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Diesel Exhaust Aftertreatment Systems  
 

In this section of the update we are going to discuss Diesel aftertreatment basics. It would 
take a whole course to cover all of the specifics of different models. Therefore we are going to 
be generic in nature in the systems we discuss. But you will find that the principals apply to 
most all of the diesel passenger vehicles, light duty, medium duty, and heavy duty systems 
even big rigs. Our focus is on vehicles that are less than 14,001 GVWR. 

 
All internal combustion engines produce pollutants such as CO2, CO, HC, and NOX. Diesel 

exhaust, when untreated, also contains significant amounts of particulate matter (PM). Major 
Diesel emission reductions were implemented during the 2007 Model Year. Lower levels of 
PM were primarily accomplished by diesel exhaust aftertreatment systems.  

 
These systems are very common, and making their way from the dealers to auto techs 

everywhere, it would be good to review the basics of how these diesel exhaust aftertreatment 
systems work, how they can fail, and the effects of failures. 

 
While devices like Exhaust Gas Recirculation (EGR) aim to reduce the formation of 

pollutants during the combustion process and Crankcase Ventilation Systems prevent 
crankcase vapors from reaching the environment, diesel exhaust aftertreatment systems aim 
to reduce pollutants after they are produced. 

 
Before we get into each system here is a list of terminology and a brief description of the 

aftertreatment devices.  
  
• DOC: Diesel Oxidation Catalyst, located in the exhaust after the 9th injector (if 

applicable) and before the SCR, produces heat for DPF Regen while converting 
hydrocarbons and carbon monoxide into water and carbon dioxide. 
 

• 9th Injector: Fuel injector, located in the exhaust before the DOC, raises exhaust gas 
temperatures during Active Regen. 
 

• Soot:  A byproduct of unburnt fuel, it is also called "particulate matter". 
 

• DPF: Diesel Particulate Filter, traps soot in the exhaust.  
 

• Regen: The process of burning off accumulated soot in the DPF.  The soot is converted 
to ash.  

 
• SCR: Selective Catalyst Reduction, located in the exhaust after the DOC and usually 

before the DPF, converts NOx into nitrogen gas and water. 
 

• DEF: Diesel Exhaust Fluid, used to treat NOx emissions, sprayed in the exhaust after 
the DOC and before the SCR. 
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Diesel Oxidizing Catalyst (DOC) 
 
To start with, most diesels have a DOC or Diesel Oxidizing Catalyst; early models and 

Federal vehicles may not have any aftertreatment device. The exhaust enters the Diesel 
Oxidizing Catalyst (DOC) where HC and CO emission levels are reduced; this oxidizing process 
is similar to what occurred in the two-way catalysts on gasoline cars of the mid-1970s. So we 
don’t need to spend much time on this item. There is a difference in that on a diesel it is also 
commonly used to help create heat to clean the DPF or Diesel Particulate Filter.  

 

         
 
 
Inside the Diesel Oxidation Catalyst, unburned Hydrocarbons (HC) and Carbon Monoxide 

(CO) are converted to Carbon Dioxide (CO2) and Water (H20). This process also creates the 
heat required for the DPF regeneration cycle when excess fuel and Oxygen are supplied to the 
DOC. It is not a three-way converter therefore NOx is not reduced and Particulate Matter (PM) 
passes through the DOC.   
 
NOx Absorption Catalyst (NAC) 

 
There is another type of catalyst used on some vehicles (like the RAM trucks from 2007.5 

to 2012 model years) it is the NOx absorption catalyst. This catalyst predates the selective 
catalytic reduction (SCR) system (which we will discuss later). In ideal conditions, the NAC 
captures and stores harmful NOx emissions during lean engine operation and converts them 
into harmless nitrogen and oxygen gas during rich operation through a catalytic process. The 
NAC requires a short 3-5 second regeneration process to occur every few minutes in order to 
remove sulfur deposits from the catalyst. 
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Diesel Particulate Filter (DPF) 
 

A diesel particulate filter, or DPF, is an exhaust aftertreatment device that traps 
particulate matter such as soot and ash. A DPF typically uses a substrate made of a ceramic 
material that is formed into a honeycomb structure.  

 

 
 

Oftentimes, blocked diesel particulate filters are caused by short journeys at low speeds. 
Vehicles operating at low speeds on short journeys are unable to meet the requirements for 
the filter to clean itself. Filter blockage can be caused by the use of the wrong type of oil, 
performance modifications, using low-quality fuel or even running the vehicle frequently on a 
low fuel level (most require a certain fuel level before active regen). A non-working EGR can 
also cause more soot to reach the DPF. So an EGR delete can cause the DPF to need cleaning 
more often (that is unless the DPF has been deleted too!). Most particulate filters have a 
system to measure the pressure differential of exhaust backpressure IN compared to exhaust 
backpressure OUT.  

