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Abstract 

The cement and concrete industry stand for approximately 8% of the global CO2 emissions. 

The demand of concrete and cement is expected to increase rapidly with the growing world 

population and increased urbanization. This makes it of the utmost importance for the 

industry to try to mitigate its emissions. One way to reduce the industry’s environmental 

impact is by mineral carbonation curing through which CO2 can be sequestered in the 

concrete. This investigation studied the CO2 uptake of wollastonite (CaSiO3) which can be 

used for mineral carbonation. The CO2 uptake of different brands of wollastonite powders for 

different temperatures, pressures and water to solid ratios were tested through carbonation, 

and the samples were then analyzed through XRD, SEM and particle size analysis. The results 

showed large differences in CO2 uptake between the brands of wollastonite powders. They 

also indicate that lower temperatures lead to higher CO2 uptake but also possibly slow down 

the reaction rate and that higher CO2 pressures seem to increase CO2 uptake though the effect 

is small. There was significant variation of the effects of the water to solid ratios on CO2 

uptake between the tested brands. The morphology of the powders also seemed to be of little 

relevance as an amorphous and crystalline powder were the two best performing powders, 

similarly particle size is not indicated by the result to have a large effect on CO2 uptake, 

though further studies are required to fully determine the effect of the morphology and 

particle size. 

  



2 

 

Sammanfattning 

Cement- och betongindustrin står för cirka 8% av de globala koldioxidutsläppen. Efterfrågan 

på betong och cement förväntas öka snabbt med den växande världsbefolkningen och ökad 

urbanisering. Detta tyder på hur viktigt det är för industrin att minska sina utsläpp. Ett sätt att 

minska industrins miljöpåverkan är genom härdning av betongen via mineral karbonatisering, 

en process som binder in koldioxid i betong. I detta arbete studerades koldioxidupptagningen 

av mineralen wollastonit (CaSiO3) som kan användas för mineral karbonatisering. Olika 

märken av wollastonitpulvers koldioxidupptag vid olika temperaturer, koldioxidtryck och 

vattenhalter testades genom karbonatisering och proverna analyserades därefter genom XRD-

analys, SEM-analys och partikelstorleksanalys. Resultaten visade stora skillnader i 

koldioxidupptagning mellan varumärkena av wollastonitpulver. De visar även att lägre 

temperaturer leder till högre upptag av koldioxid, men att reaktionshastigheten potentiellt 

saktar ner vid låga temperaturer. Högre koldioxidtryck verkar öka koldioxidupptagningen 

men effekten är liten. Det fanns signifikant variation av effekterna av vattenhalterna på 

koldioxidupptagning mellan de testade varumärkena. Pulvrens morfologi verkade inte ha en 

stor effekt då ett av de två bäst presterande pulvren var amorft och det andra kristallint. På 

samma sett verkade partikelstorleken inte ha en stor påverkan på koldioxidupptaget men 

ytterligare studier krävs för att fullständigt kunna bestämma effekten av morfologin och 

partikelstorleken. 
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1. Introduction  

The emission of greenhouse gases has long been established as a key driver of global 

warming, with CO2 being the most common greenhouse gas (Stips et al., 2016). Over half of 

the increase in the global mean surface temperature between the years 1951 and 2010 can be 

attributed to the increase of greenhouse gas emissions and therefore it is of utmost importance 

that we reduce emissions of greenhouse gases (Bindoff et al. 2013). Several initiatives and 

global agreements have been established and signed to try to involve different actors to work 

for greenhouse gas mitigation, like the UNFCC’s Paris Agreement of 2016 as well as the 

United Nation’s Sustainable Development goals.  The ninth Sustainable Development Goal 

concerns industry, innovation and infrastructure and is of special interest as industrial and 

economic activity are a driving factor of both societal development but also unfortunately 

emissions (UN, 2016). If through this goal a shift to a low-carbon economy could be 

achieved, then economic and social development could be realized with lower emissions.  

Concrete is one of the most durable building materials and is the most widely used 

construction material worldwide thanks to its technical and mechanical properties. The main 

component of concrete is cement which has an annual production volume of over 4 billion 

tons (Lehne & Preston, 2018). China is the largest producer of cement and concrete and 

accounts for over half of global cement production, owing to its large population and rapid 

development (USGS, 2019). The largest driver of concrete and cement demand is 

construction and infrastructure. Consequently, the worldwide demand for concrete and 

cement is expected increase with the growing world population and urbanization, according to 

the International Energy Agency cement production is expected to increase by between 12% 

and 23% in 2050 compared to current levels (IEA, 2018). 

