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Abstract

The primary objectives of the present study are to develop control technologies, examine
reduction efficiencies, and review control strategies for fine particulate mattess\PM
emissions of heavgluty diesel engine (HDDE) vehicles. During the study, our research team
has successfully developed a diesel engine dynamometer system, a digsdbigafilter
(DPF) regeneration system and an exhaust dilution sampling system. These systems together
was used to assess the reduction efficiencies of a HDDE equipped with different types of
homemade DPF and running on different waste cooking oil iegel blends (B2, B10 and
B20) under steadtate cycles (idle, low and medium load). The types of DPF under study
differ in the application of diesel oxidation catalyst (DOC), structure size and cell density.
Regeneration of DPF using diesel fuel and hgdrowas also evaluated.

The results show that the DPF are very effective in removing thg Rldss and number
concentrations in exhaust withdegction efficiencies of above 86 and99 %, respectively. In
addition, the reduction efficiency remains relatiwstable with varying biodiesel blends, sizes,
cell densities and the regeneration process. With all other parameters held constant, the
reduction efficiencies with increasing biodiesel blends are considerably smaller than that of
the DPF. In general, ¢happlication of DPF also has resulted in the reductions of particulate
carbon content, watesoluble ions and organic pollutants; nevertheless, the transformation of
PM, s chemical components between and within gas and particulateipmaeer complicte.

The use of diesel fuel for DPF regeneration shows a removal efficiency of up to 96% for
collected soot particles, though high particulate emissions were detected during the process.
In addition, successful DPF regeneration with hydrogen has beerdaautjén particular, the

no need of DOC and low exhaust temperature requirements make hydrogen regeneration less
costly and more universal applications, hence a promising method for DPF regeneration.

Overall, the present study shows that the-tmst, hgh-efficiency DPF are an effective
and applicable control technology. However, technology development and application alone
are insufficient to make upa successful control strategy. Other elements such as
supplementary measures and economic incentiveshal#e to be integratedto the strategy
This includesut not limited to:engine maintenanceghicle replacemenengineoperational
strategis, idle reduction technologiesleaner fuel useand the creation of innovative finance
programs to fund dies emissions reduction projectinally, in-use diesel vehicle emission
controls require continuing attention as diesel engines can operate over several decades.
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@ 2.3 7 p 2 ...(Emission Advantage, LLC, 2005)
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50%Y 75%Y 100% 4 YQx 12 _ . YqfFo #
o P 1l Y QX 13+ Y. 327HYy | . Apf O T
@) Apd O <Vi 5% Yu p 2 ~ Y- 0
/ 10, Apd O Vg AW =~ | ON@®Kop> 2
"HP A~ T Yz Awm Lt 20% ~> Z T HP A
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i P4 OA Km2 uY 1 ugd pEQA
COY THCY NOLY O  u b QK" 5 Yyn -
"Hv n A nn + Horiba MEXA-554GE Rosemount Model 951A NO/NO

Analyzet Z M MEXA-554GEA 7. & 3.37Hy |

2 n QRFQWU AR A Y uefdQIK
YH JJFWw L A¥n a2 Y 1 m3 L 2~20Y
2 w3 t 10-50Y w WL 20~1000 A
"HY | neJb 2t o 1 (residence time) f |
8% 95 8%
100
.-"'5% 10% O 5%
75 6 4 12
Additional maodes MD—O_C}
determined by
= certification
= personnel
m 50
=
—
25
15%
O
50 75 100
Idle Engine speed, %
3.2 13 Mode t
® 3.3MEXA-554GE 7
6 6
CoO 0~10Vol % O, 0~25 Vol %
HC 0~10000ppm AlF 10.00-30.00
CO, 0~20 Vol %
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PM and gaseousampllng

