date: 15/03/2012)
#* : Test results was converted by table 538.

9
Tested by : wgiectd od b oeaty %"

(Quality Control Offcer) {Quality Contral Supervisor)
QUALTTY CONTROL OLEOCHEMICAL — LABORATORY SECTION

OFF: 1/8 CHARANSNITWONGS RD.  SOI 55 BANGPLAD BANGKOK 10700 THAILAND. TELEX: §2431 PATUM TH
TEL. 66 (02) 434-8384-7 FAX: 66 (02} 433-6423
FAC: TEL 65 (02) 581-5211, 58:-5763, 581-234€ FAX: 66 (02) 581-6407
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PTT PUBLIC COMPANY LIMITED

QUALITY ANALYSIS DFPARTMENT. SUPFLY AND TERMINAL OPERATIONS, OL BUSIESS
555 ARDNARONG RD. KLONJTOEY, BANGHOK 10280, THHLAND
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Certificate of Analysis
Product ; Biodiesel (B100)

Certificate No. : T-12/19649
Sample Lab No. : OP-BIO-1218938
Customer/Supplier : amfuvaTulalinszaaunannqannratansals
o, aasangdl uwwdAnlaria wearansly nnu. 10520

Page 1 of 1
Recelved Date  : 06 Aug 2012
Date of Test + 06 Aug 2012

Date of Sampling : 01 Aug 2012

Sample Location : — Sample Condition : Normal

Batch No. o

Product Source t-

» Test Item Test Method Limit Result
1. Distillation : 90% vol. Recovered,°C ASTM D 1160-03 - 351.2
Approved by ?mek .
( Phurita Pothisuk )

Position Title : Team Leader
Date of Issue: 22 Aug 2012

(This certificate relates only to the sample tested. Reproduction of it or any of its constituent part is not permitted without the consent

of Quality Control Division manager)

PTT PUBLIC COMPANY LIMITED
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Certificate of Analysis
Product : Diesel

Certificate No. + T-12/19650
Sample Lab No. + OP-HSD-1218939
Customer/Supplier : amﬂumn‘i'u'taﬂﬂﬂaamnﬁﬁmmmwmanwﬁa
%, ARNNTI1 WINE LA waaAnIEY Ay, 10520

Page 1 of 1
Received Date  : 06 Aug 2012
Date of Test 106 Aug 2012

Date of Sampling : 01 Aug 2012

Sample Location  : - Sample Condition : Normal
Batch No. -
Product Source -
Test Item Test Method Umit Result
1. Distillation :Initial Boiling Point,°C ASTM D 86-07a - 166.2
2. Distillation :10 %vol, Recovered,°C ASTM D 86-07a - 207.2
3. Distillation :50 %vol. Recovered,*C ASTM D 86-07a - 287.1
4, Distillation :90 %vol. Recaovered,°C ASTM D 86-07a e 353.1
(@w K
Approved by : W -
( Phurita Pothisuk )
Pasition Title : Team Leader
Date of Issue: 22 Aug 2012

(This certificate relates only to the sample tested. Reproduction of it or any of its constituent part is not permitted without the consent

of Quelity Control Division manager)
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PTT PUBL’C COMPANY Print-Date : 11/9/2012 14:08
Unit Number: 2 -
Herzog MP 626 - HDA 627/628 Software - Version : HDA 1.0E
Sample number : OP-HSD-1217635
Sample Description: TA-12 PKN
Date of Measurement: 23/7/2012 10:49:10
Dist. Standard : ASTM D 86- G4
Dist, Group ; 4
Thermometer : 8C/8F
easurement Program : HSD ASTM D86 HE
Condensor Receiver i Initial Heat Temperature 1 :650 °C
. o o | Initial Heat Temperature 2 : 640 °C
Temperature Start : 50°C 25°C | s G
Temesweoda: 00 o | MRl
Temperaitlire End: 50°C 25°C ! +ollcy Heat Cilne m
Distillation end detection : max. Temperature
DE temperature decrease : 2°C | Last correctionat: 93 vol. %
Dry point detection : without Lastcorrection -value: -2 %
Dry pointdelay: 0 s Max. Time after FBP : 0 min
Corrections of temperatures : barometric-corr. acc. D-86
Barometric Pressure : 1006.0 hPa
Distiflation Residue : 0:0° mf .
Recovery : 0.0 vol % (observed :0.0 - vol %)
Distillation Loss : 0.0 mi (observed :0:0  ml )
Stop Point : —ml/—-"°C
Bailing Range : -2147483817.2 °C b
o = 350
E 800+ ‘_,,-/ / f ! 8
N ‘ e —ta0 &
5 i | L] [ E
g 750 h ] " 24 A §
UEI [T L—1 2 2 uE.v
5 8 L] - __,__,-——f""-m/ e
5 — 00 §
T eso] — ”
-6
s T
= ‘/""'“'_—‘"/‘_—’“—'—”"V\N \v Fas .. I = % E
3T E
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Volume [%)]
Volume Dist. rate Dist. temp. Barom. corr. Evap. corr.
IBP 473.0s 168.9 °C 169.2 °C -
5% 68.0s 197.4°C 197.7°C -
10% 4.4 ml/min 2104°C 2107 °C 4
15% 4.5 miimin 223.2°C 2235°C -
20% 4.5 mi/min 233.7°C 2340°C
30% 4.6 mU/min 252.8°C 2531 °C -
40 % 4.6 mimin 269.7 °C 2700 °C -
50 % 4.6 ml/min 283.4°C 2838°C -
60 % 4.7 ml/min 2976°C 298.0°C -
70 % 5.0 ml/min M3TC 313s5°C -
80 % 4.3 mlimin 331.4°C 331.8°C -
85 % 4.3 ml/min 3422°C 3426°C -
90 % 4.5 mli/min 354.4 °C 354.8 °C -

Page1




i-Fischer Dis
CRUDE OIL DISTILLATI
PRODUCT :
SAMPLE-1D.
OPERATOR

DATE H
TIME :

CHARGE

AT RECEIVER TEMP.
RELATIVE DENSITY
AT TEMP.

WEIGHT

DISTILLATION RATE

o i o o S s o o o e e, B .o e -

0.0 28071 127.9
5.0 335.4'A272.9
10 0 D336L2 11379
15.0--337.9 174.6
20.0 -337.5 174.8
25.0 338.5 175.3
30.0 339.7 176.2
35.0 340.4 176.7
40.0 ~340.6 177.2
4.0 ~340.9 177.5
50.0 341.4 178.0
55.0 342.7 178.8
60.0 343.5 179.5
65.0 344.2 180.2
70.0 345.4 181.2
75.0 346.7 182.3
80.0 348.3 183.4
85.0 349.7 184.6
90.0 351.2 185.8
95.0 351.2 185.9
IBP = 280.1 °C AET
EBP = 351.2 °C AET

t D-1160 CC

ON ACC. TO ASTM D 1160
B-100

: OP_BIO_1218938

DIST. END BY DISTILLED VOLUME

Vacuum
(mmHg]

wmohmmmkbmmmhpbmam

Ptt
8/10/2012
9:29:16 AM
200 ml
60 °C
B74.6 Kg/m"~3
£ 1570 °C
: 168.64 g
7 ml/min
Dist.-Rate Vol. Flask=Temp.
[ml/min] [m1] b}
0.0 0 179.6
4.2 10 17¢.8
6.4 20 180.2
6.9 30 5, I
6.8 40 R I
- 50 181.4
6.4 60 181.4
6.9 70 182.5
6.6 80 182.2
N5 90 1B2.6
7.0 100 182.8
6.5 110 183.4
6.8 120 183.9
/T 130 184 .7
6.6 140 185.3
6.8 150 165 .9
6.9 160 186.9
6, 9 170 187.9
TN 180 189.6
7.0 180 189.6
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SCIENTIFIC AND TECHNOLOGICAL RESEARCH EQUIPMENT CENTRE CHULALUNGKORN UNIVERSITY
(HULALONGEORN SCF 62 FHAYATHAI ROAD FHATIMWAN BANGKORK 16350 TILULAND TEL. (962 2155002, 2158101 FAN: (562, 9188042, 354011
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Tuasdani SH §553362
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Shamae Gaseons products freed by pyrolysis in high-purity oxyaen and

were chromatographically separated by frontal analvsis with

quantitatively detected by thermal conduetivity detector.

STy 17 ey 2555
Mot Bedaedi ] %C %1 N
1 Carbon Black N330 (1) U3.80 0.34 Q.15
2 0420 (| "p.3s Gi7
3 93.71 0.57 0.21 ;
wag 9390 | 0.49 0.18
2 Diesel Lamp 1) 62:40 0.98 0.10
(2) 92.65 (.83 0.05
; )} 92.22 10l 0.20
iy 92.42 0.95 0.12
3 Dicsel Noload 1 70.02 2.10 0.39
@ 60,85 1.80 0.51
) 6970 2.23 0.64
wis 986 204 051
LG
7



A 88072555

WU 212
Faodad Soda081e Y%C %H %N
4 Diesel 50% load (M 78.77 171 0.13
@) 78.96 1.30 0.39
@) 78.63 161 0.56
Wiy 7879 154 0.36
5 Diesel 2400_80% ) 80.99 0.90 0.49
@ 81.07 139 0.25
3 50.94 1.0] 0.65
wae . 81.00 110 0.46
6 Biodiesel Lamp (1) 85979 2 1.05 0.46
@) $9.90 0.3 0.67
3 89.58 1.28 0.64
wdy | 8976 1.09 0.59
7 Biodiesel Noload (n 6727 224 046
) 6734 247 0.28
3) 6700 246 0:70
whe 6720 | 239 0.48
8 Biodicsel 50% load (1 20.03 2.36 0.41
2) 70.41 211 0.48.
3) 69.90 218 0.38
wis 70 122 0.42
0 Biodicsel 2400_80% (1) 74,14 102 0.33
) 73,95 1.09 0.28
@) 7384 0.94 0.33
iy 7399 1.02 0.31
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Analytical Data of Sample

152

Date : 264572011
Consignee :annfu imaTulafiussasuinandiaamnisatansaia
Grade : N-330

Test Unit Method | Typical | Results

Values
ASTM

Iodine Adsorption Number mg/g D1510 82 B1
DBP Absorption Number ml/100g D2414 102 100
Sieve Residue:
: Screen Size 500 pum(NWNo.35) D1514 0.001 max 0.0000
: Screen Size 45 pum(No.325) D1514 0+l max 0.0082
Heating Loss D1509 2.5 max 1.84

av Pﬂiqnhmm !