 

 
 

When this pressure differential exceeds a defined limit indicating excessive soot build up, 
the ECM will put the system into regeneration (Regen) mode.   

 
 

This soot must be periodically burned 
off to regenerate the filter.  

The regeneration process burns off 
excess soot deposited in the filter, which 
prevents harmful exhaust emissions and the 
black smoke you commonly see emitted 
from diesel vehicles when accelerating. 
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DPF Regeneration 
 

Passive or Spontaneous: This occurs whenever the load and speed of the engine produce 
temperatures approaching 800°F, and it burns off the trapped soot as the vehicle operates.  
So pulling a hill with a load would usually produce the conditions for passive regen. 
 

Active or Dynamic: If the normal driving conditions do not produce high enough exhaust 
temperatures, the DPF becomes loaded with soot, which is indicated by its pressure sensors. 
Active regeneration is then required.  

 
Active regens requires additional fuel to be sprayed through the 9th injector or an 

increase in injector on-time to raise exhaust temperatures high enough to burn the 
accumulated soot.  For example the ECM may be programmed for an active regen process to 
initiate once 42 grams of soot have collected in the DPF or after 700 miles without active 
regen (whichever comes first). DPF temperatures during an active regen will quickly climb to 
1000°F or more in order to quickly burn collected soot off and allow the DPF differential 
pressure to be reduced to acceptable limits. 

 
Neither active regeneration nor passive regeneration requires input from the vehicle 

operator. 
 

Manual or Service: This type of regeneration occurs only when the vehicle is stationary, 
and it requires action on the part of the vehicle operator.  

 
 
Some vehicles can be put into forced regen by the operator using the vehicle’s controls. 

But if the system has gone into “Limp Mode” or “Default Mode” this requires the use of a scan 
tool commanding a service regeneration using an output control function of the scanner. 

  
The vehicle will need to be parked outside the facility and away from nearby objects, such 

as other vehicles and buildings, due to the high 600°F or more exhaust gas temperature at the 
tail pipe during regeneration. 

 
DPF Regeneration is something your customer needs to pay attention to. If ignored, the 

vehicle will go into the Limp Mode where the vehicle may not operate over 20 to 30 mph. This 
typically is when it is restricted by more than 45%.   
 
 
 

The DPF warning light will illuminate 
on the vehicle dashboard warning the 
driver that the DPF is in need of a regen.  
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Selective Catalytic Reduction (SCR) 
 
 Selective Catalytic Reduction or SCR is a post-combustion technology treatment for diesel 
engines, which reduces NOx. This technology was first introduced in the 80’s; power plants, 
cement , waste incinerators, glass factories and refineries have been utilizing an ammonia 
based reagent (re-a-gent) in a stationary SCR system to reduce NOx emissions in the 
atmosphere. The SCR system has been adapted to diesel vehicles.   
 

Instead of ammonia (dangerous and not easy to handle), the system for vehicles utilizes 
Urea diluted in de-ionized water. Almost all of the engine manufacturers use this technology 
to meet the requirements for NOx reduction.  
 
The main components of the SCR system are:  
 

 
 
Above is an example of Ford’s SCR system. After the exhaust stream leaves the diesel oxidation catalyst, the 
selective catalytic reduction stage kicks in (on demand), at which point the exhaust stream is further purified by a 
diesel particulate filter. The dosage of DEF injected depends on the level of NOx measured by the sensor placed at 
the exit of the exhaust pipe. 
 
DEF Usage 
 
 A “typical” DEF capacity on a full-size light truck should provide a driving range of 
somewhere in the neighborhood of 5,000 to 7,000 miles; this is dependent upon the make, 
model, size of the DEF tank, driving habits, etc. For example say the vehicle uses DEF at a 
reported rate of about 1% to 1.25% of the vehicle’s diesel fuel usage. Citing the Chevy 
Silverado HD as an example, a full tank of 5.3 gallons of DEF provides a driving range of about 
4,970 miles. Again this is dependent upon driving conditions and the DEF quality. 
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 When the DEF on-board tank is approaching empty, the vehicle’s onboard warning 
system will alert the driver with enough lead-time to replenish the DEF tank. As a generic 
example, the first warning will occur at a remaining range of about 1,000 miles with additional 
warnings at the 300 mile and 0 ranges. Below a range of 300 miles, the warning (possibly 
along with a speed limiting warning) will appear every time the engine is re-started. 
 

