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ABSTRACT

This research aims to study the plugged ash in Diesel Particulate Filter (DPF), including
its distribution, its structure, its composition, and its source. The scope of this research extends
over the DPF of a specific automobile, which in this case, is Mazda 2. It also includes Total
Mazda Genuine Oil Supra DPF SAE OW30 engine oil and several types of fuel, namely Diesel,
Diesel B10, Diesel B20, and Diesel Premium. The study has been divided into three parts. First,
the preparation of DPF and ash. Second, the identification of porosity through of DPF the
method of water displacement. Third, the analysis. The results are as follows. First, the ash is
accumulated continuously at the end of the DPF, resulting in ‘plugged ash’. The distribution
of the ash is found mostly on the edges of the DPF, while the pattern of distribution varies
depend on vehicle types, as each car has different types of pipes in their DPFs. Second, nine
elements are found in the ash through the analysis of EDS and XRD-XRF. The elements are O,
Fe, Ca, Zn, Si, S, Cu, P, and Al. Fe is the element that is found with the highest amount. Third,
most of the ash particles are round and crystalline which represent the structural characteristic
of metallic oxide ashes. Lastly, after studying the engine oil and fuel, it could be stated that
Fe is there due to the erosion of the motor and rust from the exhaust pipe. As for the other
elements, they derive from the additives that are present in the engine oil and the fuel. The
authors have come up with a hypothesis that the amount of ash plugging in the DPF differs in
different types of cars. The factors that are considered include the engine speed, the motor,

the weather when it is being used, and the service life of the engine.
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2.1.3 mM3vudiglugunsainsesuaiiwouniaaimwa ( Ash Transport in Diesel Particle
Filters )
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gﬂﬁ 2.4 Impact of ash deposition pattern on backpressure (similar ash load of approx. 35 g/1)
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visualization of articulate matter trapping and regeneration processes in wall-flow diesel

particulate filters )
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(c) DPF wall with particulate mass 01°6.9 mg/cm’
gﬂﬁ 2.5 Photographs of the surfaces at different values of the particulate mass per unit DPF
volume of PM trapping using the cordierite DPF
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2.2.3 ASZUIUNTTINAIVBIBYNALYHN

Tunszuaunislnlslada (pyrolysis process) Iﬂiqa%’wiuLaqasuaw’?jyal,wﬁwmﬂ?{auwmlﬂ
Tnenisiigamgiige shlmiimduatsaaduronet assasuvonativand awgnudeudusynia
wivesddunssuiumsiandiedy duseumsiiulnvesiiufinudensyuiunsindiodu il
Tldoumeminvesudeiiipnmdudusnniudmaliiinmaineyniandnifie iwanoymeavdniiend
YURegluge 10 - 60 WluAT

Precursors Nuclei PrimaryParticles Agglomerates
-~ . CoHy : .
g Pyrolysis Nucleation . . .’ Coalescence .o 2098 f Agglomeration - "}
oL — - .;-_.‘,-, S e .:’_ os R “.
Surface  *4’s s o Qo
PAH Growth

JUN 2.7 uruslsvesdumaulunsyuiunisasiain



2.2.4 93AUsenaUYeslannwa (diesel ash)
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2.2.6 gunsainseuafivounIalanmea (Diesel Particulate Filters)

gunsalnseauafiveyniawinfa (Diesel Particulate Filters) iuwelulagfignihunldiu
9E9UNINANY IR uazBIvaLATRIBUARWa tnanisnsedlaideinIotsunniya Fellanuyne
N13N304 2 WUU Ao Wall-Flow Filter uag Partial Filter

http:/Iwww.vwvortex.com ——T

U7t 2.12 msAnsa Diesel Particulate Filter

Call

gﬂﬁ 2.13 N13N58IWUY Wall-Flow Filter (#18), n13nT04UY Partial Filter (¥37)

Wall-Flow Diesel Particulate Filters a§1ﬂ%uﬂﬂﬂLL%31ﬁﬂ ( cordierite or silicon carbide ) &
Tassadradudaits ( honeycomp ) ﬁ:ﬁgwqu nysdmdsulaefinisadu Plug end fivanesiunsedy
ussanledeastadulieynasinunts DPF vilveumagnnsesuazazanl fntaiuluvesvosunei
leideivhawazeinazgnuasegussennia Wall-Flow DPF fiszansniwlumisnsesszdugaanls
1nEe 98 Woskdud
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5U#l 2.14 Sic DPF (#18), Cordierite DPF (¥71)

2.2.7 NTEUIUM TV (regeneration) Tu DPF

Wle soot gnnseslay DPF agesiailiadluvmsninislinuasessudsiua soot Ngnasasly
DPF avdsnaliusyansninlunisnsesanas Jsdududasidn soot sanlagldnszuiuniseandintu
Wiseandlad soot (Arsuew ) Winanewdu Arwmisueulaeenlad 38n31 NSEUIUANT regeneration

Fadl 2 dnwauy Ae passive regeneration Way active regeneration

Passive regeneration 9giin1slafssufizenannainds sedseslfiselndauuu DPF
wazmsLiiuaumgll DPF lngnisazauanuiounintewds sulloamaiiiesmedmiunmsosndindu

H20.CO2

HC,CO,PM e &

Soot filter

!
\ Oxidation catalyst

U1 2.15 nsgUIUN1S Passive Regeneration
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Active regeneration Aisn1sifiugaumgivedledeliiiemedeniseandindu (Useua 650
arwaldua) nowdnd DPF laenisiingamniinisunindvsenisldiniesiaiusou deeing
AuAnlnewNerIUANBIaAIaila Active regeneration a¥inelle Passive regeneration lyianunsn
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fMAA soot tevun

HC.COPrM

g‘dﬁ 2.16 N¥UIUNT Active Regeneration

2.2.8 N3@¥duUUD9 Ash

Passive regeneration HN19@z@LU8 Ash 88 9ELNANDINTNUTIIUTNIODN IUIAVDS

auNIA Ash 18nNN31 Active regeneration
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SUil 3.2 Ash Vianedildands DPF
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3.2 A5IAUNTUYY DPF 1aglda5 Water Displacement
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U 3.36 A3 X-Ray Fluorescence Spectrometer (XRF)
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-NTIATIIHANTENUVBIBUAIA Ash dongAnsunIseandndu lagly thermogravimetric analysis
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Jou 2 49 fio
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Ash distribution in DPF
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Pore size distribution
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12 - 18 lulaswes Fsvwaduiududnanvesgnguifiswindnagyiliduszanganlunisdndu
duazosann Tumesnduiugnguumadnazdmaliiiausiiudeundununnee
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10.0um

JUN 4.5 NI SEM LaneanwaienanIen1mYes DPF

91n3UR 4.5 wandlifiudnwaznienten wues DPF fiduifa DPF a1umutUseanal 0.5
faduns Yeansivaiiiwesenasudmasnuuinl s x 1.5 fadwns uayteanisivasenvesernie
1A 1.0 x 1.0 TaAiuns AsnaannImeIves DPF Ssanunsaventédn DPF 4 Wlu DPF wiin wall-
flow filter

JUT 4.6 AW SEM Lagnan15iAsIzyt EDS
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B L 63.0% SiC Moissanite-6H
L 37.0% SiC Moissanite-4H

[ 1 |
[N |

T T T T T T T T T T T T T T

10 20 330 40 50 i 70 a0 o

S . IU}Il_.LlI J l.}. -

2Theta (Coupled TwoTheta/Theta) WL=1.54060

JUT 4.7 Nan3ATIER XRD

INAMNNTIATILI EDS ¥es DPF Ariumsliaaiuieu 900 esmiwaldua ileliilnuauts
TndiApatu DPF Aigslisnunisldnuunnian wansnisnszateves Siuas C luSinuiigann uas
SnuagyanenIngasiuiiy DPF Aiidnumeadns SIC DPF Svaonadosiunanisliniizs XRD s
a1n30a3Uladn DPF il B DPF #ia¥1991n SiC warlinudyaines Pt Catalysts

4.2.2 NM3ezaN@Iund Ash Plug ash

VOO ~NONULTRARWN -

JUN 4.8 nsazausives Ash n1elu DPF

N3UT 4.8 azdanaiiunisgaiues Ash fidumissusneves DPF ( plug end ) @analnd
ilmasfinnisluaainuils DPF LUgs plug end Aanisluaveslowds uagn1santsedalnizsgning
\sifURIves DPF wssvaamslvaiiiuduhlfoynavesumimaneenainiiuiia DPF Lazazaog
plug end uazilleiinniseandlad wihiignasauaznatedu plug ash
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O Kal Si Kal

C Kal 2

250pm 250pm 250pum !