Head of Laboratory
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Thal Tekol Carbon Product Company Umited
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Analytical Data of Sample

199

Date : 29457200
Consignee : d@anu watuladnsaaun A unniIsaiansels
Grade N-550
Test Unit Method | Typical | Results
Values
ASTM
Todine Adsorption Number mg/g D1510 43 42
DBP Abscrption Number ml/100g D2414 121 123
Sieve Residue:
: Screen Size 500 pm(No.35) 3 D1514 0.001 max 0.0000
: Screen Size 45 um(No.325) % D1514 0.1 max 0.0012
Heating Loss 3 D1509 1,5 max 0.16
fw' bﬁqd&wmﬂ.

Head of Laboratory
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The 7" International Conference of Automotive Engineer (ICAE-T),
TSAE, 28-29 March, Bangkok, Thailand, 2011.

The 2™ TSME International Conference on Mechanical Engineering
(2™ TSME-ICOME), 19-21 October, Krabi, Thailand, 2011.
ﬂ'}'sﬂ'szﬁutﬂ?aﬂhﬂwé’amuLl,ﬁqﬂwmﬁ‘lwaﬂ%"aﬁ 8 (E-nett-8), AP-34, 33Win
unasA, SU 2-6 wewAnAL WA, 2555

The 2012 JSAE Annual Congress (Spring), JSAE, 23-25 May, Yokohama,
Japan, 2012.

The 2™ International Conference on Automotive Technology, Engine
and Alternative Fuels (ICAEF 2012), Decd-5, Ho Chi Minh City,
Vietnam, 2012.
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Challenger, Impact, Muang Thong Thani, Bangkok, Thailand

Study on Diesel and Biodiesel Particulate Matter
Trapping inside a Diesel Particulate Filter

Songtam Laosuwan', Preechar Karin?, Chinda Charoenphonphanich®

'* Department of Mechanical Engineering, King Mongkut's Institute of Technology Ladkrabang
? International College, King Mongkut's Institute of Technology Ladkrabang

ABSTRACT

The present paper consists of two main parts.
The first part is study about the physical
properties of diesel and bicdiesel particulate
matters (PMs). such as nano-struciure, micro-
structure  and  size distribution, by  using
scanning electron microscope (SEM).

The second part is study about particulate
trapping behavior using a single wall of a full
flow cordierite diese! particulate filter (DPF).
The concentration of diesal particulate matter,
superfical velocity and temperature of fluid
were controlled during pressure drop impact
and iltration efficiency measurements. |n
addition, particulate matter emitted from bio-
diesel was evaluated in the same conditions as
diesel particulate matter for comparing and
better understanding.

The pressure drop during trapping process
shows two main regions. The first region is the
depth filtration, particulate trapped inside the
wall of filter. The secend region is the soct
cake layer. Similarity, the filtration efficiency
was also shows the results that strongly
related to the depth fitration and soot cake
layer regicns. Moreover, the low quantity of
particulate matter emitted from the combustion
of biodiesel shows an important advantage.

The resuits show the useful information for
future designing of the DPF configuration for
diesel and biodiesel vehicles which should ke
improved t© match with the higher level of
Thailand emission regulation (Thai industrial
standard or TiS) than the present regulation, in
the near future.

INTRODUCTION

Among intarnal cembustion engines, diesel
engines have the highest thermal efficiancy for
a given output power. Therefore, the global
warming and energy scnsumption problems
should be improved by increasing amount of
diesel passenger cars. However, particulate
rnatter (PM) and oxides of nitrogen (NOx) must
he removed from the exhaust gas emitted from
diesel engines to protect the environment and
human health.

Diesel particulate matter consist of a solid
fraction (SOL} and a soluble organic fraction
(SOF).Primary particles composed of solid
carbon and metallic ash, are coated with SOF
and sulfate. The mean diameter of primary and
agglomerated particles is usually in the range
of 20-60 nm and 60-200 nm, respectively .The
compasition of particles from a diesel engine is
widely depending on the operating conditions
and fuel composition [1-5].

Although particulates trapping and oxidation
processes involve complax behaviors, very few
information is available to aid in understanding
such phenomena. Therefore, macro-scale and
microscopic visualization of diesel particulates
trapping behavior and active regeneration
inside the conventional and developing DPFs
have been investigated successfully to aid in
better uncerstanding and fuiure designing of
an ideal DPF configuration, as shown [6-8].

The objective of the present research is study
about physical properties and trapping
behavicrs of diesel and biodiesel particulates.
The results would be useful for study In
possibility of particulate reduction for both
retrofit vehicle and naw vehicles in Thailand,
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especially Bangkok and big cities in Scuth East
Asia regions, to reduce the air pollution
problem and match with high level of emission
regulation, which will be published in a few
years.

EXPERIMENTAL SETUP

Figure 1 shows a schematic diagram of the
experimental set up for diesel and biodiesel
particulate matter trapping inside a diesel
particulate filter. The wall flow DPF, made of
ceramic material (cordierite), was cut into cross
section of 4.7 x 4.7 mm> and thickness of 3
mm. A disc of DPF wall was installed in to the
exhaust pipe, which was controlled the
constant temperature of approximately 100 °C
by electric heater to avoid the impact of water
condensation on inside the exhaust system.
The particulate matters emitted from the diesel
diffusion flame were introduced into the
exhaust pipe by using a vacuum pump, which
installed at the outlet of the system. The
constant rate of the energy consumption was
controlled by the fuel consumption rate.

During trapping process, pressure drop
between inlet and outlet of DPF sample was
measured by using a manometer to study in
the impact on fluid flow inside the exhaust pipe
and to estimate the quantities of diesel and
biodiesel particulates. In the same time, the
particulate matters which passing through the
DPF was collected by paper filter to compare
the filtration efficiency. Particulates collected
on the paper filters of each time step were
compared with a clean paper filter by using a
smoke meter.

Desiccant
Thermocouple agent

Heater il DPF

| Soot Manometer plenp
<—Lamp
Figure 1 Experimental setup for diesel and

biodiesel particulate matters trapping inside the
diesel particulate filters.

Challenger, Impact, Muang Thong Thani, Bangkok, Thailand

Table1 Properties of fuel

From Department of Energy Business)

Properties / Fuels | Diesel Biodiesel
Density
(Ibs/gal) s 7.3
Heat of
combustion 140,000 130,000
(BTU/gal)
Cetane Number 48 55
ki 3.0 5.7
centistokes
Flash point C 64 70
Chemical formula C12 sz RCOOCH3
Carbon fraction 82 78
Heating value
< 46,800 39,550
(kd/kg)

(a) b)
Figure 2 Images of black smoke emitted from

diffusion flames of (a) diesel fuel combustion
and (b) biodiesel fuel combustion.
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Table 1 shows the properties of diesel and
biodiesel fuels. The carbon fraction of diesel
{82) is higher than that of biodiesel (78). It
might be that high carbon fraction plays an
important role in high soot emitted quantity of
diesel fuel diffusion flame. Figure 2 shows the
much amount of black regions at the upper of
diesel diffusion flame, whereas only few of
such color could be observed for biodiesel
diffusion flame.

Table 2 shows the properties of a conventional
diesel particulate filter without catalyst. The
porosity of DPF wall is approximately 52 %,
cell density of 300 cpsi and wall thickness of
1.2 mm. Figure 3 (a) shows an optical image of
inlet channel of a whole size DPF. Figure 3 (b)
shows a microscopic image of DPF wall
surface’s microstructure. The micro structural
pores of the wall were about 20 to 50 microns,
as shown at the center of Fig.3 (b). At the
beginning of trapping process, the particulates
will be collected inside such micro structural
pores. After the surface pore filled up, soot
cake will be growth with time.

Table 2 Specification of DPF
Catalyst Non
Wall thickness 1.2mm
Porosity (%) 52
Material Cordierite
Cell density (cpsi) 300

RESULTS AND DISCUSSIONS

Figure 4 shows SEM images of (a) diesel
particulate matters and (b) biodiesel particulate
matters collected from the exhaust gases of
diffusion flame combustion. It was clearly
observed the homogeneous size of primary
particles. In the present study, the size of
biodiesel primary particle was smaller than that
of diesel. The size of primary particle might be
strongly depended on related energies such
as, electrostatics, drag and Brownian forces.
The physical properties should be study in
more details in the next step.

Challenger, Impact, Muang Thong Thani, Bangkek, Thailand

65 microns

(b) DPF by Microscope scale 30x

Figure 3 Images of diesel particulate filter
(DPF), (a) optical image of a whole size DPF
inlet side and (b) microscopic image of DPF
wall's porous structure.

Figure 5 shows SEM images of (a) diesel
particulates and (b) biodiesel particulates that
captured by paper filter after passing the
exhaust pipe without DPF, in a few seconds, to
study about the agglomerated size of
particulates. The agglomerated of particulates
of diesel and biodiesel were approximately
100-500nm. The size of agglomerated particle
might be also strongly depended on related
energies, electronics, electrostatics and all of
mechanical forces.
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(b) bicdiesel particulate matter

Figure 4 SEM images of (a) diesel particulate
matter and (b) biodiesel particulate matter for
primary particle study.

