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Abstract 

 

Tests were conducted by the Center for Agricultural Air Quality Engineering and Science 

(CAAQES) and by a commercial laboratory to determine if dust found in cotton gins (gin dust) 

would serve as fuel dust explosions. The commercial laboratory used the terminology that dusts 

that would serve as fuel for dust explosions are “combustible dusts”. The CAAQES laboratory 

used the criterion that dusts that are the fuel for dust explosions are “explosible dusts”. 

According to Palmer (1973) “all explosible dusts are combustible but not all combustible dusts 

are explosible.” The CAAQES laboratory reported that gin dust was not an explosible dust. 

Safety Consulting Engineers Inc. (SCE) reported that gin dust was a combustible dust. If dust in 

a cotton gin is perceived to be explosible as a consequence of a flawed laboratory testing 

protocol and the assumption that combustible dust is explosible dust, the ginning industry has a 

serious problem. The gin will likely have to comply with stringent housekeeping standards and 

may be required to install explosion venting based upon laboratory testing system that is flawed. 

The goal of this paper is to objectively analyze the ASTM and CAAQES testing procedures and 

protocols and report the findings. The results of this study suggest the following: 

1. The ASTM testing protocol using only pressure as the only indicator of whether a 

deflagration (explosion) occurred in the chamber during a test is problematic. The 

temperature and pressure as a consequence of burning a small amount of dust is sufficient to 

indicate that an explosion occurred when it did not. 

2. A dust classified as a combustible dust is not necessarily an explosible dust. Gin dust is not 

explosible!  



 

 

 

 

3. The oxygen content in the 20-L chamber will be consumed by burning only two grams of 

carbon. Complete combustion of one gram of carbon will exceed one bar (14.5 psig). Only 

two psig is reported to be the typical pressure needed to bust the initial containment for a 

primary explosion. It is unclear why testing laboratories are conducting tests on 

concentrations requiring 20 grams be dispersed in the chamber. 

4. Testing dust using the CAAQES method illustrates that a deflagration can be obtained using 

only 10% of the available volume of the CAAES rectangular chamber. The MEC of corn 

starch using the CAAQES method is the same as the published MEC. 

5. The CAAQES testing method more closely simulates the accepted description of a dust 

explosion in a grain elevator or feed mill. The following criteria are used to indicate that a 

deflagration occurred in the test chamber: 

a. A stationary source is used to ignite the dust cloud. The resulting pressure is a 

consequence of self-propagating flame rather than a flame from the ignition source 

passing through the cloud. 

b. The diaphragm bursts as a consequence of pressure from the reaction. 

c. Flame leaves the chamber. 

d. A characteristic pressure v. time curve consisting of a rapid rise in pressure followed 

by a rapid decrease in pressure producing a vacuum once the diaphragm bursts. 

  

Background 

 

The sugar dust explosion in Georgia on February 7, 2008 killed 14 workers and injured many 

others (OSHA, 2009). As a consequence of this dust explosion, OSHA revised its Explosible 

Dust National Emphasis (NEP) program. The NEP targeted 64 industries with more than 1000 

inspections and found more than 4000 explosible dust related violations. OSHA is considering 

promulgating new rules for facilities handling explosible dust. An Explosible Dust Expert Forum 

was held on May 13, 2011. The goal of this expert forum was to gather information for a new 

rule or standard to prevent explosible dust explosions. It was also stated that the new standard 

should be cost effective for employers. It was a given that facilities suspected of handling 

explosible dusts would need to test their dusts and perform risk assessments of their explosible 

dust hazards. If the testing results indicate that the suspect dust is an explosible dust and it is not 

explosible, considerable resources will be wasted attempting to comply with OSHA standards 

and requirements that are not justified and certainly not “cost effective for employers”.   