;;Uﬁ 4.9 AN SEM wayn153LAsIEi EDS mapping anensiedaues Ash aeluniis DPF

Ash

NCTC 5.0kV 11.3mm x1.00k SE(L) 3 NCTC 5.0kV 11.3mm x3.00k SE(L)

5U# 4.10 71w SEM uaman35asnves Ash Tugnguves DPF

2NN SEM upgan1siAT1es EDS (3U7 4.9) wulldidntiosiiflaidndlulunilssening
e uazIeen UsEann 20% YesAmuIvesKis uagnuLiles Ash Mduasusznouves Al
Wity 919V1qN38ABBNFUTIBINA Usl Ash Tiviansemeengussenmialivuiaidnann uazfionsanle
1 Ash fingasenuntuduiiosdiudn quesnisudosuaninz PM a0 DPF nssiudaves Ash az
PIWANUUIATBITNTY Feanunsaifisszansamlunisnses udlumsnduiumninisavasaes Ash
uniAulUauagngu Uszdvsnmlunisnsesazanas idlesannemliiansnsalmariule
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4.3 peAUsznaumaAliuazanyazvasaunIalanzaanlenly Ash

AN SEM AUN15ILAs1ES EDS Lelefiiingn ﬁmﬁwu O, Fe, uay Ca luuSunafiunnuaznu
Zn, Si, S, Cu, P, Al TudSinasdives Tnelusndiszyly Fe, Cu, Zn, Cr wag O ffneglusuves Copper
Zinc Chromium Iron Oxide ( Cug5ZngsCry1FeqoOq ) s?fﬂl,f]uﬁauslmyjﬁwﬂu Ash Lagwu Ca, S LLag
0 lugu Calcium Sulfate ( CaSO, ) Fadutnilu Diesel Ash uaztfuluamnFiiaTzyt XRF-XRD

AN5797 4.1 HaN153LAT 129 SEM-EDS mapping uag XRF U843 Ash

Element in Ash SEM-EDS (wt%) XRF (wt%)
O 50.7 N/A
Fe 18.9 30.88
Ca 8.8 10.88
Zn 4.3 7.46
Si 4.3 16.18
S 3.8 9.16
Cu 3 9.47
P 2.4 7.92
Al 1.9 4.78
Na 1.2 N/A
K 0.7 1.17
Ni N/A 0.99
Cr N/A 0.71

Mn N/A 0.41
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4.11 AW SEM Lagn193tAs1z7 EDS mapping U84We Ash
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] L 63.1% Cug5Zn5Cry 1Fep 904 Copper Zinc Chromium

o Iron Oxide

. 22.1% CaSO, Calcium Sulfate
7.7% Fe,0O3; Hematite, syn

2o L 7.1% Ca;oCuy(PO4),4 Calcium Copper Phosphate

IR 4

| | | I 1 | 1 [ B | 1 I[I II| (Il ‘I | I} ]|| II”H 1l i ||I II|I HI]I
| I o HEm IIIIII\ ]]I LHrwe llll'!fll I Y ”II ] IIIII]I EIIIIIIIIIIIIHI ] \IHIII]IIIIZI I IIIIII |
T

| T T T T T | T I T I T T T T I
10 20 30 40 50 60 70 a0 o0

2Theta (Coupled TwoThetaTheta) WL=1.54060

SUT 4.12 nan153as 89 XRDXRF 9839 Ash

N1534A389% XRD-XRF w89nd Ash uanlbinsiufianisusinguas Copper Zinc Chromium
Iron Oxide ( CUg sZNgsCry 1FeqsOq ) TuUIu1as 63.1% Imﬁémﬂ’ﬂ Calcium Sulfate ( CaSO, ) Tu
USuna 22.1% Tngimidn Hematite ( Fe,0s ) luuSuna 7.7% Tnesiamin way Calcium Copper
Phosphate ( CassCus(POM):s ) TutSunas 7.1% Taenimein

Tnealu Fe sifnannnsanusevestudiumelussuunisimiueuaenus W fouwn
sl woslumsaaes szuures o saudesvuurioleide WBudu wenani asuszneu SO, fidhiin
mﬂmitﬁuLwiaﬁwﬁwéa?iuuazﬂ’ﬁLﬁmﬂﬁﬁ%mﬁuaq SO4 iU H,0 Tag H,0 inainniswnbng wag SO,
\Anannseandindu ves SO, Ineil Pt ilusnssfAsfiiadousguu DPF dusmaeiidugiiny

¥3IUAITINAY O wae P 1u PO, 318 00N lauaisslansmig o
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NCTC 5.0kV 14.3mm x7.00k SE(L) T 5 00um NCTC 5.0kV 14.4mm x7.00k SE(L) S s ooum

JUN 4.13 anvasveseumalavizoanlanty Ash

INMTIATIEN SEM Uagn5iaTest EDS Fuddulualdutudulangannisdnnseves
LAIDIUANTDTZULYIO LoLEE

MssEUIANToUg T as MU TeiYes AlOxide (UT 4.13) nasumadiigamgs
a9 ansnedurgmainounianssnaululidn mavasumes ALOs 1atuigamgiiunnndt 1630
osrniwadea Fudugangifhiieduldmeluieamiludiviidy Feannsaoyunuldn AlSilicate 3
dufededluudunouvesnmaviunizenivg

a

Fudiuvesneuy Fe-Oxide (U7 4.13) ina1NN1580NTLATUN QUMDY Fe Fen1TNY

Y Y
< @ 1

Fe-Oxide ludnwauzasguuanidliiuianissansiseninnisnasumaiuazulaiiegsings nege

= = IS a A a o U 1
VABUMAIYDY Fe Uszanal 1500 asraaifea dudugnmgiinigluniogungininingives
gaungin1sw vy viseerainannisdnnseniinainiaseslmtasisudeaniu
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Electron Image 7

Map Sum Spectrum
Wit o

10pm

gﬂﬁ 4.14 2w SEM wagn153A31eM EDS mapping U840UNIA Ash UULHY DPF

AT SEM Lazn193tAs1z EDS mapping (éﬁ’qgﬂ‘ﬁ' 4.14) welmviunsusingdves Si, C, O,
Pt uaz Al 33 Si wag C azagluguves SiC Mduinglunisains DPF uazuansdsiiraulaie nswy
Pt oy ALOs Nsza18ag ULNUAI989 DPF d9a190yuulddtounia Pt uag ALOs 11370 DOC
( Andariouit DPF ) fignindeudie ALOs iay Pt oLduissURRSen