Figure 6 shows size distribution of primary
particles of (a) diesel particulate matters and
(b) biodiesel particulate matters by using SEM
images as shown in Fig. 4. The average
primary particles size were approximately 50-
60 nm and 30-40 nm for diesel and biodiesel
particulates, respectively The size of primary
particle might be strongly depended on related
energies and chemical properties, oxygen and
carbon contents. The physical and chemical
properties should be study in more detail for
better understanding in the combustion
behavior and formation of particulate matters
of each hydrocarbon fuel.

(b) biodiesel particulate matter

Figure 5 SEM images of (a) diesel particulate
matter and (b) biodiesel particulate matter for
agglomeration study.

Figure 7 (a) shows the comparison of pressure
drop during the trapping process at the same
energy consumption rate. As indicate in this
graph, diesel particulates have a higher
pressure drop than biodiesel particulates at a
given energy input. Pressure drop of DPF wall
during diesel particulate matters trapping was
approximately 6 times higher than that of
biodiesel particulate matter. Therefore, the
apparent amount of diesel particulate matter
could be also assumed to be 6 times higher
than that of biodiesel. However, the actual
concentrations should be measure by using
high technology device in the next step.
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Figure 6 Size distributions of (a) diesel and (b)
biodiesel primary particles from SEM images
as shown in Fig.4.

Figure 7 (b) shows the filtration efficiency
comparison between diesel and  biodiessi
particulate matters trapping. As indicate in this
graph, filtration efficiency of diesel particulate
matter increased faster than that of biodiesel
particulate matter. it might be expected that a
large size of primary particle and very high
concentration of particulate emitted from the
diesel diffusion flame were affected on trapping
behavior. That affect should be research in
more detail to clarify such behavior for better
understanding.

Pressure drop (kPa)
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(a) pressure drop
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Figure 7 Comparison of (a) pressure drops
and (b) filtration efficiencies with the energy
consumptions, during trapping process.

CONCLUSION

Particulate matter size distributions of diesel
and biodiesel soot emitted from diffusion flame
were investigated.

(1) The average primary particle sizes of
diesel particulate matter (50-60nm)
was larger than that of biodiesel
particulate matter (30-40 nm). The
biodiesel has more amount of oxygen
content than diesel that can oxidize
with particulate matter in combustion.
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(2) It is a possible reason and an
advantage of biodiesel fuel that should
be study in the next step.

(3) The quantity of biodiesel particulate
matter was less than that of diesel at
the same energy consumption or same
load. It might be expected that the
carbon fraction in biodiesel is less than
that in diesel, resulting in the biodiesel
particulate matter emitted is lower.

In ftrapping process, pressure drop and
filtration efficiency were also successfully
investigated.

(4) The quantity of diesel particulate
matter emitted was more than
biodiesel. Moreover, the diesel primary
particle size was larger than biodiesel
too. Therefore, pressure drop of diesel
particulate matter during trapping is
higher than that of biodiesel fuel.

(5) At the beginning of trapping process,
the filtration -efficiency of diesel
particulate matter was increase faster
than that of biodiesel. It might be
expected that micro channel inside
surface pores of the DPF wall were
blocked rapidly by high concentration
and large size of diesel particulate
matter, resulting in high filtration
efficiency. ‘On the other hand, the
same behavior of biodiesel particulate
trapping  occurred not too fast
However, after the micro channel
inside the DPF surface pores were
closed the filtration efficiency of both
fuel were very high.

Consequently, the conventional DPF may be
possible fo use for biodiesel vehicle because of
low particulate matter quantity. Moreover,
trapping duration time and energy consumption
of regeneration process can be also reduced
by using bio-fuel. However, DPF regeneration
behavior should be investigate in detail for
better understanding and future designing of
the DPF configurations.

Challenger, Impact, Muang Thong Thani, Bangkok, Thailand
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Abstract

The problem of particulate emissions fram diesel engine can be reduced in many ways, for
example: engine design, development of fuel additives and using the diesel particulate filter (DPF). This
rasearch has two parts. First is studied about the physical properties of diesal (BO) and bio-cissel (B100)
particulate matter (PM), such as nanostructurs, microstructure and size distribution by using a scanning
glectron microscope (SEM) and transmission sleetron microscope (TEM). The primary and agglomerated
size distribution of each particulate matter can be estimated by using the image of TEM and SEM. The
primary sizes of diesel and biodiessl particulate matter are approximately 50-80 nm and 40-50 nm,
respactively. Oxygen content inside bio-fuel may be affected to hiodiesel particulate combustion. Second,
chemical kinstics of particulate matter oxidation are studied by using Thermo-gravimetric analysis (TGA).
The apparent activation energies of diesel and hiodiesel PM oxidation in the first stage (hydrocarbon) are
approximately 133 and 96 kJ/mol. In-the second stage (carbon), apparent activation energies of diesel
and biodiesel PM are approximately 176 and 158 kJ/mol, respectively. Because of oxygen content inside
unburnad fuel and nanostructure may be affected to hiodiesel particulate combustion, resulting in low

apparent activation energy.

Key words: Emissions, Particulate matter, Apparent Activation Energy, Thermo-gravimetric analysis
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1. Introduction

Nowacdlays, energy consumption and
glebal warming prablems are mainly issue of our
community. In order to overcome such problems,
high efficiency engines shoull be widely used.
Among internal combustion engines, diesal
engines have the highest thermal efficiency.
However, particulate matters (PMs) must be
removed from exhaust gases that are emitted by
diesel engines to protect the environment and
human health (lung cancer).

Diesel particulate matter consists of a
solid fraction (SOL) and a soluble organic
fraction (SOF). Primary particles composed of
solid carbon and metallic ash, are coated with
SOF and sulfate. The mean diametar of primary
and agglomerated particles is usually in the
range of 20-60 nm and 60-200 nm, respectively.
The composition of partides from a diesel
engine is widely depending on the operating
condlitions and fuel eomposition [1-5].

The advantages of hiodiesel are
renswable energy  and - oxygenate  fuel
Photosynthesis of plants can be considered
biodiesel is carbon neutral. As a result, hiodiesel
can raeduce emitted CO, because it is derivad
from vegetable oil. The oxygen contained within
molecule  of fuel can promote complete
combustion.

This research studies about oxidation of
diesel and biodiesel particulates. The oxidation

temperature, chemical reaction rate and
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activation energy are successfully explainad in

this paper.
Diesel and biodiesel
soot lamp
—
Physical property Chemical property
Scanning electron Th itri
microscope (SEM) ST -JTaVING
- analysis (TGA)
nd
Transmission [
electron microscope
(TEM) Apparent
1 activation energy
Primary particle
size

Fig. 1 Experimental procedure

Table1 Properties of diesel and biodiesel fuel

(From Department of Energy Business)

Properties / Fusls | Diesel Biodiesel
Density

% 84478 847.73
(kgfm )
Heat of

combustion 140,000 130,000

(Md/m’)
Cetane Number 48 55

Viscosity
3.0 57

(centistokes)
Flash point "G G4 70
Chemical formula | ¢ H | RCOOCH

Carbon fraction 82 78

Heating value
(kJ/kg)

46,800 39,550
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2. Experimental setup

2.1 Experimental procedure

Figure1 shows a schematic diagram of
the experimental procedure for investigation of
chemical and physical properties of diessl and
biocdiesel diffusion flame particulate matters.
Particulates were generated by diesel and
biodiesel lamps. This research separated in two
parts. The first is studying about diesel and
biodiesel primary particle size by the TEM and
SEM images. Second, chemical kinstics of
particulate matter oxidation are studied by using
Thermo-gravimetric analysis (TGA).

Table 1 shows the properties of diesel
and biocliesel fuels. The carbon fraction of diesel
(82) is higher than that of biodiesel (78). It might
be that high carbon fraction plays an important
role in high soot emitted quantity of diesel fuel

diffusion flame.

2.2 Diesel and biodiesel diffusion flames

Figure 2 shows diesel diffusion flame
and biodiesel diffusion flame by Schlieren
method. It can explain core of diesal diffusion
flame darker than that of biodiesel. It may bhe
biodiesel is oxygenated fuel and some chemical
properties of biodiesel fuel.

According to the previous study, the
result shows biodiesel particulate matter is
approximately 30 percent of diesel particulates
[7]. Figure 3 shows diesel diffusion flame longer
than that of hiodiesel because it may be diessl

has carbon content more than biodiesel and
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biodiesel has oxygen content can promote
complete combustion.

Figure 4 shows SEM and TEM images
of (a) diesel particulate matters and (b) biodiesel
particulate matters collected from diffusion flame

combustion. The average primary particles sizes

Fig. 2 Biodiesel (left) and diesel (right) captured
by Schlieren method

Fig. 3 Biodiessl (left) and diesel (right) diffusion

flame by conventional digital camera.



() TEM image of diesel PM

Fig. 4 TEM and SEM [7] images of (a and b)
diesel particulate matter and (c and d) biodiessl

particulate matter for primary particle study.

are approximately 50-60 nm and 40-50 nm for
diesel and biodiesel particulates, respectively. It
may be discussed that low concentrations of
biodiesel particle have more opportunity to
contact with oxygen, in the air and molecule of

fusl itself in combustion flame.
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00nm

500nm

2.3 Thermo-gravimetric analysis
Chemical kinetics of particulate matter
oxidation is studied by using Thermo-gravimetric

analysis (TGA).

C+0, = CO+CO, M

The chemical reaction rate in eq.1 can calculate
from the TGA curve based on the chemical
kinetic in eq.2

-l ifetlo.r

dr (2)
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where C is particulate matter mass, tis time, & is

TEME -

specific rate constant, m. n are the reaction
order. The dependence of the specific rate

constant k is expressad by 2.3
= _'Ea 'RT
]1. = Ae (3)

where A is the frequency factor, E, is the
activation energy, R is the gas constant. The

apparent activation energy can be caleulated by
eq.4 [6].

