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Abstract 

The velocity of nearly spherical monosized PVC powder in a coldflow 
rotating cone reactor (top angle π/2 and π/3 rad, width 0.5 m) was 
measured under variation of the particle diameter (140 780 μπι) and 
the cone rotational speed (up to 1800 rpm). Derived residence times for 
these particles vary from 0.05 to 0.3 second. A new particle 
temperature measurement technique is described together with 
temperature measurements used to calibrate the method. This 
temperature measurement technique will be used to investigate the heat 
transfer to particles in the rotating cone reactor. The first pyrolysis 
experiments will be described which showed that rice husks flow freely 
in the rotating cone flash pyrolysis reactor at 600 °C and 900 rpm. At 
these conditions a feed of 0.8 kg rice husks was converted to 0.2 kg ash 
and 0.6 kg pyrolysis vapours. 
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The rotating cone reactor is a novel reactor type for flash pyrolysis of 
biomass with negligible char formation, in which rapid heating and a 
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short residence time of the solids can be realised. Particles fed into the 
reactor first enter an impeller which is mounted in the base of the 
heated cone. After leaving the impeller the particles flow outwards over 
the conical surface and experience a high heat transfer rate due to their 
small distance from the heated surface, see figure 1. Biomass materials 
like wood, rice husks or even olive stones can be pulverised and fed to 
the rotating cone reactor. Flash heating of the biomass will suppress 
coke forming cracking reactions. Since no carrier gas is needed (cost 
reducing) the pyrolysis products will be formed at high concentrations. 
If additional thermal quenching of the gas outlet flow is applied the 
amount of secondary tar decomposition reactions can be suppressed. 

The theoretical model of the rotating cone flash pyrolysis reactor 
consists of three topics, a description of the biomass particle flow 
behaviour inside the rotating cone reactor, a description of the heat 
transfer to the biomass particles in the reactor and a description of the 
flash pyrolysis biomass conversion process. In this report the progress 
on each topic will be mentioned. 

1 Hydrodynamics of the rotating cone reactor 

The motion of the particles along the cone wall was recorded with a 
video camera. PVC particles are used as a model material because of 
their bright white colour which gives a maximum photographical 
contrast on the black cone wall. At a shutter speed of 1 ms, the particle 
movement can be seen as streaks of a few mm length. This length is 
directly proportional to the local particle velocity. PVC powder has a 
density of 1100 kg.m"3 which is about twice the density of biomass. 
Because the viewing angle of the video camera is perpendicular to the 
cone wall only the radial (vr) and rotational (νφ) spherical velocity 
components can be measured. The residence time of the particles inside 
the rotating cone reactor can be calculated from: 

r d r τ=ί— (D 
ro r 

Two cones of different geometry were used. Both cones had a minimum 
diameter of 0.14 m and a maximum diameter of 0.50 m. 
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 Cone 1, topangle π/3 radians, 
 Cone 2, topangle π/2 radians. 
The residence time based on the experimental velocity measurements 
and equation (1) is given in figures 2 and 3. In both figures the particle 
residence time is shown as function of the cone rotational frequency. 
Figure 2 shows the results for cone 1 and figure 3 shows the results for 
cone 2. 
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Figure 2. The particle residence time in the π/3 radians topangle cone. 
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Figure 3. The particle residence time in the π/2 radians topangle cone. 

A more extensive study of the particle flow in the rotating cone reactor 
has been published by Wagenaar et al. [1]. 
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2 Heat transfer measurements 

The transfer of heat to particles causes a change in the energy content of 
the particles. If two positions on a streamline of the particle flow are 
defined, the heat transfer to the particles is equal to the ratio of particle 
energy difference and elapsed particle travelling time between the two 
points. In simple physical systems the particle energy content is directly 
related to the particle temperature so the heat transfer coefficient can be 
based on temperature measurements. 

