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Tech ical Report for E-waste p rol sis
e peri e tal facilit
Abstract
This report is focusing on the commissioning experiments that have done between the week 35 (29 th
of August until 2nd of September). The staff from the Royal institute of technology together with the
staff from Beijing Shenwu environment & energy technology Corp worked for commissioning of the
new reactor.
The entire screw reactor unit and all of its functions has been tested, which conclude to some
improvements that need to be made and some key factors that need to be further considered. This
report summarizes the reactors performance and its operation and can be used as a pathway for future
users of this facility.

1. Introduction
The Royal institute of technology (KTH) together with Beijing Shenwu environment & energy
technology Corp. have design and constructed an e-waste pyrolysis experimental facility which is now
located on the KTH ITM MSE facilities. During the 29th of August 2016 until 2nd of September 2016
commissioning experiments have been performed from both sides in order to test the functionality of
this facility. This report shortly presents the facility, its strengths and its weaknesses and summarizes
all the work that has been done during that week.

2.3. Description of the process
The material is being introduced by the screw feeder which is located on the top of the unit. The
feeding rate can be controlled according to the rotational speed of the screw feeder and it also
depends on the materials properties. Then the material is passing through two on off air valves which
follows a specific cycle in order to ensure that no oxygen might enter the reactor. Then the material is
being introduced to the main reactor chamber. The three heating zones of the main part of the reactor
can be heated at different temperatures a o di g to the use ’s e ui e e ts. The s e i side the
reactor drives the material from the one side of the reactor to the other in a rate controlled by its
rotational speed. Finally, the reacted substances exit the process as a gas mixture and the condensable
ones are being condenced on the cooled container, the gases at room temperature are being analyzed
with a micro GC analyzer and the solid char is falling on the container which is placed on the bottom
of the reactor.

.

3. Materials and Methods
3.1. Material
The material chosen for the commissioning tests was
ode a d Wifi plastics from WEEE
collected by Stena Recycling. The material was shredded and sheaved both for compositional and size
homogenization. Moreover, in order to overcome the feeding problems that the system was facing,
the material has been further sorted according to its density, by using a water bath and collection the
fraction that was sinking. Furthermore, the final fraction used was dried overnight. Therefore, the
fraction was closer the bulk density of the material that was used before on the experiments
performed in China.
The analysis for this specific fraction that was used is illustrated on the Figure 2

Figure 2 Ultimate and elemental analysis of the fraction” ode a d Wifi plastics”

The material used for these experiments contained high amount of volatile mater (=74,5%), which
implies that the gas and the liquid yields that can be obtained could be high. Furthermore, since the
ash content is low the char formation is expected to be rather low.

3.2. Examined cases
Two main examined cases were fully studied for two different temperature profiles of the
reactor. Unfortunately, the results of the first case were not fully obtained because of the system
errors that occurred.

Case 1
Temperature conditions:
T1: 420oC
T2: 650oC
T3: 700oC

Case 2
T1: T2: 350oC
T3: 500oC

3.3. Methods
Experimental procedure description
The experimental procedure started with the purging the reactor with nitrogen in order to
remove the oxygen from the reactor. The flow of nitrogen was set to 200l/h and it was kept for 20
minutes with the upper outlet open and 20minutes with the outlet for the solid residue open. Then
the system was heated up to the desired temperature. When the reactor reached to the desired
temperature, the feeding of the material started. As it is stated also on the experimental part, the
feeding was made manually due to the difficulties that the material was facing to flow on the screw
feeder.

Gas analysis
The gas produced was directed through three coolers and a spherical container to be separated
from aerosols and tars that are usually produced through these processes. The gas composition was
analyzed with an Agilent 490 Micro GC, which can was calibrated for the detection of H2, O2, N2, CH4,
CO, CO2 and other low molecular weight hydrocarbons. The rest of the produced gas was then released
on the exhaust fan.

Oil analysis
The condensable products of the process were collected on a spherical container. In order to
condense as much liquids and aerosols as possible, three coolers and a cooling device set on 0oC
temperature was used. The composition of the produced liquid was determined with an Agilent GC
MS. The column used for this analysis was the HP-5 with 30meters length and the oven program used
was started at 40 °C and kept at that temperature for 10 min. Then temperature was increased to 75
°C with the heating rate of 0.9 °C/min, then with 1.1 °C/min to 120 °C and finally with 10 °C/min to 200
°C. In total the method of analysis lasted 97.798 min.