=1 di€l|_JV
hl[[C]" it }— RI-\—(lnA-i»m]n[Ol}) (4)

3. Results and discussions
Figure 5 shows TGA curve of {a) diesel
and biodiesel particulate matter emitted from
diffusion flame. Test condition starts from
temperature of 25 O to 800 "G with oxygen.
For temperature 25 G 10100 "C is considered
that evaporation of moisture. After that 100 C
to 400 ‘G is assumed fo be unbumed fuel
oxidation. Then 400 °C to 600.°C is assumed to
be some hydrocarbons and carbon oxidation, as
shown in Fig. (8b). Finally, ahove 600 v
biodiesel has ash more than that diesel. It
means the unburned additive of biodiesel more
than diesel. The oxidation rate of biodiessl is
faster than that of dissel. It may be biodiesel has
oxygen content.
Figure (5c) shows derivative of particulate

matter oxidation. Biodiesel has 2 peaks, the first
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oxidation.
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is may be hydrocarbon oxidation and second is
may be carbon oxidation. Whereas diesel has
only 1 peak and have peak of length longer than
that of biodiesel. it may be diesel have carbon
content more than that of biodiesel.

Figure 6 shows apparent activation
anergies of (a) diesel and biodiesal PM oxidation
in temperature of 406 “C to 484 “C is assumed
to be hydrocarbon oxidation that can calculate
apparent activation energies of 158 and 96
kdfmol-— for  (b) diesel and (c) Dbiodiesel,
respectively. Temperature of 485 C to 530 C
is assumed to be carbon oxidation. The
apparent activation energies are 176 and 133
kdfmol for diesel and biodiesel, respectively.
Table 2 summarizes the apparent activation

aenergy of each PM oxidation.

Table 2 Apparent activation energy calculated

from oxidation rate of each PM.

E. (kJ/mol)
PM Type 4 =
406-484 C 485-530 C
Diesel 158 176
Biodiesel 96 133

4. Conclusion

(1) Primary particle size of biodiesel
particulate matter smaller than that of diesel
particulate. It may bhe biodiesel has oxygen
content within fuel molecule. it can be oxidized
better than that of diesel particulate matter.

(2) Apparent activation energies of
particulates oxidation are divided into two
groups, unburned hydrocarbon and solid carbon.

(3) Apparent activation energy of diesel

unburmned hydrocarbon is higher' than that of
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biodiesel because unburned biodiessl
hydrocarbon composes of oxygen atom within
itself. On the other hand, apparent activation
energy of diesel and biodiesel solid carbon are
not significantly different because it is carbon.

(4) The results of this research can be
used for base of designing and developing the
particulate filiration systam. The hiodiesel may
consume much filtration duration than that of
diesel fuel. Therefore the engine back pressure
from filter system may be decrease and also

recuces the filter regenaration energy.
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Abstract

This paper describes a part of an engoing research project in reduction of Particulate Matter (PM)
by using bio-oxygenated fuels. The present research is focus on chemical kinetics of diesel and biodiesel
particulate matter oxidation for better understanding and future design of Diesel Particulate Filter (DPF)
configurations. Particulate matter oxidation behavior was investigated by using Thermo-gravimetric
Analysis (TGA). The composition of particulate matter might be consisted of water, unburned hydrocarbon,
carbon and ash from fuel consistent. In addition, the apparent activation energies of particulate matter
oxidation are different depend on fuel type of particulate matter due to fuel component and flame
temperature of flame each fuel. The oxidation temperature of particulate matter inside powder of

conventional catalyzed-DPF is 15 'C lower than that of Noncatalyzed-DPF.

Keywords: Diffusion Flame, Biodiesel, Particulate Matter, Chemical Kinetics

ENETT8-AP34
1/8



172

The 8" Conference of the Energy Network of Thailand

2-4 May 2012, Maha Sarakham, Thailand

1. unw
muRuUSInanslfinfassudaiaidu
nManiiftaRadsinsmwlumslswdsaunn
\andanas (Liquid  Fuel) #d agadedinale
WTzinalesaudairalwdssfnsnmdiana
%auqsgmﬁam%rjmﬁﬂuﬁum?m BUARUATL
m U'Lmﬁ@ﬁuﬁiﬁ‘iuﬁ%qﬁu WawSeuiaufintse
Twaaufioanu athalshanu VANHAYAIRINMTT
LmVIMailﬂ%’aaﬂu@‘z'ﬁwaﬁadgnﬁﬁﬂaanmﬂ‘lmﬁu
vasiadesudmaiannlydymannnnndon
1Wudn (Air Pollution) LLa:ﬂ@aawgmmwmawgﬂﬁ'
wulsnuziSaludea iudn
NANEIUNINTINLASOIUUAG La
Usznaudgrasdiudasuusniduvasuds (Solid
organic ~ fraction: = SOL) fi#ulsznaunande
ATuaw (Carbon) wa=dtdwaslans (Metallic Ash})
wazdrufigesdutosinas (Soluble Organic
Fracton: SOF) d dauUsrnavuwnands
lalasansuau (Hydrocarbon) Gaa$usnuas ien
vaslavcgninasudaslalasausunan
nae d@'ﬂﬂﬁ‘im‘ftwu FUNUHI (Scanning
Electron Microscopy: SEM) LLa:nﬁmgamiﬂﬁuu
UNI UL TTY% (Transmission Electron
Microscopy: TEM) l3@inmlassasislusduulu
FINAT2IUANEAUNNALLLLABY. 3TNNIsAnEA
WU THI0Y am‘f’umuguﬁn arlapiadzvas
awﬁsmmmmé‘ 87 (Primary Particle) ff1Uszaunm
20-80 nm uszaumeuuuinznwidunguiou
(Agglomerate Particle) 1szanat 80-300 nm [1-7]
guniniAtdauafivaynia (Diesel
Particulate Filter) ﬁmﬁnﬁlum‘sﬁ’nmﬁmgmﬂ
LazRABIAREAYRAA Tﬂyﬁ'ﬂﬂqﬂnmiﬁﬁﬂ
vad oy TEQETIIng 3w aafaled
(Cordierite) hazFdaanatilud (Sic) 43
Usznaudrptasfindsunarsgesidanazie

sdufiluudazdru loifugnusaulnadmreswls
fiawsuszavluasausina sfi&lﬁ@?’nuaﬁa&agmﬂ
uanmnﬁuaﬁa&ﬁgnﬁ:auﬁaagnaans‘i‘lm&ﬁ’a
ﬁmuuaﬁyagmﬂluqﬂnsniﬁ'lﬁ'mjaﬁiemgmﬂ
Lta:ammwﬁ‘uﬁlﬁ'mgﬁ?uluﬁﬂ'lmﬁwm
\n3asuuaaiTs [8-10]

ﬁ%fgﬁm%’atwﬁaﬁmaﬁaﬁmwﬁdwaa%aﬁ‘ﬁa
ﬁarq_jaihﬁwn”muan%a wasnauns Lo luladira
Wumatianwitsngnldunwdandsima e
Ineldatusguanlnofonldlulafimainn:
tssine lnamaunsonda lulafira ldlugssimanin
Mg ﬁwﬁuagﬁ‘m iudu Tadvesluledioa
ﬁaﬁﬁwﬁ’m:ﬁuﬂamm:ﬁiuLaqamaaaan%mwﬁa
gaolfifiantsmn lndsuysol gadunslwlule
Auratldasuafivaunielaynituazawiadnnin
uaRyepmAvanTondsdia

wonanitluladiraduanfuaninsou
(Carbon Nettral) (a9l Tadisanfaunanie
senrldmastivanlasanlsdlunsdsnased
wae doinluladimafisiimaninaansifuiuses
frvarsuaulaaanladas Wusimananuasniie
Tandauld [11-1g]

am"ﬁiﬂﬁ'lﬁ‘ﬁnmqmauﬁ'ﬁmmﬂﬁmaa
uaﬁ‘r}agsmﬂﬁmLm:‘luiaﬁwmﬁa%mﬁ:ﬁﬁa
msdid fATanafisendrsuafdiveyniany
sandiaulasldindasfiafinreidrnissainin
WEanuou (TGA) Lﬁatﬁuﬁagaﬁugnulums
ﬁ‘rﬁmaﬁwagmﬂﬁLﬁummqm"maan‘mﬁﬂ
vziisludeaussidudayaluninifonldgunyel
ﬁﬁ@;1aﬁﬁam}mﬂE%'m%“um’%‘awucﬁ‘ﬁwmmz‘luh
auraludszinainalusuianatranuizaunasi
Uszdminw

ENETT8-AP34

2/8



173

o = [ o ¥ \“: d
msils: 1;3]’.]'}!’1ﬂ"lﬁlﬂ‘iﬂ'ﬁl"lilwaﬁﬂ’]uuﬁﬁﬁ‘i&lﬂﬂ"‘.ﬂﬂﬂ')\’m 8

- e o
IWN 2-4 WOHMA WHL 2555 BINIAURIETTAN

2. 35N MAaag
2.1 wWarlWuyuunszvesamavazluladiza
'y ik
LraiwAsdLwa (BO) ANIATIIU
gAMWNTIY (Van. 2155-2546) uaz luladiva
(B10D) @13131@55149AIMNTTY (3an. 2313-
d ¥ = % o
2649)  findssrminsiuhduladu gnldidu
J’ = &= A 4" =3 <l 3
Wawnd lunsieit safivaumadiwauazlula

ﬁmaﬁgnr?*uﬁmﬂntﬂa'a‘lwxmuuwiﬂﬂaw:Lﬁm
avmauaz lulafisagnldiunairayniasiads
Tumshased

