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1. Introduction

This information sheet is intended as an introductory gui-
de to the explosion hazards of carbon black. More detailed 
information about dust explosion hazard is available in 
literature [1-3].

1.1 What is carbon black?

Carbon black has to be distinguished from carbon particles 
emitted from incomplete combustion of carbon-contai-
ning materials (called soot or black carbon), which are ty-
pically unwanted by-products. Carbon black is chemically 
and physically distinct from soot and black carbon, with 
most types containing greater than 97% elemental carbon 
arranged as aciniform (grape-like cluster) particulate [4].

1.2 Handling plants

Regarding this information, the term “handling” involves 
the storage, internal transport in any form, and processing 
of the carbon black in any fashion. These steps include 
emptying packaging, in-plant conveying, storage in 
containers and silos, and processing of carbon black 
with or into facilities equipment. If other substances are 
also present, then additional factors must be taken into 
consideration.

2.  Explosion hazard for 
carbon black

Dust defl agration or explosion is a hazard when dealing 
with carbon black. A dust defl agration has the following 
requirements:
• A combustible dust (like carbon Black)
• Dispersion of the dust in air or other oxidant
• Suffi  cient concentration at or exceeding the minimum
  explosible concentration (MEC)
• Suffi  ciently powerful ignition source at or exceeding
  the minimum ignition energy (MIE)
If the defl agration is confi ned and produces a pressure 
suffi  cient to rupture the confi ning enclosure, the event is, 
by defi nition, an “explosion”. Pelleted or granulated carbon 
black particles are too large for suffi  cient dispersion in 
air and are not capable of exploding. Nevertheless, even 
pelleted black still contains a certain portion of fi nes and/
or dust which may increase by handling (conveying, pro-
cessing, etc.).

2.1 Critical dust concentration

An important precondition for the explosibility of carbon 
black dust or powder dispersed in air is a concentration 
within its explosible range. At concentrations below the 
lower explosion limit (LEL), the carbon black quantity is 
too low to support an independent fl ame propagation. If 
the concentration is higher than the upper explosion limit 
(UEL), the quantity of oxygen is not suffi  cient. The UEL is 
on the order of kg/m³ and for this reason hardly signifi cant. 
The LEL for combustible dusts is better known as minimum 
explosible concentration (MEC). 

Figure 1: Dust concentration ranges [1] 

2.2 Ignitibility

The ignitibility of a combustible dust is determined by 
the minimal ignition energy (MIE). It is defi ned (using 
standard test procedures [7, 9 and 10]) as the lowest spark 
energy with which a carbon black / air mixture under 
ideal conditions can still be ignited. It is also dependent 
on many factors, including particulate size distribution, 
moisture content, and temperature. MIE is critical in 
evaluating the probability for a dust explosion. While MIE 
for many explosible dusts (like epoxy resin, aluminum, 
sulphur, magnesium, sugar, polyethylene and wheat fl our) 
is in the range of 1-100 mJ, MIE for carbon black dusts is 
typically above 1 kJ (=1,000,000 mJ). This excludes e.g. 
all types of electrostatic discharge as a potential ignition 
source for carbon black dust and grounding (potential 
equalization) will therefore eliminate all hazards caused by 
electrostatics.

But MIE can decrease drastically when carbon black is 
treated or mixed with other combustible substances. 
Mixtures of carbon black dust with fl ammable gases 
and vapors (so called hybrid mixtures) may modify the 
explosion risk substantially. Therefore, testing of the 
specifi c mixture is recommended to determine the 
explosibility parameters. 

Smoldering carbon black can release carbon monoxide 
(CO), which can form explosible mixtures with air. 
Combined with carbon black, depending on the 
composition of this hybrid mixture, explosibility 
parameters may change. If carbon black dust were 
involved in an explosion it would contribute to the 
released energy.

The MEC is defi ned by certain test procedures [5-7] and 
is dependent on many factors, including particulate size 
distribution, moisture content, and particle shape. MEC 
values for carbon black dusts are typically > 50 g/m³ and 
several orders of magnitude higher than allowed industrial 
hygiene limits which typically have threshold limits below 
0.01 g/m³ (e.g. United States, OSHA, PEL: 0.0035 g/m³). 
Dust concentrations greater than 50 g/m³ usually occur 
only inside equipment, provided that handling is properly 
performed and industrial hygiene instructions are obeyed 
[8].
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3.  Protective measures to prevent 
dust explosions

According to various international test methods [7, 11 and 
12] carbon black is an explosible dust classifi ed in hazard 
class St-1 (weak explosion) under these laboratory test 
conditions.

Despite this classifi cation, maximum pressures generated 
in a carbon black dust explosion can still be strong 
enough to rupture equipment and / or can cause burn 
injuries. Typical fl ame temperatures generated from a dust 
explosion, even of slow burning St 1 classifi ed dusts, are in 
excess of 2000 °C (3630 °F) and pressure can easily exceed 
6 bar (90 psig). 

Where ignitable carbon black dust / air mixtures are 
handled, equipment has to be classifi ed according to 
hazardous area classifi cations [13-16]. Ignition sources that 
exceed the MIE of  carbon black have to be strictly avoided.

As a fugitive dust, carbon black is prone to secondary dust 
explosions (the blast waves of a smaller primary explosion 
create a carbon black dust cloud which is then ignited 
by the primary explosion). This secondary explosion can 
either be devastating or may cause further (cascading) 
dust explosions.

Good engineering practices, good housekeeping practices, 
and eff ective dust removal systems are necessary to 
minimize carbon black emissions and resultant build-up 
on horizontal and some vertical surfaces. Fugitive carbon 
black emissions should be minimized and housekeeping 
activities performed periodically [18].

Dust explosion

class

K
ST

 [bar m/s] Characteristic

St 0 0 No explosion

St 1 >0 and ≤ 200 Weak explosion

St 2 > 200 and ≤ 300 Strong explosion

St 3 > 300 Very strong 
explosion

Figure 2: Primary and Secondary Dust Explosions [17]

Table 1: Dust explosion classes
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