 

Subsequent to the dust explosion in Georgia, OSHA conducted a comprehensive survey of 

reported dust explosions to identify all possible explosible dusts. The result of this survey 

suggested that dust found in cotton gins may have fueled dust explosions in the past. The reports 

that cotton gins had experienced dust explosions. It was suggested that the fire marshals had 

incorrectly labeled a fire in a gin as a dust explosion.  There is no place in a cotton gin where a 



 

 

 

 

minimum explosive concentration (MEC) can occur. No dust explosion can be fueled by a dust 

that does not have a MEC. In December, 2009, the National Cotton Ginners Association 

(NCGA) made a special request for CAAQES faculty to perform testing of dust found in cotton 

gins to determine whether or not this dust should be classified as explosible dust. In January, 

2010, The director of CAAQES (Parnell, 2010) reported that gin dust is not an explosible dust. 

The industry committee recommended that we seek results from a commercial laboratory. Safety 

Consulting Engineers Inc. (SCE) were contracted to perform explosible dust testing. Gin dust 

from across the cotton belt was collected, screened to less than 75 micrometers and forwarded to 

SCE and CAAQES for testing. (Mr. S. E. Hughs, Research Leader, USDA, ARS, Cotton 

Ginning Research Laboratory, Mesilla Park N.M. was responsible for collecting, screening, and 

distribution the gin dust.)  

What is a Dust Explosion or Deflagration? 

 

Dust explosions and dust deflagrations are equivalent. It is assumed that a laboratory explosible 

dust testing system should mimic what happens in an actual dust explosion to be properly labeled 

as explosible. Palmer (1973) describes a dust explosion (deflagration) in a facility handling 

explosible dust as a series of explosions. The first is referred to as the primary explosion. It is 

relatively small with a maximum pressure of less than two psig being sufficient to rupture the 

initial containment releasing a pressure wave and flame. The pressure wave of a deflagration 

moves away from the ignition site at a speed equal to or less than the speed of sound (330 m/s). 

The fire front follows at a speed of from 1 to 10 m/s. All subsequent explosions following the 

primary are referred to as secondary explosions. Secondary dust explosions can result in 

pressures in excess of 100 psi. Often, witnesses describe hearing a grain elevator explosion as a 

“rumble” rather than a single loud noise. A primary followed by multiple secondary explosions 

is so rapid that the noise can accurately be described as a “rumble”. Many dust explosions have 

multiple secondary explosions. Secondary dust explosions are the most devastating. All 

secondary dust explosions are preceded by a primary dust explosion. 

 

What is an Explosible dust? 

 

An explosible dust is one that will serve to fuel a dust explosion. Not all combustible dusts are 

explosible! Dusts that do not self-propagate the flame through the dust cloud may produce a 

pressure rise “in the presence of strong chemical igniters” that can be incorrectly assumed to be a 

deflagration in the 20L chamber test when in fact it was just burning dust with no propagation of 

flame. Palmer (1973) specifies that a Group (a) explosible dust is one that propagates a flame in 

the test apparatus when ignited by a small source of ignition in contrast to a Group (b) dusts 

which do not propagate a flames in the test apparatus. If a dust cloud in a 20-L chamber contains 

any combustible dust that can be ignited by a flame from a 10,000 J source passing through the 

cloud, the resulting pressure will likely exceed the pressure thresholds used to indicate an 



 

 

 

 

explosion. This result is referred to as an “over-driven” test and is not an indication that the dust 

is an “explosible dust”. In other words, a laboratory test to determine if a dust is explosible using 

only pressure as a criterion for a reaction in a 20-L chamber can yield incorrect results with 

strong chemical igniters. An explosible dust must “self-propagate” a flame through the dust 

cloud.  