;si}ﬁ 1 Awarsvendadinuasun e
safirayna W lsdraua: floa dagtnaiianns
Wy an dunwns e luladia
:‘J‘aanﬁ'ﬁmﬂ'i.w“hLawqmm‘mﬂ’l@‘i‘am{;n‘ifuﬁwlﬁ
wanlwvasluladisaawnduse Farondndalu
ALTROHWTAIN

s 2 wdnssanndassanssml
dlanasanuuaunuiie (Scanning Electron
Microscope: SEM) anttaruvuuwsaas (n)
UaTivauNRaLTa WAy (1) Jaivenn ety ladis
uaznIwEEANAIgansANL VY N afiEEn
(Transmission Electron Microscope: TEM) 3n
war lWuuuunsva (@) IalBauAdLTaLaz (3)
uadsaynaluladira amwwnmuuuu.ﬁﬂ'[[@n

o, i - =t
gﬂﬁ 1 walWuwuuwsvastiwsua: luladera UM 2 mwdiauaiisaunia (n) (@) fiwa waz (1)
<l 3
FpmaliamyiisnmuuugEion [16-17] () luladiiwa oo SEM usz TEM [16-17]

ENETT8-AP34
3/8



174

The 8" Conference of the Energy Network of Thailand

2-4 May 2012, Maha Sarakham, Thailand

wagrasdmaivuiaysrinm 50-60 nm uazlula
Aurausrwiadszann 40-50 nm aaREaRMAIIN
& P— ot — a <
wandsdimaiiawalng ninlulefioadearas:
Wwwszlulefigaiiaandanludqtassaoldian
'Lmﬂﬂ’augsufn'hﬁt‘na F3gasrinnsanuilngs
=t i o v 3 &
anluawiaesa lidaliidls gndasinniin
- A J

Tuwnuiseit arsusnuvaa (Carbon Black)
ldgmiindensddsiidninminigsenyion
r ¥ o ot P o o s
walslunisdsduandfoudounuyaiudiss
uay lwladwassnanadae

2.2 misandlndussaansounanizanazly
Todiza
lunysaandladuasuainayniadis
waz'luTadaadoniaediaitassilnaidas
smrinidenanafan (TGA) utivoanidn 2 &1
gauusn Aamsdngrsannsdnseadivas
safaypmeninidarlviiuuawivafiirs lole
fuwa waz eduBNLUED (N-550) &1 2 dnwn
Lﬁu'm“um‘saanfﬁ‘lﬂémawaﬁymg.mﬂﬁma ua:
luladira vansadunsaniindveaglnydiinda
samannauuuiisadae: lifainds Taouan
é}"m-w'ai'a1-waqumﬁ;huaﬁBmén'mﬁur-mwn'nﬁ nen
sandnmitadanite
‘1‘14.‘3’nﬁiﬁﬁsiaﬁnm@i’w’iﬁmsmaamuu
q:tmgmaimﬁ (Non-isothermal Method) nale
t?au‘?mqnmga"}ﬁtﬁan‘fu‘luéﬁ‘n 10 °C éawfi 3n
gunpil 25 °C @i 800 °C lagldaandian 100%
PM+0, — CO, (1)

3 o ooa o
ganmafiolfiseuedily sumsh 1 suns
AN FINIIN 2

L

- =k[pM]"[0,]"

(2)

e [PM] fssswasuativaymia t favm k fa
dnsfivssmufind§isenad n uar m faddy
nsfiadfnSeadl (Reaction Order) wasenfuan
uaraandlanaudidy dasfinafialfifouad
angbuagles sumsi 3

W\ ., ~E/RT

k = Ae

(3)
s A -gnsnwitanlmimdos E, Aewdsm
L 2 1 A [3d 1 8
nadu 48z | R Aadasitesing lagsmasam

nazeln aunsadawaniln sumsn 4

A

S

(PM]’

d[PM]

L
hY =-—=+(InA+mIn[0,]) (4)

ct RT
f1 E, snsadwiamnmswsaanswandidioa
< o 2 aa o o ,  ar
b gsinnsh 4 @ wmsusmddoiansdly nwvihdy 1
J L 7N} 1 o
mlalidedamsdawanm [13]

3. HANINAADE

5UR 3 wamsmsasasvasiminyasaiy
mkmﬂﬁmaﬁqumqﬁ 25 °C ©i3 800 °C wuin
Aminaaas g 'ﬁ'mmmﬁ@%uﬁqmmgﬁ 25
°C D9 200 °C ﬁmﬁ’nﬁaﬂawaaalaﬁuaumﬂ
%

uuaadiiminasasdswanm 1 % Sineruaasts

frauaz luladiesadsranm 5 dueiuan
Y . 4 v
NIRRT IMIAELEIINMTS BTN

lugasfiaasaingmngiidszana 200 fs

500 °C Sauaastsasusznavlalasansuaunia

X o o i o P ot i

matwamgnsm'lm‘i‘lumjgsnﬂ@gnaanm‘lwsmu

ENETT8-AP34

4/8



175

madszguiTmsiaiah ANAINULAILTEINA INaASIA 8

iwinuadraunavesfimanas luladiosaass
Uszana 15 % afuauiuananad 3 %
. o =] P
‘lw'nqﬂmﬂﬂqmﬂqmﬂizmm 500 °C
& = = P
fis 600 °C Fadunsuaaifiamisaaaaiiasanms

[V o
AUN 2-4 WOBAAY W.A. 2555 IRIAURIATA

atwmai  uaaslWidwi - wasaumenssed
gilemnsohujitonuaandianld mold
gounil 550 °C 113 600 °C

PNMTIATIEARANIITNARDIATIR WU

& P, f o - &~ 9 oS o i 1
Mujisensnineenivaunueendian  dwiin I lulefiramisagunnindiios
wafwaynwdwsnsslulefioadsznm 80%
' Fa a4 a = 0
FIRATUORUUAATIARDONIANA  95%  @IRIRY
120
W e ST 1777 55< — CBNS50
V/ =) e
i ,\‘ Diese
5
7 60 v, ~ ‘Bicdiesel
U A
g i
a ¥
S B »
20
, .
350 400 450 500 650

Tamperature {°C)

U7 3 danmIaaasasninvaNaRsaun Rt saRremalulofios was mduenuuas

<70 4
A
% & Diesel PM
5 . o & A Biodiesel PM
.E @ Q
o 8] O © CB N550
z ] O Fa
[s] S é
2 % o 684 4
w < el & VAN
3 40 - © %
[&]
= o
o
o
5 a2 , ,
AT (1K)
0.0012 0.0013 a 0.0014 0.0015
560 496 TCC) 441 393

= . w al e s = = &
3‘]]1’] 4 ‘WENJ'THT]i:ﬁ_}u‘ﬂEl\‘lﬂ']‘mﬁﬂ‘ﬁllﬁm‘ﬂadilﬂWHm@nWﬂﬂL’ﬁﬁ ‘l‘]JTE!‘ﬂI.‘ﬂB LWREATILOULLAR

ENETT8-AP34

5/8



176

The 8" Conference of the Energy Network of Thailand

2-4 May 2012, Maha Sarakham, Thailand

5Uf 4 usnsnanswsaans M Siios 49
mansadszana AmsInunszduaImIsendlad
safivaymadiee luladios uazerfusuuuan At
amnniiszuig 400 °C 01 450 °C WuhEIWAINU
nizgunseandledveslalasarfveululedivauas
fhgaiiniy 79 kiimol  uax 120 kiimol  F9g RN
3=wi13 450 °C  §9500°C  wudndlduvanuisd
kJfmol uaz 165 kJ/mol 14@mnaiivening 500 °C
i1 550 °C uaz 189
kdfmol @ uSIGY #IUATTUIRULAN TAINRIINU
mzguntseandladenfuauindu 215 kiimal - Aaf

WuRddawynL 183 kJimol

uaasluann e 4

;sﬂi’f 5 wanIsATIMsaaa AR
waRwaymadioaudzuaisaynia luladigaue
HEUREIT dnFuaeal n’m‘iﬁ’tiﬂuaﬁﬁaqmﬂﬁﬁ
maanazlifian 119 :nmsnaaae o YaR
m}mﬂmamnaanﬁ".ﬂﬂwwﬁﬂﬁnﬁﬁﬁmnﬁdﬁ
Fanhllidensalseinu 15 °C

‘zﬂﬁ' 6 URFHWRINUNTEAUTAINTTIANG
lofuafivaymedimanazlylafimauanauiung
wdndAdasouazlifissise snnanns
NARBINY I 'ﬁlqmm;}ﬁ 400 °C D550 °C €
wasnunseduvasmseandledlulofirausslule
aEmauumssalian 117.3  kdimol  uaz 122.4
kdmol  audey dmlunsdii i fmnsonwuing
AU uI™ 129.7 kJ/mol Uas 126.7 kJ/mol §113L
vafseunlvladirauszdiios audIay a9
uadiluarsif 2

uaRoynaluladizaldwdinunszdu
'lv.mman“ﬁ'l.ﬂfi’lwﬁ':amnﬁ'mﬁuaﬁwagmﬂﬁma
oadlumnzuaiveumaluledizadazasuues
i}an'l?muﬂuag"ﬁw'luImaqﬁ-uaaL'Tlramﬁa'lﬂa
fra uvif'iqmﬁqﬁfgﬁumﬁna%mﬂiu?aﬁl.-na
ndutrndldoindy dsvranlanazaasldsy
msanwlwdsinaniu

= 0.002 ~
= Biodiesel_NDPF
5 i
‘= -0.002
&
g
S -0.004
= Diesel_CDPF
3 -0.006
= Diesel_NDPF Biodiesel_CDPF
a. -0.008 -
350 400 450 500 550 600

650
Temperature (GC)

ns sansantvanihminvaanaiseunmadimauasluladwavansuiunaniing

ENETTS8-AP34

6/8



157

m'sﬂs::r‘iaﬁ'ﬁ'ln'l':m?aﬁﬂuw&anumqﬂs:mﬂ‘lﬂnﬂﬁﬁ 8

TUA 2-4 WOEMAN W.A. 2555 IRIANMIEINN

-6

< ¢ Diesel_CDPF 0O Diesel_NDPF

i @ & ] % °

2 B & o " Biodiesel_CDPF Biodiesel_NDPF

& B g 2

O - -

o ' &

2 8

5 @

3 . LIPS

o -10 o

o g8 =]

L ‘

(&)

]

‘U .

