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Abstract

Replacement of fossil-based activated carbons

Through our innovation, the product from a process that converts biowaste into a
biofuel/biochar (HTC carbon) can be further refined into a bio-based high-value
activated carbon and thus give the market an alternative to today's fossil activated
carbon. When the bio-based activated carbon reaches the end of its life cycle, it is
burned as a biofuel. This creates a carbon sink, which grows the more cycles the
activated carbon is regenerated. When bio-based activated carbon gains market share
from fossil activated carbon, the CO. footprint decreases by about 10 tonnes of
CO./tonne of activated carbon. If all market shares worldwide are taken from fossil
activated carbon, the CO. footprint can be reduced by about 28 million tons/year.

Different production methods to produce activated carbon from HTC carbon have been
investigated within this project. One suitable method for producing activated carbon
for gas applications and one for activated carbons for liquid applications have been
developed. The properties of the produced qualities of activated carbon are not as good
as the ones on the market today. However, there is potential for optimization so that an
activated carbon with competitive quality can be produced from this renewable
resource.
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Preface

The Swedish Energy Agency has within the call “Konceptutveckling av
energiinnovationer med affarsfokus” funded the work done in this project. C-Green
Technology has provided, free of charge, the HTC coal that have been used. Jackering, a
German supplier of process equipment, has performed the drying trials within this
project free of charge. RISE acknowledge The Swedish Energy Agency, C-Green and

Jackering for the funding and support.
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1 Introduction

Activated carbon (AC) is today an important material widely used for different
applications for e.g., gas and water cleaning. One drawback is that it is mainly produced
in eastern Asia and mainly from fossil resources. To increase resilience in this market
and to reduce the carbon footprint of the product it would be desirable to find a
biomass resource, available in Europe, that could replace the raw material for this
product. Since AC is a carbon product, the biomass resource needs to have a high
carbon content.

One such potential raw material is the biochar produced in HTC processing of bio
sludge. C-Green Technologies is a company working with HTC treatment of different
biowastes to produce biochar called HTC carbons. The latter still needs to be further
treated for waste treatments. However, they have a higher carbon content than other
biomass which renders them as good raw material for further carbonization and
activation into AC.

By replacing fossil raw material for AC with biochar, a large reduction in CO, emissions
can be achieved. The CO, footprint decreases by about 10 tonnes of CO./tonne of AC. If
all market shares worldwide are taken from fossil activated carbon, the CO. footprint
can be reduced by about 28 million tons/year. Furthermore, the AC is usually reused a
numerous time, creating a carbon sink. By the end of its lifetime the renewable AC is
incinerated, producing renewable heat and energy.

In this project, we have investigated conversion of the HTC carbon into AC using
different methods with different processing parameters. The AC products have been
characterized and compared with commercial AC. We have also discussed the technical
feasibility and carbon balance.

This project was granted financial support from the Swedish Energy Agency within the
call “Konceptutveckling av energiinnovationer med affarsfokus”. The total budget was
300 kSEK and the activities within the project was performed by RISE during the
period of June 2021 to March 2022.

2 Material and methods
2.1 Materials

The HTC carbon was produced by C-Green Technoly at its OxyPower HTC™ plant at
Stora Enso's packaging paper mill in Heinola, Finland. The feedstock used in the
process was biosludge from the paper mills wastewater treatment plant.

Commercial GAC reference, Darco®, 20-40 mesh, was obtained from Sigma.

2.2 Drying

The HTC carbon was dried in a pilot drier at the facility of Jackering in Hamm,
Germany. Two different grinding settings were used followed by drying at 200°C in an
ultra-rotor dryer.
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2.3 De-ashing

HTC carbon or produced AC was immersed in 2M HCI and the suspension was ultra-
sounded for 0.5 h followed by filtration and completely washing with deionized water
until neutral pH. The residue was dried in an oven at 50°C overnight.

2.4  Activation of HTC carbon
2.4.1 Physical activation

Stepwise carbonization and activation were performed. First, HTC carbon powders
were placed in an oven under a nitrogen flow of 100mL/min. The oven was heated at
2°C/min to 500°C followed by maintaining the temperature for 1h to prepare
carbonized HTC carbon. Second, the carbonized HTC carbon powders were once again
placed in the oven under a nitrogen flow of 100mL/min. The oven was heated at
15°C/min to 800°C followed by changing the gas from nitrogen to carbon dioxide and
maintaining the temperature for 1 h or 3 h. The activation was stopped by changing the
gas flow back to nitrogen and the oven cooled down.