Partial raw |
exhaust
. Primary dilution tunnel
Dilution
' - — » To

air
pump

HEPA Charcoal

Secondary dilution tunne |_|
pump H
Compressed

PN sampling air
PM: particle mass
PN: particle number
HEPA: high efficiency particulate air filter
3.3 A
32¥ R as
C R QReALQ YPMy L 3 By o &  AVYo
n o 3 K m o &dMXK n x | ¥ soluable organic fractioh
SORY T o 2Y " RQi a 1 YPMOD u MK HX
| D u Y o ol QKY Ma PM OY~" 1 YOU PM
UMK fX o> oY oi QN Lz£A o oi Q€E»d
KMe SMPM20~50% OY/N ~ {i 0 " , [ oM
"Hz2 MY o YSOy¥ oWNDT o Y SOy WD Tl
Qo 7 QL
3.2.1 L (o]
At /i 19 PM O ' ACHAY 0”0 HWs A
YDN 2YX "R 5 MAE LK HX l B
Af Y. 34Hy) © I QK 70~90%Y u YDNAD
4 35"Hy Y Y. t ¢
A. A4 ¥ Flow-line interceptioy € ~ § i S Y YZ
na Yo Y €A o)) HeE. 4 WA
1 YT Yuf HE 0Zo)
B. x4 Y Inertial depositiog € = § i & Ya Nz A Y
St ~m 'YDNa €A Dy DYyv ”
IR T DNa HA Ov S Wan opy
%)
C. 4 ¥ Diffusional depositiog Z O Y Y Q00U
5 nl A ~ XK \% T HoM 4 WA
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0OQH 0™Q D2YZowu, & 347Hy | Dzx 3 Y
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DNADwM

S10:

S0+1%

M203

35+1%

MgO

15+1%

Fe:()s

<().55

CaO)

<().5%

N20+K 20

<0.3%

D
FEESE %, —=85%
FL B Fl/inch? 100
¥ = mm 0.741%
Fd 7L & % 65
= =54 g/cm® 0.5
W fL X % 45~50%
i FLFL E um 2~3
I 25~30%
HEZARIFEL | 10-7/(800°) 15~18
ok R E c 1360
orEE EOE AR 12
B Al 4
Bt = | 1A m*/g 5~10
g B R mm B 2ME 240115
THE 30511 9%
B. DN DNA <y 1§ é GOl X A
A Y3>vwn _ A T HA, é Y 36™Hy | "H
A zX A YKYW qW A AF Y ouedny
qW+ DN o} DNTWhYz
X - yvia E uA ] DNTuYz
X < Y 0. YWOIEER f L
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J ’ DNov 0 4yi A 13> BX
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| Y)Y KW i "H NA YZ I QK  98%W
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322q NN

O &M QpEFEQ A YK B 85%mgVT"
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I QY kKBXYT L TAYROT i A T PMas® T A
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1 Ql
Avno " ntv Qo w _ 0 I QA Y
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3 Vil e A
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5 qWN SqgNY HRqWw
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N s Fo 100csié 200cs¥ 1° 1,° TWEG < G y29§20YN°
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L Avn 0 N 0 QA L
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4. N

[ ¢ ~ f B2y BIoy B20OA NYW " AN X ' K NA-F
nYNW "HH OA 8BK u oy «YVWANKHA gH XYAY
AY NmAAQq2 n—K 1 YN "HYz " f YvaWw
" [} By¥B1GyB20A N'H MNAD {1 W om LA B20 B100
nN- 1. ® 38
®» 38 A . F Wﬂ 7 N
3 B B20 B100
Troo 55 54.4
- mg/ml 852.0 880.5
- cst 3.592 4.359
o 213.1 320.0
10% v 250.7 326.5
50% v 299.5 331.0
90% v 342.3 337.0
95% v 353.0 341.0
0 v 355.4 348.0
ppmw 15 2.1
1 cal/g 10654 9562
a 1 cal/g 9965
Wt% 83.4 74.71
Wt% 12.58 11.55
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38"Hy | Avn no qUMA [F qlY 3> "Hy i
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q

As YOO &KWIeqNA <Y wogn H A |
oY AW . oYHg XK 1 Ao ° 7 YH3TOWR w
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@ F1AqM b