<12 = 0 T

|
0.0012 Q0013 | T (K £.0014 0.0015
560 496 =i 441 393

e wé’omumzafwuaamﬁaan%’l@ff'ﬂaa:uaﬁymgmﬂﬁwaLmz'luTaﬁmauanamﬁumwﬂﬁﬂa”

TN 1 ws‘i’umumzﬁwaamsaan%'lméuaﬁﬂ
aymalunsdtlinaunsioniing

E; (kJ/mol)
PM Type 400-450 | 450-500 | 500-550
RC °q o
Biodiesel PMs 79 181 183
Diesel PMs 120 165 189
Carbon black - - 215

ﬁ; s R = =
MINA 2 wWasuNIzduIaImIsendlafuaiiy
miamﬂlunm‘iw AUHITTIINT

E, (kd/mol)
DPF Type 400-550 ljC:
Diesel PMs | Biodiesel PMs
Catalyzed-DPF 122.4 117.2
Noncatalyzed-DPF 126.7 129.7

4, ﬂgﬂﬂam‘mmaaa
uafisaunaiidindsznaunan fis W
& a o - s & s & o
wandnwnindlisuysol arfuan uez A
dvzanm 2, 15,80 was 3% AINaIay
uanmeynndwanas luledigamansn
[+]
8
wazgIwuhaymialulediwamanneandlafld

A u = a
20NG 16 a"lwmﬂgmﬂquﬂﬁzmm 550-600

anhawsluggangida avsnduwnzlule
Aafimdaannman ingd liauystiddeandian
ludneasunndilivafivaunialulafismen
et

Tndladaan

uasaynaluladwawn ndldoinnin
& a - & o a
Arailagunnigidn onvsnduinneddauls
NWNNMUNIN LTU wm'ﬂmuaﬁﬂagmﬂ goengdl

& P | s [ - w

TuidarlWventawisnuandranuaiarinlinis
ﬁ'm‘%'uq@T’aua:mwvﬁmmm:_I'hﬂmaqﬂu,a:
izwi']ﬂmﬂqﬂm'?uau'luusnﬁaagnmd’mﬁu‘iﬁ
4 5 v & 8
daddlwazazfinelwmdsfindaly

ENETT8-AP34

718



178

The Bm Conference of the Energy Network of Thailand

2-4 May 2012, Maha Sarakham, Thailand

5. iafAnsTNYsEne
dudszareunm naaudnaSInITaYIny
wanu dninulounauasun (EPPO) nsrnsis
wavaudmiumsldnuganyunisive
sraugaudns (uawiRyds: Ensnawnasle

WRI)

6. laNa132199
[11 J.B. Heywood, Intemal Combustion Engine
Fundamental, McGraw-Hill series in - mechanical

anginsering, Singapore, 1998.
[2] Q.. Smith, Fundamentals of soot formation in flames
with application to diesel engine particulate  emissions,
Progress in Energy and Combustion Science, Vol 7,
pp.275-291, 1981,

[3] M.M. Marizqg, Review Chemical Characterization of
particulate  emissions from  diasal  engine: A review,
Journal of Aerasol Science, Vol.38, pp.1079-1118, 2007,
[4] D.B. Kitiglson, Engines and nanepardicles: A reviaw,
Journal of Aerosol Science, Vol .29, pp.575-588, 1998.

[5] Majewski, W.A. and Khair, MK., Diesal Emissions and
Their Control, SAE Order No.R-303, SAE International.
Warranclale UISA, 2006.

[6] T. Takatori,

Microstructure  of  Diasel

Ishiguro, Y. and  Akihama, K.,
Soot  Particles ' Probed by
Elactron Microscopy: First Observation of Inner Core and
Quter Shell, Combustion and Flame, 108, pp.231-234,

1997.

[7] RA. Vander Wal, A. Yezerets, Currier, NW. Kim, D H.

and Wang, C.H., HRTEM Study of diesel soot collected
from diesel particulate filters, Carbon, 45, pp.70-T7, 2007,
[8] Konstandopoulos, A.G. Kostoglou, M. Viachos, N. and
Kiadopoulos, E., Progress in Diesel Particulate Filter
Simulation, SAE Technical papsr, 2005-01-0946, 2005,
[9] Kenstandopoulos, K.G. Zarvalis, D. Kladopoulou E.
and Dalios, L., A multi-reactor assembly for screening of
diessl particulate ilters, SAE Technical paper, 2006-01-
0874, 2008.

[10] Tushima, S. Nakamura, 1. Sakashita, S. Hirai, S. and
Kitayama, D., Lattice Boltzmann simulation on particle
transport and captured behaviors in a 3d-reconstructed
micro porous DPF, SAE Technical paper, 2010-01-0534,
2010,
1

Themwgravimetric analysis of soot emitted by a modern

Stratakis  G.A., Stamatelos  AM.  (2003).
dissel emgime mn on catalyst-doped fusl, Combustion
and Flame, vol. 132, 2003, pp.157-169.

[12] .Jlohn P.A. Neeft, T. Xandar Nijhuis, Erik Smakman,
Michiel Makkes, .Jacob A, Moulijn. (1997). Kinetics of the
oxidation of diesel soot, Fuel, vol. 76, 1997, pp. 1129-
1136.

[13] Karin P., Hanamura K. (2010). Parficulate Matter
Trapping and Oxidation on a Diesel Particulate, TSME-
ICOME, 2010,

[14] M., (2009). A

thermogravimetric kinetic study of uncatalyzed diesel soot

Kalogiron Samaras  Z.
oxidation, ./ Therm Anal Calorim, vol. 98, 2009, pp. 215-
224.
[15] Kalogiron M., Samaras Z. (2010). Soot oxidation
kinatics from TG expetiments, J Therm Anal Calorim, vol.
99, 2010, pp. 1005-101,
[16] S. Laosuwan, P. Karin and C. Charosnpompanich,
Analysis  of Biodiesel Diffusion
Matter”, The Second TSME
Intarnational Conference on Mechanical Engineering (The
Vol TSME-ICoME), 19-21 October, Krabi-Thailand, 2011.

“Thermo-gravimetric

Flame's  Particulate

[17] P.Karin, Y. Songsaengchan , S. Laosuwan, Chinda

Chareonphonphanich, “Nanostructure  of Renswable
Oxygenated  Fuels  Particulate  Matter™ The  4th
AUN/SEED-Net Regional Conference, 10-11 January,

HCMUT, Vietham, 2012.

[18] S. Laosuwan, P. Karin and C. Charoenpompanich,
“Study on Dissel and Biodiessl Particulate Matter
Trapping inside a Diessl Particulate Filter”, The s
International Conference of Automotive Engineer (ICAE-

7), TSAE, 28-29 March, Bangkok-Thailand, 2011.

ENETT8-AP34

8/8



179




180

20125359
24920125359 Oxidation Kinetics of Biodiesel Particulate Matters by Using
Thermogravimetric Analysis

S. Laosuwan Y, P. Karin ¥,
C. Charoenphonphanich ” and K. Hanamura®

1) King Monghkut’s Institute of Technology Ladkrabang, Faculty of Engineering, Bangkok, 10520, Thailand
(Email: kipreech@hkmitl.ac.th)
2) King Mongkut’s Institute of Technology Ladkvabang, International College, Bangkok, 10520, Thailand
3) Tokyo Institute of Technology, Department of Mechanical and Control Engineering
2-12-1-11-24 O-okayama, Meguro-ku, Tokye, 152-8532, Japan

Presented at the JSAE Annual Congress on May. 24. 2012

ABSTRACT: Particulate matters (PMs) nmst be removed from the exhaust gas emitted from compression ignition (CI) and direct
injection spark ignition (DISI) engines to protect the environment and human health. The problem of particulate emissions from
diesel engine can be reduced in many ways, for example: modem engine. fuel additives. Diesel Particulate Filter (DPF) and
oxygenated fuel development. The present research has three parts. First, study of quantity and trapping behavior of diesel and
biodiesel particulate matter by using conventional DPF. Second. particulate matter oxidation kinetics by using Thermo-gravimetric
analysis (TGA). Third. particulate matter oxidation kinetics on the conventional catalyzed and noneatalyzed-DPFs by TGA. The
apparent activation energies of diesel PM. biodiese! PM and carbon black oxidation in temperature of 400 °C to 550 °C are
approximately 109.8. 145.7 and 254.5 kJ/mol. respectively. Particulate matter might be consist of approximately 5-10% hydrocarbon.
85-90 % carbon and 5% of ash. In addition. the oxidation temperature of particulate matter inside powder of conventional catalyzed-
DPF are 15 “C lower than that of noncatalyzed-DPF.

KEY WORDS: (Staudardized) heat engine, compression ignition engine, harmful emissions (Free) Biodiesel. Particulate

matter [Al]

LINTRODUCTION

Among internal combustion engines. diesel engines
have the highest thermal efficiency. However, particulate
matters (PMs) must be removed from exhaust gases that are
emitted by diesel engines to protect the environment and
human health: therefore, regulation of vehicle emissions has
become increasingly strict. Diesel particulate mattess consist
of a solid fraction (SOL) and a soluble organic fraction
(SOF). Primary particles, composed of carbon and metallic
ash, are coated with SOF and sulphate. The nanostructures of
primary soot particles have been characterized using
scanning electron microscopy (SEM) to understand them in
detail. The mean diameter of the primary and agglomerated
particles 1s usually in the range of 20-80 nm and 80-300 nm.
respectively [1-7].

