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Introduction

US EPA and California Air Resources Board (CARB)rpulgated
new stringent emissions for heavy-dayetiengines,
which limit the PM and NOx emissions to 0.01g/bhp(@s of 2007)
and 0.2 g/bhp-hr (as of 2010), respectively. Ireotd achieve such
ultra low PM and NOx emissions, a preferred appraa¢h combine
diesel particle filter (DPF) and selective catalygduction (SCR)
technologies.

Bioavaliable soluble and particle bound metals cahafm to
human health. Metal based catalysts have beeniugee after-
treatment devices to reduce the emissions. Reties suggests
elevated ambient levels of platinum group elem@P@&E) since
introduction of three-way catalytic converters garsoline vehicles.
There is a parallel concern metals will be reledsau the after-
treatment devices from heavy-duty (HD) vehiclesthia current work
we present a comprehensive profile of metals eorissirom several
vehicles and after-treatment devices evaluatedeaCalifornia Air
Resources Board's Heavy-duty Diesel Emissions [asoratory
located in Los Angeles, CA.
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Figure 1. Experimental Setup. PM Samples collected by bulk filter
A, B and C were analyzed for total trace elementss and EC/OC,
respectively. PCIS A was analyzed for size-resototal and water-
soluble elements. Samples collected by PCIS B awer€ archived for
further analysis.
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Experimental

Four heavy duty diesel vehicles in seven configaratinclude various.
types of diesel particle filters (DPF): catalyzediain-catalyzed,
passive and active DPFs; prototype vanadium- oiteebhsed
selective catalytic reduction (SCR) systems, ahglmid diesel electric
drive vehicle fitted with a catalyzed DPF. Threeleg were tested,
50mph Cruise, UDDS, and Idle. Not all vehicles weessted on all
three cycles. ULSD was used. Fuel and engine aiéwellected for
chemical analysis.

Veh#1 - Los Angeles Sanitation Transfer Truck.

Veh#2 - CalTrans Truck equipped with

Veh#3 — El Grove School Bus, Retroftted with

Veh#4 - Jaoquin RTD Diesel Hybiid Electric Bus with
JM CCRT®. Cruise and Idle not tested.

Tested in four different configurations. Engelnard DPX (Catalyzed DPF). a Clesire Horizon electrcally regenerated Trap.
Vehicle Engine [AT]
Curb
Weight GVWR Tested Wi
Vehicle Number Make Model Year Miles (b) (b) ___ (b) Model Year Size [L] Rebuildt / Repower Make and type Desription Miles on AT
Veh#1, Baseline Kenworth T800B 1998 374000 26,640 80,000 53,320 [ Cummins M11, reflashed 1998 11 none none na
Veh#1, CRT® Kenworth T800B 1998 374000 26,640 80,000 53320 | Cummins M11, reflashed 1998 1 JM CRT® DOC + DPF 64,000
venis, v-SCRT@*  Kenworth 8008 1998 360000 26640 80,000 53,320 | Cummins M1l reflashed 1998 1 IM SCRT® CRT + Vanadium SCR 50,000
Veh#1, Z-SCRT®* Kenworth T800B 1998 360000 26,640 80,000 53320 | Cummins M11, reflashed 1998 11 JM SCRT® CRT + Zeolite SCR 00n SCR, 50,000 on CRT
veh#2, DPX International 4900 1999 40000 15030 27,500 20,920 | International DT466E 1999 76 no Engelhard DPX Catalyzed DPF 30,000
| Veh#3, Horizon Thompson SafetyLiner 1988 325000 22,200 36,200 26,720 Cummins 2003 59 RPW at 275,000mi Cleaire Horizon, EGR Uncatalyzed DPF 31,000
[Veh#4, CCRT® Gillig (35ft) with Alison Hybrid Drive 2007 1000 27.500 39,600 30,200 Cummins_ 2006 5.9 IM CCRT Catalyzed DPF 1000
* Prcatype system, ot a commercial unit 5 "
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The baseline vehicle %, z - range (Dp<0.2fim) and the other peak is around 1.0 to

emitted overall total trace ¢ H s 2.5um. Fe was seen mainly in the fine particle range

elements (excluding
sulfur) of 0.44+ 0.02 mg
km™ and 1.68 0.87 mg
km™ at cruise and UDDS
cycle, respectively. The
overall emission rates of
total trace elements from
retrofit vehicles
(excluding CCRT and
Horizon) varied from
0.01+ 0.01 mg kni

(DPX at UDDS cycle) to
0.09+ 0.06 mg kni

(CRT at UDDS cycle).
Trace elements as a
percentage of PM
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a. Three repeated measurements were oblainedsorine averages
and standard deviation based on three repeatedimeaasnt.

b. Total sufur s excluded to calculate the tatisments as a
percentage of PM.

