Frequently Asked Questionson Diesel Emissions
and Diesel-Emission Control Technologies

1. What types of emissions are produced by diesel engines?

Like any other interna-combustion engine, diesd engines convert the chemica energy contained
in diesd fud into mechanica power. Diesd fud isinjected under pressure into the engine
cylinder, where it mixes with air and combustion occurs. Compared to gasoline- powered
engines, the lean nature of the diesd-air mixture resultsin a cooler combustion environment with
smaller volumes of carbon monoxide (CO) and hydrocarbons (HC). However, diesel engines
do produce rdatively high levels of gaseous emissons of nitrogen oxides (NOx) and particulate
emissions, often referred to as diesd particulate matter (DPM).

DPM is acomplex aggregate of materias that includes:

* Dry carbon particles (or soot) and inorganic oxides (primarily sulfates)

* A soluble organic fraction that results from incomplete combustion of diesd fud and engine
lubricating oils and tends to adsorb or condense onto the carbon particles, and

* A gaseous component congsting mainly of CO, NOx and sulfur dioxide (SO.).

Diesd particulate emissions tend to be very fine, with an average particle Sze of 0.04—1 micron,
and form a complex, respirable aerosol mixture. Implicated in arange of worker illnesses, these
pollutants are particularly troublesome when diesa-powered engines are operated in enclosed
gpaces, such as underground mines, construction zones, tunnels or warehouses.

While the tota concentration of pollutants in exhaust from today’ s diesel engines often amounts
to just afraction of a percent, this pollution source sill needs to be effectively managed through
better engine design and the use of emissioncontrol technologies that are designed specificaly
for this complex mix of arrborne pollutants.

2. How are diesal emissionsregulated?

The principa toxic gas compounds found in diesdl exhaust include carbon monoxide (CO),
nitric oxide (NO), nitrogen dioxide (NO2), and sulfur dioxide (SO,). Thetoxic characterigtics
of these compounds have been studied for years and are relatively well understood. Diesdl
emissons aso contain other compounds that may aso pose a hedth threet to humans, including
polynuclear arometic hydrocarbons (PAHS), nitro-PAHSs, addehydes, and other hydrocarbons
and their derivatives.



Diesd emissons are subject to drict regulations worldwide, and have become the focus of ongoing
developmentsin diesel emisson-control technologies. In generd, regulations related to diesel
emissons tend to fall into three categories:

1.

Tailpipe-emission regulations specify the maximum amount of pollutants dlowed in the
exhaust gases from adiesd engine. In the United States, the Environmental Protection Agency
(EPA) sets these standards, while smilar regulatory authorities set their own standards
worldwide. The duty to comply with tailpipe-emission regulations rests on diesd engine
manufacturers, who must receive certification that their equipment meets gpplicable emissons
threshol ds before such equipment can be sold commerciadly. For example, EPA requires that
diesdl particulate matter (DPM) emissions from dl heavy-duty engines intended for highway use
be below 0.1 g/bhp-hr.

Ambient-air-quality standards specify the maximum concentration of ar contaminants thet are
alowed in the workplace (typicaly as permissible exposure limits, or PELS), and thus impact
the use of diesel enginesin confined spaces. In the U.S,, these regulations are set by the
Occupationd Safety and Hedth Adminigtration (OSHA) or the Mining Safety and Hedth
Adminidration (MSHA), and by smilar regulatory authorities worldwide. The duty to comply
with ambient-ar-quality standards rests with the end user (for instance, the mine or warehouse
operator), who must make sure that the proper pollution-control equipment isin place to handle
dte-gpecific emissons.

Sate regulations sometimes set more stringent tail- pipe standards than the federa regulations.

The main driver often is the state' s requirement to meet federd air quality sandards. To better

understand how these regulations may affect you and your gpplications, Engehard suggests that
you check with your loca or gate environmental agency for pecific regulationsin your area.

How can diesal emissions be controlled?

Diesd emissons are controlled in two ways. at the source, through ongoing modification to
engine design, and/or through the use of add-on controls that treat the diesel exhaudt.