Char analysis
No analysis of the char generated by these experiments was performed because of the limited time
that the commission tests were performed. On the other hand, samples were collected for future
analysis.

4. Results and Discussion
4.1. Gas analysis
The gas measured on the first cycle of stable conditions by the micro GC is illustrated on the Figure 3.
The levels of the N2 which has been used in order to remove the oxygen from the reactor is slowly
decreased as gasses were produced and then increased. The level of the gases produced has never
reached a stable value. This is because there is not a continuous flow of nitrogen during the entire
process protecting the reactor atmosphere from leaks and oxygen. During the cycles of feeding, the
screw feeder is purged with nitrogen, but this flow is not sufficient for avoiding oxygen diffusion into
the reactor. It is clear on the Figure 3 that the air is going into the reactor through the time. Keeping
the entire reactor free from oxygen is vital for pyrolysis conditions, otherwise, combustion reactions
might occur, which can influence the products of this process.
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Figure 3 The gas composition on the first cycle of stable conditions
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Figure 4 The gas composition on the second part of stable conditions

4.2. Oil analysis
A sample from the oils that were collected on the spherical glass container has been collected
for qualitative analysis. 1ml of the sample has been diluted to 10ml of methanol and the sample was
then injected on the GC/MS for the qualitative analysis.
Abundanc e
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Figure 5 Chromatogram of the oils produced and analyzed by the GC /MS

60.00

70.00

80.00

90.00

The products of this experiment are presented on the Table 1 together with the absolute abundance
area, their retention time and their molecular weight. All of them are products which can be derived
from pyrolysing WEEE fractions. Their abudance cannot be compared with other experiments since
only one sample was collected during the commissioning experiments.

Table 1 Compounds found on the GC MS analysis as well as their retention time, molecular weight and their area after the
integration of the chromatogram (Figure 5)

Compound
number (#)
1
2
3
4
5
6
7
8
9
10
11
12
13

RT
(min)
2,405
2,97
5,141
9,851
12,191
15,464
22,021
22,302
23,332
57,795
70,097
95,675
96,344

Area
(Ab*s)
424000
449159
9672657
28010030
22111937
5440372
7170558
1864997
31947614
12834549
8613448
5377421
356950

14

97,288

735870

Area (%)
0,31%
0,33%
7,16%
20,75%
16,38%
4,03%
5,31%
1,38%
23,66%
9,51%
6,38%
3,98%
0,26%
0,55%

Name
Methylacrylonitrile
Benzene
Toluene
Ethylbenzene
Styrene
Benzene, (1-methylethyl).alpha.-Methylstyrene
Benzonitrile
Phenol
Phenol, 4-(1-methylethyl)Benzenebutanenitrile
Benzene, 1,1'-(1,3-propanediyl)bisBenzene, 1,1'-(1-methyl-1,3propanediyl)bis1,2-Diphenylcyclopropane

Molecular
Weight
67,042
78,047
92,063
106,078
104,063
120,094
118,078
103,042
94,042
136,089
145,089
196,125
210,141
194,11

4.3. Char sampling
The entire char was collected in order to be analyzed in the future. Unfortunately the solid
residue obtained from these experiments was not fully pyrolysed. Therefore, higher temperature or
higher residence time is proposed to be used on future experiments with the same fraction of waste
in order to obtain higher oil and gas yields.

5. Commissioning Tests
Description of the work each day
DAY 1 20160829
The fi st da , the people f o Beiji g “he u e i o e t & e e g te h olog Co p sta ted
to work on the electrical connections. Even though the entire equipment has been tested before in
Beijing, it has been disconnected in order to be packed for the shipping. Therefore, the equipment was
connected from the beginning including a main electrical supply of 32 A, which was enough for the
three main components, the control unit, the feeding system and the reactor. Moreover, the air valves
was connected to the air compressor supply. Initially there was some problem with the mass of the air
that was produced on the air compressor, but it did not affect the function of the valves. The first valve
(SV11), which is an air valve seem to be problematic because there was some leak on the connection
to the air supply.
The a s all i t odu tio of the ea to as pe fo ed the people f o the Beiji g “he
e i o e t & e e g te h olog Co p , he so e features of the reactor was revealed.