Dresel particulate filters (DPFs) play an important
role in particulate trapping and oxidation, A DPF is generally
made of ceramic maferials, such as cordierite or silicon
carbide. consisting of many rectangular channels with
alternate channels blocked using cement at each end. The
exhaust gas is forced to flow through a channel wall having
numerous micron-scale pores that trap the PM. Furthermore.,

the collected PM must be oxidized to regenerate the DPF and
reducs the back pressure on the diesel engine [8-13].

The problem of particle emissions from diesel
engine should be reduced by development of high efficiency
engine, after-treamment and pre-treatment technologies. The
use of renewable oxygenated fuels is nowadays a widespread
means to reduce regulated pollutant emissions produced by
mtemal combustion engines, as well as to reduce the green
house gas. The objective of the present research is to study
diesel and biodiesel particulate matter oxidation, The present
report has three parts. First. study of quantity and trapping
bebavior of diesel and biodiesel particulate matter by using
conventional DPF. Second. particulate matter oxidation
kinetics by using Thenmo-gravimetric analysis (TGA). Third.
particulate matter oxidation kinetics on the conventional
catalyzed and nencatalyzed-DPFs by TGA.

The report successfully described usefull
information of diesel and biodiesel particulate matter
oxidation behaviors for better understanding and future
design of DPF configuration for diesel and biodiesel blens
engme application in Thailand and Asian countriss.
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2. EXPERIMENTAL SETUP

2.1 Particulate Matter Trapping

Biodiesel is produced from palm-olein (biodiesel
(B100) fuel of TIS 2313-2549) was used and compared with the
results of commercial grade diesel (conventional diesel (B0) fuel
of TIS 2155-2546). The carbon fraction of diesel and biodiesel
are 82 and 78, respectively. Diesel and biodiesel diffusion flame
particulate matters were generated by diesel and biodiesel lamps.
Fig. 1 shows a schematic diagram of the experimental set up for
diesel and biodiesel particulate matter trappmg inside a diesel
particulate filter. The wall flow DPF, made of ceramic material
(cordierite), was cut info cross section of 6 x 6 oot and
thickness of 3 mm. A disc of DPF wall was installed in fo the
exhaust pipe. which was controlled the constant temperature of
approximately 200°C by eleetric heater to avoid the impact of
water condensation on inside the exhaust system. The pasticulate
matters emitted from the diesel and biodiesel diffusion flame
were introduced into the exhaust pipe by using a vacuum pump,
which installed at the outlet of the systemy The constant rate of
the energy consumption was controlled by the fuel consumption
rate. During trapping process. pressure drop between inlet and
outlet of DPF sample was measured by using pressure sensor to
study in the impact on fluid flow inside the exhaust pipe and to
estimate the quantities of diesel and biodiesel particulates,

2.2 Particulate Matter Oxidation

The chemical kinetics of particulate matter oxidation
have two parts. First, the study chemical reaction of diesel
particulate matter, biodiesel particulate matter and carbon black
N-550. Second, the study chemical reaction of particulate matter
with catalyzed Diesel Particulate Filter (CDPF) and particulate
matter with noncatalyzed Diesel Particulate Filter (NDPF) in
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weight ratio of 1:1. Non-isothermal method was used to
investigate oxidation kinetics and apparent activation energy of
each unbumed hydrocarbon (oxygenated and fossil) under the
condition of temperature increasing rate of 10 °C per minute
from 25 °C to 800 °C with 100% oxygen atmosphere. Chemical
kinetics of particulate matter oxidation is studied by using
Thermo-gravimetric analysis (TGA).
PM+0, —>CO, M
The chemical reaction rate in Eq.1 can calculate from the TGA
curve based on the chemical kinetic in Eq.2
d{ PM n

....L!.:k[PM] [02]"‘ )

dt

Where C is particulate matter mass, t is time, k is rate constant
of chemical geactions, m, n are the reaction order. The
dependence of the specific rate constant of chemical reactions k
is expressed by Eq.3.

k=Ag ™™ @)
Where A is the frequency factor. E, is the activation energy, R is

the gas constant. The apparent activation energy can be
calculated by Eq.4.

—1  d[PM] E}
T = +(nA+min[0,]) @
PM° dt RT

B1od = BO

Fig. 2 Biodiesel and Diesel Diffusion Flame
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3. RESULTS AND DISCUSSION
3.1 Diesel and Biodiesel Particulate Matter Quantity

Fig. 2 shows diesel and biodiesel diffusion flames by
Schlieren method. The soot particle is formed in the fuel spray
cores. in which the rich fuel is contained, whereas the fuel vapor
is heated by mixing with hot burned gases in the flame regions.
Diesel and biodiesel diffusion flames by the center of biodiesel
diffusion flame was lighter than that of diesel because oxygen
atoms inside an oxygenated fuel molecule might promote more
complete combustion behavior.

Fig. 3 shows the comparison of pressure drop between
inlet and outlet of DPF disc (Fig. 4) during diesel and biodiesel
particulate matter trapping. As indicate in this graph. diesel
particulates have a higher energy than biodiesel particulates at
the same pressure drop of diesel and biodiesel particulate matter,
Diesel particulate matters was approximately four to five times
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higher than that of biodiesel particulate matter. However, exact
value of each PM quantities should be measured by high
technology in the next step of this research.

3.2 Diesel and Biodiesel Particulate Matter Size

Fig. 5 shows SEM images of (a) diesel and (b)
biodiesel particulate matter collected from the exhaust gases of
diffusion flame. It was clearly observed the homogeneous size
of primary particles. In the present study. the size of biodiesel
primary particle was smaller than that of diesel. The diesel and
biodiesel diffusion flame single particle sizes are approximately
50-60 nm and 30-40 nm, respectively. In addition, the physical
properties should be study in more details in the next step.

{b)
Fig. 5 SEM images of (a) Diesel and (b) Biodiesel PMs
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Fig. 7 Mass conversion rate of Diesel and Biodiesel particulate matter oxidation

3.3 Oxidation Kinetics of Particulate Matter

Fig. 6 shows diesel. biodiesel particulate matters
emitted from diffusion flame and carbon black conversion by
using TGA. For temperature 25°C to 100 "C is considersd that
evaporation of moisture. In this range, the weight of diesel and
biodiesel PM is decresed 2-4 % and carbon black is decreased 1-
2 %. After that. 100 °C to 400 °C is assumed to be unburned fuel
oxidation. In this range, the weight of diesel and biodiesel PM is
decreased 8-14 % and carbon black is decreased 2-4 %. Then,
400 °C to 600 °C is assumed to be some hydrocarbons and
carbon oxidation. In this range, the weight of diesel and
biodiesel PM is decreased 1-80 % and carbon black is decreased
1-95 %. It was cleary observed that diesel and biodiesel
particulate matters can be oxidized at lower temperature
compared to that of carbon black.

Fig. 7 shows conversion rate of diesel, biodiesel
particulate matter and carbon black oxidation. Some of biodiesel
particulate matter can be oxidized at temperature of around 520
°C as shown in the first peak. Remaining biodiesel particulate
matter can be oxidized at the temperature of approximately 560
°C while diesel particulate matter oxidized at the temperature of
approximately 540 “C. It was cleary observed that carbon black
can be oxidized at the temperature of over 550 °C. The different
of oxidation temperature might be strongly depend on the
carbon structure inside each particle. The temperature inside
complete combustion diffusion flame of oxygenated fuel may be
release much amount of heat around each particle resulting in
some of biodiesel particulate matter oxidized at higher
temperature.
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Table 1. Apparent activation energy of PMs oxidation.

E, (kJ/mol)

400-550 (°C)

PM Type

Biodiesel PMs 109.8

Diesel PMs 145.7

2545

Carbon black

The average apparent activation energies of biodiesel.
diesel particulate matters and carbon black oxidation in
temperature of 400 °C to 550 °C are approcimately 109.8, 145.7
and 254.5 kJ/mol, respectively as shown in Table 1.

3.4 Characterization of Conventional DPFs

T T T 5 T T
0 3 3 4 s
Full Scale 1213 cte Cursor: -0.279 (O cts)
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o 1
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Figs. 8 (a) and (b) show component of element of
catalyzed-DPF and noncatalyzed-DPF by using SEM-EDX. Ce
and Fe are two elements of oxidation catalytic in the
conventional catalyzed-DPF. Fig. 9 shows the results of
particulate matters oxidized with catalyzed and noncatalyzed
DPF powders. It was cleary observed that diesel and biodiesel
particulate matters couldn be oxidized on catalyzed-DPF by

(&)

Fig. 8 Chemical Composition of (a) Catalyzed-DPF
and (b) Nencatalyzed-DPF by using SEM-EDX.

Table 2. Apparent activation energy of PMs oxidation.

approximately 15 °C lower than that of noncatalyzed DPF. The
average apparent activation energies of biodissel and diesel E. (V/mol)
particulate matters oxidation with catalyzed and nouncatalyzed-
: 2 ) DPF T
DPFs in temperature of 400 °C to 550 °C are approcimately g s
117.2. 129.7, 122.4 and 126.7 kl/mol, respectively as shown in Diesel PMs Biodiesel PMs
Table 2. Catalyzed-DPF 1224 1172
Noncatalyzed-DPF 126.7 1207
0.001
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Fig. 8 Mass conversion rate of Diesel and Biodiesel particulate matter oxidation in DPFs Powder




4. CONCLUSION

(1) Diesel particulate matter was approximately 4.4
times higher than that of biodiesel particulate matter. It might
be expected that oxygen atom in biodiesel molecule promote
more complete combustion and carbon fraction in biodiesel is
less than that in diesel. resulting in the biodiesel particulate
matter enitted is lower.

