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Special Project Title Analysis of Elemental Compositions in Particulate
Matters and BTEX Emitted from Vehicle’s Exhaust
Name Miss Sutiruk Sripirot

Miss Suthida  Saelee

Department Chemistry
Academic Year 2007
. Special Project Adviser Dr. Suwanee Junyapoon
ABSTRACT

This special project studied amounts and elemental compositions of particulates and
quantities of BTEX emitted from vehicle’s exhaust. The experiment was divided into 2 steps:
1) study amounts and elemental compositions of particulates caused from combustion of biodiesel
fuel such as B5, B20 and B50. Particulate samples were collected by Cascade impactor 6 stages
then weighed and analyzed by X-ray Fluorescence Spectrometer (XRF). 2) study quantities of
BTEX caused from combustion of gasoline fuel. Gas samples were collected on a sorbent tube
containing Carbopack then analyzed by Thermal Desorption-GC-FID. It was found that B50
produced particulates more than B20 and B5 respectively. Larger sizes of particulates were found
more than smaller sizes. S, K, Ca, Fe, Cu and Rh were found in particulates caused from
combustion of B5, B20 and B50. The result of BTEX emitted from exhaust showed that toluene
was the highest concentration followed by m/p-xylene, benzene, ethyl benzene and o-xylene
respectively. However, the emission of BTEX from vehicle’s exhaust depends on efficiency of

each ear.

Keywords: Particulate matters, BTEX, Biodiesel fuel, Gasoline fuel
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Grazia et al. (2001)
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Pharada (2001)
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Anjali (2005)
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MU 10 % TaslSuas) wan1snaasun15n5293A 1010 (Emission  Measurement)
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AUNIATFIUYOL TN, FURoLIIAY W19551ug 151 mwsedmszrdiunalalasmsven
Y19MuA (Total Hydrocarbon, THC) @15a13usuusuen las (CO) a15 luninoonlad (NOx)

asm3ueulasen’lad (CO,) nazasuaiueyNIA (Particulate Matter, PM)
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msnﬁ 2.9 Nﬂﬂ'l'i’)Lﬂ'i'l%“Hﬁ]ﬂ.!ETIJ‘IJGITINLﬂﬁ!Lﬁ:ﬂﬂﬂﬂﬂJﬂﬂH'lllUﬂﬂﬁﬁ]’U

510ﬂ15ﬂmﬁ1ﬂ]ﬁ INAADU 12150 ﬂL"Bﬁ‘lJ'lﬁlJ‘lJﬁQTlﬁ
SPEC.
Specific gravity @
ASTM D 1298 0.81-0.87 0.8302 0.8342
15.6/15.6 °C
Cetane index ASTM D 976 Min. 47 58.2 57.2
Viscosity @ 40 °C
ASTM D 445 1.8-4.1 334 3.725
cSt
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4 a 4 o = = a : o
A13139 2.9 (MD) HOMS nmﬂzﬁqmﬁnmmammmxﬁanawmumuﬂﬂaﬂu

£/100 ml

LN == MOC = =4 I's = a‘
JWwNIAUANYA | I3nadoy ALarn AralduyIans
SPEC.

Pour point °C ASTM D 97 Max. 10 0 -3
Sulfur content
ASTM D 4294 Max 0.05 0.037 0.032
Yowt.
Copper strip
ASTMD 130 Max. 1 la la
corrosion {number)
Carbon residue
ASTM D 4530 Max 0.05 <0.001 < 0.001
Yowt.
Water and
ASTM D 2709 Max 0.05 Traces Traces
sediment %ovol.

Ash %wt. ASTM D 482 Max 0.01 0.001 0.001
Flash point °C ASTM D 93 Min 52 69 70
Distillation ASTM D Bé6 - - -
90% recovered °C - Max. 357 352 356.2

Colour ASTM D 1500 Max. 40 0.5 0.5
Lubricity by
CEC F-06-A-96 Max.460 465 204
HFRR
Gross heating
ASTM D240 45906 45387
value (J/g)
TAN (mgKOH/g) ASTM D664 - - -
Total insoluble
ASTM D2274 - - -
mg/100 ml
Total aromatics
1P391/95 - 23.2 22.7
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STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6
BLANK (1)
Paper Type >0.7 (4.7-0.7) (3.3-4.7) (2.1-3.3) (1.1-2.1) (0.65-1.1)
(mg) (mg) {mg) (mg) (mg) {mg) (mg)
nou 250.594 248.612 252.989 250.654 251.198 248.579 252.404
QUARTZ a9 250.598 253.218 253.535 250.978 251.374 248.680 252.417
qni 0.004 4.606 0.546 0.324 0.176 0.101 0.013
nou 250.594 252.730 249.369 251.041 250.446 252.384 252.984
QUARTZ nig 250.598 255.730 251.478 251.307 250.584 252.429 253.034
qni 0.004 3.000 2.109 0.266 0.138 0.045 0.050
nou 250.895 250.326 250.924 251.374 250.704 252.674 248.683
QUARTZ NAa 250.897 253.836 253.341 251.981 251.141 253.029 248.840
gqns 0.002 3.510 2.417 0.607 0.437 0.355 0.157