) q Yooy 9 m NVYv A Y & =
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3.4.1 PM,5 =
Avinvin PMas Mu & 77 2.5Wsgm Yéu
> VA N P EYVZS x ° 10+£02Lpm BY
o"vn o uy YWo L N7 0o Dd2uwnél
0 > 94 ~23°3°Cy1 - 40°5%NT M 24H>
1V kK B oyv ) ¢Yu T A Vu* E€ESME ESM
Ne$Q~ ° A JY LN 7 23°3°C 45°5%1
P > Ty " v i Mettler Toledoe @ Hp Y £  XR105DR
MwpX Y 1w N -K3 10ngY LN = 94 < 23°37Cy
T - 40° 5% T 24 LYq P L AT A ay
W AP T8 O T =)
34.2 e T unXnt
« " mX van n -=un~  (sequential mobility
particle sizer, SMPS+C, GRIMM model 5500 ¥ © ~ a JUB 3 ne
(differential mobility analyzer, DMy, o (condensation particle counter,
CPC) DMA K ) t 0.0067 1emY Z M CPCXK -0 YD
t 10" particles/cn], ~ £ DMA+CPCMZA = WY/ &9 4 Vv K
G - “mX AY  t CPCN WY/ é 1n Vv K C
- A>T noi WYn L R0 |, SMPS+C
A y . 3.8"HY |
Qv i 5 = QH U K M olYYd qf
YAvwnvR (rotating disk thermodiluter) dM
-Nné | o~ xz9 4s YC nw £ ai 5Y
¢ < Wi dnzs 5 12 / 20 A b A
5 5 i 9 5 Yo B Ai Q( 39 0~
\ t 1530007 n 10-1000 nn¥ u K 5
F 3150CYH = & <Y g9 §&m T on Lemy
1 N X X (thermal conditionelj K L & q
nNF 3 400CY~ B Ao Q AI QL. "YAvwn'H

M 0O~ LET (solid particles)
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exhaust gas to pump

— T
to sensor particle-free
dilution air
39 (rotating disk thrmodiluteF) 1y

343 Mz n e

"AR O MA 2z uéo” g2 ina wné (Heraeus
elemental analyzer CH®-Rapid) P n é¢ YK w & Ma (EC)y
(Total Carboid TC)Az | Zmnmeée A .. 7 MAX o0, Q 0

LY B"H d9A (Ag-wool)y Z© o "Q (B q lead chromate )Kk
7 MA 4 L 0Q Q J~MDA o0QYY o ukw

qwm 4 A 4 YZMRRO 9 A4 > Vv ] Mg A
HE (T HOX Af Wi)n Mg A" /o "W ti
COY 30 0’y 42 &L 0011 BS t Hel >

9 o Y ti Z°86 Nn)ud £ ANyYd N, Hei

(Thermal Conductivity Detector, TCD)YV K Z 1

R 3 Y pz a A MUK 30 COy HO/ K2 i nn ¥
3 85°Cuy 250°CYv Z LYq O Hei 3 TCDY Z'H M

P plLa wné¢ Wg ° (Acetanilidel N=10.36% C =71.09
%y H=6.71% O =11.80 %) t YWEpz i
(TOATf ¢ b T LYa 2x1cmA A" Oa wunt
PMEYITH N 1ve | 7 YE® TTE YH OO
ve E® > 7 LTnNJvit ; M"Hz I ] a (EC)
Af ¢ba 2x1cm ~ y A O 26cny3 B 13cmAY +
BYu 9 90cnys  15cny t 159cniAY Mg yqgwm 340
Cy 0.5 IpmA O, Jut 80m YW X Y udLgon
a né né ECYq EC ~ 5 E6 A'Hnép EC ~ Ygq o
WE €8 ECA el X (OCAf b, TC=0C + E¥ 4 x
Az Vv ¢ a mij
344 MR 1 | Mné
W Dionex DX-600 | € (lon ChromatograpMiC)u £ i 6 :
A 1 2] 5 PMps AY sy L 0
ny 1/2 ‘09 PE MYF 9 10.0mLN  KRY % EY 9 YA
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a (Branson 521@) a90Mm YqWwo.2MNem Y
LM & gx A 15mL Yo4-18°cnmy B | OY 9°Q
yY Buésq ; d4Ccnm B MD YadICuéy
| W lonPac AG14uy AS14 (250x4mm ID) Anion SelfRegenerating
Suppressof(ASRSultra I € Yun € A | By Fy Cl'y Bry NO;y NOzy
SOL 1 €W H Cn PYQaAn 500 nLY o + 0.5mM
NaeCOy/0.5mM NaHCQYH w2 & + 1.4ni/min, ¢ uYqW 25 ¢ LY
W lonPac CG12A; CS12A (250x4mm IB) Cation SeKRegenerating Suppressor
(CSRSultrally £ Y zx2 £ 20mMMSAYH 2 3 £ 1.0 mL/minY n €