2.4.2 Chemical activation

A one step simultaneous carbonization and activation was performed. HTC carbon
powders were blended by soaking with 85% or 43% phosphoric acid. The blend was
heated to 116°C and kept at the temperature for 20h. The mixture was then placed in an
oven under a nitrogen flow of 100mL/min. The oven was heated at 2.5°C/min to 450°C
followed by maintaining the temperature for 1.5h. After cooling, the product was
washed completely with de-ionized water to neutral pH followed by drying in an oven
at 50°C overnight.

2.5 Characterizations

2.5.1 Thermogravimetric analysis

For the Thermogravimetric analysis (TGA), a TA Instruments Q1000 apparatus was
used. The heating rate was either 2°C/min to a temperature of 500°C or 15°C/min to a
final temperature of 800°C. The samples were analysed with both nitrogen and air
atmosphere.

2.5.2 Specific surface area and porosity

The specific surface area (SSA) and porosity were measured by BET (Brunauer,
Emmett, and Teller) technique using ASAP 2020 Accelerated Surface Area and
Porosimetry System.

2.5.3 Surface elementary composition

Surface elemental composition were analysed by scanning electron microscopy (SEM)
and energy dispersive X-ray spectroscopy (EDS) using SU3500 from Hitachi, Japan
with an EDS detector from Bruker Corporation, USA.
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2.54 Total organic carbon and inorganic carbon analysis

Total organic carbon (TOC) content and inorganic carbon (IC) content was measured
with a Shimadzu TOC-V equipment. The solid sample was placed and combustion
using its SSM (Solid Sample Combustion) unit.

2.5.5 Ashcontent

Ash content was determined by combustion in air at 525°C for 4h according to ISO
1762:2015 "Paper, board and pulps — Determination of residue (ash) on ignition at 525
degrees C".

2.5.6 Density determination

The density of the samples was determined by the Standard Test Method for Apparent
Density of Activated Carbon (ASTM D2854-2009(2014)).

2.6  Work packages

The work done have been divided into four different work packages. These are
described below. The project owner has been Katarina Ohlsson and the project leader
Anders Arkell. These two have been the representatives in the steering committee.

26.1 WP1

HTC carbon was produced and provided by C-Green. The biocarbon was dried by
Jackering. The dried biocarbon was used for production of AC and characterised
according to the different methods and procedures described above. The production
and characterisation of the AC was performed by three persons working in the lab at
RISE.

262 WP2

A process design was proposed by RISE for the production of AC from HTC carbon.
Process integration and design was discussed on meeting where the team at RISE and
CTO of C-Green was present.

263 WP3

RISE arranged a workshop addressing IPR related questions. The outcome of this
workshop was summarised in a report by the project leader.

264 WP4

The project leader and a business developer at RISE have had meetings with one
company selling AC and services related to AC. This company described the market and
gave good feedback regarding the price of the product and quality demands. Based on
this information a roadmap for the continuation was developed by RISE.
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3 Results
3.1 HTCdrying and characterization

The dryness of the starting material, the HTC carbon, was 46.1%. The high moisture
content needs to be largely reduced before carbonization and activation. A thermal
drying was therefore performed with two different setting for the prior grinding. After
drying at about 200°C, two products are obtained, termed Test 1 and Test 2. The
product’s dryness was 2.8 and 2.9%, respectively. Their particle size distributions are
shown in Figures 1-3. It can be seen that HTC Carbon Test 2 has slightly larger particle
size distributions.
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Figure 1: Particle size distribution of the dried HTC carbon sample Test 1.
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Figure 2: Particle size distribution of the dried HTC carbon sample Test 2.
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Figure 3: Particle size distributions of the dried HTC carbon samples Test 1 and Test 2, for
comparison.

