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Hypothesis:

Heating organic materials in a microwave oven 

mimics the heating mechanisms of spontaneous 

combustion as observed in materials like mulch, 

composting feedstocks and hay.

Spontaneous Combustion of a compost pile.

Introduction:

Spontaneous combustion does not occur unless 

moisture is present. Similarly, a microwave oven 

typically requires the presence of moisture to 

generate heat. In both cases, a moderate moisture 

concentration promotes temperature rise. Some 

water is necessary to initiate heating but too much 

moisture can suppress the increase in temperature 

due to evaporation and the buffering effects of 

thermal mass. Given the similarities in their reliance 

on water to generate heat, it was hypothesized that 

the heating characteristics of a microwave oven 

might acceptably mimic what occurs during 

spontaneous combustion in piles of hay or mulch. If 

so, a microwave oven may prove to be a quick and 

convenient tool for modeling and studying 

spontaneous combustion. 

Background:

Spontaneous combustion primarily occurs in 

moderately moist organic materials, in the range of 

20% to 40% moisture content. The moderate 

moisture supports initial biological heating, which 

raises the temperature enough for heat-releasing 

chemical reactions to take over. As the temperature 

increases, chemical reactions occur faster and faster 

until conditions become hot enough to burn the 

materials. Dry materials inhibit the biological starting 

reactions while very wet materials limit the 

temperature rise by removing heat via the 

evaporation of abundant water. 

Microwave ovens heat by creating and 

containing microwaves within the oven box. 

Microwaves are a form of electromagnetic radiation. 

As the microwaves oscillate, they effectively act like a 

rotating magnet that regularly reverses polarity. 

Substances within the oven heat because polar 

molecules within those substances rotate and vibrate 

as the microwaves oscillate. While molecules have an 

overall neutral charge (i.e. equal numbers of protons 

and electrons), polar molecules are more positive on 

one side and more negative on the other (i.e. 

dipoles). They move, or rather shift, in response to 

changing magnetic fields, such as those created by 

microwaves.

Water (H2O) is an especially polar 

molecule with a positive bias on the end where the 

hydrogen atoms congregate and a negative bias at 

the oxygen molecule. When exposed to microwaves, 

water molecules twist and vibrate in order align with 

the changing polarity surrounding them. The 

collective molecular movement creates heat. 

Microwave ovens heat food primarily in this manner 

– through the vibration of water molecules. 

In summary, spontaneous combustion 

and a microwave oven share a dependence on 

moisture for generating heat, at least initially in the 

case of spontaneous combustion. 

Experimental Methods

It was predetermined that the experimental treatments 

would be different levels of moisture contents – roughly 

10%, 20%, 40% and 60%moisture on a wet basis. These 

moisture levels correspond to common conditions found 

in products that experience spontaneous combustion, 

including hay, manure, mulch and compost. If our 

hypothesis had merit, combustion would occur most 

readily at the moderate moisture contents of 20% and/or 

40%. The microwave oven used was an 800 Watt Daewoo 

KOR6430A with a rotating turntable

The remaining task was to develop the 

materials, procedure and criteria for the experiments. In 

preliminary experiments, we tested several combustion 

criteria, substrate containers, sample sizes, methods to 

measure temperature, and combinations of microwave 

oven power settings and heating intervals. We finally 

settled on the following experimental procedure.

I. Treatments

1.Chopped Hay – “As is” Moisture Content (12-15%)

2.Chopped Hay – About 20% Moisture Content

3.Chopped Hay – About 40% Moisture Content

4.Chopped Hay – About 60% Moisture Content

I. Procedure

1.Prepare four treatments in 400mL Pyrex beakers (Put a 

sample of each treatment in the oven for drying and 

moisture content analysis)

a)Tare beakers. Fill beakers to about ¾ full.

b)Weigh beakers with hay.

c) Cover surface of hay with lava rock – As close as 

possible to having a single layer of rock (Not necessary 

to completely seal in the hay, just insulate it)

1.Microwave all four treatments together at 40% power 

for 20 minutes. (If 20 minutes yields no charring then 

repeat for additional five-minute intervals until one of 

the samples chars

2.Afterward rate the level of charring in each treatment 

Table 1)

3.Repeat

Rating Charring Condition
0 No Change/No discoloration
1 Slight darkening, but no charring
2 Slight charring
3 Slight to Moderate charring
4 Moderate charring with smoke
5 Heavy charring with smoke
6 Burning/Flames/Glowing

Results and Conclusions

Figure 1 shows the cumulative char ratings from 

the current round of testing. The char rating is the criteria for 

determining which moisture content heated to the highest 

temperatures in a set amount of time. 

As Figure 1 illustrates, the treatments at the 12% 

and 20% moisture levels tended to char more, and sooner, 

than the 40% and 60% treatments. The onset of charring 

occurs after all, or nearly all, of the moisture evaporated from 

the sample and the temperature surpasses 100˚C. However, 

moisture plays a contradictory role in microwave heating. On 

one hand, the low initial moisture level, means that less 

moisture needs to be evaporated before the bone-dry 

conditions, conducive to charring, occur. On the other hand, 

high initial moisture absorbs more microwave-derived heat to 

drive evaporation. The current results suggest that the former 

effect (less moisture/quicker drying) outweighs the latter 

(more moisture/more heat).

The current results do not provide strong evidence in favor 

of the hypothesis-- that microwave heating can mimic the 

heating that takes place during spontaneous combustion. 

However, they also do not discredit the hypothesis entirely. 

Clearly, abundant moisture suppresses temperatures during 

microwave heating, as it does in the case of self-heating 

associated with spontaneous combustion. Also, the samples 

at roughly 20% moisture showed the same, or perhaps a 

greater, tendency to char as the 12% samples. 

In conclusion, the current round of testing does not provide 

conclusive evidence to support or deny the hypothesis. It is 

possible that the experimental conditions fall short in 

representing the conditions that lead to spontaneous 

combustion. For example, perhaps sample size or uneven 

moisture distribution have to be examined further. It appears 

that additional research needs to be done in order to collect 

more results and gather greater statistical evidence.
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