Concrete production is an energy-intensive and high emissions process which means that the 

industry is responsible for high CO2 emissions. Emissions incurred during the production of 

cement account for 5% of global CO2 emissions (Boden et al., 2016), while the overall 

concrete production process which also includes emissions from extensive energy use are 

estimated to lead to a 60% increase (IEA, 2016) for a total share of approximately 8% of 

global emissions (Lehne & Preston, 2018). Early 2017 estimates indicate an increase of CO2 

emissions from the “fossil fuels, industry and cement” sectors globally following a previous 

three year-long stagnation, showing that much must still be done to turn the trend definitively 

towards the goals set (UNEP, 2018).  
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There are several ways in which the environmental impact of concrete can be reduced, which 

are collectively referred to as green concrete. Green concrete includes concrete produced 

through optimization of construction and production processes leading to lower emissions and 

energy use, reuse of construction waste in new concrete, and more environmentally sound 

choices of raw materials (Glavind, 2011). In the past the cement industry has taken advantage 

of potential CO2 emissions reduction opportunities and several green concrete strategies have 

been adopted like the inclusion of industrial wastes and recycled old concrete waste in the 

concrete mix (Rehan & Nehdi, 2005).  

Nonetheless, the fact remains that the concrete industry’s high emissions are not sustainable 

and that the emissions associated with concrete production must be minimized further to 

ensure that climate change mitigation goals can be achieved. One of the ways in which the 

CO2 emissions of concrete production can be reduced is through sequestration of CO2 gas 

during the curing process using mineral carbonation (Asharaf, 2016). A mineral which can be 

used for this is the calcium silicate, wollastonite. Due to the projected growing global demand 

of concrete there is large potential for the storage of CO2 in concrete through carbonation of 

concrete. During carbonation of concrete CO2 can be stored in the concrete as calcium 

carbonate. One way to increase the potential CO2 uptake is by including mineral additives like 

calcium silicates which can also form calcium carbonate. To properly evaluate the full 

potential of CO2 storage of mineral carbonation of concrete the possible effect mineral 

additives need to be examined. One way to do this is by investigating the CO2 uptake of 

additives like calcium silicate. 

1.2 Aim and Objectives 

The aim of this study is to investigate carbon dioxide uptake of wollastonite, a possible 

additive in concrete, used to sequester CO2 in the concrete and thereby decrease the 

environmental impact of concrete. This project will contribute with data and information on 

the effect of different factors on the CO2 uptake of wollastonite. 

In order to fulfil the aim, the following objectives were identified: 

• Testing to see the CO2 uptake of the different brands of wollastonite. 

• Testing of the effects of pressure, temperature and the water to solid ratio on the CO2 

uptake of wollastonite. 
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• An analysis of the different brands’ powders to evaluate their differences using SEM, 

XRD and observations.  

1.3 Limitations 

Some limitations have been necessary in this project in order to perform the experiments in a 

timely manner. These limitations are as follows: 

• Four different powders were tested in the comparison between different brands. 

• The two best performing powders, the ones with the highest CO2 uptake, in the 

comparison between the powders were selected for the full analysis.  

• The carbonation process lasted for around 23 hours for all samples. 

1.4 Background 

This section includes background information to establish a background understanding of 

concrete, its sustainability, as well as a summary of previous research and studies of relevance 

to this project. 

1.4.1 Concrete  

Concrete consists of an aggregate, like sand or gravel, and a binder which works as an 

adhesive for the material. The mixture can be formed and shaped before the two components 

react to form a solid structure making it a suitable building material for many different 

constructions. The most commonly used binder in concrete production is cement paste made 

of cement and water, of which the most common type is Portland cement (Wagh, 2016). 

Additional ingredients, called admixtures or additives, can be added to change the properties 

of the concrete mix or the finished product. The strength of concrete is affected by factors like 

the water-cement ratio, the proportion of cementitious material in the mix, additives and 

several process steps including the mixing of the concrete mix and curing method. Important 

properties of concrete are its high compressive strength and relatively low tensile strength, 

which is often compensated for using reinforcement with stronger materials like steel.  

Production of Concrete 

Concrete is made by the mixing of the key ingredients of aggregate, binder, water and any 

additives to form a viscous mixture which can be shaped and formed before it hardens 
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through the process of hydration. During hydration of Portland cement, the most common 

binder, silicates and water react to form calcium silicate hydrate which creates the binding 

structure of concrete (Ropp, 2013). Depending on the type of concrete the production process 

differs slightly. Concrete mix excludes the water which must be added at a later stage while 

the production process for precast concrete includes the molding and setting of the concrete. 