u

 Maximum temperature of the heating elements are:
T1: 550oC
T2: 720oC
T3: 720oC

 The default values of the rotors speed are
V1: 650 rpm for the feeding rotor
V2: 480rpm for the heated screw rotor

 The feeding of the reactor should always be less than 1,5 kg/h of material.
These parameters has been set initially during the experiments that were performed in China
based on the material that was used there. For new material with other properties (bulk density,
particle size, etc) a new calibration curve of the feeding should be made.
The time residence time of the material is strongly connected with the time that a single particle
need to travel from the inlet of the reactor to the outlet. Therefore, small iron balls was used in order
to track how much time it takes for the balls to be transferred from the one side of the reactor until
the other side according to the rotational speed of the screw. For 600 rpm the residence time was
measured to be 45minutes. But this test needs to be repeated again with different rotational speeds
in order to conclude with a calibration curve which can correlate the rotational speed with the
retention time of each material.
Moreover, the steam boiler was blocked and the water inside the boiler could not recirculate.
During the experiments that were performed in China, the water was not drained from the boiler. Then
it was shipped from China to Sweden and probably the water stayed there for the whole time.
Therefore, the boiler started to rust and the blocked pipes needed to be changed.
Finally, Mr. Guo demonstrated the entire control unit by showing the main screen and the
functions. The entire equipment can be controlled both from the control unit and the screen control.
In order to succeed this, all the switches need to be switched to the auto function side. Furthermore,
the controlling program has a function that controls the valves to be open for a certain period of time
and on a specific raw that can allows some flushing cycles of the feedstock with nitrogen before it
enters the reactor. Moreover this continuous cycles can make the flow of the incoming feedstock
stable.

Figure 6 The screen of the control unit

DAY 2 20160830
The second day of the commissioning tests, all the work has been focused on overcoming the
difficulties of the previous day. The boiler was fixed by Mr. XXXX and Mr. Guo and it was working
properly again. Therefore, we did a blank test without any feedstock to see whether or not all the
features of the reactor were fully functional.
The material chosen for the tests was shredded cable residues that was also used in the past for
pyrolysis experiments on other reactors. It has low metal content and produced a lot of gas as it is
pyrolysed. On the other hand, this fraction has low bulk density compared with the fraction of WEEE
that was tested before on this reactor in China. Therefore, the feeder was acting differently with this
specific fraction of waste. When this sample was introduced to the feeder, the feeder was stuck and it
could not pour any material inside the reactor.
A a to o e o e this p o le ould e to i stall a sti i g s ste o the top of the feede ’s
s e i o de to i the ate ial ight efo e it ea h to the s e ’s shafts. Both Mr. XXX and Mr.
Guo understand the severity of this problem and how this influence the process and they will upgraded
with a new design. Otherwise the feedstock that can be used for this equipment is limited and cannot
work with materials such as biomass and lower bulked density samples. In order to overcome this
difficulty, Mr. Guo decided to puss and mix the sample before the feeder in order to make the flow of
the material more homogeneous. Moreover, new material has to be found with more similar physical
properties with the one that has been tried before.

The staff of KTH focused more on the condensation system that was needed in order to be able
to condense the tars and the waxes that would be produced from these process. So a 12mm pipe was
connected on the outlet of the reactor and a heating tape was used in order to keep the temperature
of the pipe high enough to avoid condensation along the pipe. The temperature that was used was
250oC for these experiments. Moreover, the metallic pipe was attached to a glass connection and then
some glass coolers were connected together with a spherical glass container. A cooling device was also
used in order to recirculate cooled water (~1oC) along the glass coolers. So the condensed oils would
be collected on the spherical glass container, which could allow us to receive a sample for qualitative
analysis.

Figure 8 The heated outlet pipe.

Figure 9 The system for condensation of the oils and the
waxes.

Figure 7 The connection of the metallic pipe
with the glass coolers

DAY 3 20160831
Firstly, the reactor was prepared for the blank test. The reactor consists of three heating zones
(TE101, TE201, TE301) that their temperature can be set independently. Although, the temperature
difference cannot differ much because they are located close to each other. The temperature of the
first heating zone (TE101) needed to be set at relatively low temperature because it is located very
close to the inlet of the steam and the material. The temperatures of the three zones are being
o t olled a PID o t olle hi h alues a e fou d o the PID ta of the o t olli g pa el.
The following steps were performed in order to prepare the reactor for the blank test.