The particle size difference could also be seen by SEM-EDS analysis (Figure 4). The
high content of carbon, ca. 73% for both Test 1 and Test 2, implies that these HTC
carbons are indeed a good starting material for AC preparation with expectedly higher
production yields. In addition, the apparent density of Test 1 was 0.52 g/cms3. This high
density is beneficial to make AC also with high density. Higher density of AC provides
greater volume activity and normally indicates better quality AC [1].
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Spectrum C O Na Mg Al si B s K Ca Mn Fe Spectrum < o wa Mg Al si b s ca Fe

1 536 73.74 22.15 0.06 0.09 0.30 0.30 0.67 0.81 - 1.02 - 0.85
1 537 75.56 20.23 - 0.14 0.32 0.16 0.87 0.73 - 1.06 - 0.93
1538 74.86 21.38 0.21 0.17 0.36 0.15 0.74 0.57 - 0.83 - 0.73
1 539 69.88 24.33 0.04 0.06 0.46 0.59 0.98 0.89 0.10 1.46 0.02 1.19

1 533 73.51 21.07 - 0.04 0.62 0.29 0.99 1.13 1.10 1.26
1 534 72.07 24.20 0.30 0.22 0.55 0.24 0.65 0.58 0.64 0.55
1 535 73.54 21.62 - 0.10 0.65 0.26 0.90 0.89 1.01 1.02

Mean value: 73.04 22.30 0.30 0.12 0.61 0.26 0.85 0.87 0.92 0.95
Sigma: 0.84 1.67 0.00 0.09 0.05 0.03 0.17 0.27 0.25 0.36
Sigma mean: 0.49 0.96 0.00 0.05 0.03 0.01 0.10 0.16 0.14 0.21

Mean value: 73.51 22.02 0.10 0.12 0.36 0.30 0.82 0.75 0.10 1.09 0.02 0.92
Sigma: 2.53 1.73 0.09 0.05 0.07 0.21 0.14 0.13 0.00 0.27 0.00 0.20
Sigma mean: 1.27 0.86 0.05 0.02 0.04 0.10 0.07 0.07 0.00 0.13 0.00 0.10

Figure 4: Outlook and surface composition of HTC Test 1 (left) and Test 2 (right).

However, the HTC carbon contained a high ash content of 27%. This high ash content
could also be noticed from the surface composition data (Figure 4). Various metal
elements, such as Na, Mg, Al, K, Ca, Mn, and Fe, as well as other inorganic elements
like Si, P, and S were present in addition to C and O. Generally, the ash content has
negative influences on AC performance during different applications and hence the AC
price [2]. For example, the ash content in the AC produced from biochar influenced the
sorption characteristics [3]. We consider therefore that a de-ashing treatment was
necessary either before or after activation to largely reduce the final ash content in the
AC product.

HCI treatment was used to remove ash. This treatment is known to work for wood chips
treatment for pulping and bleaching to reduce undesired metal ions. After de-ashing,
the ash content of HTC Test 1 was substantially reduced to 4.6%. SEM-EDS analysis
also shows an effective removal of various metals, Ca (from 1.09% to 0%) and Fe (from
0.92 to 0.17%) in addition to P element (from 0.82 to 0.04%). This can be seen in
Figure 5. CaCOs; is one important ash-contributing impurity in HTC as shown by TOC-
IC analysis which shows 45.3-48.1% total organic carbon (TOC) and 5.0-6.7% inorganic
carbon (IC) (calculated as CaCOs). After the de-ashing, the TOC content increased to
61.5% and there was no IC remained.
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Spectrum [ 0O Na Mg Al si P s K Fe

1 558 80.38 18.74 - - 0.15 0.31 - 0.41 -
1 559 81.84 15.55 0.19 0.23 0.42 0.82 0.04 0.63 0.06 0.22
1 560 83.02 16.22 - - 0.10 0.18 - 0.48 -
1 561 82.14 16.66 - - 0.13 0.31 - 0.64 - 0.12

Mean value: 81.84 16.79 0.19 0.23 0.20 0.41 0.04 0.54 0.06 0.17
Sigma: 1.10 1.37 0.00 0.00 0.15 0.28 0.00 0.11 0.00 0.07
Sigma mean: 0.55 0.69 0.00 0.00 0.08 0.14 0.00 0.06 0.00 0.04

Figure 5: Outlook and surface composition of de-ashed HTC Test 1.