After concrete has been poured and molded, it is cured to ensure its durability and 

performance. Curing of concrete is very important for proper strength development of the 

concrete as it prolongs the hydration process. During the curing process the concrete is kept in 

a moist environment, where faster strength gain can be achieved through accelerated curing 

using steam or boiling water. 

The concrete is further strengthened through carbonation, when the calcium in concrete reacts 

with atmospheric carbon dioxide to form calcium carbonate. This occurs naturally during the 

product’s lifecycle and increases the structure’s compressive and tensile strength further but 

lowers the pH, increasing the risk of corrosion of reinforced concrete (Young et al., 1974). 

However, CO2 absorption can also lead to degradation of the concrete block through 

weathering carbonation which is when CO2 in the air and water in the concrete form carbonic 

acid which then breaks down the structure formed during the hydration process (Bertos et al., 

2004).  

1.4.2 CO2 Emissions of the Concrete Industry 

As previously stated, the industry has substantial CO2 emissions, accounting for 8% of the 

global total, thus with the expected increase in concrete production the mitigation of the 

environmental impact of its production is vital (Boden et al., 2016). The majority of these 

emissions can be attributed to the production of cement where the calcination reaction and 

fuel combustion in cement production are the largest emitters. Emissions from fuel 

combustion can be reduced with the help of renewable energy sources and more energy 

efficient production but the calcination process’ emissions can only be reduced through lower 

cement usage (Fischedick, 2014).  

Other currently adopted strategies for CO2 emission minimization in the industry include the 

use of construction and demolition waste as recycled aggregates and use of industrial process 

waste like fly ash or slag to reduce cement content in concrete.  For further mitigation of 

emissions new technologies and adaptations are necessary. One key mechanism that needs to 
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be developed and implemented is CO2 capture and storage, which International Energy 

Agency recognizes as one of the five key indicators needed for achieving the goal of a 

maximum of 2 degrees global warming (IEA, 2018).  

1.4.3 Mineral Carbonation Curing 

The use of CO2 for curing has been in discussion since the 1970s but has gained increased 

attention with increased concern over CO2 emissions in the concrete industry (Zhang et al., 

2017). Traditionally concrete is cured using air or steam but through the utilization of 

carbonation, CO2 can be stored as thermodynamically stable carbonates in concrete during the 

curing process (Zhang et al., 2017; Gadikota et al., 2015). In carbonation curing the hydration 

and carbonation processes occur simultaneously, which leads to a binding matrix structure 

consisting of both calcium silicate hydrate and calcium carbonate, and results in rapid strength 

gain and improved durability and performance (Zhang et al., 2017). Minerals like calcium-

based and magnesium-based metal bearing oxides can also be used in concrete to increase the 

CO2 fixation of concrete during carbonation through mineral carbonation (Mazzotti et al., 

2005). 

Calcium Silicate 

Calcium silicate is an alkaline earth silicate consisting of calcium oxide and silica (Mazzotti, 

2005). Calcium silicate salt is usually in white powder form. Other forms of calcium silicates 

can also have different ratios between the calcium, silicate and oxygen. Monosilicate 

(CaSiO3) is the most common form but other forms include disilicate (Ca3Si2O7) and 

orthosilicate (Ca2SiO4 or 2CaO×SiO2) (Ropp, 2013). Calcium orthosilicate has the CAS 

number of 1344-95-2 while metasilicate (CaO3Si) has CAS number 1398-17-0. It is also 

available as a silicic acid and calcium salt combination under CAS code 10101-39-0.  

Wollastonite, the common name for the mineral, is a calcium chain silicate which can 

sometimes contain small amounts iron, magnesium or manganese substituting for calcium. It 

is a group of chemical compounds which are all described by the same chemical formula, 

CaSiO3, but with different structures. It is widely used in industry, in ceramics, metalmaking, 

plastics and as a paint filler (Ropp, 2013). As wollastonite is already widely used for 

commercial and industrial purposes there is already a developed global market for it. In 2018 

China had the highest mining production of wollastonite in the world at 530 000 tons (USGS, 

2019). Although wollastonite is largely available naturally for extraction since a lot of 
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applications require high purity it is also commonly produced synthetically. Currently 

promising results have been achieved in research into synthetically produced wollastonite 

using industrial waste or the direct use of industrial wastes containing wollastonite (Wang et 

al., 2018; Gaditoka et al., 2015).  

There have been several studies in the field of calcium silicate carbonation as well as 

specifically on the carbonation of wollastonite (CaSiO3) (e.g. Daval et al., 2009; Tai et al., 

2005; Gadikota & Park, 2015). The general reaction for the carbonation of wollastonite 

(CaSiO3) is presented below in below in reaction 1 (R1) as given in Daval et al. (2009, pp.63). 