Empty the reactor
Heat the reactor according to the willing temperature conditions.
Purge the reactor with nitrogen for removing all the oxygen that exist on the reactor.
Introduce steam to the heated reactor.
Start the feeding for introducing the material to the reactor

Comments on the previous steps
Since the reactor was empty during the shipping, no step for emptying the reactor was
pe fo ed. Although, the P ol sis esidue outlet , the o tai e that the solid residue is being
collected, has been evacuated and cleaned. If there are any remaining material from previous
experiments, air can be introduced to the reactor in order to burn them while the motor should be on.
Moreover, since calibration tests were performed the previous day for calculating the retention times
according to the rotational speed of the motor, the reactor was totally empty.
The reactor was heated according to the temperature conditions proposed by Mr. XXXX. So the
set points was TE101= 420oC, TE201=650 oC and TE301=700oC. The reactor was heated really fast, and
the fluctuations were minimum.
For purging the reactor with nitrogen the nitrogen flow of 20ml/h on the flowmeter should be
introduced while the valves SV71 and SV21 should stay open. 30minutes of purging was enough for
the oxygen to be remove. Furthermore, the needle valve on the upper outlet together with the needle
valve on the solid residue collector needed to be switched from on to off and vice versa in order to let
the flow of nitrogen to purge both of the outlets.
During the introduction of steam, some leaks were detected such as one right after the PT501
but the most of them were overcome. During the introduction of the steam, the steam firstly came in
contact with the part of the reactor that was heated up to 420oC. Then the temperature of the steam
increased rapidly and the pressure within the reactor has been increased as well. Part of the steam
was also coming out of the feeder and the glass which is located between the feeder and the SV11
valve was full of water. The pressure of the reactor probably has reached to that level that the valves
even though they were closed, they could not withstand that high pressure. Therefore, the rest of the
experiment could not continue. The clear pipe located between the feeder and the SV11 valve was
dismantled and thoroughly dried in order to avoid any deposition of the material.

Figure 10 The glass pipe full of moisture and stacked WEEE

DAY 4 20160901
On the fourth day of commissioning experiments, the equipment was fully working and it was
ead fo the test. The hose
ate ial fo that da ’s test as hose to e a i tu e of o i ated
plastics which has been sheaved to the desired particle size(6-1mm).
The steps that have been mentioned before were followed again as on the second day of experiments.
 Heat the reactor according to the willing temperature conditions.
 Purge the reactor with nitrogen for removing all the oxygen that exist on the reactor.
 Introduce steam to the heated reactor.
 Start the feeding for introducing the material to the reactor
The temperature conditions for the three heating zones was the following:
T1: 420oC
T2: 650oC
T3: 700oC
The material was fed by the help of Mr.Guo who was mixing the material before the feeder
because of the problem with the feeding system that was mentioned before. Although another error
of the system appeared after 20 minutes of feeding.

Generally, according to the guidance of Mr. XXX the material need to be fed on the reactor for
at least one hour in order to reach to steady conditions. Then the entire reactor would be full with the
feeding material and the production of gas and liquid will reach to stable values. Unfortunately, the
temperature on the first zone of the screw reactor was high for this material, which was melting on
the surface of the heated screw at the initial stages of the reactor. Therefore, the material was stuck
on the beginning of the screw and eventually after 20 minutes of operation, the inlet was fully blocked.
In order to overcome this issue and to safely unblock the inlet, the feeding of the material was stopped
and then the heating was stopped because the produced fumes of the melted material was escaping
by the feeder. Moreover, the inlet of the facility needed to be dismantled in order to remove the
stacked material. Finally, a malfunction of the control unit has found during the operation and the
digital module needed to be changed before the end of the commissioning tests.

Figure 11 the parts of the reactor that need to be dismanted for
unblocking the blocked material

Figure 13 Blocked material on the inlet of the reactor

Figure 12 Blocked – Semi melted material on the
inlet of the reactor.