51

4.4 27N TEM VDIDUNIA Ash
4.4.1 159a319N1359UMAIVI0UYNIA Ash

A TEM gnihanldifiednulassadsseduunluesudasyniaves Ash avm TEM uand
Tiiulassasslaesiuvesoynin Am TEM (gﬂ‘ﬁ 4.15 A, B, C, F) uandliiiiuineyninvesvil Ash
andlugidnunznauuasdvniaious 20 wiluans Weufennnt 200 wluwes Ssoymaiivun
1710949 200 W lULUAT %gﬂ%’m%ﬁumwawmﬂmw ( coarser particle fraction ) N1INUBUNIA
valiiiduuluwssuendsiznisedlaensauuiuveslessmennmaniug . eymamaria
T dundn wagluunensdaansouenueanyugniiieg (éﬁ’agﬂﬁ 4.15D, E, G)

A M ::roscope Accelerating Voltage Mag nificati - MlcmscﬁpeAcce(eratmg Vunage Magmf z:ahon Camera Lenglh
..l') JEM-2100 200 kV 40000 x - JEM-2100 200 40000

C D

Microsce opeAcceleral ng Vol(ageMagmf cauonCamera Length - i i =
&3l sem2100 &2 JEm-2100 200 kv 150000 x - —50 nm—

E

Samera Length

Microscop cceleratlng Veltage Magnification| Camara Length
500000 x

JEM-2100 0kV 20 nm
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amera Le
200 kV 500000 x -

Microscope Accelerating Voltage Magnification Camera Length) i lL Pt
JEM-2100 200 kv 40000 x 2 JEM-2100 |

U7 4.15 nw TEM waangsl Ash (A, B, C, F) m3sainveseynausazdves Ash (D, E, G)
lassasnanvedanzeanlaniy Ash

4.4.2 lassaansegnuaunilavseentys (skeletonize of Metal Oxide Ash)

geWd3 imagej gnlfifieAnuilassainanszgn (skeletonize) vatdlanzoonlas
(Metal Oxide Ash) Tnsmsidasunin TEM unilassadiansegn (skeletonize) Ingi3uannnnsdn
awliAdaunn 5 nmx 5 nm waaudadhinidunine-an wazaaiisudasaanynaabinidunin
Tassa1anszgn (skeletonize) Fs1namlassaiisnsegn (skeletonize) uanslmiudnuaminenss
yu Fududnvazlasiainansegn (skeletonize) woainlanzasnlys (Metal Oxide Ash) aynia

AT saudiiudnali Ash Saurusuudu Gee1ainnaung i g uluseninmis

gﬂﬁ 4.16 (A) 7w TEM olanzeantaon (Metal Oxide Ash), (B) NMWFARUUIA 5 nm x 5 nm Ua0

regeneration

lavigaanlan (Metal Oxide Ash), (C) Awan-Avaaantanzaantan (Metal Oxide Ash), (D) AW
lassainansean (skeletonize) vauinlavgaanlys (Metal Oxide Ash)
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nMsIATIEYnalnnIs e CB+SIC lnansly Thermogravimetric Analysis (TGA) Il

nstianuiou 2 4 fe 1. nsiitgamiiauis 600 ssrwadua Iaelduialulasiau 2. A5
Indlagldannialunislainuiou lnemiuanauniianmi 600 srmiwaidesd

Mass conversion (%)
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gﬂ‘ﬁ 4.17 nsivAvunlasosna CB
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Reaction Rate of CB

700

600

4000 7000

5000

500

400

300

Reaction Rate (%/min)
Temperature (°C)

200

100

Time (s)

= CB(50)+SiC(50) - CB(50)+SiC(40)+Ash(10) Temperature

5U 4.18 damaUaeuUasuesiig CB

mﬂﬂsWWﬁmia@awaamamqahulmmsuaqmiLﬁmqmmﬁi@ﬂ%lﬁﬂiuimmu FaAn9n
AN39BNYLATUYRY SOF, HC LLaz*‘ummmﬁagjuuﬁuﬁwaaﬁuadw wazlugiaveanisening aziiuin
F10819 CB+SIC+Ash fldnsinisanasuesina CB innindieiiouiiuiusninisanasesiiegns
CB+SIC wazioeafidl Ash finseandwdyu CB aumunsanindeeailidl Ash Uszunas 12 wnd &

(2

Juwawansseufiseneglu Ash lnsaunisiafivesniswilvil iWusad

C+ 0, CO,
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4.6 HANITATIVFIUUINUNADAULAZ U UL DLNEAY

ihifundeduazitudomasgnindslugil FOCUSLUB Llensaaaouyiunnmossigm 4
floglusoehaindundedunarihiiudomas

4.6.1 tifundedu

thifunaedulvauasiildudasu TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30 91
nslda1u 10,000 Alatuss gniaiuainsumia Crankcase veaiA3osEudsa Mazda 2 $1u2u 4 Ay

Quantity of element in Engine Oils

1000
— 100
€
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=
>
s
)
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c— I .
o = S e\ =/ ':I = © @™ ®™W ®w ®w o T &H
£ o :I v < 1Z I§ L—é S g5 .9 @ Fo N E’Cl
[= = c — =) = = = = 2 >
s & 5 £ § ®T & 5 ¥ & ¥ E E g 2 38
= - o} c o = -3 E] o S = = . N =
E o — 2 U_) © c om B o f —
o £ S ] ' o © Q %3]
0.1 o O 5 = <] 3 m «
£ 2 2 B 3 -
O < > © o
o =
=
Elements

HSamplel ®Sample2 ®Sample3 ®Sample4  ® New Engine Oil

JUN 4.19 nevuansUSunavesapig o dnuludidiundedu

¥

deiSsudisuuimasneng 4 niidundeduildudfuinduededmiagnunsusing
fames Fe, Cr, Cu, Al iuduluuiannmnn wag B, Mg, Ca, P waw Zn gnuvagluiaintundeduilly
uduazthiuvdedulmifs Fe, Cr, Cu wag Al gnindusinfinainnsinuse flenaunainnsinuse
YBITUAIUANS 7 UBITTUULAS BLUA SrUUVaneud Aot usiLarsTUUTendtenanLAS o seud
d2u B, Mg, Ca, P lag Zn Lﬂums@mLwiaﬁgﬂwamiﬂluﬁg’xﬁwda?{mﬁaLa%uﬂigﬁm%mwm{[,%’mu
Y941A3098UA LAY Si ignasIaaeuny 1inneun1AvemselusInIAfiamIsIR LT UUN TN
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a1nAwaziilUReUueglutndfiundeduuwazmniiun3euiunanisnsvdaey Ash aganunsavente
91 N15FNNTY0ITUAIUANG 9 VOITEUULAT 08U dNalhiiinn1sazauves Ash 11nidan wag
sedaunfe asuwssngnranlUludiundedu

4.6.2 WNSTULIDLNES
Y uomas Awa, Awa B10, Awa B20, Awa wIuley anan1fiusnisuisiu U

Quantity of element in Fuel Qils

20
18
16

€ 14 :
o
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& 8 =
=}
g 6 ‘_1
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0 . - IR || g Ry m —_—
N N N N N N N A
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& A & QP R o v N
\»(0 (/’b\ ‘—)Q S
A Q
v ]
Elements