𝐶𝑎𝑆𝑖𝑂3 + 𝐶𝑂2 ↔ 𝐶𝑎𝐶𝑂3 + 𝑆𝑖𝑂3      (R1)       

As described by Zhang et al. (2010, pp.1177), there are several different ways to perform the 

carbonation of calcium silicate and wollastonite. Aqueous carbonation, as described by 

Lackner et al. (1995, pp.1157) is one of these approaches and is also the preferred one in 

several previous works due to the faster reaction time in comparison to the direct carbonation 

method. The direct carbonation method is defined by Lackner et al. (1995, pp.1157) to be 

where the solid calcium silicate is allowed to react directly with the CO2 gas. The aqueous 

carbonation method can be done by using a single-step or a two-step process as described by 

Gadikota et al. (2015, pp.301). In the single step aqueous carbonation the dissolution of the 

calcium silicate, the hydration of the CO2 in to the water, as well as the reaction producing the 

calcium carbonate in which the CO2 is sequestered all take place at the same time in the same 

reactor (Gadikota et al., 2015).  

In previous studies there are several different factors which have been identified to be of 

importance for the CO2 uptake of wollastonite. For example, the temperature, CO2 pressure, 

pH, water to solid ratios, particle size and reaction time (Gadikota et al., 2015; Tai et al., 

2005; Huijgen et al., 2006). 

The carbonation of wollastonite is an exothermic reaction in which CO2 is stored in carbonate 

structures (Mazzotti et al., 2005). When calcium silicate is used in concrete the main 

components of the binding matrix consists of calcite and silica gel rather than calcium silicate 

hydrate (Zhang et al., 2017). This has led to increased interest in calcium silicates cement 

blends which can bind CO2 into their structure as they are cured, making it possible to 

reabsorb CO2 released during the manufacturing process of concrete. The curing process 

requires relatively pure CO2 and a closed system which limits its use to mainly precast 
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concrete production. The lower pH also increases the corrosion risk, making it unsuitable for 

use in reinforced concrete (Gartner & Sui, 2017). 

2. Methodology 

This project was performed at the State Key Laboratory of Clean Energy Utilization at 

Zhejiang University, China, in close collaboration with PhD. Student Ruonan Guo who was 

conducting a larger study on the topic. The tests were performed at laboratory scale using 

samples of 6 g of wollastonite powders from chemical companies available in China.  

Several different methods were used in this project to achieve the different objectives. In 

order to determine the CO2 uptake of the wollastonite (CaSiO3) the samples were subjected to 

partially aqueous carbonation tests in nearly 100% CO2 environment. Furthermore, analysis of 

the powders was done with a particle size analysis  to determine the particle size distribution 

of the different brands’ powder, a Scanning Electron Microscope (SEM) analysis to identify 

the morphology of the different wollastonite samples and an X-ray diffraction (XRD) analysis 

for identification of the crystal phase and crystalline structures present.  

As previously mentioned, there are several different ways in which carbonation of 

wollastonite can be performed and for this experiment the aqueous carbonation approach was 

chosen. However, a lower water to solid ratio (w/s) than have been used in many previous 

studies (e.g. Daval et al., 2009; Huijgen et al., 2006) was generally adopted. This due to the 

construction of the equipment which made the use of liquid samples difficult without spillage. 

Thereby only partial aqueous carbonation was performed.   

2.1 Material 

In this project four different brands of calcium silicate wollastonite (CaSiO3) powders were 

used and are described below in table 1. The CO2 used in the carbonation of the wollastonite 

was of a 99.99% purity. 
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Table 1.  Details about the different brands of the wollastonite (CaSiO3) used. 

Brand Company   

Chemical Grade 

of Purity 

CAS 

number  

Sinopharm 

Sinopharm Chemical Reagent Co., 

Ltd  

Chemical purity 

(CP) 1344-95-2 

Aladdin 
Aladdin Industrial Corporation 

Chemical purity 

(CP) 1344-95-2 

Macklin 

Shanghai Macklin Biochemical 

Co., Ltd  

Analytical 

Reagent (AR) 1344-95-2 

Alfa Aesar  Alfa Aesar Reagent Grade 10101-39-0 

 

2.2 Chemical analysis 

Below follows a description of the different analyses and methods used to investigate the 

properties of the wollastonite powders which were relevant for this project. 