3.2 Activated carbon preparation from HTC
carbon

There are generally two types of activation methods, physical and chemical ones. The
former is performed first at an inert gas atmosphere under an elevated temperature for
carbonization and then in the presence of slightly oxidizing gases such as carbon
dioxide or steam under an elevated temperature for activation. The latter is performed
by adding chemical reagent such as acid or alkali and heated to an elevated
temperature at an inert gas atmosphere. Both physical and chemical activation have
advantages and disadvantages. The former takes place at high temperatures and
produces low yields, whereas the latter takes place at low temperatures with higher
yields depending upon the activating agent used. Even, chemical activation sometimes
has demerits like causing corrosion problems based on acidic/basic nature of chemical
activating agents involved [4]. For the sake of comparison, both methods have been
evaluated to seek for the most suitable AC preparation method.

3.2.1 Physical activation

The physical activation was performed stepwise, first carbonization under nitrogen gas
flow by controlling heating rate and final temperature and then activation under carbon
dioxide flow by controlling the duration time.

TGA analysis was first conducted to understand HTC carbon’s responds towards
different thermal treatments (Figure 6). During heating, some carbonaceous materials
become volatile and was removed, leaving finally residual carbon together with ashes.
Under nitrogen, the final residual carbon (called fast carbon) yield after a thermal
heating was approximately 44% irrespective of the heating rates of 2 or 15°C/min.
However, at the slower heating rate, two types of volatiles could be distinguished; one
could be gasified between approximately 230 and 550°C and another between 700 to
800°C. These two fractions could not be obviously distinguished at 15°C/min heating
rate. Under air and at the lower heating rate, two gasification phases were noticed, one
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around 250°C and another around 300-350°C. One burning phase was seen
afterwards, and ca. 24% ash remained at 800°C. With the faster heating rate, no
stepwise degradation and burning could be seen, weight loss continued until ca. 27%
ash remained at 800°C. It could be noticed that the ash contents seen here by TGA, 24-
27%, is agreed with the 27% obtained by ash content determination.

110
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—\W%?_Tb_ —— - HTC-Analysis1 2 C/min 500C N
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Figure 6: TGA analysis of Test-1 under inert gas (nitrogen) or air at two different heating rates (2
and 15°C/min).

Thermal treatment experiment on gram-scale reveals a carbonization yield from HTC
Carbon Test-1 being 54.4% after a heating rate of 2°C/min to 500°C (Table 1). The
activation at 15°C/min to 800°C followed by CO. activation for 1 h at 800°C gives a
67.1% yield. By calculation, the accumulated yield or the AC production yield from HTC
Carbon was 36.5%, close to the expected fast carbon content of 44% revealed by the
above-mentioned TGA.

Table 1: Stepwise and accumulated production yields from HTC (Test 1).

Sample Carbonization yield | Activation yield | Accumulated yield
HTC 54.4% 67.1% 36.5%
Carbon

Test1

SEM-EDS was performed on the carbonized HTC Carbon (i.e., after the carbonization)
and the final AC (i.e., after the activation). The results can be seen in Figures 7 and 8.
Assuming metal ions, especially Fe, are not a part of volatiles, the C and O contents
observed are divided by the Fe contents for all samples along the carbonization and
activation process (Table 2). It could be thus seen that the carbonization results in large
losses of both carbon and oxygen, reducing C/Fe and O/Fe ratios from 79.9 and 23.9%
to 28.6 and 6.5% respectively. This so-called carbonization is caused by the removal of
different volatiles consisting of C and O atoms, different phenols for example. It is
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interesting to see that the activation removes further C, from C/Fe 28.5% to 23.9%
while essentially no O removal or a slight O increase (due to oxidation perhaps) was
observed, O/Fe increasing from 6.5% to 8.2%. The activation is a step to remove so-
called loosely bonded carbon by CO2 oxidation to generate desired pores in the final

Spectrum C o Na Mg Al Si P S K Ca Mn Fe
1 548 74.98 20.03 0.36 0.27 0.62 0.34 1.03 0.35 - 1.07 - 0.95
1 549 71.94 18.80 0.16 0.32 1.03 1.27 1.51 0.77 0.09 1.89 0.01 2.21
1 550 73.23 11.19 0.00 0.00 0.72 1.17 2.87 1.83 0.12 4.30 0.01 4.55

Mean value: 73.38 16.68 0.17 0.20 0.79 0.92 1.80 0.98 0.11 2.42 0.01 2.57
Sigma: 1.52 4.79 0.18 0.17 0.21 0.51 0.96 0.76 0.02 1.68 0.00 1.83
Sigma mean: 0.88 2.76 0.10 0.10 0.12 0.29 0.55 0.44 0.01 0.97 0.00 1.05

Figure 7: Outlook and surface composition of carbon from HTC Test 1.