    
 

For many of the manufactures, such as Ram, the early-warning system initiates when 
there is about two gallons of DEF remaining in the tank. A “Low DEF Refill Soon” warning is 
displayed, along with an audible chime. When only one gallon of DEF remains, a message will 
be displayed that says “Refill DEF — Engine Will not Start in XXX Miles” (the number of miles 
displayed is calculated by the system’s controller). If the warnings are ignored and the tank 
runs dry, a “Refill DEF — Engine Will Not Start” message appears. This indicates that the 
engine will not start on the next key-on cycle. At least two gallons of DEF must be added in 
order to re-start the engine. 
 

Different year models and changes to newer systems can be different than mentioned. 
Here is the main point, instead of refilling DEF tanks when an early warning is provided; it’s 
wise to top-off a DEF tank before that happens. Running the system dry will result in severe 
driver inconvenience, in terms of entering a limp mode either loss of power or severely 
limited vehicle speed, and in some cases a no start condition. 

 
Diesel Exhaust Fluid - DEF 
 
Some DEF facts (From a Ford memo to their dealers): 
 

• If available, for maximum shelf life, store between 68°F and 23°F. 
 

• Store DEF out of direct sunlight. If DEF is stored outside it must be shaded from the 
sun. 
 

• DEF will freeze below 12° F. Do not store outside or in a facility where the temperature 
will drop below 23°F. 
 

• Store DEF below 86°F, if possible in the coolest part of the facility. If storing DEF below 
86°F is not feasible, the inventory needs to be managed accordingly. 
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• Shelf life should be based on the period of time past the date code on the bottle. The 

date code is formatted as: 
 
 

 
 
 
 

  
• The issue with selling DEF that is beyond its shelf life is the possibility of selling the 

customer a product that does not meet what is advertised on the label. 
 

• UNDER NO CIRCUMSTANCES SHOULD DEF BE KEPT FOR MORE THAN 3 YEARS. 
 

 

 
 
 
 
 
 
 
 

As you can see by the chart 
at right, temperature has a great 
effect on DEF. As the DEF 
degrades by heat it will require 
more usage to achieve lower NOx 
levels.  One might consider a 
refrigerator or at least a climate 
controlled room to store their 
DEF if they do not turn inventory 
over.  

Decoding the 
DEF Date Code: GA183590089 

GA 
The designator of the 
plant that manufactured 
the DEF 

18 
The year of manufacture 
plus 1, so this DEF was 
made in 2017 

359 
365 days in a year minus 
359 = 6, so the 6th day of 
the year, or January 6th. 

0089 The batch code 

DEF was made January 6th, 
2017, batch 0089 
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DEF in vehicles (long term vehicle storage) 
 

DEF in a vehicle is still acceptable for vehicle consumption even if the vehicle has been 
exposed to temperatures above 86°F. For the same reasons stated above, at these 
temperatures, urea concentration will remain reasonably stable. 
 

DEF in vehicles is susceptible to the same degradation as in containers. The SCR (selective 
catalytic reduction) system has been calibrated to function properly with urea concentrations 
different than 32% (67% deionized water / 33% chemically pure Urea). 
 

The only consequence of operating with a urea concentration less than 32% is faster 
consumption. DEF that has degraded beyond the point for the calibration to compensate will 
set off a warning on the instrument panel (refer to the owners guide). Unless there is a 
warning light on the instrument panel there is no reason to consider draining the DEF from 
the tank simply due to age of the DEF. However, it is highly unlikely the warning would be 
caused by aged DEF and normal diagnostics should be followed. 
 

DEF freezing in the vehicle tank will not cause any problems as long as the tank is not over 
filled. The vehicle is equipped with a heater to thaw frozen DEF when the vehicle is started 
and then the system will function normally.  

 
Also, important to remember and to relate to your customers: DO NOT add ANYTHING to 

the DEF tank except actual DEF. If someone, by accident or ignorance, dumps diesel fuel 
treatment/booster into the DEF tank, this will kill the entire SCR system, resulting in a repair 
bill of thousands of dollars. PAY ATTENTION. You wouldn’t add oil to your brake fluid or Jack 
Daniels to your fuel tank, so don’t add anything but the correct fluid to the DEF tank! 
 
 So how can you tell if the DEF fluid has become contaminated or is less than the 32% Urea 
content requirement?  
  
 An easy field test to check for the purity of DEF is with the use of a hand-held 
refractometer. A refractometer that is designed for testing DEF will easily allow you to verify 
the water content. 

 
 

A refractometer is a precision optical instrument designed 
to measure the concentration or mixture of water-soluble 
fluids. It measures refractive index, which is the speed at which 
light passes through a liquid. The more dense the liquid, the 
slower light will travel through it, resulting in a higher reading. 