2.2.1 Carbonation of Wollastonite 

First the samples to be tested were prepared. There were two samples prepared for each 

experiment. The samples were prepared in test tubes which were shortened to fit inside the 

mineral carbonation equipment. The test tubes were weighed using a scale with a precision of 

10 mg and then filled with approximately 6 g of wollastonite (CaSiO3) and the required 

amount of deionized water to achieve the desired w/s ratio with the exact mass of the 

wollastonite and water recorded as well as the total weight of the test tube the with the 

wollastonite and the water. The sample was then mixed through stirring and when 

occasionally also through shaking in order to distribute the water as evenly as possible 

throughout the sample. The total weight of the tube and the sample was again noted in case 

some of the mixture was lost during the mixing process. Finally, the test tube was covered 

with a cotton filter designed to allow gases to pass through to ensure that the CO2 would pass 

through without spillage of the sample. The weight of the covered samples was also recorded. 

The carbonation experiments were performed using the mineral carbonation equipment 

(model THS-30B) depicted in figure 1 below. The volumes of the surge and curing chambers 

are 445 mL and 289 mL respectively. The prepared samples were put into the curing chamber 

which was then weighed with its total mass recorded. Afterwards, the curing chamber was 

shut tight and fastened on to the mineral carbonation equipment. To make sure there was no 
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leakage a check was made for bubbles coming out from the chamber once it had been lowered 

into the water bath. The water bath was used to uniformly maintain the chosen temperature in 

the chamber throughout the experiment. The water bath was prepared prior to the experiment 

to allow the temperature to stabilize. In the cases of higher temperatures (60 °C and 80 °C) it 

was occasionally necessary to refill the water during the experiment due to evaporation of the 

water.  

The curing chamber and the surge chamber was then vacuumed until a pressure of between -

0,1 MPa and -0,08 MPa had been reached. This was done in order to make sure there was no 

gas left in the chambers so that the samples would be kept in an approximately 100% CO2 

environment during the carbonation. After this CO2 was let into the surge chamber until a 

CO2 pressure higher than the one desired in the curing chamber was achieved. At this point, 

the computer program of the mineral carbonation curing equipment was started which logged 

the temperature in the curing chamber and the pressures in the curing and surge chamber 

every five seconds. Once the pressure in the surge chamber had stabilized, the CO2 was let 

into the curing chamber until the desired pressure was reached. The CO2 kept in the surge 

chamber was used to maintain the pressure in the curing chamber. Approximately 23 hours 

later the curing chamber was taken out, the water was dried off and the outer lid removed. The 

weight of the curing chamber as well as of the individual samples in their test tubes, both with 

and without the cover, were then recorded. 

 

Figure 1.  A schematic diagram of mineral carbonation equipment and a description of the procedure used for the 

carbonation experiments of the wollastonite. 
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Studied factors  

The carbonation experiments were performed with wollastonite powders from four different 

brands at a CO2 pressure of 2 MPa, temperature of 40 °C and a water to solid ratio of 0.4. It 

should be noted that all pressures given in the methodology are the pressure above 

atmospheric pressure, so 3 MPa is 3 MPa + the atmospheric pressure. For the two 

wollastonite powders with the highest CO2 uptake further experiments with varying pressure, 

temperature and w/s ratios were performed as these parameters have been previously 

identified to be of importance for CO2 uptake of wollastonite. The different pressures, 

temperatures and w/s ratios for which the carbonation was performed are described in table 2 

below. The CO2 pressure experiments were performed under a temperature of 25 °C and a w/s 

of 0.4, the temperature experiments were performed under a CO2 pressure of 2 MPa and a w/s 

of 0.4,  and the water to solid ratio experiments under a CO2 pressure of 2 MPa and a 

temperature of 25 °C.  

Table 2. Table showing the different CO2 pressures, temperatures and water to solid ratios tested. 

Pressures of CO2 

[MPa]: 
0.1 1 2 3 - 

            

Water to Solid 

Ratios: 
Dehydrated  

Only 

powder  
0.4 0.8 

2.25 (for Sinopharm)  

1.013 (for Alfa Aesar) 

            

Temperatures [°C]: 

 

20 

(Sinopharm 

only) 

25 40 60 80 

 

The amount of added water for the experiments in this project with the highest water to solid 

ratios were chosen by seeing how much which could be added without a risk of the sample 

spilling. The ratio of water which could be added to the first wollastonite powder was much 

higher than what could be added for the second. The limited time prevented the experiment 

for the first powder to be redone with the same water to solid ratio as had been used for the 

second.  