Mn Fe
1 554 66.47 14.62 0.00 0.22 1.36 0.96 4.68 0.70 0.18 - 5.78 0.01 5.03
1 555 72.18 16.36 0.02 0.19 1.04 0.82 2.90 0.45 - - 2.91 0.01 3.12
1 556 30.84 41.28 - 0.32 0.36 0.28 0.86 2.43 - - 22.82 - 0.82
1 557 76.43 12.08 0.57 0.14 1.89 4.33 1.25 0.22 - 0.34 1.47 - 1.29

Mean value: 61.48 21.09 0.20 0.21 1.16 1.60 2.42 0.95 0.18 0.34 8.24 0.01 2.57
Sigma: 20.83 13.58 0.32 0.08 0.64 1.85 1.75 1.00 0.00 0.00 9.88 0.00 1.92
Sigma mean: 10.41 6.79 0.16 0.04 0.32 0.92 0.87 0.50 0.00 0.00 4.94 0.00 0.96

Figure 8: Outlook and surface composition of AC (1h) from HTC Test 1.
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Table 2: Carbon, oxygen, iron relative contents (taken from Figs. 7-8) and their ratios calculated
out from HTC Carbon Test 1 and the carbon and AC prepared from the Test 1.

Sample C(@) O Fe C/O ratio C/Feratio O/Fe ratio
(%) (%)

HTC Carbon 7351 22.02 092 3.34 79.9 23.9

Test 1

Carbonized Test | 73.38  16.68 2.57 | 4.40 28.6 6.49

1

AC from Test1 6148 21.09 257 2.92 23.9 8.21

CO. activation was also conducted for 3 h. In addition, the AC prepared after 1 h
activation has been deashed. At the same time, the deashed HTC Carbon has been
carbonized and activated for 1 and 3 h.

3.2.2 Chemical activation

Phosphoric acid was applied for one step carbonization and activation. The acid has
been commonly used as the chemical reagent and in our case, we expected its
additional effect for deashing at the same time. Two different acid concentrations, 85%
and 43%, were used together with a thermal heating temperature at 450°C for 1.5 h.
Essentially, the low acid concentration could not activate the HTC Carbon as the AC
yield is close to 100%. Only 85% phosphoric acid functioned for the AC preparation
(Table 3). The AC yield was ca. 33%. The ash content in AC was 23.4%, which indicates
that desired de-ashing effect was achieved since the starting HTC Carbon contains 27%
ash and without any deashing the calculated ash content for AC will be three time more,
81%, when the AC yield was 33%.

Table 3: One step chemical activation of HTC Carbon by phosphoric acid at different
concentrations.

Activation AC yield Ash (%) SSA (m?/g)
(%0)*
85% H3POs4 Ca. 33 23.4 118
43% H3POs4 Ca. 100 65.6 4.25

* Based on the starting HTC Carbon weight, data being with uncertainty due to
difficulty for drying the samples.

3.3 Characterization of HTC Carbon-based
AC

By physical method, altogether five different AC have been prepared from HTC Carbon
Test 1 and they have been characterized for production yield, ash content, specific
surface area (SSA) and apparent density in comparison with one commercial GAC
(Table 4). Three parameters are used for quality judgements, SSA, apparent density
and ash content.

The commercial GAC reference has a SSA of 576 m2/g. The AC prepared from HTC
Carbon could possess a close or higher SSA value of 508 m2/g (from De-ashed AC after
1 h activation) or 610 m2/g (from AC from de-ashed HTC after 3 h activation). The
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starting HTC Carbon has high density 0.52 g/cms3), the AC obtained have an even
higher density, for example 0.63 and 0.57 g/cms for AC from HTC after 1h activation
before and after a post-treatment de-ashing. It should be noted that these densities are
higher than the commercial GAC reference (0.38 g/cms3), implying higher quality [1].
Due to the de-ashing conducted, either before or after the physical carbonization and
activation, 14.9 and 17.5% ash are seen for AC from de-ashed HTC after 1h activation
and De-ashed AC from HTC after 1h activation respectively. These ash contents are in
the same range of the 12.0% for the commercial GAC. As evaluated by all the three
parameters, similar quality AC could be prepared from HTC Carbon compared to the
commercial GAC. The post-activation de-ashing effect could also be seen from the
SEM-EDS analysis of the de-ashed AC from HTC after 1h activation which shows now
ca. 90% carbon content with again largely reduced Ca (from 8.24% to 0.17%) and Fe
(from 2.57 to 0.25%) in addition to P element (from 2.42 to 0.04%) (Figure 9 vs. Figure