M Diesel B7 Diesel B10 = Diesel B20 Premium Diesel

JUN 4.20 n3mkansusinavessnean g anvludidudeinds

PNHANTITIAEOULNT T DINAY Al, B, Ca, P ta¥ Zn Qﬂwuiuﬁaasiwﬁﬁﬁul,%al,wéq 519 Al,
B, Ca, P waz Zn gnldidumafuusadieiaduuszavsninnisvianu uaslulangiinuloly Ash uag
fidsiiiraulefie Ca gnwuluhifudoundsia Awaunsiioa 920 widu uaznuluvdmnasinide
WeufuuTinumesindu 9 deuenavenlddn msldihiufios 020 desmaliAnnisazauves Ash
wnfian uwazthiufisadamasesaan WenSsudsututhiufiars 4 «fa uddeiFeufieutums
Anvsevostudiusa 1 TuszuuinIessud wazasiuwsslutuaios Serniiudomasdinace

A15a¥aNUad Ash Ua8uINn



uni 5

N1593150i%5990Us1NE

91NNSANYIBUNIANT Ash wazwAluladndan sl vedin3 o udfwaraIsnaud
Mazda 2 vinlvilaveagusadl

'
1

Liwin Ash insazanaunatendu plug ash agiid1uvineves DPF §adinsnszanadied

a v a

U3aeuves DPF wniiga Tnsiiannuenives plug ash 11ngadis 2.1 wufiums wazduigiudn g
N13N35¥91899 plug ash %uagjﬁué’ﬂwmzmﬁﬁ%ﬁmmﬂafiauLsihaj DPF flagfidnusianizuaisaus
azdu Wunaliidnwuenmslvaveslodefiuansnetu

2.SiC DPF %l wall-flow filter fivwnvasgnsudilvgjodlutie 12 - 18 lulasiuns wazdl
WesidudrAungY 41.52 1Wesidud

3.199A3189 EDS Uaz XRD-XRF wu O, Fe, Ca, Zn, Si, S, Cu, P taz Al Tung Ash ?jqﬂimg
1ugﬂ°uaﬂ Copper Zinc Chromium Iron Oxide ( CugsZngsCry1FeqsOq ), Calcium Sulfate ( CaSOyq ),
Hematite ( Fe,O; ), Calcium Copper Phosphate ( Ca;oCuy(PO4)14) %ﬂﬁmiﬁﬁmg“uaﬂ Fe TuuSuna
fganniign

a.aunaanuin Ash dnlvigfidnvaznasuasiivuiadad 20 uluaes lWaufeannni
200 wluiues synavaiiduwdn wasluunsdlamisouenussdnumening laseasansean
(skeletonize) wanslvifiudnuaizatnemsswuy dadudnuurlaseaiiansegn (skeletonize) o
lavizeanlas (Metal Oxide Ash)

5.11509n3 AT UVaIA 19819 CB(50)+SIC(40)+Ash(10) dignsnsiinuAsensaniinis
pendiatureadiang s CB(50)+SIC(50) Laginsoondindu CB aunuaiInd Uszann 12 uiil 3
Wuraunaindassufizenlu Ash

6.NN1IATIRde VLT UNd e L uaziudemds annsavenlddn Fe AnuluuSunann
flapluns Ash 91939 nNsAnsoTesTUAIUA quatsruLIRIesuivieatuanvislaiderdeud
gUnsalnsesafiveynafiva drusmdu 9 Anulums Ash wananiuussluiiundedunas

YITLYDNEY TRIAININNNAIAU
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v 1S09001:2015 Certified FocusLab Ltd.

¢ Code  : 20010 £ UnitiD : NEW OIL TOTAL MAZDA GENIUNE OIL SUPRA
- Name . KMITL ) DPF SAE 0W30
a Sind % UnitType : NEWOIL
: Address : fa"g;r';én;‘ﬂ"’“g g Road § UnitMake : (notavailable)
Bangkok 10520 UnitModel : (notavailable)
Site :
ekl < o Oiltype/ . TOTAL MAZDA GENIUNE OIL SUPRA

Test code ; 601.200

| Viscosity % por ShE owa0

Oil System Capacity :

Notes (Finding, Evaluation, Interpr

Data is provided below.

Suggestion and R fati

Somchai J.
Cunenisempe Previous Sample Baseline and Alarm Limit
Condition History I we_ ot oot X\X\MN/ L2 T -
| Alarm Limit
- — - - - - - —_— - B
Lab ID = 20091073 [ : g Alarm -L”TNI Matrix -’Set Name
Bottle ID \ is. - ) 131519 I } z = ulnn,m pe / ml
Date Sampled 2 @ 03-Sep-20 { [ L No Interpretation Required
Oil Hours (Kms) g = Not Given i |
Unit Hours (Kms) \ ! Not Given | N
0il Change | | E
Oil Added (Liters) I '
Filters Hours (Kms)
Iron D-51¢ eev__ () olo |
Chromium pPm | 02
Lead BPM 0.0 |
Copper RPPML4 0.4 |
Tin PPM 17 |
Aluminum 5 | BPM_” 09 { |
Nickel PPM 00 ! {
Silver D+ PPM L 1.0 ! !
Molybdenum PRV saq7 |
Titanium PPM 0.0 1
PQ Index Index t
Oil Condition m LCaution ucmm-
Viscosity @ 40°C D:445° | : {
Viscosity @ 100°C D445 ) {
Oxidation [ 414 y
Nitration D.7624 | Abs/cm ! ;
Acid Number D-g74 | K@Hg. | \ {
Base Number D-4789 Ving KOHg, | \
Contamination | B Uaution
Water E-2412 | WL
Fuel In-house | % (W),
Glycol E2412 | Abs |n N/A {
Soot in Oil E-2412 | % (W)
Soot Dispersancy (100-0) D7899M | Index 5( <30
Vanadium D-5185 | PPM 0 ! :
Sodium D-5185 | PPM 0 I
Silicon D-5185 | PPM 0.9 |
Additive Element -
Boron D-5185 | PPM 191
Magnesium D-5185 | PPM 5
Calcium D-5185 | PPM 1035
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 468
Zinc D-5185 | PPM 549
AdditionalTest R ieming LCauton USauton Udfaming
Flash Point D-3828 c
Viscosity Index D-2270

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign  or : NORMAL , or H ( first level waming limit ) '

Accuracy of i and ple and information supplied.
Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

W oor . i Warning  (second level waming limit )
No warranty is expressed or implied for this report.
FL-6.8

are based on

n-1: TeUNSNAaeUTnuASadlyl TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30
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c < :
g Code = 20010 € UnitlD  :4 85 Eng
s Name : KMITL v
|

(T) 2 . Unit Type : Engine Diesel

Addi -+ 3 Moo 2, Chalongk Road
M y ] 9
E Ladkrabang : Unit Make : MAZDA
R Bangkok 10520 T Unit Model : MAZDA2 15L

Site :

i Oiltype/ .
Location : ‘.’v;sggfw : '[f)g;ASI;\I\é%ZMIIJa%GENIUNEOILSUPRA
Test code ; 601.200 L

Oil System Capacity : 5.1 Liters
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

‘Somchai J.

Current Sample Previous Sample

Condition History Wear Ol Qo
Lab ID = 20091074 |

Bottle ID 4 3 4 131517 f
Date Sampled z 2 | 26-Aug-20 i !
Oil Hours (Kms) 5 5 10000 kms 1

Unit Hours (Kms) g | Not Given 1

0il Change |

Oil Added (Liters) | |
Filters Hours (Km:

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Name
Equipment type / oil type
No Interpretation Required

mZ—rmor»n

Iron D185 | PRM< L) 267 | I
Chromium p-51857" pPM 11

Lead D-5185 | PPM | 0.0 |

Copper D-5185 | PPM_d 36

Tin D-5185 PPIM 15 [

Aluminum D-5185/| PPM ! 46

Nickel D-5185 RPM 3.1

Silver 0-5185 | PPM 07 |

Molybdenum p.D:5185 | PPM 446.8

Titanium {_D-5185 | 'PRM 5.1 | |
PQ Index D-8184 || Index

0il Condition

Viscosity @ 40°C D-445 oSt 4 | i

Viscosity @ 100°C | D445 = est |

Oxidation 7414 Abs {

Nitration D-7624"{ Absicm | !