o A d o ' o = = 4 o o o '
mnume JUinudaeds 8 Guian 2549 Uszinnsoond PICK UP mnzidousn u-9414 Unusiil (afessenaiion 6 Aunq)
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TuToRra

YA ( blank )

VUIA( stage 1)

VUIA( stage 2 )

YUIA( stage 3 )

VUIA( stage 4 )

VYUIA( stage 5 )

VUIA( stage 6 )

mi KCps % KCps % KCps % KCps % KCps % KCps % KCps Yo
Si 267.6 46.6 268.1 46.6 264.6 46.6 261.4 46.5 265 46.6 270.2 46.6 268.9 46.5
S 0.1 0.0264 0.2 0.0289 0.1 0.0242 0.3 0.0597 0.1 0.0205 0.1 0.0243 0.1 0.0251
K - - 0.2 0.0283 0.2 0.0245 0.2 0.0246 0.2 0.0249 - - 0.2 0.0224
5% Ca 0.2 0.0205 0.2 0.0229 0.2 0.0263 0.3 0.0409 0.2 0.0245 0.2 0.0243 0.2 0.0285
Fe 2 0.0542 2 0.0537 1.9 0.0518 2.1 0.0599 2 0.0563 2 0.0545 1.9 0.052
Cu 3 0.0575 3.1 0.0583 2.9 0.0557 31 0.0598 3.1 0.0595 3 0.0562 2.5 0.0488
Rh - - - - 0.2 0.0136 0.2 0.014 - - 0.1 0.0128 - -
Si 267.6 46.6 2434 46.5 252.2 46.5 255.2 46.6 258.8 46.6 260.1 46.5 202.1 46.5
S 0.1 0.0264 0.2 0.0491 0.2 0.037 0.1 0.0224 0.1 0.0232 0.1 0.022 0.1 0.0215
K - - - - 0.2 0.0297 0.2 0.0295 0.2 0.0253 0.2 0.0285 0.2 0.0286
20% Ca 0.2 0.0205 0.3 0.0334 0.2 0.027 0.2 0.0261 0.2 0.0229 0.2 0.0242 0.2 0.0253
Fe 2 0.0542 2 0.0614 1.9 0.0553 2.1 0.0613 2.1 0.0587 2.1 0.0597 2.1 0.0587
Cu 3 0.0575 29 0.0608 31 0.063 3 0.0598 29 0.0572 2.9 0.0566 32 0.0617
Rh - - 0.2 0.0156 0.2 0.0153 - - - - - - 0.2 0.0137
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M99 -2 (fe) o sznauvesngiinuluduazessninie ledesosudaa tnfuiomas luTedima 5 %, 20% uag 50%

VU19( blank )

YU1A( stage 1)

UYUIA( stage 2 )

YUIA( stage 3)

UYUIA( stage 4 )

VYUIA( stage 5)

YUIA( stage 6 )

Tulefewal s
KCps % KCps % KCps % KCps % KCps % KCps % KCps %
Si 268.1 46.6 270.1 46.6 274.5 46.6 274.5 46.5 274.5 46.6 275.5 46.6 274.6 46.6
S 0.1 0.024 0.2 0.0415 0.1 0.0233 0.1 0.0228 0.1 0.0238 0.1 0.0226 0.1 0.0252
K - - - - 0.2 0.0249 0.2 0.0263 0.2 0.0254 03 0.0307 0.3 0.0316
50% Ca - - 0.2 0.0244 0.2 0.0277 0.2 0.0241 0.2 00173 0.2 0.0221 0.2 0.0251
Fe 2.2 0.0603 2 0.0532 2.1 0.0554 2 0.0545 1.9 0.0512 1.9 0.0511 1.9 0.0514
Cu 2.9 0.0551 3 0.0577 29 0.0554 3.1 0.0584 2.9 0.0545 2.9 0.0546 3 0.0563
Rh - - 0.1 0.0127 0.2 0.0129 - - - - - - - -
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MANHIN Y

MIAUINHIUTUIUE15910 Stock Standard Gas

A STP (25 99AUBAUFUS | atm)