 

Test Methods and Results 

 

 

Figure 1a  Figure 1b      Figure1c         Figure 1d 

 

Figure 1a is the enclosed Hartman used in screening tests by SCE. This devise had a continuous 

arc ignition source with an effective energy of 10 Joules (J). A sample was classified as 

explosible if “a flame was observed to propagate away from the ignition source”. This was the 

test equipment used by SCE for the screening tests. Figure 1b shows the 20-L chamber used for 

testing. It is a totally enclosed chamber used to determine maximum rate of pressure rise and 

maximum pressure as specified by ASTM Standard E1226 and MEC as specified by ASTM 

standard E1515. The ignition energy used by SCE to conduct the tests for MEC was 5,000 J. A 

gage pressure of 0.5 bar (7.25 psig) was reported to be the threshold for a deflagration in the 

chamber when determining the MEC. Figure 1c shows a deflagration in the 1.2 L Hartman tube 

with diaphragm test which was the protocol used by Palmer and the U.S. Bureau of Mines in 

prior years. All Hartman tube testing utilize a10 J ignition energy. Figure 1d illustrates a reaction 

in the 28 L (1 ft
3
) chamber used for CAAQES testing. The timing of the deflagration in the 

CAAQES chamber is after the dust cloud contacted the stationary ignition source resulting in a 

self-propagating flame. The resulting pressure ruptured the diaphragm on top allowing the flame 

and gases to escape.  



 

 

 

 

SCE Testing Results: 

 

SCE specified the following for the screening tests protocol using the enclosed 1.2-L Hartman 

tube: “In the absence of a consensus U.S. or international standard, the Dust Explosibility 

Classification Test is performed using the Vertical Tube Apparatus as described by Bartknecht 

(1989).” No deflagrations were detected with this testing system for 10 replications of 11 

different concentrations ranging from 208 to 16,700 grams per cubic meter (g/m
3
). This was 

followed by testing in the 20-L chamber with a strong ignition source of 10,000-J chemical 

igniter for a 1000 g/m
3
 concentration. The results are shown in table 1. Note that the criterion for 

a deflagration was a maximum pressure of 0.4 bars (5.8 psig). The final report listed a criterion 

for a deflagration was a maximum pressure of 0.5 bars (7.3 psig). The ASTM threshold is listed 

as 1 bar gage (14.5 psig). The maximum pressure was reported as 5.6 bars (77 psig) at a 

concentration of 1,000 g/m
3
. 

 

Table1. Results of testing gin dust in the 20-L chamber with a 10,000J ignition source. The 

Ignition Criterion was a max pressure (Pm) ≥ 0.4 bar. 

Test 

No. 

Dust Cloud 

Concentration 

(g/m
3
) 

Explosion 

Pressure 

Pm (bar) 

Rate of 

pressure rise 

dP/dt (bar/s) 

Ignition 

1 1000 5.6 79 Yes 

 

All subsequent testing performed by SCE used the 20 L chamber with either a 5,000 J or 10,000 

J chemical igniters. With the exception of the different thresholds, SCE following the protocol 

listed in ASTM Standards E1226 and E1515. 

 

Dust Characteristics: 

 

The ash analysis results of the dusts used with CAAQES testing are shown in Table 2. The gin 

dust had been screened to less than75 microns. Note the ash content of gin dust is 87% indicating 

that 87% of gin dust is not combustible. 

 

Table 2. Ash analysis results for the three dusts tested with the CAAQES method. Note that the 

average ash content of gin dust was 87%. Only 13% of the gin dust was combustible. 

Dust Type Ash% ± 95% CI 

Corn Starch 0.98 ± 0.02 

Dust XX 61.6 ± 0.01 

Gin Dust 87.2 ± 1.13 

 



 

 

 

 

The particle size distributions (PSD) of the three dusts tested with the CAAQES method were 

performed on the Malvern in the CAAQES laboratory and the results are shown in Table 3. Dust 

samples typically have a lognormal distribution. The lognormal distributions are defined by mass 

median diameters (MMD) and geometric standard deviations (GSD) (Cooper and Alley, 2010). 

Dusts with smaller MMDs will usually have a larger mass of dust less than 10 micrometers (µm). 