A number of conventional temperature measurement techniques are 
available such as direct temperature measurement with thermocouples, 
infrared pyrometry and techniques employing liquid crystals and 
melting crystals. If these techniques are applied to measure the 
temperature of particles in a dilute particle flow encountered in the 
rotating cone reactor, no reliable measurements of the particle 
temperature can be obtained due to different reasons. For example 
thermocouples also sense the gas phase temperature, infrared 
pyrometers sense the background radiation especially if the temperature 
of the particles approaches the cone wall temperature, and liquid crystal 
ordening is disturbed by mechanical forces. A new temperature 
measurement technique has been developed based on the temperature 
dependent change in the quantum yield of phosphors. If these phosphors 
are irridiated with UV radiation they will emit visible radiation. If a 
blue emitting phosphor is used with a quantum yield (amount of VIS 
photons emitted per incoming UV photon) that is independent of 
temperature together with a green emitting phosphor with a 
temperature dependent quantum yield, a change in temperature will 
result in a unique colour change. The experimental set-up to measure 
the temperature dependent colour change of particles is presented in 
figure 4. 
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Figure 4. The fluoroptic measurement setup. 

The calibration curve of the aforementioned phosphor mixture is given 
in figure 5. Two types of illumination were used, constant illumination 
and 1 millisecond pulsed illumination to simulate particles moving at 10 
m/s through a illuminated spot of 10 mm diameter. As can be seen in 
figure 5 there is a small difference between the two types of 
illumination and the dynamic effects can cause a 10 °C error in the 
temperature measurements. 
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Figure 5. The temperature as function of the channel ratio. 
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The fluoroptic temperature measurement technique was first applied to 
chute flow because this type of flow is easily accessible, in addition 
thermocouple measurements can be made to validate the measurements 
with the fluoroptic technique. Figure 6 displays the temperature profile 
on the Chute together with thermocouple measurements. Both techniques 
give essentially the same temperature signal. The next experimental goal 
is to apply the fluoroptic temperature measument technique to a particle 
flow in the rotating cone reactor and establish an empirical heat transfer 
correlation for the rotating cone reactor. 
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Figure 6. Dimensionless temperature as function of the axial chute 
coordinate. 

The dimensionless temperature is defined by: 
Τ - Τ 

Y = room temperature 
Τ -Τ 

feed point room temperature 

(2) 

Particles leaving the feed point have a dimensionless temperature equal 
to Y=l. Particles which are cooled down to room temperature have a 
dimensionless temperature equal to Y=0. 
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3 The flash pyrolysis rotating cone pilot plant 

In the first part of september 1992 the flash pyrolysis rotating cone 
reactor pilot plant was installed. A general engineering drawing of the 
actual pilot plant is presented in figure 7. The pilot plant is designed to 
operate at temperatures up to 800 °C and a maximum cone rotational 
frequency of 1500 rpm. 
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Figure 7. The rotating cone pilot plant. 
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Four runs where conducted, all at 600 °C and 750 rpm. 

Run 1. feed: sawdust. 
1 kg of sawdust was fed to the reactor at a rate of 1 gram per second, 
but after opening the reactor it seemed that the sawdust didn't flow at 
all, because all char was found sticking to the bottom of the cone. The 
cone topangle used was π/3 radians. 

Run 2. feed: sawdust. 
The same observation as run 1, but a different cone topangle of π/2 
radians. 

Run 3. feed: rice husks. 
0.8 kg rice husks were fed to the reactor at a rate of 1 gram per second. 
The rice husks showed a free flow behaviour, and after collecting the 
remaining solids 0.2 kg ash and char rest was found. The cone topangle 
used was π/2 radians. 

Run 4. feed: sawdust-sand mixture, with 10 mass% sawdust. 
Sand was added to the sawdust, which resulted in a free flowing solids 
mixture of which the sawdust was pyrolysed. 2 kg of mixture were fed 
at a feed rate of 10 grams per second. Although the percentage of sand 
was high earlier research showed that the reactor is capable of 
transporting at least 500 grams of sand per second. 

Future research will focus on the transport properties of solids in the 
rotating cone reactor at pyrolysis conditions. Subsequently the 
conversion of suitable feedstocks will be studied to obtain conversion 
data (i.e. product distribution and global kinetics) as function of the 
operating conditions. 
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