Applying a few drops of the vehicle’s DEF to the 
refractometer is all that’s needed. DEF refractometers capable 
of measuring urea concentration are available with single scale 
or dual scale readouts.  
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The single scale provides a percentage of urea by weight. For shop technicians who simply 
want to check for urea percentage or water dilution a single scale unit will suffice. A dual scale 
unit also provides a refractive index scale readout, which is primarily used by manufacturers 
and distributors of DEF for quality control. 

 
A DEF-capable refractometer is a useful and must-have tool for any shop that services 

diesel-powered vehicles. This eliminates guesswork with regard to the quality (in terms of 
water dilution) of customer DEF tank contents. 

 
 

What if DEF is added to the Diesel Fuel Tank? 
 

DEF is by far the worst contamination that can happen to a diesel fuel system. If a 
customer suspects DEF contamination and the vehicle key has not been turned to the ON 
position, the fix could be as straightforward as dropping the tank and flushing the fuel lines. 
This would unusual, but it could happen where you or a customer realized during a DEF refill it 
was put into the fuel filler by mistake. It is imperative to have the vehicle towed to a qualified 
mechanic before the key is turned to the on position. DEF is corrosive, letting the material sit 
in a fuel system will lead to further contamination. 

 

   
 
 
              

  
 
 

Most likely the vehicle will try to be 
started and a no start or poor running will 
occur.  A simple lapse of judgment could send 
a vehicle to the scrapyard; yes it could get that 
expensive with just a small amount DEF in the 
fuel. Appropriately used, DEF makes the 
environment much cleaner. Misused, a 
customer could be facing a disastrous 
problem. 

 
Ford, RAM, and some passenger vehicles 

put their DEF filler necks inside the fuel filler 
door, right next to the fuel filler. A diesel fuel 
nozzle won’t fit into the DEF filler, but there’s 
nothing to stop someone from pouring DEF 
into the fuel tank. This is why GM and some 
others put the DEF tank under the hood; less 
chance of a screw-up.  

 
Notice the RAM is a cap-less fuel filler, 

easy to have the DEF nozzle slip into it; even a 
few tablespoons can damage the fuel system.   
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Usually DEF contamination requires removing the entire fuel system from the main tank 
to the injectors. Plastic fuel tanks can usually be flushed several times and reused. The rest of 
the system must be replaced. 

 
 
 

 
 

 
 
 
 
Why replace the whole fuel system? DEF is corrosive and causes severe damage to the 

fuel system. Once the DEF contaminated fuel reaches the injectors it is too late to save them 
in most instances.  The usual recommend repair is to replace the entire fuel system, from tank 
to injectors.  

 
Some say that the injectors can be cleaned and reused; while this may be true for other 

service issues such as water contamination, the nature of DEF (corrosive and abrasive) means 
the injectors must be replaced. Urea crystals form as the water in DEF evaporates. These 
crystals are death to your high-pressure injectors; they have the same effect as running sand 
through the fuel system. 

 
 

 
 
 
 
 
 
 
 

At right is a Ford 6.7L fuel 
contamination kit; costs about 
$4,000. 

Not included are all of the 
fuel filters, water traps and 
filter housings that also need 
to be replaced.  

This repair is very labor 
intensive too. It could cost a 
customer $10,000 to $15,000 
or more to repair. So for an 
older high mileage vehicle it 
might not be worth it.  
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Diesel Aftertreatment Section Quick Quiz 
 
 
Question 1: What is the purpose of “DPF Regeneration”? 
 
_____________________________________________________________________ 
 
 
_____________________________________________________________________ 
 
 
Question 2: A diesel is equipped with a 9th injector, what does this injector do? 
 
______________________________________________________________________ 
 
 
______________________________________________________________________ 
 
 
Question 3: When the Diesel Exhaust Fluid is extremely low, what things might happen? 
 
_____________________________________________________________________ 
 
 
_____________________________________________________________________ 
 
 
Question 4: How can you tell when the DEF fluid no longer meets the 32.5% Urea 

content? 
 
_____________________________________________________________________ 
 
 
_____________________________________________________________________ 
 
 
Question 5: Your customer has his diesel towed to your shop and tells you right after he 

added DEF to the tank the truck quit running. What would you suspect 
happened and possibly what repair may need to be done? 

 
_____________________________________________________________________ 
 
 
_____________________________________________________________________ 
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There is so much more that could be discussed concerning diesel aftertreatment systems 
that we could not include in this training; but we hope you have some basic understanding 
how the systems work and what precautions need to be taken. 

 
 
 
 
 

Thank You! 
 
 

 