(2) Oxidation behavior of diesel. biodiesel particulate
matter and carbon black are analyzed by thermo-gravimetric
analysis. Biodiesel particulate matter is easier to oxidize than
diesel particulate matter and carbon black. Moreover, the
apparent activation energy of biodiesel particulate matter
oxidation is lower than that of diesel particulate matter and
carbon black. Because of oxygen atom included inside
biofuel molecule promote low activation energy.

(3) Oxidation Dbehavior of diesel. biodiesel
particulate matter with catalyzed and noneatalyzed-DPF are
analyzed by thermo-gravimetric analysis. It was cleary
observed that diesel and biodiesel particulate matters conldn
be oxidized on catalyzed-DPF at lower temperature and
lower apparent activation energy.

This papaer would be one of based data for design
and optimization of ideal DPF configurations in Thailand.
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Abstract

This paper describes a part of an engoing research project in reduction of Particulate Matters
(PMs) by using bio-oxygenated fitel. The present paper consists of twe main parts. The first part is
study on the physical properties of diesel aud biodiesel PMs sueh as primary size distribution and
agglomerated size diswribution by using scanning electron -microscopy (SEM). The average
agglomerated size of diesel aud biediesel PMs are approximately 240-280 win and 200-240 nm,
respectively. The average primary size of diesel and biodiesel PMs are approximately 50-60 nm
and 30-40 nm, respeciively. The second part is study on diesel and biodiesel PMs rapping and
oxidation precess inside Diesel Particulare Filter (DPF). During trapping process of biodiesel
combustion, pressure drop benveen inlet and outlet of DPF wall was approximately two times
higher than that of diesel, For DPF regenerarion pracess, pressure drop af DPF wall during
biodiesel PMs oxidation fregeneration process) was approximatelv two fimes faster than that of
diesel. The results show the useful information for futire designing of the DPFE configuration for
diesel and biodiesel velicles wiiel should be improved to match with the higher level of Thailand
emission regularion i the near future.

Keywords: biodiesel fiel, particulate marrers, diesel particulare filter.

1. Introduction oxidized to regenerate the DPF and reduce the

R . back pressure on the diesel engine [6-13].
Nowadays. energy consumption and global PER gine [ ]

warming problems are mainly issue of our
community. Diesel engines have the highest
thermal efficiency. However, particulate Biodiesel fuel derived from palm-olein

2. Experimental Setup

matters must be removed from exhaust gas to (biodiesel (B100) fuel of HS 2313-2549) was
protect the environment and human health used and compared with the results of
(lung cancer) [1-5]. commercial grade diesel (conventional diesel

(B4-5)) fuel. Biodiesel and diesel fuel were
Diesel particulate filters (DPFs) play an used i fthe present research fo generate
important role in particulate tapping and particulate matter emitted from the diffusion
e flame combustion of lamp which the lamp
energy consumption of approximately 0.24 g/s.
The diesel and biodiesel particle emissions

oxidation. A DPF 1s generally made of ceramic
materials, such as cordierite or silicon carbide,

e ) : - : . .
c;)tuusttm: ﬁf maily éicr?gu}‘:l,dm‘ile_ls ‘t“ﬂ; were investigated the primary and accumulated
SSRGS, oo NS USRS T oAb o particle size by using a scanning electron

each end. The exhaust gas is forced to flow microscopy (FE-SEM: Hitachi S-4700).
through a channel wall having numerous

micron-scale pores that trap the PMs.

Furthermore, the collected PMs must be
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Figure 1. Experimemal senip for diesel and biodiesel partieulate marters (PMs) trapping and
oxidation processes inside the diesel particulare filter (DPF).

Figure | shows a schematic diagram of the
experimental set up for diesel and biodiesel
PMs trapping and oxidation (DPF regeneration
process) processes inside a diesel particulate
filter (DPF). The wall flow DPF, made of
ceramic material (cordierite), was cut mto
cross section of 4.5 x 4.5 mm® and thickness of
5 mm. A disc of DPF wall was installed in to
the exhaust pipe. which was controlled fhe
constant temperature of approximately 200 'C
by electrie heater. The velocity of inlet gas
traveling through a disc of DPF wall was fixed
at approximately 2.46 ecmy/s. The particulate
matters emitted from the diesel and biodiesel
diffusion flame were introduced mto the
exhaust pipe by using a vacuum punp, which
were controlled the constant gas flow and
constant temperature based on the actual
vehicle condition. The constant rate of the
energy consumption was also controlled by the
fuel consumption rate.

During trapping process, pressure drop
between mlet and outlet of DPF sample was
real time measured by using a pressure sensor
to study the quantities of diesel and biodiesel
PMs. During regeneration process. after the
lamp was stopped, a high temperature working
gas was produced by electric heater was used
to regenerate the disc of DPF. The inlet
temperature of approximately 350-560 °C and
an oxygen concentration of approximately 21
% were used for the present research
experimental setup.

The conventional DPF without catalyst was
used in the present study. The porosity of DPF
wall is approximately 52 %, cell density of 300
cell per square inch (cpsi) and wall thickness
of 1.2 mm,

Figwre 2 shows a SEM image of DPF wall
surface’s microstructure. The micro-structural
pores of the wall were about 10 to 50 microns,
as shown at the black color of DPF’s surface.
At the begiming of ftrapping process, the
particulates will be collected inside such
micro-structural pores. After the surface pore
filled up. soot cake will be growth with time.

§" =y ; £ ~ | O

Figure 2. SEM image of the conventional DPF
wall surface’s porous strueture.
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3. Results and Discussions

3.1 Structure of diesel and biodiesel PMs
I'igure 3 shows biodiesel and diesel diffusion
flames image by Schlieren method The core
of bicdiesel diffusion flame was lighter than
that of dicscl. where particle cmissions arc
formed at the center of diffision flame. The
low PMs of biodiesel flame could be
considered that biodiesel have oxygen atoms
mside an oxygenated fuel molecule might
prowote more cowplete combustion.

Figure 3. Inages of biodiesel (B100) and
diesel (BO) diffusion  flame by Schiieren
method [9].

3.2 Size of diesel and biodiesel PMs

Figure 4 shows SEM nnages of (a) diesel PMs
and (b) biadiesel PMs that caprured by paper
filter after passing in the exhaust pipe without
DPF, in few seconds. The agglomerated size of
biodiesel PMs was smaller than thar of diesel.
The normalized of diesel and biodiesel PMs
size distmbntions were estimated trom 100
particles. The average agglomerated particles
size of biodiesel were approximately 200-210
nm and diesal were 240-280 nm which were
shown in Fig 5.

HCMUT, VNUHCM, December 4.5 2012

Figure 6 shows SEM images (a) diesel PMs
and (b) biodiesel primary particle of PMs
collected from exhaust gases by metal net. Tt
was clearly observed that the primary size of
biodiesel PMs was smaller than that of diesel.
The normalized size distriburion of diesel and
biodiesel PMs were estimated from 100
particles. The average primary particles size of
biodiesel were 30-40 nm and diesel were 50-
60 nm which were shown in Fig. 7. The size of
agelomerated and primary particles might be
strongly related to electrostatics forces, drag
and Brownian forces [6-7] which should be
study more details in the next step.

3.3 Trapping and regeneration processes
Fignre 8 shows the comparison of pressure
drop during the trapping process at the same
energy conswmuption. During frapping process.
pressure drop of DPF wall during diesel PMs
trapping was approximarely two times higher
than that of biodiesel due to bio-oxygenated
fuel of brodicsel can promote more complete
combustion. This is the main important and
advantage point of biodiesel for reduction of
particle emissions in the conventional ground
vehicle apphcation.

Figure 9 shows comparison of pressure drop of
diesel and biodiesel PMs willi time, during
DPE regeneration process or PMs oxidation
process. Pressure drop of DPT' wall during
biodiesel PMs oxidation was approximately
two times faster than that of diesel. First, it
might be expeclted (hat biodiesel PMS
agglomerated size smaller than diesel which
biodicsel can be casier to oxidize than dicsel
particulate matter. Second. oxygen atom
included inside unburned bicdiesel fuel
molecule promoted low apparent activation
energy of PMs oxidation [14] and some reason
1s cffective from cxothermic reaction of
different PMs sources which should be studied
in more details in next step.
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Figure 4. SEM images of (a) diesel and (b)
biodiesel agglomerate particle or fine particle.
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Figure 3. Agglomerated size distributions of
biodiesel and diesel PMs by SEM images as
shown in Fig 4.

fa) Diesel PMs

b) Biodiesel PMs

Figure 6. SEM images of (a) diesel and (b)
biodiesel primary particle or ulirafine particle.
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Figure 8. Comparison of pressure drops of diesel and biodiesel PMs with respect to the energy
consumptions during trapping process in temperature of 200 C.
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Figure 9. Comparison of pressure drops of diesel and biodiesel PMs with respect to time during
regeneration process in temperature of 350-360 *C.

4. Conclusion

The primary and agglomerate particle size of
diesel PMs is larger than that of biodiesel due
to the lower concentration of biodiesel carbon
elements. The biodiesel carbon elements are

readily oxidized with more available oxygen,
m combustion flame due to biodiesel is the

oxygenated fuel so oxvgen molecules in
biodiesel can promote complete combustion.
During trapping process, the quantity of
biodiesel PMs emitted from diffusion flam was
approximately two times lower than that of
diesel. Therefore. the conventional diesel
particulate filters can be used for about two
times.



192

The 2* International Conference on Auromotive Technology. Engine and Alternative Fuels

During regeneration process, hiodiesel PMs is
approximately two times oxidized faster than
diesel particulate marter. It might be expected
that biodiesel have oxvgen atom included
mside imbwned biodiesel fuel 1molecule
promoted more complete combustion

The report successtilly described wusetul
mformation of diesel and biodiesel PMs
trapping and oxidation behaviors for better
understanding and  future design of DIF
configuration for diesel and biodiesel blends
engine appheafion i Thailand and Asian
countries
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