Acid Number D-9747"| mg KOH/g | |
!

Base Number

D4739¢ |t kobo !

L-Caution U-Caution

Contamination UCaution

Water E-2412),| % (Wt.)
Fuel In-house {\% (Wt.) /) ] |
Glycol E-2412)| " Abs N/A i
Soot in Ol E-2412 |19 (W) !
Soot Dispersancy (100-0) D7899M | Index ' - 0
Vanadium D-5185 | PPM, | 0
Sodium D-5185 | PPM 0 .
Silicon D-5185 | PPM 123 | |
Additive Element
Boron D-5185 | PPM 138 | |
Magnesium D-5185 | PPM 7 | !
Calcium D-5185 | PPM 1020
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 445
Zinc D-5185 | PPM 485
L-Caution U-Caution
Flash Point D-3828 c -
D-2270

Viscosity Index

61

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or : NORMAL , or ( first level warning limit ) B W or . : Waming  (second level waming limit )
Accuracy of i tion and tion are based on sample and i tion supplied. No warranty is expressed or implied for this report,
Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th FL-6.8

n-2: SeuUNsageUnASeslFLa? TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30
(Fregnefi 1)



FOCUSLAB” /) 1509001:2015 Certified

Fluid & Oil Analysis Technology

FocusLab Ltd.

g Cote  : 20010 EUnitlD :6 2775 Eng
s Name : KMITL v
1
(T) 2 . Unit Type : Engine Diesel
v Add + 3 Moo 2, Chalongkrung Road
E Ladkrabang : Unit Make : MAZDA
R Bangkok 10520 T Unit Model : MAZDA2 15L
Site B
s Oiltype/ . TOTAL MAZDA GENIUNE OIL SUPRA
Location : ¥ Viscost :
' W DPF SAE 0W30

Test code; 601.200
Oil System Capacity : 5.1 Liters

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

‘Somchai J.

Current Sample Previous Sample

Condition History Wear Ol Qo
Lab ID = 20091075 |

Bottle ID 4 o 131518 f
Date Sampled z 2 | 26-Aug-20 i !
Oil Hours (Kms) 5 5 10000 kms 1

Unit Hours (Kms) g | Not Given 1

0il Change |

Oil Added (Liters) | |
Filters Hours (Km:

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Name
Equipment type / oil type
No Interpretation Required

mZ—rmor»n

Iron D-5185 PRI | 445 | |
Chromium p-51857" pPM ' 27

Lead D-5185 PPM 0.0 |

Copper D-5185 | PPM_d 37

Tin D-5185 PPM 23 |

Aluminum D-5185/| PPM | 198

Nickel D-5185 PPM 0.6

Silver D-5185 PPM 05 |

Molybdenum pD;5185 | PPM 446.1

Titanium {_D5485 | 'PRM 00 | |
PQ Index D-8184 | Index

0il Condition

L-Caution U-Caution

Viscosity @ 40°C D-445 oSt | | |
Viscosity @ 100°C | D445 = est |
Oxidation 7414 Abs {
Nitration D-7624"{ Absicm | !
Acid Number 09747 mg KOH/g ! 1

|
Base Number D-473¢9 lnm; KOH/g { !
Contamination —
Water E-2412),| % (Wt.)
Fuel In-house {\% (Wt.) /) ] |
Glycol E-2412)| " Abs N/A i
Soot in Oil E2412 | (Wi) .
Soot Dispersancy (100-0) D7899M | Index ' . -
Vanadium D-5185 | PPM. | 0
Sodium D-5185 | PPM 0 .
Silicon D-5185 | PPM 185 | |
Additive Element
Boron D-5185 | PPM 31 | |
Magnesium D-5185 | PPM 5 | !
Calcium D-5185 | PPM 805
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 334
Zinc D-5185 | PPM 404

LCaution UCaution [Uiiarring.

Flash Point D-3828 c
Viscosity Index D-2270

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

NoSign or : NORMAL , or

Accuracy of i tion and tion are based on sample and i tion supplied.
Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

N-3: '3'1m'mﬂﬂiwﬂaauﬁﬂﬁuméaﬂeﬁuﬁa TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30

(A798197 2)

( first level warning limit ) B W or .: Waming  ( second level waming limit )

No warranty is expressed or implied for this report,
FL-6.8
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FOCUS

/) 1S09001:2015 Certified

FocusLab Ltd.

Fluid & Oil Analysis thnobw“.
§ Gode 20010 £ UnitlD  :7 8001 Eng
s Name : KMITL u
| o .

€T> 3Moo2.C Road s Unit Type : EngineDiesel
£ * Ladkrabang N  UnitMake : MAZDA
R Bangkok 10520 T Unit Model : MAZDA2 15L

Site :

Qil type /
Location : o Vomiy :Bg;gtl\mgcmweom SUPRA
Test code ; 601.200 L

0il System Capacity : 51 Liters

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Sameha J.

Lab ID

Bottle ID

Date Sampled

Oil Hours (Kms)
Unit Hours (Kms)
0Oil Change

Oil Added (Liters)
Filters Hours (Kms)

pouiBN 1sa]

ynsay

Current Sample

R —

‘Wear

20091076

131515
27-Aug-20
10000 kms
Not Given

Previous Sample

Baseline and Alarm Limit

MmZ—r-mwnr»m

Alarm Limit

Alarm Limit Matrix -Set Name
Equipment type / oil
No Interpretation Required

E um
UG aution U-Gaution

Iron 5 |_g=l) 103k | |
Chromium PPME 29

Lead PPM 0.0 |

Copper PPM _d 63

Tin PPM 25 |

Aluminum PPM ! 7D

Nickel PP 04

Silver PPM 0.4 \

Molybdenum } PPV 4149

Titanium \ PRM 0.0 | |

PQ Index D-8184 || Index }

Oil Condition Tom—
Viscosity @ 40°C i

Viscosity @ 100°C !

Oxidation } {

Nitration : {

Acid Number 1 |

Base Number ! i

Contamination

U-Caution

Water E412)] % (WL)
Fuel In-house |\% (Wit ) | |
Glycol E-2412 Abs NA $ i
Soot in Ol E-2412 1% (W) !
Soot Dispersancy (100-0) D7899M | Index ! Q0
Vanadium D5185 | PPM. | 0
Sodium D5185 | PPM 0 |
Silicon D-5185 | PPM 55.0 i [
Additive Element
Boron D-5185 | PPM 26 | |
Magnesium D-5185 | PPM 4 |
Calcium D-5185 | PPM 764 |
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 301
Zinc D-5185 | PPM 410
L-Caution U-Caulion_
Flash Point D-3828 | °C
Viscosity Index D-2270

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.

or

c

( first level waming fimit )

NoSign or %NORMAL
Accuracy of interpretation and

ion are based on
Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

pl

supplied.

W or .: Waming  (second level waming limit)
No warranty is expressed or impiied for this report.

FL-6.8

63

n-0: SeuUnNIsageUTNASeslFLEa? TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30

(798197 3)



FOCUS

) 1509001:2015 Certified FocusLab Ltd.