For the w/s experiments with dehydrated wollastonite powder the samples were first prepared 

by weighing up a large enough amount of the powder for both samples and then putting it in a 

vacuum oven (-0,1 MPa) at 80 °C for approximately 24 hours. The powder was then kept in a 

sealed container filled with silica gel until it was weighed again. Thereafter the samples for 

the experiments were prepared as previously described with the difference that they were 
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stored in a container with silica gel during the preparation process. The samples were then 

placed in the curing chamber with 20 g of silica gel. The rest of the experiment was then 

performed as previously described. 

2.2.2 SEM and particle size analysis 

For the SEM, the samples to be analysed were first dried in the oven at 70 °C for 

approximately 14 hours and then stored in Ziplock bags. For the analysis a sample stage was 

prepared with a double-sided adhesive tape on to which the samples were thinly spread out 

and any excess blown away with a rubber suction bulb. The SEM analysis was then 

performed using a Tungsten Filament scanning electron microscope of the model Hitachi S-

3700N with a maximum acceleration voltage of 30 kV and a maximum image resolution of 

3,0 nm. General points as well as points of interest were photographed with different 

magnification for all the samples. The samples examined was the four different powders with 

and without a 0.4 w/s ratio and carbonated samples of the two best performing powders.  For 

the particle size analysis, a Malvern Mastersizer 2000 Particle Size Analyzer was used. No 

preparation of the samples was needed for the analysis and standard procedure was followed. 

2.2.3 Experiments performed by other parties 

As this project was a part of a larger study some of the data from relevant experiments 

performed prior to the start of this project have been included in the analysis. The carbonation 

experiments for the temperatures 20 °C, 60 °C and 80 °C for the Sinopharm calcium silicate 

powder were thereby performed by Ruonan Guo at the State Key Laboratory of Clean Energy 

Utilization, Zhejiang University using the same mineral carbonation equipment and method as 

described above. Experiments to determine the effect on the CO2 uptake caused by the silica 

gel used in the mineral carbonation experiments with the dehydrated samples, had also been 

performed by Ruonan Guo using the same equipment. These experiments show that the silica 

gel also absorbs CO2 which affects the calculated CO2 uptake of the whole curing chamber 

(Personal communication, 16 May 2019). 

The XRD analysis was sent away to be performed by another party. The XRD samples were 

first prepared by grounding the samples with a mortar for approximately 5 minutes to make 

the powder finer. The samples were then sent for analysis at the Center of Electron 

Microscopy, Zhejiang University and performed using a PANalytical X’Pert PRO model.  
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2.3 Calculations 

In this section the calculation methods used to obtain the results of the different experiments 

are presented. All calculations were done in Microsoft Excel, as was the construction of the 

graphs.  

2.3.1 CO2 Uptake 

Due to the limited amount of time as well as the limited access to the appropriate equipment, 

Thermogravimetric analysis (TGA) was not used in determining the CO2 uptake, as has been 

done in several similar previous works (e.g. Tai et al., 2005). Instead a simplified scenario 

was used, and the calculation of the CO2 uptake was based on the assumption that all the 

increase in mass of the samples are the result of CO2 uptake. The difference between the mass 

before and after the carbonation would therefore equal the mass of sequestered CO2. This 

method for determining the CO2
 uptake was also used by Johnson (2000, pp. 4) with the 

difference that the samples were dried after carbonation before they were weighed. The CO2 

uptake, as a percentage of the used mass of CaSiO3, could thereby be calculated as shown 

below in equation 1:  

𝐶𝑂2 𝑢𝑝𝑡𝑎𝑘𝑒 [%] =
𝑚𝑎− 𝑚𝑏  

𝑚𝐶𝑎𝑆𝑖𝑂3

∗ 100      (Eq. 1) 

where ma is the mass carbonation after and mb is the mass before carbonation, while 𝑚𝐶𝑎𝑆𝑖𝑂3
 

is the mass of CaSiO3 present in the sample after the mixing process and before carbonation. 

This calculation was carried out individually for each sample with and without the cotton 

filter cover, as well as for the whole curing chamber containing both samples.  𝑚𝐶𝑎𝑆𝑖𝑂3
 in 

equation 1 was calculated using equation 2 below: 

