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duction of molten iron-rich spheres (see photomicrographs in 

Fig. (20) above). Correspondingly, the DSC tests demon-

strate the release of high enthalpy, actually exceeding that of 

pure thermite. Furthermore, the energy is released over a 

short period of time, shown by the narrowness of the peak in 

Fig. (29). The post-DSC-test residue contains microspheres 

in which the iron exceeds the oxygen content, implying that 

at least some of the iron oxide has been reduced in the reac-

tion. If a paint were devised that incorporated these very 

energetic materials, it would be highly dangerous when dry 

and most unlikely to receive regulatory approval for building 

use. To merit consideration, any assertion that a prosaic sub-

stance such as paint could match the characteristics we have 

described would have to be accompanied by empirical dem-

onstration using a sample of the proposed material, including 

SEM/XEDS and DSC analyses. 

8. What Future Studies are Contemplated? 

 We observe that the total energy released from some of 

the red chips exceeds the theoretical limit for thermite alone 

(3.9 kJ/g). One possibility is that the organic material in the 

red layer is itself energetic. Determination of the chemical 

compound(s) involved in the organic component of the red 

material would promote understanding. Further studies of the 

red material (separated from the gray material) compared to 

known super-thermite variants using DSC, TGA, FTIR (etc.) 

analyses would certainly be in order. In particular, NMR and 

GC-mass spectroscopy and related studies are urged to iden-

tify the organic material. 

 We have observed that some chips have additional ele-

ments such as potassium, lead, barium and copper. Are these 

significant, and why do such elements appear in some red 

chips and not others? An example is shown in Fig. (31) 

which shows significant Pb along with C, O, Fe, and Al and 

displays multiple red and gray layers. 

 In addition, the gray-layer material demands further 

study. What is its purpose? Sometimes the gray material ap-

pears in multiple layers, as seen in Fig. (32). 

 

 

Fig. (31). Photomicrograph of a red/gray chip found in sample 3, 

showing multiple layers and an unusual light-gray layer between 
the red layers. 

 The red-mesoporous material is on the left in this view, 
with the touching dark-gray layer next and a lighter-gray 
material on the right as seen in a photograph of the same 

chip (right hand image in Fig. (32)). The gray layer in con-

tact with the red layer has the XEDS spectrum shown in Fig. 

(33) in which iron is not seen, while the outer gray material 

had an XEDS spectrum just like those displayed in Fig. (6). 

 Thus, the middle-layer gray material contains carbon and 

oxygen and presumably also contains hydrogen, too light to 

be seen using this method. Since the gray inner layer appears 

between two other layers, it may be a type of adhesive, bind-

ing a red porous thermitic material to another, iron-rich ma-

terial. One might speculate that the red thermitic material has 

been attached to rusty iron by an adhesive. The cooling ef-

fect of the iron in such close proximity, acting as a heat sink, 

might quench the reaction and explain the fact that unreacted 

red thermitic material, always found by us in thin layers, 

remains in the dust. These hypotheses invite further experi-

ments. 

 

 

Fig. (32). Close-up SEM image of the chip pictured on the right, the same chip but not precisely the same spot. This chip had been treated in 
MEK solvent so that the red layer has expanded and porosity is evident. 
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Fig. (33). XEDS spectrum for gray layer which touches the red 
layer of the chip shown above. 

 No red/gray chips having the characteristics delineated 

here were found in dust generated by controlled demolition 

using conventional explosives and methods, for the Stardust 

Resort & Casino in Las Vegas (demolished 13 March 2007) 

and the Key Bank in Salt Lake City (demolished 18 August 

2007). Of course, we do not assume that the destruction of 

the WTC skyscrapers occurred conventionally. 

 The red material does burn quickly as shown in the DSC, 

and we have observed a bright flash on ignition, but determi-

nation of the burn rate of the red material may help to classify 

this as a slow or fast explosive. It may be that this material is 

used not as a cutter-charge itself, but rather as a means to ig-

nite high explosives, as in super-thermite matches [30]. Hav-

ing observed unignited thermitic material in the WTC residue, 

we suggest that other energetic materials suitable for cutter 

charges or explosives should also be looked for in the WTC 

dust. NIST has admitted that they have not yet looked for such 

residues [11]. 

CONCLUSIONS 

 We have discovered distinctive red/gray chips in signifi-

cant numbers in dust associated with the World Trade Center 

destruction. We have applied SEM/XEDS and other methods 

to characterize the small-scale structure and chemical signa-

ture of these chips, especially of their red component. The 

red material is most interesting and has the following charac-

teristics: 

1. It is composed of aluminum, iron, oxygen, silicon and 

carbon. Lesser amounts of other potentially reactive 

elements are sometimes present, such as potassium, 

sulfur, lead, barium and copper. 

2. The primary elements (Al, Fe, O, Si, C) are typically 

all present in particles at the scale of tens to hundreds 

of nanometers, and detailed XEDS mapping shows 

intimate mixing. 

3. On treatment with methyl ethyl ketone solvent, some 

segregation of components occurred. Elemental alu-

minum became sufficiently concentrated to be clearly 

identified in the pre-ignition material. 

4. Iron oxide appears in faceted grains roughly 100 nm 

across whereas the aluminum appears in thin plate-

like structures. The small size of the iron oxide parti-

cles qualifies the material to be characterized as nano-

thermite or super-thermite. 

5. Analysis shows that iron and oxygen are present in a 

ratio consistent with Fe2O3. The red material in all 

four WTC dust samples was similar in this way. Iron 

oxide was found in the pre-ignition material whereas 

elemental iron was not. 

6. From the presence of elemental aluminum and iron 

oxide in the red material, we conclude that it contains 

the ingredients of thermite. 

7. As measured using DSC, the material ignites and re-

acts vigorously at a temperature of approximately 

430 ˚C, with a rather narrow exotherm, matching 

fairly closely an independent observation on a known 

super-thermite sample. The low temperature of igni-

tion and the presence of iron oxide grains less than 

120 nm show that the material is not conventional 

thermite (which ignites at temperatures above 900 ˚C) 

but very likely a form of super-thermite. 

8. After igniting several red/gray chips in a DSC run to 

700 ˚C, we found numerous iron-rich spheres and 

spheroids in the residue, indicating that a very high-

temperature reaction had occurred, since the iron-rich 

product clearly must have been molten to form these 

shapes. In several spheres, elemental iron was veri-

fied since the iron content significantly exceeded the 

oxygen content. We conclude that a high-temperature 

reduction-oxidation reaction has occurred in the 

heated chips, namely, the thermite reaction. 

9. The spheroids produced by the DSC tests and by the 

flame test have an XEDS signature (Al, Fe, O, Si, C) 

which is depleted in carbon and aluminum relative to 

the original red material. This chemical signature 

strikingly matches the chemical signature of the sphe-

roids produced by igniting commercial thermite, and 

also matches the signatures of many of the micro-

spheres found in the WTC dust [5]. 

10. The carbon content of the red material indicates that 

an organic substance is present. This would be ex-

pected for super-thermite formulations in order to 

produce high gas pressures upon ignition and thus 

make them explosive. The nature of the organic mate-

rial in these chips merits further exploration. We note 

that it is likely also an energetic material, in that the 

total energy release sometimes observed in DSC tests 

exceeds the theoretical maximum energy of the clas-

sic thermite reaction. 

 Based on these observations, we conclude that the red 

layer of the red/gray chips we have discovered in the WTC 

dust is active, unreacted thermitic material, incorporating 

nanotechnology, and is a highly energetic pyrotechnic or 

explosive material. 
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