Fluid & Oil Analysis mnmu""'
g code : 20010 € UnitlD :8 7676 Eng
s Name  : KMITL b
1

(T> 3Moo2, G Road k Unit Type : Engine Diesel

N .  Ghl o Roa :
o ) Ladl?abang £ Unit Make : MAZOA
8 Bengkokc 10520 T UnitModel ; MAZDA215L

Site B

— Oiltype |
Location : ?w“‘%"}ﬁy + TOTAL MAZDA GENIUNE OIL SUPRA

Test code ; 601.200

L

DPF SAE 0W30
Oil System Capacity : 5.1 Liters

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Somehai J.

Condition History Wear Ol ﬂ(‘"\ |
Lab ID = 20091077

Bottle ID a o | 131516

Date Sampled g § 28-Aug-20

Oil Hours (Kms) s | F4 10000 kms

Unit Hours (Kms) a | Not Given

Oil Change
Oil Added (Liters) |
Filters Hours (Kms]

Current Sample

Previous Sample

Baseline and Alarm Limit

Alarm Limit
Alarm Limit Matrix -Set Name
Equipment type / oil

No Interpretation Required

mZ—-rmwr»n

Iron B-5185 | ;
Chromium D-5185"| | 28
Lead 0.0 |
Copper v 345
Tin M 29 0
Aluminum Y 4 8.1
Nickel P 0.6
Silver ol 1.1 \
Molybdenum ' PPM 5353
Titanium { ERM 00 f |
PQ Index Index }
Oil Condition § Lot UcauionJUMBNAS]
Viscosity @ 40°C D:A46™| oSt i
Viscosity @ 100°C ’ D-44h oSt
Oxidation D-7434 Ab: \
Nitration [ ! !
Acid Number D-97471 mg ! {
Base Number D4739¢ g \ '
Contamination \ UCaution LA
Water E2412, | % (Wt) |
Fuel In-house 3% (WL.) '
Glycol E-2412)| Abs N/A {
Soot in Oil E-2412 1% (W) !
Soot Dispersancy (100-0) D7899M | Index ! <30
Vanadium D585 | PPM, | 0
Sodium D-5185 PPM | 0 |
Silicon D-5185 PPM 837 1 L
Additive Element TR
Boron D-5185 | PPM 188 ! |
Magnesium D-5185 | PPM 6 |
Calcium D-5185 PPM 1447 |
Barium D-5185 | PPM 15
Phosphorus D-5185 PPM 663
Zine D-5185 | PPM 720
IRccarai e RO e oo uouion o
Flash Point D-3828 c
D-2270

Viscosity Index

" Note: Alarm Limits are variable and &épendénf upon dataset size and to be used as general‘gliitiélir»\e.
or 2 ( first level warning limit ) i

NoSign  or : NORMAL ,
| Accuracy of i ion and

c
are based on

sample and i

W or - : Waming  (second level warning limit )
No warranty is expressed or implied for this report.

supplied.

Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

N-5: ’3’1EN’Tuﬂ’]iﬂﬂaauﬁﬂﬁuméaﬂ%ﬂfﬁ TOTAL MAZDA GENIUNE OIL SUPRA DPF SAE OW30

(f798197 4)

FL-6.8
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FOCUS

/) 1S09001:2015 Certified

FocusLab Ltd.

Fluid & Oil Analysis fxm»w"

j Code : 20010 £ UnitD  : DIESEL
s Name : KMITL u
) 4 | }
[} # Unit Type : FUEL

g - k :
IEA . Emﬁmg Road £ Unit Make : (not given)
R Bangkok 10520 T Unit Model : (not given)

Site :

oil l
Location : o Qlopel : DIESELFUEL
Test code ; 601.200 L

Oil System Capacity :

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Sameha J.

Lab ID

Bottle ID

Date Sampled

Oil Hours (Kms)
Unit Hours (Kms)
0Oil Change

Oil Added (Liters)
Filters Hours (Kms)

pouiBN 1sa]

Jron D-5185

Current Sample Previous Sample
Wer o0 Gomt
|

20091078 |

| 701416 !
03-Sep-20 I

Not Given

Not Given

5185 | PPIv‘1 /00 | I
Chromium D-5185"] PPM 0.0
Lead PPM| o 00
Copper PPM_ oo |
Tin PPIM 041 |
Aluminum PPM ! 03
Nickel PPM 0.0
Silver PPM 0.0 \
Molybdenum PPM 0.0
Titanium PPM 0.0 | |
PQ Index Index }
Oil Condition
Viscosity @40°C | D445 i
Viscosity @ 100°C l D445 !
Oxidation D-7414 } ¥
Nitration D-7624 ! |
Acid Number D974 { {
Base Number D-4739 f §

Contamination

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Name
e)
No Interpretation Required

UG aution %E U-Gaution .

mZ—rmourom

Laring! L-Gaution  U-Gaution

U-Caution U-AWarning

Water E-2412 | % (Wt)
Fuel In-house |\% (Wit ) | |
Glycol E-2412 Abs NA i
Soot in Oil E-2412 % Wi) !
Soot Dispersancy (100-0) D7899M | Index ! Q0
Vanadium D5185 | PPM. | 0
Sodium D5185 | PPM 0 |
Silicon D-5185 PPM 0.2 | l
Additive Element
Boron D-5185 | PPM 1 | |
Magnesium D-5185 | PPM 0 | !
Calcium D-5185 | PPM 9
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM >
Zinc D-5185 | PPM 1
L-Caution U-Caution_
Flash Point D-3828 | °C
Viscosity Index D-2270

Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
< 7 ( first level waming fimit ) ; W or .: Waming  (second level waming limit)

or

NoSign or %NORMAL
Accuracy of interpretation and

on are based on repr i p supplied.
Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

A-6: SIBUNTNAFDUU UL BLNAIALTA

No warranty is expressed or impiied for this report.
FL-6.8
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v 1509001:2015 Certified

FOCUSLAB™

Fluid & Oil Analysis Technology

FocusLab Ltd.

¢ Code  : 20010 £ UnitID : DIESEL B10
s Name : KMITL u
1

(T) P Unit Type : FUEL
v Add + 3 Moo 2, Chal g Road L o
E Ladkrabang L Unit Make ; (notgiven)
R Bangkok 10520 T Unit Model ; (notgiven)

Site :

. oil
Location : O Qhumel : DIESELBI0
Test code ; 601.200 L

Oil System Capacity :
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Somehai J.

Current Sample Previous Sample

Condition History Wear  Oil Mr
Lab ID 7 20091079

Bottle ID & o | 701419 f
Date Sampled z @ 03-Sep-20 '

Oil Hours (Kms) g | 7L Not Given -

Unit Hours (Kms) a | Not Given 1

Oil Change )

Oil Added (Liters) | |
Filters Hours (Kms)

Baseline and Alarm Limit

Alarm Limit

Alarm Limit Matrix -Set Name
Equipment type / oil

No Interpretation Required

mZ—-rmwr»n

Iron PRM ! 0.0 | |

Chromium : PPM ‘ 0.0

Lead 18¢ PPM 0.1 |

Copper 5185 | PPM 0.0

Tin 5 PRI 01 |

Aluminum PPM i 04

Nickel C £ RPM 0.0

Silver 518¢ PPM 0.0 \

Molybdenum S PPM 0.0

Titanium 5 PRM 0.0 | |

PQ Index 8184 Index !

Oil Condition , | e ]
Viscosity @ 40°C D-445 esp

Viscosity @ 100°C D-445 oSt

Oxidation D-7414 | \

Nitration D-7624 1 Abs/cm ! .

Acid Number D-9747" | mg ¢ ! ;

Base Number I D4739¢ g ! .

Contamination e
Water E-2412),| % (Wt.)