This is usually associated with a lower MEC. Note that dust XX has the lowest MMD but has an 

MEC that is higher than corn starch. This is most likely a consequence of the non-combustibles 

in dust XX. The MMD of gin dust was 24 micrometers with a GSD of 1.9. The gin dust analyzed 

had been screened to less than 75 microns. 

 

Table 3. Particle size distribution data for the test dusts. Mass median diameters (MMD) and 

geometric standard deviations are reported. 

Dust MMD ± 95% CI (µm) GSD ± 95% CI  

CS 15.5± 0.29 1.6±  0.08 

XX 13.7± 0.06 2.1 ±0.03 

GD 23.7 ±0.88 1.9 ±0.01 

 

CAAQES Testing Protocol and Results: 

 

The CAAQES testing method consists of a Plexiglas chamber with a diaphragm that ruptures 

when a deflagration occurs. Within the Plexiglas chamber, a stationary heat source (coil) serves 

as the igniter. A short blast of compressed air entrains dust into a dust cloud. Pressure sensors 

provided the data for the pressure v. time curve. The reaction was recorded on a video and slides 

were obtained from the recordings by a frame-by-frame process. A typical CAAQES explosible 

dust test for a test concentration in excess of the dust’s MEC consists of visual and pressure 

recordings of the following: (1) entraining a measured quantity of the dust in the chamber with 

short blast of compressed air, (2) observing the dust cloud contacting the coil, (3) rapid burning 

of the dust in the cloud, (4) rupturing of the diaphragm as a consequence of the increased 

pressure, and flame leaving the chamber. This method is uniquely different than the 20-L test in 

that the dust cloud merely touches the stationary ignition source and the flame propagates 

through the cloud. This process is similar to a primary dust explosion in a grain handling facility 

ignited by contacting a hot bearing. For a dust to have a MEC, the flame produced by contacting 

the ignition source must self-propagate through the cloud to produce the pressure needed to burst 

the diaphragm. The CAAQES explosible dust testing method utilizes the following three criteria 

for determining whether a deflagration occurred during a laboratory test: (1) rupturing of the 

diaphragm, (2) a characteristic pressure-versus-time curve, and (3) flame leaving the chamber.  

 



 

 

 

 

Corn Starch Testing Results: 

 

 
Figure 2a                    Figure 2b                Figure 2c 

Figures 2a, 2b, and 2c. Figures 2a, 2b, and 2c were slides obtained from a video of an explosible 

dust test for corn starch at a concentration of 135 g/m
3
. Figure 2b shows the dust cloud 

contacting the stationary ignition source. Figure 2c shows the deflagration, ruptured diaphragm 

and flame leaving the chamber. 

 
Figures 3a and 3b. Pressure-versus-time curves for three replications of corn starch deflagrations 

at 100 and 43 g/m
3
. Note the rise and fall of the recorded pressures when testing 100 g/m

3
.  

 



 

 

 

 

Dust XX Test Results: 

 

 

Figures 4a. and 4b. Ignition and deflagration for 73 g/m
3
 of dust XX. The pressure wave ruptured 

the diaphragm prior to the flame escaping. 

 

 
Figure 5. Pressure v. Time recording of a dust XX CAAQES test at a concentration of 73 g/m

3
. 

The MEC for dust XX was 73 g/m3. Note that only one of the three replications resulted a 

deflagration. 
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Gin Dust Test Results: 

 

 

Figure 6.Visual data for gin dust tests at 1000 g/m
3
. No deflagrations were detected for any 

concentration of gin dust tested.  

 

Figure 7. Pressure-versus-time curves for 3 replications of gin dust at 730 g/m
3
. Similar results 

were obtained for all other test concentrations of gin dust.  

Table 4 shows the results of CAAQES method  tests to determine MEC for corn starch (CS) and 

dust XX. This table does not include results for concentrations higher or lower than those listed 

in the table. All of CS concentrations larger than 57 g/m
3
 resulted in a deflagration. All 

concentrations of dust XX greater than 93 g/m
3
 resulted in a deflagration. All concentrations less 

than 37 g/m
3
 for CS and 70 g/m

3
 for dust XX did not result in deflagrations. 
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Table 4. Results of CAAQES testing of MECs for corn starch (CS) and dust XX. The label 

CS_43_2 reflects the results for testing corn starch at 43 g/m
3
, replication 2. The ‘Y’ and ‘N’ in 

the colums labeled Deflalgration refer to whether the test resulted in an explosion or it did not. 