𝑚𝐶𝑎𝑆𝑖𝑂3
= 𝑚𝐶𝑎𝑆𝑖𝑂3,𝑇 − (𝑚𝑆𝑎𝑚𝑝𝑙𝑒 −  𝑚𝑆𝑎𝑚𝑝𝑙𝑒,𝑚𝑖𝑥) ∗

𝑚𝐶𝑎𝑆𝑖𝑂3,𝑇

𝑚𝐶𝑎𝑆𝑖𝑂3,𝑇+𝑚𝐻2,𝑂,𝑇
      (Eq. 2) 

where 𝑚𝐶𝑎𝑆𝑖𝑂3,𝑇  and  𝑚𝐻2,𝑂,𝑇 are the masses of CaSiO3 and water (H2O) initially added to the 

sample, while 𝑚𝑆𝑎𝑚𝑝𝑙𝑒 and  𝑚𝑆𝑎𝑚𝑝𝑙𝑒,𝑚𝑖𝑥 is the total mass of the test tube together with 

𝑚𝐶𝑎𝑆𝑖𝑂3,𝑇 and 𝑚𝐻2𝑂,𝑇 before and after the mixing process. Both the CO2 uptake of the curing 

chambers as a whole and the average CO2 uptake of the two samples made for each 

experiment was calculated. 
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3.3.2 Water content of wollastonite powders 

To approximately determine the water content of the two wollastonite powders with the 

highest CO2 uptake it was assumed that the mass loss from the samples when they were put 

through the dehydration process was entirely due to the evaporation of water. Thereby the 

mass difference of the powders before and after the dehydration process, as recorded when 

preparing the samples for the w/s experiments with dehydrated wollastonite powder, was used 

for the calculation of the powder’s water content as shown below in equation 3: 

𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 [%] =  
𝑚𝐶𝑎𝑆𝑖𝑂3,1

− 𝑚𝐶𝑎𝑆𝑖𝑂3,2

𝑚𝐶𝑎𝑆𝑖𝑂3,1

   (Eq. 3) 

where 𝑚𝐶𝑎𝑆𝑖𝑂3,1
is the mass of the wollastonite powder before dehydration and 𝑚𝐶𝑎𝑆𝑖𝑂3,2

 is the 

mass after the dehydration.  

3. Results and Analysis 

The mass-calculated total CO2 uptake, SEM pictures, XRD and particle size analysis results 

are all presented. The results presented in this section have been compiled and processed in 

Microsoft Excel except for the results for particle size analysis which were processed 

automatically during the analysis, with results for each objective under different subheading. 

All the different weights were recorded for the samples and are available in appendix 1 as 

well as tables over the calculated water content and CO2 uptake. 
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3.1 Different Brands 

 

Figure 2: CO2 uptake of the different brand samples when covered 

The test of the brands of wollastonite powders shows a clear difference in CO2 uptake 

between the brands, with a difference of over 10 percent points between the highest and 

lowest performing powders with respect to CO2 uptake as evident in the figure above. 

Notes and observations: Preparation of samples and brands of wollastonite powder for the 

full analysis 

The different brands of wollastonite powders reacted differently when water was added. For 

the brand experiments when a 0.4 w/s was used, the following observations were made. The 

Sinopharm powder initially hardened when it came into contact with water but obtained a 

powdery consistency again after having been mixed. When water was added to the Alfa Aesar 

powder the consistency first became claylike but similarly to the Sinopharm powder it 

regained a powdery, though somewhat lumpy, consistency after thorough mixing. Like the 

Alfa Aesar powder the Aladdin powder obtained a claylike consistency when the water was 

introduced. However, in contrast to the Sinopharm and Alfa Aeasar powders, the Aladdin 

powder kept the claylike consistency even after thorough mixing. When the Macklin powder 

came into contact with water the powder very quickly blended with the water and became a 

thick and viscous liquid. An image of the different samples prepared with 0.4 w/s ratio can be 

found in appendix 2. 

The results from the first brand test determine which powders were to be tested further in 

terms of temperature, CO2 pressure and w/s ratio. Sinopharm and Alfa Aesar were chosen due 
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to them having the highest CO2 uptake, 28.3% and 28.0 % respectively for the average of the 

two samples (Figure 2), for the conditions, 40°C, w/s 0.4 and a CO2 pressure of 2 MPa.  

3.2 Temperature 

The data for the temperatures 20 °C, 60 °C and 80 °C, from which the CO2 uptake of 

Sinopharm for these temperatures was calculated (Figure 3), was provided by Ruonan Guo 

(Personal communication, 8 April 2019). 

 

Figure 3: Average CO2 uptake of covered Sinopharm samples at different temperatures 

The temperature tests for Sinopharm show a clear trend; higher temperatures lead to a lower 

CO2 uptake (Figure 3) which confirms the expected outcome as the reactions exothermic 

nature means that a lower temperature would favour the reactant side and increase 

carbonation. 
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Figure 4: Average CO2 uptake of covered Alfa Aesar samples at different temperatures 

For Alfa Aesar there is no clear trend as the experiment for the lowest temperature yielded the 

lowest CO2 uptake while the rest of the experiments had similar CO2 uptakes (Figure 4). 