Fuel In-houise |12 (W) | ]

Glycol E-2412 Abs N/A I

Soot in Oil E-2412 1% (Wt) | !

Soot Dispersancy (100-0) D7899M | Index b
Vanadium D-5185 | PPM. | 0

Sodium D-5185 | PPNy 0 ,

Silicon D-5185 | PPM 02 1 [

Additive Element -

Boron D-5185 | PPM 0 | |

Magnesium D-5185 PPM 0 |

Calcium D-5185 | PPM 0 |

Barium D-5185 | PPM 0

Phosphorus D-5185 | PPM 1

Zinc D-5185 | PPM 0

Rdditional Test RO Lting Lcowien USauton Uaming.
Flash Point D-3828 c

Viscosity Index D-2270

| Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign o . : NORMAL o gt (first level warning limit) 5
| Accuracy of i tion and lion are based on ives sample and i supplied.

W or -: Warning  (second level warning limit )

No warranty is expressed or implied for this report.

Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

FL-6.8

A-7: S189UNTNAADULNN UL BLNAIRA U10
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v 1509001:2015 Certified

FOCUSLAB™

Fluid & Oil Analysis Technology

FocusLab Ltd.

¢ Code  : 20010 £ UnitID : DIESEL B20
s Name : KMITL u
1

(T) P Unit Type : FUEL
m Add + 3Moo2, Chal g Road :U' K i
E Ladkrabang E nit Make ; (notgiven)
R Bangkok 10520 T Unit Model : (notgiven)

Site :

X oil
Location : ‘,’Ws};‘g?é + DIESEL B20
Test code ; 601.200 L

Oil System Capacity :
Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Somehai J.

Current Sample Previous Sample

Condition History Wear  Oil Mr
Lab ID 7 20091080

Bottle ID & o 701417 f
Date Sampled z @ 03-Sep-20 '

Oil Hours (Kms) g | 7L Not Given -

Unit Hours (Kms) a | Not Given 1

Oil Change )

Oil Added (Liters) | |
Filters Hours (Kms)

Baseline and Alarm Limit

Alarm Limit
Alarm Limit Matrix -Set Name
Equipment type / oil

No Interpretation Required

mZ—-rmwr»n

’ m.\ " L
Iron PRM ! 0.0 | |
Chromium : PPM ‘ 0.0
Lead 18¢ PPM 0.0 |
Copper 5185 | PPM 0.0
Tin 5 PRI 0.0 |
Aluminum PPM i 02
Nickel C £ RPM 0.0
Silver 518¢ PPM 0.0 \
Molybdenum S PPM 0.0
Titanium 5 PRM 0.0 | |
PQ Index 8184 Index !
Oil Condition i : m
Viscosity @ 40°C D-445 esp
Viscosity @ 100°C D-445 oSt
Oxidation D-7414 | \
Nitration D-7624 1 Abs/cm ! .
Acid Number D-9747"| mg ¥ ! ;
Base Number I 047301 o \ !
Contamination e
Water E2412)] % (Wt)
Fuel In-houise |12 (W) | ]
Glycol E-2412 Abs N/A I
Soot in Oil E-2412 1% (Wt) | !
Soot Dispersancy (100-0) D7899M | Index -
Vanadium D-5185 | PPM. | 0
Sodium D-5185 | PPNy 0 ,
Silicon D-5185 | PPM 02 1 [
Additive Element -
Boron D-5185 | PPM 0 | |
Magnesium D-5185 PPM 0 |
Calcium D-5185 | PPM 19 |
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 2
Zinc D-5185 | PPM 3
Rdditional Test RO Lting Lcowien USauton Uaming.
Flash Point D-3828 c
Viscosity Index D-2270

| Note: Alarm Limits are variable and dependent upon dataset size and to be used as general guideline.
NoSign o . : NORMAL o gt (first level warning limit) 5
| Accuracy of i tion and lion are based on ives sample and i supplied.

W or -: Warning  (second level warning limit )

No warranty is expressed or implied for this report.

Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

FL-6.8

A-8: S189UNITNAAD VLN UL BLNAIRLYA U20
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FOCUSLAB™

v 1509001:2015 Certified

FocusLab Ltd.

Fluid & Oil Analysis Technology
§ ok 20010 ¢ UnitlD  : PREMIUM DIESEL
s Name : KMITL u
1
(T) P Unit Type : FUEL
m Add + 3Moo2, Chal g Road H Unit Make ta
E Ladkrabang E nit Make ; (notgiven)
R Bangkok 10520 T UnitModel : (notgiven)
Site :
. oil
Location : ?\ﬁscl:yog?é + PREMIUM DIESEL

Test code ; 601.200

L

Oil System Capacity :

Notes (Finding, Evaluation, Interpretation, Suggestion and Recommendation)

Data is provided below.

Somehai J.

Current Sample

Previous Sample

Condition History Wear  Oil )‘(Ar
Lab ID & 20091081

Bottle ID & o 701418 f
Date Sampled g @ 02-Sep-20

Oil Hours (Kms) g | 7L Not Given -

Unit Hours (Kms) a | Not Given

Oil Change

Oil Added (Liters) |
Filters Hours (Kms]

Iron Y 0D
Chromium 5107 PPV g
Lead 5 PPA) 0.0
Copper 5185 | PRM.M  log
Tin : Py 0.0
Aluminum ‘ PP 4 0%
Nickel 05189 |7 APl 0.0
Silver 9188 PPM 0.0
Molybdenum pb PPM 0.0
Titanium \ PRM 0.0
PQ Index D-8184 Index

Baseline and Alarm Limit

Alarm Limit
Alarm Limit Matrix -Set Name
Equipment type / oil

No Interpretation Required

mZ—-rmwr»n

Oil Condition

Viscosity @ 40°C D-445 !
Viscosity @ 100°C D-44h
Oxidation D-74i4
Nitration D-7624"} [

L-Caution U-Caution U-Warn

Acid Number '
Base Number 047391 Lt ;
Water E-2412),| % (Wt.)
Fuel In-house % (WL.) '
Glycol E-24123| “Abs N/A .
Soot in Oil E-2412 {1 (Wt) \
Soot Dispersancy (100-0) D7899M | Index ! <30
Vanadium D585 | PPM, | 0
Sodium D-5185 | PPM 0 |
Silicon D-5185 PPM 0.3 1 1
Additive Element -
Boron D-5185 | PPM 0 | ;
Magnesium D-5185 | PPM 0 |
Caldium D-5185 | PPM 0 !
Barium D-5185 | PPM 0
Phosphorus D-5185 | PPM 4
Zine D-5185 | PPM 0
Additional Test T R g e U<oun Uiy
Flash Point D-3828 | C
D-2270

Viscosity Index

| Note: Alarm Limits are variable and Eepen?en?upon dataset size and to be used as gener;l;glﬂaéﬁr-\e.

NoSign o .: NORMAL
| Accuracy of i ion and

or c H
are based on

( first level warning limit ) i

sample and i

supplied.

W or -: Warning  (second level warning limit )

No warranty is expressed or implied for this report.