Add-on controls include both diesdl trgps, which rely on filters to physicaly remove diesdl
particulate matter from the exhaust stream, and catalytic pollution-control systems, which
destroy many of the pollutants in the diesd exhaust stream by promoting chemica changes that
convert unwanted compounds into more-benign chemica species.

What ar e diesel-oxidation catalysts?

Diesd-oxidation cataysts are used to promote the oxidation of many of the gas-phase pollutants
found in diesd exhaust. Such systems convert pollutants such as carbon monoxide,



hydrocarbons, the soluble organic fraction of diesel particulates, and severd hydrocarbon
derivatives, including adehydes and polynuclear aromatic hydrocarbons (PAHS), into smpler,
less toxic compounds, such as carbon dioxide and water.

Diesdl-oxidation catdyst formulations require a careful balance to maximize certain chemica
reactions, while minimizing others. For instance, today’ s diesdl- oxidation catalysts are designed
to maximize the oxidation of hydrocarbons and other gas- phase pollutants, while minimizing the
formation of secondary sulfate particul ates during the oxidation of SO2 (so as not to increase
the tota particulate emissons load).

Aswith many other cataytic air-pollutioncontrol systems, diesd-oxidation catalysts are
typicaly configured by depositing the active catayst materid as a“washcoat” on arugged
subdtrate or carrier. That substrate is typicaly made from cordierite (a synthetic ceramic) and
configured as a monalithic honeycomb. The honeycomb design combines high surface areawith
good thermd shock resistance and high mechanicad strength, and imposes relatively low
pressure- drop, even a high exhaust-gas velocities.

Catalyst formulations vary by vendor, and the exact nature of these proprietary blends tends to
befiercely guarded by their developers. In generd, oxidation catdysts for diesd emissonsrely
on precise blends of precious metds, such as platinum, palladium and rhodium, oxides of slica,
titania and zirconia, and base meta's such as vanadium, molybdenum and niobium. Substituting
base metas for plainum can help to reduce sulfate formation while maintaining the conversion of
hydrocarbons, carbon monoxide, and the soluble organic fraction of the exhaust stream.

What are particulate filter s?

To improve theremova of diesd particulate emissons, catalyst manufacturers have been
working to develop diesd particulate filters that operate in conjunction with catalytic converters.
While cataytic converters tend to focus on the gaseous portion of the exhaust stream,

particulate filters combine surface-type and deep-bed filtration mechanisms to collect particulate
matter from the engine exhaust stream during operation.

The chdlenge in developing commercidly viable trgps or filters for diesd enginesisto come up
with designs that minimize clogging (and the pressure drop that would result from a clogged
filter), and that can be thermdly regenerated, either periodically or continuoudy, to remove the
accumulated particulate materid.

To improve low-temperature regeneration of the particulate filter, severa catdyst vendors have
developed a catalyzed diesd particulate filter (CDPF), which incorporates a catayst that lowers
the soot-combustion temperature. The catalyst alows the filter to regenerate itsdlf by promoting
oxidation of the accumulated soot under exhaust temperatures that are experienced during
regular engine operation. To date, severa catdyzed diesdl particulate filters have been



deveoped, using both noble and base metd formulations, and have found early commercid
gpplication in underground mining and other dtationary engine gpplications.

What about NOx? (SCR systems)

Unlike HC, CO and PM, NOx cannot be removed through oxidation; it must be reduced. This
is accomplished by combining resdua HC and CO with NOx to form nitrogen, carbon dioxide
and water. However, since the diesd and some natura gas engines are lean-burn engines, the
excess anount of HC and CO are not available for this process and must be introduced from an
outside source.

For most lean burn engines this process requires the use of a selective cataytic reduction (SCR)
gystem. Inthe past SCR systems were gpplied to large stationary sources such as turbines and
indugtrid boilers. Recently, however, SCR systems have been applied to diesd and naturd gas
enginesin the US.

In ample terms, an SCR system introduces a reductant, typicaly urea or agueous ammonia, into
the exhaust stream of the engine prior to acatayst bed. The reductant when introduced creates
a stoichiometric environment alowing NOXx to be reduced on the catdyst. The SCR systemn can
be effective up to 99% againg NOx and has been primarily used on enginesin the power
industry.