{ppb]l x V (ml) x MW
1,000 x 24.5

qal ng=

#1001
Benzene maimaqa = g/mol

AMVIVUYDA Benzene 10 stock = 990 ppb

USu1a571F 6.5 ml

UNUMIINGAT

g = 990 ppb x 0.5 ml x 78.12 g/mol
1000 x 24.5

YSurmars = 1.58 ng

M13190 ¥-1 MIAulsuIaasn1Ann Stock Standard Gas

V (ml)
NO Compound MW Stock (ppb) | 0.5 1.5 5 15 25
ng
1 Benzene 78.12 990 1.58 4.74 15.78 47.35 78.92
2 | Toluene 92.14 1000 1.88 5.64 18.80 56.41 94.02
3 | Ethylbenzene 106.17 990 2.15 6.44 21.45 64.35 107.25
4 | m/p-Xylene 106.17 1980 429 | 12.87 | 42.90 128.70 214.51
5 | o-Xylene 106.17 1000 2.17 6.50 21.67 65.00 108.34
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E: g 8 g
5 £
z.5 - 5 5 z
e S T 5 o s & 13 L
gij'ﬁ -1 Chrematogram STD
M3 -2 wui ldnsvesasuaigiu
Areca
NO Peak Name RT(min)
point 1 point 2 point 3 point 4 point 5
1 Benzene 3.45 1090 2005 5169 13895 28239
2 | Toluene 4.79 361 702 1926 6622 11745
3 Ethylbenzene 6.72 292 201 1262 5586 11077
4 | m/p-xylene 691 371 175 1411 8297 17053
5 | o-xylene 7.52 195 775 4712 10090
15000 y = 103.98x - 505.67
30000 y=341.77x-62.04 2
=m0 ) . 10000 R = 09876
g 20000 R =0.9858 :;.
! 15000 x 5000
s (n) & .
a ° 50 100 150 (ﬂ)
L] x 40 60 B0 100 -5000
ng "
y=123.93x-109.74
2 20000 y =80.674x - 10453
. R =0.9972
12000 15000 Rz =0.9817
3 0 g 10000
! () -
= 0 %)
a ® o o™ o0 00 1 M0 20
2000 ¥ =95.159x - 747.84
P 1£ R =09738
=
o ()

g'ljﬁ Y-2 f’l‘ﬂﬂlﬂﬂ‘igﬂ‘l BTEX () Benzene (V) Toluene (M) m/p-Xylene

(3) 0-Xylene (2) Ethylbenzene
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A3 U-3 Peak Area Y03 101TUI00UAAIDIAUN 1

. o Peak Areca
AU 1
1 2 3
Benzene 135371 39126 121037
Toluene 4329 414 (284258)
Ethyl benzene 54 - 21236
m/p-xylene 113 - 34158
o-xylene - - 11947

r o J "o °
Huome A1lurauau fe A1 Outliner Trivianduim
a g Y] [] ar @ =
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A19197 -4 Peak Area 9949 101H0T00UAAID019AUT 2

o o Peak Area
s (Aun 2)
1 2 3

Benzene 94975 145901 71607
Toluene 180459 291049 138288
Ethyl benzene 17195 24600 14479
m/p-xylene 34006 {66682) 34968
o-xylene 11664 23393 12533
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INANNSFUATIVONTIHLIATTIY Benzene Y = 341.77X - 62.04 SOUUARUT 1 tube

1 1 Peak arca U949 Benzene = 135371 Lmufiﬂuﬁums ﬁl&ihlal’

Y
135371

X =

= 341.77X-62.04

= 341.77X-62.04

135371+ 62.04

341.77

150115 Benzene = 396.27 ng

M3 1N ¥-5 U5u1maIA8 019

A Peak Area Y5315 (ng)
I 3 a b
M 1 2 3 1 2 3
Benzene 135371 | 39126 | 121037 | 341.77 -62.04 356.27 | 114.66 | 354.33
Toluene 4329 414 284258 | 123.93 | -109.74 35.82 4.23 -
1 | Ethylbenzene 54 - 21236 | 103.98 | -509.67 542 - 209.13
m/p-xylene 113 - 34158 80.76 | -1045.30 | 14.34 - 435.88
o-xylene - - 11947 95.16 -747.84 - - 133.41
Benzene 94975 | 145901 | 71607 | 341.77 -62.04 278.07 | 427.08 | 209.70
Toluene 180459 | 291049 | 138288 | 12393 | -109.74 | 1457.02 | 234938 | 1116.74
2 | Ethylbenzene | 17195 | 24600 | 14479 | 10398 | -509.67 | 170.27 | 24149 144.15
m/p-xylene 34006 | 66682 | 34968 80.76 | -104530 | 434.00 - 44591
o-xylene 11664 | 23393 12533 95.16 -747.84 | 13043 | 253.69 139.56