There were three replications for each concentration. The MEC for corn starch was 43 g/m
3
. The 

MEC for dust XX was 73 43 g/m
3
. 

Test Conc. (g/m
3
) Deflagration? 

(Y/N) 

Test Conc. (g/m
3
) Deflagration?

(Y/N) 

CS 57_1 57 Y XX 93_1 93 Y 

CS 57_2 57 Y XX 93_2 93 Y 

CS 57_3 57 Y XX 93_3 93 Y 

CS 43_1 43 N XX 77_1 77 N 

CS 43_2 43 N XX 77_2 77 Y 

CS 43_3 43 Y XX 77_3 77 Y 

CS 40_1 40 N XX 73_1 73 N 

CS 40_2 40 N XX 73_2 73 Y 

CS 40_3 40 N XX 73_3 73 N 

CS 37_1 37 N XX 70_1 70 N 

CS 37_2 37 N XX 70_2 70 N 

CS 37_3 37 N XX 70_3 70 N 

 

Results of Engineering Calculations 

 

Estimating Available Oxygen in the 20 L chamber: 

 

The pressure rise recorded in the ASTM tests can be approximated using a simple adiabatic 

reaction of carbon being consumed by a thermal reaction using the ideal gas law and the 

constant-volume sensible heat equation. The following simple reaction is hypothesized as the 

reaction of burning carbon representing the combustible dust in the 20-L chamber:  

 

C+O2+3.76N2           CO2 + 3.76N2      (1) 

   

One mole of carbon (MW=12) reacts with one mole of oxygen (MW=32) with the requisite 3.76 

moles of nitrogen (MW=28) that accompanies the air. This thermal reaction results one mole of 

CO2 (MW=44). Equations 2 and 3 illustrate the calculations of molecular weight before and after 

the reaction. The molecular weight of the gas prior to the reaction consisting of one mole of 

oxygen and 3.76 moles of nitrogen at STP is 28.8. The MW after the reaction consisting of one 

mole of carbon dioxide and 3.76 moles of nitrogen is 31.4.  

 

MW= (32+3.76*28)/4.76=28.8      (2) 

 



 

 

 

 

MW= (44+3.76*28)/4.76=31.4      (3) 

 

Equation 4 is the equation for gas density derived from the ideal gas law.  The density of the 

gases prior to the thermal reaction is 1.18 g/L. The density of gases after the reaction is a 

function of the temperature and pressure. 
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The mass of air in the 20-L chamber is 23.6 g (1.18 g/L * 20L) prior to the reaction and 24.6 g 

after the reaction assuming the one gram of carbon fully reacts. The 20 L chamber contains 5.5 g 

of O2 and 19.1 g of N2 prior to the reaction.  After the reaction, the MW of the CO2 and 3.76N2 is 

31.4. The mass of gas in the enclosed chamber following the reaction is 24.4 g. (The carbon is 

included in the CO2 gas.) Gas density is a function of the temperature and pressure. One gram of 

carbon (0.0833 moles), will consume 2.67 g of O2 (0.0833 moles) in a stoichiometric reaction. 

For this scenario, the oxygen will be consumed by 2.1 g of carbon. If the oxygen is depleted with 

the reaction of only 2.1 g of carbon, why perform tests at concentrations that require inserting 

20 g into the chamber (1000 g/m
3
)?  

 

Estimating pressure in the chamber: 

 

The specific heat at constant volume (Cv) is defined as the ratio of the change in internal energy 

(∆u) per unit mass required to increase gas temperature by one degree Kelvin (∆T).   