At the end of that day, a meeting was arranged with all the people involved on these
commissioning tests in order to summarize what has been done already and to set the goals for the
last day of the commissioning tests. Then, all of the participates decided to try to run the facility for
the next day without any heating on the first zone of the screw and more mild heating on the last two
heating zones. The steam cannot be used for the process because of the problems that we faced on
the first and the second days. Therefore, the steam could only be used for cleaning the facility and
checking for potential leaks.

DAY 5 20160902
On the last day of the commissioning experiments, the screw of the reactor was removed for
demonstrating this step, which might be very usual after every operation. Moreover, the screw was
examined and cleaned from the previous day experiment. Sample of the carbonized material was
collected for further examination and analysis.

Figure 14 The screw of the reactor and the carbonised material which was melted on the beginning of the screw.

Figure 15 The inner part of the reactor after the first unsuccessful experiment.

The steps for starting up the reactor was repeated again for running the final experiment of the
commissioning tests. The chosen temperatures for the three heating zones were the following.
T1: T2: 350oC
T3: 500oC
The final experiment was successfully made and the results are included on the results section of this
technical report.

6. Conclusions
The screw reactor constructed by Shen Wu has been tested during the week 35 of 2016. The
heating of the three heating zones works perfectly and the PID values can be used for several
temperatures (300-700oC). The first heating zone is very close to the inlet of the reactor, where the
fed material is being introduced. Furthermore, the inlet diameter is much smaller than the initial design
(32mm instead of 100mm). This might influence the feeding of the reactor as follows. In case the
feeding material contains plastic that can easily melt at low temperatures, there is always a risk of the
melted material to block the inlet.
The feeder does not fulfill the criteria because its design limits the material that can be fed. As
mentioned above, the feeding pipe is much smaller that the initial design, making the risk of blocking
high. Moreover, the screw has been manufactured in a way that the material is stuck before the screw
on the feeder, making the material flow impossible. Therefore, the feeder needs to be design again
and it needs to be replaced by another more suitable design.
The screw of the reactor seem to work perfectly. The residence time of the material can be
adjusted by the rotational speed of the screw. Although, a lot of effort should be done in case the
screw is overfilled with the material. The screw of the reactor has been removed once and it was very
complicated to be placed again.
The heating tapes that were installed on the exhaust pipe and the solid collector provide the
pipes with enough energy to sustain the temperature of 200oC which is considered to be very low.
Most of the tars can be condensate there and eventually it will block the outlet.
The system lucks of an extra N2 flow for continuous feeding of nitrogen. The products during
the reactors operation cannot exit the reactor because there is no nitrogen flow to purge them on the
condensation point. Therefore, the residence time of the tars cannot be controlled. For research
purposes this is a vital parameter.

7. Improvements
The feeder need to be replaced with another system that can provide more stable feeding of
the material. The following options should be considered:
1. Replace the screw with the same. The screw has to be replaced. Of course it could be easy if
you just bought the screw, to just replace it. But the problem with the feeding of the material
will remain. In order to use the reactor, there should be always someone pushing the material
from the top of the reactor which is unsafe and it does not give us a stable continuous feeding.
Moreover, there is always a risk of braking again, because I supposed that the screw broke
because something was stuck there. Furthermore, the feeding is unstable because of bridging.
This means that usually the material does not flow on the feeder and it is creating gaps inside
the pipe which leads the material from the silo to the screw.
2. Replace the screw with another type of screw. There is another type of screw which you
probably know called shaftless screw (see the figure).

This screw can improve a little bit the flow of the material within the horizontal pipe. This empty space
that exist on the middle of the screw, can enhance the material to go through the other side. By
choosing this option, the only thing that should be replaced is the screw and we are back to business
easily. But this does not improve the problem with the bridging on the perpendicular pipe. This pipe is
too long the flange that exist there is making the bridging more probable. I am attaching a drawing
based on the dimensions that we have on our system. Of course the size of the threads and the material
should be different.

3. Replace the entire feeding unit. This probably needs more effort but it will solve all the
problems at once. The feeding should be designed in a way that the material should flow no
matter what. No perpendicular pipe should exist. It should be just an opening between he silo
and the screw. The silo should have the right angle in order to be able to drive the material to
the screw.
A continuous nitrogen flow need to be installed for the reactor in oreder to be able to control the
residence time of the pyrolysis products.

8. Appendix
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