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A broad spectrum of combustion emission nanoparticulates have been identified and characterized 
from fossil fuel combustion [1], natural gas combustion for cooking/ home heating [2], and biomass 
combustion emissions from forest fires, wood burning cook stoves [3,4] and various types of 
residential and institutional wood burning heating systems[5].   Wood burning stoves for residential 
heating are not only extensively used in developing countries, but are also widely used in the US as a 
CO2-neutral, fuel-available, renewable energy source.  Recently manufactures have developed 
advanced technology wood burning boilers for residential and institutional heating needs, which 
optimize heat production and heat storage, making them very desirable in places where wood fuel is 
readily accessible. With the extensive use of these new wood burning systems in the US and Europe 
there are new questions about the types of combustion emission nanoparticulates that may be produced 
in these auto-regulated heating units, and whether daily exposure to these emissions could result in 
possible health risks similar to those of wood smoke which is thought to increase the incidence of 
respiratory and cardiovascular disease in humans. This investigation examines the combustion 
emissions produced by two advanced technology wood burning boilers; the Frőling residential wood 
burning boiler, and the outdoor wood burning Central Boiler. The ultrafine particulates (UFP) were 
collected at start-up, pre-steady state and steady state operation of the wood burners and the collected 
UFPs were characterized by high resolution transmission electron microscopy (HRTEM), 
compositional analysis (x-ray microanalysis) and measuring lattice spacing, and selected area electron 
diffraction (SAED). 
 
The UFPs were collected directly in the stack, distal to the dilution tunnel (5:1 with room air). A 
suction device was introduced into the gas stream and particulates were deposited onto 2 quartz fiber 
filters (Millipore, Inc.). A second, cleaner collection technique using a positioning tube fixed into the 
flue, in which an insertion rod holding two TEM grids (one formvar coated, and the other either a 
carbon film on copper grid (C-flat), or a silicon nitride membrane) could be inserted into the gas 
stream and rotated into position (90o to the gas stream).  Nanoparticulates were collected for 10 to 36 
minute time periods, when the burner cycle was approaching steady state, at steady state or in late 
steady state. The grids were examined at 120 KV without stain, in a JEOL 1400 TEM with a LaB6 
gun; and on a JEOL 2100 field emission TEM used at 200 KV. Both microscopes were equipped with 
energy dispersive x-ray microanalysis detectors and SAED capabilities. The quartz fiber filters were 
examined by SEM (using a JEOL 6500F field emission microscope) with x-ray microanalysis 
capabilities. The nanoparticulates on the quartz fibers were removed by cutting small slices directly 
across the filter, and vortexing and sonicating these slices of the filter in distilled deionized ultra pure 
water, followed by ultra-centrifugation for 45 sec at 110 X 1000 rpm. The supernatant was removed 
and the pellet was resuspended in water.  The cleaned nanoparticulates were micro-pipetted onto C-flat 
grids. The grids were allowed to stand for 3 minutes in a covered sterile Petri dish to let the UFPs settle 
onto the carbon surface.  The dried grids were stored in a desiccator.   



Fig.1 shows the quartz fiber filter collection device (A) used. The quartz fibers were smooth and clean 
before collection began (1b). Following nanoparticle collection onto the quartz filter fibers, oval  

 
 nanoparticles (25-60 nm) were seen (Fig. c, red arrows) embedded in creosote on the fiber surfaces 
(Frőling wood burner/boiler). When the nanoparticles were removed from the fibers and cleaned (d), 
they revealed oval graphitic nanoparticles. The outdoor wood burning boiler also produced the oval 
larger nanoparticles (Fig.2), as well as very small nanoparticles (~ 1.8nm to 5 nm diameter) having 
clear lattice spacings at high magnification (Fig.2). In contrast the fly ash (Fig.3) collected at steady 
state, contained crystals and produced clear diffraction spots by SAED, but seemed to rapidly degrade 
as steady state continued. No graphitic 20-60 nm nanoparticles were seen after steady state was well 
established; nor were any of the smaller nanoparticles observed at this time.   

  
Fig.2 
In conclusion, we found that we could readily collect the combustion emission nanoparticles using 
both described methods of collection. Apparently there are specific times when the larger graphitic 
nanoparticles, and smaller crystalline nanoparticles, are produced in the burn cycle. We will be doing 
further work to identify what parameters are associated with high nanoparticle output, and what the 
composition of the smallest nanoparticles are in both wood burning boilers. It is not clear what role, if 
any, carbon monoxide and temperature play in the production these nanoparticles. X-ray microanalysis 
showed that the fly ash crystals were predominately of C, K, Cl and some S, O, Ca and Na for both 
advanced technology burners. This was probably due to the use of red oak for the fuel for both burners.  
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