T

u
Cv

∆

∆
=          (5) 

where:  

 

Cv = 0.715J/g-degree Kelvin (K).   

 

The estimated internal energy content of a combustible dust from an agricultural source is 16,000 

J/g. The ignition energy for the test that SCE was required to use before gin dust could be 

classified as “non-combustible” was 10,000 J.  The total energy in the chamber could be 26,000 

J. The temperature rise using the sensible heat equation (5) would be 1460 K. This temperature 

rise would theoretically yield a rise in pressure of 4.6 bars. If the entire 2.1 grams reacted in the 

enclosed 20-L chamber instead of just the one gram, the pressure could be as much as 9.7 bars 

(141 psia). These engineering calculations suggest that burning dust with the igniter flame could 

result in a pressure that would indicate a deflagration and a false conclusion that the suspected 

dust was explosible when in fact it was not!   



 

 

 

 

Summary and Conclusions: 

 

Three dusts were selected to be tested with the CAAQES method:  corn starch, dust XX and gin 

dust. Dust XX was a special dust that had been tested by CAAQES personnel, previously. This 

dust had a relatively high level of non-combustibles and its MEC was approximately 70 g/m
3
. 

The MECs for corn starch and dust XX using the CAAQES method were 43 g/m
3
 and 73 g/m

3
, 

respectively. There were no deflagrations for concentrations of gin dust ranging from 100 to 

1,000 g/m
3
. It was concluded that since gin dust did not have a MEC, it was not an explosible 

dust. 

SCE reported that gin dust was a class ‘A’ explosible dust. This report was not consistent with 

the CAAQEs results that gin dust was not an explosible dust. An aggressive research effort was 

initiated by CAAQES to either support SCE’s findings that gin dust was an explosible dust or the 

CAAQES findings that gin dust was a non-explosible dust. Two positions were critical to this 

research effort are as follows: (1) Explosible dusts must have MECs. (If the dust does not have a 

MEC as determined by laboratory testing, it is not explosible!) The determination of the MEC 

must be demonstrated and confirmed with repeated replications in the test chamber. (2) The 

laboratory test protocol must mimic dust explosions. The CAAQES approach was to determine 

the MEC for three dusts using the CAAQES method. If the CAAQES findings are correct, 

significant changes in the ASTM Standards for determinations of explosible dust using ASTM 

laboratory testing protocols should be proposed and approved. The following are the CAAQES 

findings: 

1. The terminology that laboratory testing to determine whether a dust is or is not a 

“combustible” dust must be changed to whether a dust is or is not an “explosible” dust. 

This is not a minor issue! The CAAQES position is that all explosible dusts are 

combustible but not all combustible dusts are explosible. With the current terminology, 

OSHA personnel will assume that all combustible dusts are explosible which is NOT 

correct!   

2. The recommended ASTM testing procedure for “explosible” dust should include the 

requirement that a diaphragm is ruptured and flame leave the chamber when the 

concentration tested is at or above the MEC. The diaphragm should rupture at a pressure 

less than 2 psig similar to a primary dust explosion in the field. 

3. The ignition source of the dust cloud should be stationary not a flame propagated through 

a dust cloud. The temperature of the ignition source should be high enough to ignite any 

explosible dust. This protocol will insure that a self-propagating flame occurs to produce 

sufficient pressure to burst the diaphragm. 

4. A characteristic pressure versus time recording should be included in the criteria for a 

deflagration in the test chamber. 



 

 

 

 

5. The concept that a test concentration must be one where the entire volume of the chamber 

is assumed to have a uniform concentration of the test dust must be changed. The 

CAAQES method uses only 10% of the chamber volume for determining MECs.  

6. The criteria that the test chamber should be approximately spherical should be re-

evaluated and justified. 

7. Testing dusts in a 20 L chamber at concentrations that require inserting 20 g into the 

chamber (1,000 G in a 20 L chamber) when only 2 grams will consume the oxygen 

should be re-evaluated.  
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