NITAIIUHINNNVNYUYBIT IS I0H1I

ANV IWTOINIAT STD (25 DIFUFAITU 1 atm)

add o r =
gUNJuNNUAIBYNI 21 oflalse e

ANUAY 1.03 atm

H = Qs r
nawm s lunsifudioee 20 w1

#9313 IMavB 301 ANHIL sorbent tube 0.813 ARSADUIT

1 .
31U UYSUIMIDINATIHIL Sorbent tube =

=~ 16.36 0R15

0.818 (AATADUIN) x 20 (U1A)
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3maseman STP

PV P2V
1INGAS =
T T2
(atm)V:  _ (1.03arm)(16.26L)
(273 + 25)K (273 + 21)K
V, = 1697L

151a501MAN STP = 1697 L

1T11A3715 Benzene WU = 396.27 ng

Y ,
AUV BVUYDIAT Benzene NN = 396.27ng
16.61L

23.86 ng/L

= 23.86 p.g/m3

¥
<t

i ]
g4 a 1 [ o ~ R R T Qs o
ﬂ'lﬁlﬂ'ljﬂ’Ji’]U'lxﬂUﬂ']ﬁTlﬂﬂﬂUﬁﬂ‘ﬂ\i’l 2 A 92315 Dilution AN 19AU AN

fufi 1 7004A Dilution factor phase 1 111111 30.444 191781 780 F119 phase 2 Wi 15.512 19
(3071 400 39

1180

AU 2 508UA Dilution factor phase 1 MM1AU 37.784 191901 780 5119 phase 2 118y 18.231 19/

3871 400 U

Dilution factor = (780x37.784) +(400x18.231) =11.15
1180

WUAD ANUAUYLYDY Benzene TWsafAUA 1 = 23.86 p.g/m3 x 25.38

= 605.57 pg/m’



M990 ¥-6 AN UTUTUMININNITNAABUIOOUA 2 AU

59

U USuuas (ng) ANNLAUY0IasA STP (ng/m’)ududiuea1s (ug/m3) x Dilution factor, ,
A5 Aunde | S.D.
1 2 3 | 2 3 1 2 3

Benzene 396.27 114.66 354.33 23.86 6.9 21.33 605.5 175.2 541.41 440.70 232 15

Toluene | 3582 | 423 - 2.16 0.25 . 54.73 6.46 : 3060 | 29.91
[Ethylbenzene| 5.42 - 209.13 0.33 - 12.59 8.28 - 319.55 163.92 182.15
mip -xylene | 1434 - 435.88 | 0.86 - 26.24 2191 - 66602 | 34397 | 378.36

o-xylene - - 133.41 - - 8.03 - - 203.84 203.84 -

Benzene 278.07 427.08 209.7 16.74 25.71 12.62 521.49 800.94 393.27 571 90 208.46
Toluene 1457.02 | 2349.38 1116.74 87.72 141.44 67.23 2732.46 4405.97 2094.31 307758 | 1193.85

2 Ethylbenzene| 170.27 241.49 144.15 10.25 14.54 8.68 319.32 452 88 270.33 347.51 94.48
m/p-xylene 434 - 44591 26.13 - 26.85 813.91 - 836.24 825 08 476.49
o-xylene 130.43 253.69 139.56 7.85 15.27 8.4 244,61 475.76 261.74 327 37 128.79
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Peak Area

w13 T4 s
339N 1 9337 2

Benzene 9263 6036
Toluene 17926 11644
Ethyl benzene 2045 1248
m/p-xylene 5704 2649

o-xylene 2713 1195
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M15190 -8 ANUITUTUA 90190 IN AT LD UUHINIAME NN EAT T1UIN 2 F1

Peak Area UTIweT (ng) {ng/L) .4 .

(3HP] a b AURAY(ug/m) | S.D.
1 2 1 2 1 2

Benzene 9263 6036 341.77 -62.04 27.28 17.84 1.61 1.15 1.38 0.32
Toluene 17926 11644 123.93 -109.74 145.53 94.84 8.57 6.12 7.34 1.73
Ethylbenzene] 2045 1248 103.98 -509.67 24.57 16.90 1.45 1.09 1.27 0.25
m/p-xylene 5704 2649 80.76 -1045.30 83.57 45.74 492 295 3.93 1.39
o-Xxylene 2713 1195 95.16 -747.84 36.37 20.42 2.14 1.32 1.73 0.58
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