B3 Na'y NH'y K'Y Mg*y CE& TR 1 |
Avin ,unén,’ ., =~ pd o ; ari
/Y LWICué Ri 0 nv Y uwé 5P
(Calibration airve)Y U A V =003
ANt aA 9124N10° <Y'H MAA uY Yqgon’ Hk CHAE
T YZ 471 .. r€u 0.9950Un M\

345 M PAHswu ¢

Avinx »{Qz PAHs, PCDD/Fg PCBy PBDD/F§ PBBsL PBDES)
n

.0 N nnay 2t XAD  PUFIM A P QQT
51 - L R 08 O M ATl y Yu' L
m (M&C TechGroupGasconditioning, PS$/3) vd 1 Lf &1
«c0qQ A QQ 0 @ Palfexe @ NY Y' " £ 90 mn¥
> J] 0 Wk won ) 09 | (47% RH)

M¥ 24H» Y g W Sartoriuse @1 T w¥ (£ + CP225Dr X8
wx) Y "y VK P 1

MX p3Qué> o 31I0°HYy Y .t ] 0
e % a ( 16cniYyB” 4cm)MY a At N A nA + 300
mLYB 250 mLAEA Y &4 24Hx Yé Hx 4+ ] auy LY

a my ] a w - BT A | &bTAY.. W

& bi ;39 15ml,° @vals> YnAEA o 0 W

kKl Ned@QMNL 2mLN ANY o BqF Y 25mLMNAA
Ha Mg M PAHsY q W 10mLMNg ¢ 200 mLM £A
g o MYOtTP | o L o LT gw &bl 3

0.5mLY 0 Me BYW GC/MSu ¢ |

3.4.6 M PCDD/Fsy PCBgy PBDD/Fsy PBBsu, PBDEswu €

B GC/MSum ¢ N GChH 3 6 dram - YFY 7mLN
AA Yufd9g - ; UW  AS30p, qF 9 4mLT YW 1A
S 10mip uyd 24MAA ' 3 f° my 5

Wd LYqWw (5 mLil *2)EA 3 o ®WMYqgq® 20 mLEA =

o o My o § | Yu My i . | L
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@ (2 mLAI *3)EA My 3 o M 7§ 10 mLEA
YWoKI y¥y25mLAEA y15mLy o6 /[EA (4196, viv) Y x

4 | 0 MY | Y1 u Mz X7 %Y £ PCBg W 25mL Y
6 [EA (40/60,v/V) xa 0 By o | O Yu
3Q |¢ 0 - | L ® (2 mLi *2)EA My

3 / E Wqwsmoé /6 /g ¢ IEA (5/5/10/80, viv)
d b o ®MYGowxp ', WO 6dram MY" wuz%1£E PCBy

PBDEg 1, PBBY q W 50 mLo ° o b A By| O0X%A Yo
7 1t o 3Q YgWw SaGAN 7 YW 6Db3
Q YFY4 roo ; UW RS 15 uly/ p méY'l wnz\X
PCDD/Fsl, PBDD/F§ z X % Y £ PCBy PBDEy 1, PBBsMI 6dram Y F
4 PBDEs | ; UW  RS15ulY/ p HRGC/HRMSHu ¢ |

| Sampling [ 5 acided (PCDDIF)

Soxhlet extraction
with hexane

«——*C-labeled IS added (PCDD/Fs,
4 PBDD/Fs, PBDES, PCBs)

| Silicagel column

¥

GC/MS analysis
(PAHS)