Spectrum C 0O Na Mg Al Si P s cCl K Ca Fe

1581 89.25 8.41 0.23 -0 0 0 0 0 0
1 582 89.39 8.40 0.14 0.07 0. 0. 0. 0. 0. 0.
1 583 86.21 11.15 0.17 0.09 0.57 0.74 0.04 0.55 0.08 0.11 - 0.30
1 584 89.84 8.22 - -0 0 0 0 0 0

Mean value: 88.67 9.05 0.18 0.08 0.44 0.39 0.04 0.70 0.16 0.11 0.17 0.25
Sigma: 1.66 1.41 0.05 0.02 0.19 0.27 0.01 0.12 0.08 0.00 0.16 0.06
Sigma mean: 0.83 0.70 0.02 0.01 0.10 0.13 0.01 0.06 0.04 0.00 0.08 0.03

Figure 9: Outlook and surface composition of de-ashed AC (1h) from HTC Test 1.

By chemical method, the SSA obtained is only 118 m2/g (Table 3) much lower than the
commercial GAC. Its ash content 23.4% is however higher than the latter’s 12.0%.
Therefore, the chemical activation conducted seems being failure.
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Table 4: Preparation and characterization of AC from HTC (Test 1).
AC sample Starting  Activation AC Ash SSA Apparent
material time (h) vyield (%) (m?g) density
(%0)* (g/cm?)

AC from HTC HTC Test 1
after 1h

activation

De-ashed AC 1 followed 249 175 508 0.57
from HTC by de-
after 1h ashing
activation

1 36,5 625 274 0.63

after 3h 100
activation
AC from de- De-ashed 1 23.1 149 222 -
ashed HTC HTC Test 1
after 1h

activation

AC from HTC 3 255 ca. 252 -

AC from de- 3 140 205 610 -
ashed HTC

after 3h

activation

Commercial Commercial
AC reference  GAC

* Based on the starting HTC Carbon weight.

3.4 Best AC products from HTC Carbon

SSA is the most important quality parameter for AC. In this context, the best AC
produced from HTC Carbon is

12.0 576 0.38

1) AC from de-ashed HTC Carbon after 3h activation with 610 m2/g SSA

Figure 10 depicts detail porosity analysis of this product. Its adsorption of nitrogen is
very much at low relative nitrogen pressure (top figure), representing lots of
micropores. The porous size is mainly smaller than 10A (bottom figure). It does not
have much other porous size that adsorbs nitrogen at very high relative pressure (top
figure) and in sizes larger than 20A (bottom figure). In principle, it is most suitable for
gas phase application where micropores are solely desired.
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Figure 10: BET nitrogen adsorption curve (top) and calculated porosity distributions (bottom) AC
from de-ashed HTC Carbon after 3h activation.

The second-best AC produced from HTC Carbon is
2) De-ashed AC from HTC after 1h activation with 508 m2/g SSA

As shown in Figure 11, its adsorption of nitrogen is again very much at low relative
nitrogen pressure (top figure), representing lots of micropores. The porous size is
mainly around 8 and 14A (bottom figure). It does also have other porous size that
adsorbs nitrogen at very high relative pressure (>0.80) (top figure) and in sizes those
so-called mesopores >20A (bottom figure). In principle, it is instead most suitable for
aqueous phase application where micropores are responsible for adsorption but
mesopores are desired for effective adsorption by assisting adsorbate transportation
from the solution to the micropores.
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Figure 11: BET nitrogen adsorption curve (top) and calculated porosity distributions (bottom) of
de-ashed AC from HTC Carbon after 1h activation.
Generally speaking, the ACs produced in this project could be used as a renewable

carbon material for many different energy and environmental applications especially

for climate change mitigation in reducing GHG emissions, as reviewed in the references
[4] and [5].