== Total sulfr

for the retrofit vehicles are comparable to theetias vehicle (less

than 1%), which could be due to the similar trehceductions of PM

and trace elements. The retrofit vehicles signifigereduce the
emissions of the overall total trace elements (>&5%h95% for
cruise and UDDS, respectively) when compared tdtseline.

Figure 3 — Emissions Rates of Selected Elements.

The vehicles with only a DPF (i.e. CRTDPX, Horizon and CCR)
were efficient at reducing almost all the metalsegt for Pt
emissions during both the cruise and UDDS cyclée DPF+SCR
(SCRT"s) also showed substantial reduction of most metaigas
statistically significant for the V-SCRTduring both cruise (5616
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Figure 4 — Fraction of Metal Compounds.

The baseline vehicle showed consistent and similar
fractions of metals at both cruise and the UDDS
cycle with Ca and Zn dominating. The distribution
of the fraction of metals is substantially differéor

all retrofit technologies, when the cruise and UDDS
results are compared. While not shown here the
cycle type plays a significant role in the profile
metals emitted by a diesel technology.

(1-2.5pm. Copper predominates at the particle ranges
of 0.25-0.50um, suggesting that Cu was real lease
from the system. Ni showed a bi-modal distribution
both SCRTs at UDDS cycle.

Fig 5

2scara cuse

2scrT @ ueos

vscar g uoos

Parico ize (0, um) Parictoize 09 um)

25081 cne

o 1

Tooor o1 1 o

2scRT @ Cuise

zscrT@UDDS

a0
20
oo o1 1 0001 YR o
Paricie St (09 i) Pasiie st (00, um) [————
) copper
12000 vacRT @ uocs 2scRT @ Cuise zscRT@UDDS
1000
w0

chy—‘,

265.4 ng knt) and UDDS (209.4 120.0 ng ki) cycles. The Fig4 |
presence of Ti and V emissions for the V-SCRillicates the EF:mg kml 40 006 O UZJDDS 01  0.0090.004 0.001
possible release of catalyst washcoat from the SGRm during 1.
high temperature event (cruise cycle and UDDSgit Bnhgine load). 0.8
We also observed elevated platinum emission ratethé catalyzed g o6
retrofit vehicles (1.3 0.6 ng km' to 4.2+ 3.6 ng km') as compared § 04
to the baseline (080.1 ng km') during the cruise cycles. However, 02
those values are still much lower than the emissites by three-way 00
catalytic converter (TWCs) equipped gasoline veisi¢lL0-100 ng Baseine CRT V. 2 DPX Horizon CCRT
km) SCRT SCRT
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MSAT=mobile source alf toxic metals (e.g. Cr, M, 6d, Pb)
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See also at AAAR

9A.1 Thursday 9:20 antChemical Speciation of PM
Emissions from Heavy-Duty Diesel Vehicles Equipped
with DPF and SCR Retrofits.

10A.3 Thursday 11:15affoxicity of Particulate Matter
from Heavy-Duty Vehicles Retrofitted with Emission
Control Technologies.

10A.5 Thursday 10:45 anhonic and Organic Speciesin
PM Emissions from Advanced Technology Heavy-Duty
Diesel Vehicles

Figure 6 ~Water-soluble Fraction of Metals.

The inter-element trends in the water-soluble foacare
generally consistent, even across different eleatent
groups such the alkaline-earth and transition raetal
general most of the metals emitted from the Z-ST&®
more soluble than those emitted from the V-SCRT

1.0 1os
= V.SCRT-UDDS
— 2 SCRT-Cruise
== 2:5CRT.UDDS

Summary

all the DPFs significantly reduced emissions of tatate
elements (>85%). Catalyst metals were seen released
from the after-treatment devices at low levels. For
example, the vanadium-based DPF+SCR vehicle during
cruise operation exhibited higher emission rates of
vanadium (562 265 ng kn) and titanium (584% 3050

ng knt?), suggesting the possible release of SCR washcoat
(V,05/ TiO,) from the catalyst under high temperature
conditions. During cruise cycle, vehicles with ¢atad
aftertreatement emitted higher levels of platinum £

0.6 ng km-1 to 4.2 3.6 ng km) when compared to the
baseline (0.& 0.1 ng km'). For the DPF+SCR systems,
Fe-zeolite-based system showed a higher waterisolub
fraction of the emissions of most metals than vamad
based system.
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