Sulfuric acid cleanup

| Acid silicagel column |

Elution with 20mL hexane

| Aluminacolumn |

————— - 10mL hexane discard

‘EI ution with 25mL hexane
Fr.1 «

Non-planar Elution with 15mL

PCBs/PBBs < DCM/hexane (4/96, vIiv)¥

A

Elution with 25mL
DCM/hexane (40/60, v/v)
Y
Active carbon column

Elution with 5mL
Toluene/Methanol/Ethyl
Acetate/hexane

Fr.2
Fr.21 PCDESPBDES | (5/5/10/80, viviviv) v
l¢— Planar |« -+ . .
PCBYPBBS and Elution with 40mL Toluene
planar PCBs/PBBs v
¢ RS added (PBDES) Fr.3
PCDD/Fsand [«— RS added (PCDD/Fs,
HRGC/HRMS PBDD/Fs PBDD/Fs)
analysis
(PBDES) i
HRGC/HRMS
analysis
v N HR;‘;{;‘;""S (PCDDIFs,
(PCBs, PBBS) PBDDI/Fs)
RS added (PCBS)
3.10 MX p37Qué> %
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Avn No™ LW By y u €&y y yny
w NY ARf &M yESIXADHEQN O 74 i 8
3109 0 oY -~ n" AR 3 tY KZ vy
PMys O N DA | NAo~ w as0 BYJ] A
IA wn nvn wy r n Yy L ®2 WY " A 3
5 , 311 "Hy | V ] N YAvYnN M
3 "HAB3'8 3 yi oy w Az ) Mo
Q O ff By ~uX dumnéy M 3 By ¢ N
QR EQR (UN-ECE Particle Measurement Programme) -
AY un ’ " u & CJA (2007 HeawyDuty Vehicle Engine
Rule),
— ’ — Office of Transportation and Air Quality
A . . .
A —— National Clean Diesel Campaign

B —— Diesel Retrofit Technology Verification

L1 National Vehicle and Fuel Emissiohab

—H F N T ® Cal.Air Resources Board

—|: SoCal Air Quality Manag. District
— & — Vehicle Technologies Program
H ANWYN O

S E

{ Coordinating Research Council, In

SAE International

311 EMN NWw W
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(2). i 7
Avin™H A i+ HinoA WOBE fji Yt = SNAT P
"wi Y & 60l4ccY € 2 165p¥t B WA Ri YZ 7
6 4.17Hy |
& 4.1 i g
3 i
[ Hino
i £ WOGE
op £ " wWr op
4p
o COn > )
B | 6014c.c.
€E & 2 165 Ps@ 3000rpm
€ 0 2 42kgt m @ 1800 rpm
A PRI 1o 7 SCHENCKW230 i 2 Y
£ENy . O®A42HYY €f] 2 230kwy 7500 rpnY KX i
£ i 2Y p vl
6 4.2 2 g
2
i i
SCHENCK € 7500 rpm
2 £n W230 €f| 2 230 kW
) 472 kg € 2 750 Nm
(2). )
43w . Yw i A & YrAN A TOAT
P Y t 750 rpmi o » +t 1771.98 LPM 1800 rpm
25% 8 » t 5114.21 LPW 1800 rpm 50% & L

5108.08 LPM
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A > i HJ21KE P Y 44"Hy Y Z Y t
2le y Y t 0.13 Y Kw n wuy B A o]
>R W MR to t 750rpm 1 t 9.25 g/miry

1800 rpm 25% i t 102.93 g/mix 1800 rpm 50% 0
£ 148.25 g/mif

oné
i &4 OA Kuz wY ¢ Gpé& =&dQA  YHq COV
COY THCY O] u &4 QK" 5 Yyn - YAVWnRA "Hy i
A n 1 t Horiba MEXA-554GH, Z M MEXA-554GEA 7. & 4.3"HYy |
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@ 4.3 MEXA-554GE 7
) )
CO 0-10 Vol% O, 0-25 \Vol%

HC 0-10000ppm | A/F 10.0630.00
CO, | 0-20VW0l%

(o
o i B8] mulN &x YOU A T Goy

& N bIEY'HW 1 5 YOu u A b HY K
P

3).

4.6+ A Yo utt nu y o (DOC u
A (DPFY’ > Lmno - 7 Wo B R Y
> L / &£ COy HCy COy NOI 3]
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4.6 A
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T o f OA VG YT ViAGCaer LY
"H ot WA DY"na H MA K Y1 tqgqwn |
A I QNVY Ad nunX oYgh: A
Y A B Al Q] A "Hy n A Yo~ o )
AV N v K 8 I QYK’ ®Ydn Y

qWL OIXY Adn Y Yo K f nend qW
T @ nunA L
(b) o (Diesel Oxidation Catalyst ,DOC)
0 Né xt' nYZeéJ/b ®44HYYT e /by + 240mn¥
<t 100mn¥ M 3 AE" t 2mmx2mnY g 100mn¥ ~ E E
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