3.5 Carbon balance for AC production from
HTC Carbon

Creating an AC with high porosity means having a low mass yield in the process, since
the volatile compounds leaving the AC is the ones creating the porosity. However, not
all volatile compounds are leaving as CO,. Instead, a lot of hydrocarbons were
condensed in the system. These hydrocarbons should be quantified and analysed to

conclude how much is produced and if it has a value, not as AC, but on other markets.
This investigation was however not within the scope of this project.

The carbon yield was in the range of 15 to 25%. The carbon leaving during the process
of producing AC from HTC carbon is however not of fossil origin and does not affect the
carbon footprint of the material. The investigation of the condensed hydrocarbons

should, as already stated, be performed before any conclusions about total carbon
balance and process economy can be drawn.
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3.6 Process design

Several process routes have been evaluated for the production of the AC from HTC
carbon, as previously described. It has been clearly shown that physical activation is
much more suitable for this raw material than chemical activation. Therefore, a process
design has been proposed based on this method. It can be seen in Figure 12.

HTC Process
r' y' N
c
3
5 Heat Heat
o HCl
@)
T v
Carbonization > Activation > Washing
\4
Ash -7
< JPtae

Figure 12: Conceptual process design for the production of AC from HTC Carbon.

More work is needed to fully evaluate the integration potential of the AC production
process with the HTC process. However, a discussion regarding this can be found in
Appendix 2.

3.7 IPR

The results from the IPR workshop are summarised in Appendix 2.

3.8 Market potential and roadmap

The global market for AC is to large extent fossil based. There are a few renewable
resources available, suitable for AC production, but not enough to transform the
market. Therefore, these is a need for new raw materials that are cheap and easy to
convert to AC. AC for industrial use is normally not included when companies calculate
their GHG emissions. Therefore, there is no “green bonus” for a renewable AC, but it
has to compete with the price of fossil based. In order to evaluate if AC form HTC
carbon can compete with fossil AC more work is needed. This has been confirmed in
meetings with a supplier of AC operating on the European market.

The next step would be a project focusing on the following topics:

e Optimisation of the AC production — how high SSA can be achieved?

e Process integration with the HTC process

e (Quantification and qualification of the volatile hydrocarbons produced in the
process

e Evaluation of the produced AC in one or two applications and comparison with
commercial AC in the same application
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If the process and product still is considered interesting after this follow-up project, the
process has to be scaled up to larger scale. The larger scale is both important to produce
quantities that can be tested externally by interested companies, but also to gain
accuracy in the techno economical evaluation.

4 Discussion

The result of the project indicates that the HTC carbon origin from pulp and paper mill
sludge is a promising raw material for production of biobased AC. The two best
prototypes, one suitable for liquid applications and one for gas applications, had a SSA
of 510 and 610 m2/g, respectively. This can be compared with a commercial GAC
product having 575 m2/g. The SSA is therefore in an acceptable range. However, some
AC on the market has a SSA up to about 1 000 m2/g. In order to reach great commercial
success, one should aim for higher SSA. This is not an impossible task. The density of
the HTC carbon-based AC produced has a density that is generally higher than AC
products on the market. By sacrificing some of the density it should be possible to
produce a higher SSA.

The activating procedure of 1 or 3 hours is in general very mild compared to 10-12
hours at a higher temperature used for some commercial products on the market. This
means of course lower energy consumption and lower capex given a certain capacity.
The activation residence time needs to be optimized to give a higher SSA, as stated
above. However, it will still be much shorter than 10-12 hours.

The washing of ash needs to be further studied. The reason is twofold. First, a slightly
better washing is needed to always guarantee an ash content below 15%. Second,
recovery of valuable components, like phosphorus, needs to be investigated.

The produced volatiles need to be further investigated. It is a significant amount of
material leaving the HTC carbon during the production of the AC. If these
hydrocarbons could be a second product stream from this production process, it would
benefit the process economy and overall degree of carbon utilization.

Overall, the material seems like a god raw material for AC production, despite its
terrible smell. Optimization of the process is needed and investigation of integration
possibilities with the HTC process.

5 Publications

A project description can be found at ri.se: https://www.ri.se/en/what-we-
do/projects/replacement-of-fossil-based-activated-carbons.
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