Focuslab Ltd. Bangkok Thailand www.focuslab.co.th focuslab@focuslab.co.th

FL-6.8

A-9: S18UNITNAFDULNI UL BLNAIPLTANI LY
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Electron Image 3
¥

(n)

(1)

9-1: HANISIAIIZI SEM-EDS w4 Ash (n) Al-Oxide (1) Fe-Oxide



Net
152.4309
1006.146
489.5537
1028.131
153.1678
1910.213
346.8808
210.5480
16986.66
460.4023
4221601
3751.433

uA: 555

Net
151.5584
1026.128
505.4250
1053.961
148.7933
1908.525
333.9335
211.6096
17813. 40
442,7793
4293.451
3564.665

uA: 555

9-2: WANTSILATIZY XRF U4 Ash

C:\A EDXRF REPORT 163-U19 _2000322_Ash from DPF_Point 3.5PC
Lsecs: 41
6a —
Fe
52 -
39
KCnt|
26 -
13
B 1.00 200 300 400 500 600 7.00 800 900 1000 11.00
Energy - keV
Wtk At% I-Error% BG
4,899414 7.41 1.41 18.19551
16.19771 23.52 0.50 26.69808
7.832015 10.31 0.76 37.26557
5.115853 11.60 0.50 40.47226
1.2239118 1.28 1.48 28.73870
11.13788 11.33 0.36 32.74706
0.758290 0.59 1.07 112.6713
0.417314 0.31 1.61 132.0328
30.02588 2Y.93 0.12 127.6601
1.032730 0.72 0.84 75.25993
9.411315 6.04 0.24 =80.36148
7.942475 4.96 0.26_.89.39850
99.99999 100.00
LSec: 41 Method: FP NoStds
(point 1)
C:\A EDXRF REPORT 163-U19 —2000322_Ash from DPF_Point 1.SPC
LSecs : 41
65—
Fe
53 -
0 -
KCnt|
27 -
13
o
1.00 200 300 400 600 600 7.00 800 900 10.00 11.00
Energy - keV
Wtg At% I-Error% BG
4.777568 7.23 1.42 19.38984
16.17507 23.51 0.50 28.12378
7.918101 10.44 0.75 39.09595
9.161117 11.66 0.50 42.40463
1.169983 1.22 1.52 30.43499%
10.88333 11.08 0.36 33.93830
0.710850 0.56 1.11 115.9984
0.410587 0.31 1.62 134.8774
30.87655 22.57 0.12 129.8900
0.985741 0.69 0.86 75.58875
9.474173 6.09 0.24 79.04340
7.456940 4.66 0.27 88.38556
100.0000 100.00
LSec: 41 Method: FP NoStds
(point 2)

70



X-RAY DIFFRACTOMETER 8/7/2020
20200807_2000859_Ash from DPF (Coupled TwoTheta/Theta)

| 20200507_2000859_ASh from DPF caw: (Sifip ka2| (Srigoth)
| POF 00-080-0452 G0 52n0 5Grt 120 904 Copper Zinc Chromium Iran Ordde
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NSTDA Characterization and Testing Service Center o

NSTDA Craracterization and Testng Service Center

X-RAY DIFFRACTOMETER 8/7/2020
20200807 2000859 _Ash from DPF (Coupled TwoTheta/Theta)

SQ

PDF 00-050-0452 = 63.1%

PDF 00-046-0403 = 7.1%

PDF 00-033-0664 = 7.7%

PDF 01-070-0909 = 22.1%

T [ IS)
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NSTDA Charecerization mnd Testing Service Certer

9-3: NANTSILATIZI XRD U4 Ash
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Elem: Net
AlK 53.45523
S5iK 5470.229
P K 119.4877
CaK 77.78651
FeK 578.8194
NiK 41431551
CuK 43.21676
ZnK 52.32080
ZrK 927.1129
Total

kv: 30 _uAa: 1000

kv: 3

Net
52.93185
5375.897
158.8080
88.67049
470.932%8
35.77646
35.55886
52.98470
671.4478

0 ua: 1000

38.34

23.0+

KCni|

15.3—

Si

00817163-U19-5234120200817_2000336_SiC(Clean)120200817_2000336_SiC{Clean)_Point 2.5PC
LSecs: 54
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Rh z

. Fe cu n zr
Al a Hi
0.0 T T =iy T L f T T T “u'
0.00 2.00 4.00 6.00 8.00 10.00 1200 14.00 16.00
Energy - keV
WtE At% I-Error% BG
1.364131 1.46 2.09 7.25764
28.56850 91.21 0.18 7.20279
5.463394 5.10 1.31 T7.64154
1.059408 0.76 1.63 4.99077
1.510067 0.78 0.59 29.12195
0.080095 0.04 3.38 32.61366
0.077145 0.04 3.19 30.34679
0.084735 0.04 2.84 34.03960
1.792461 0.57 0.48 67.85982
99.99998 100.00
LSec: 55 Methed: FP NoStds
(point 1)

37.8

22.7+

KCnf|

15.1

Si

0061 m:-me-smuozomn_zoonne_sqgelean )\?&200‘31 7_2000336_SiC(Clean)_Point 3.5PC
LEH

7.6 o
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a N
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Energy - ke

Wt At% I-Errori BG
1.355068 1.45 2.10 7.61587
87.40337 89.75 0.18 7.83347
7.275764 6.77 .12 8.35932
1.222578 0.88 1.50 4,49699
1.244440 0.64 0.65 26.60115
0.069719 0.03 3.80 32.96584
0.063798 0.03 3.73 30.80801
0.086289 0.04 2.78 33.45543
1.278974 0.40 0.56 51.02633
100.0000 100.00
LSec: 55 Method: FP NoStds

(point 2)

9-4: ANNTIASIZI XRF U89 SiC DPF
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X-RAY DIFFRACTOMETER 8/21/2020

20200817_8000869_SCi DPF (Coupled TwoTheta/Theta)

1 20200617_6000860_SCi DPF raw (Strp Ka2)
1 PDF 01-075-8314 SIC Moissanite-8H
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X-RAY DIFFRACTOMETER 8/21/2020
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9-5: NANTIATIEN XRD 289 SiC DPF



Mass Conversion of CBN(50)+SiC(50)
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Mass Conversion (%)

20
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File Name:
Sample Name:
Acquisition Date
Acquisition Time
Detector:

Serial No:
Operator:

Flow Rate:
Annotation:

Cell:

Sample Weight:
Molecular
Weight:

Y-6: NMFAATIEN TGA U89 CBN(50)+SiC(50)

2000 3000 4000

Time (s)

Mass Conversion

5000

6000

——Temperature

20201019_2100005_CBN330 600.tad
2100005_CBN330(50)+SiC(50)_600C

20/10/19
16:49:29(+0700)
DTG-60AH
C30595500129TK
AL_NCTC
50[ml/min]
[Temp Program]
Start Temp 25.0

Temp Rate  Hold Temp
[C/min] [C]

25 600
25 600
Alumina

15.649[mg]

0

Hold Time
[min]

0

90

7000

Gas

700
600
500
400
300
200
100

8000

Nitrogen

Air

Temperature (°C)
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Mass Conversion of CBN(50)+SiC(40)+Ash(10)
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File Name:
Sample Name:
Acquisition Date
Acquisition Time
Detector:

Serial No:
Operator:

Flow Rate:
Annotation:

Cell:

Sample Weight:
Molecular
Weight:

2000 3000 4000

Time (s)

Mass Conversion

5000 6000

——-Temperature

20201020_2100006_CBN330 600.tad
2100006_CBN330(50)+SiC(40)+ash(10)_600

20/10/20
17:28:36(+0700)
DTG-60AH
C30595500129TK
AL_NCTC
50[ml/min]
[Temp Program]
Start Temp 25.0

Temp Rate  Hold Temp
[C/min] [C]

25 600
25 600
Alumina

11.601[mg]

0

Hold Time
[min]

0

90

7000

Gas

8000

700
600
500
400
300
200
100

Nitrogen
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Y-T: ASAATIEN TGA VB3 CBN(50)+SiC(40)+Ash(10)

Temperature (°C)
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