Although it can be argued that the CO2 uptakes for 40°C, 60°C and 80°C show a trend of 

slightly decreasing CO2 uptake with increasing temperature. 

3.3 CO2 Pressure 

 

Figure 5: Average CO2 uptake of covered Sinopharm samples at different pressures 

The graph above (Figure 5) seems to show that higher CO2 pressures correspond with higher 

CO2 uptakes for the Sinopharm wollastonite powder, but the variation is quite small.  
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Figure 6: Average CO2 uptake of covered Alfa Aesar samples at different pressures 

The graph of figure 6 shows that higher CO2 pressures seem to mainly correspond with higher 

CO2 uptakes for the Alfa Aesar wollastonite powder as well, although once again the 

difference is quite small. 

3.4 Water to solid ratio 

The water content of the Sinopharm and Alfa Aesar wollastonite powders were calculated to 

be 6% and 0.25% respectively. The measured weights can be found in appendix 1. When it 

comes to the carbonation experiments with the dehydrated wollastonite powders it should be 

noted that the CO2 uptake of the silica gel also is included in the calculated CO2 uptake for the 

whole curing chamber and the tubes. In the graphs below the w/s ratio value has been adjusted 

according to the water content of the powders which means that the w/s ratios  given in the 

method (dehydrated, 0, 0.4, 0.8 and either 2.25 or 1.013) have been adjusted so that the 

dehydrated sample has the w/s ratio value of 0. A table showing the corresponding values for 

each brand can be found in appendix 1. For the sake of comparability, the w/s ratios are 

referred to by those given in the method. 
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Figure 7: Average CO2 uptake of covered Sinopharm samples at different w/s ratios 

The graph above (Figure 7) shows that the CO2 uptake of the dehydrated samples is clearly 

lower compared to the CO2 uptake for the w/s ratios 0, 0.4 and 0.8, which all have a similar 

CO2 uptake. Furthermore, the CO2 uptake calculated for the curing chamber and the tubes of 

for the dehydrated experiment are notably higher than the average CO2 uptake of the tubes. 

For the 2.25 w/s ratio there is a large difference between the CO2 uptake calculated for the 

curing chamber and the two tubes compared to the average CO2 uptake of the two tubes with 

cover. The CO2 uptake calculated for the curing chamber and the two tubes are much higher 

than the CO2 uptake for the w/s ratios 0, 0.4 and 0.8. This while the average CO2 uptake of the 

two tubes with cover have a CO2 uptake which is closer to the CO2 uptake for the w/s ratios 0, 

0.4 and 0.8, but is a bit lower (Figure 7). 
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Figure 8: Average CO2 uptake of covered Alfa Aesar samples at different w/s ratios 

The graph above (Figure 8) shows the CO2 uptake of the Alfa Aesar wollastonite powder for 

different w/s ratios. For the 0 w/s ratio experiment the CO2 uptake of the whole curing 

chambers with the tubes and the average CO2 uptake of the two tubes is the same, 3.58%. 

Therefore, only one point can be seen for the 0 w/s ratio in figure 8.  

For the water to solid ratios of 0, 0.4 and 0.8 the CO2 uptake increase with an increased w/s. 

From the 0 w/s ratio to the 0.4 w/s ratio the increase in CO2 uptake appear to be relatively 

steady, while it then seems to somewhat level off from 0.4 w/s ratio to 0.8 w/s ratio. If 

looking at the average CO2 uptake for the two tubes in the dehydrated w/s ratio experiment, an 

increase of the CO2 uptake can be found when the water to solid ratio is increased from 

dehydrated to no added water, 0 w/s ratio. This also follows the indicated trend for increased 

CO2 uptake with increased w/s ratio. The CO2 uptake calculated for the curing chamber and 

the tubes for the dehydrated sample was however higher than the CO2 uptake at 0 w/s ratio, 

breaking the previously indicated trend. It should however be taken into consideration that the 

CO2 uptake of the silica gel is also included in the CO2 uptake calculated for the curing 

chamber and the tubes for the dehydrated wollastonite powder. The average CO2 uptake 

calculated for the two tubes should therefore be the more accurate one. 

From figure 8 the w/s ratio of 0.8 can be seen to have had the highest CO2 uptake of the w/s 

ratios tested for Alfa Aesar. The highest w/s ratio of 1.013 breaks the trend with a 

significantly lower CO2 uptake than would be expected according to the trend.  
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Notes and Observations: Evaporating water during the carbonation experiments 

Following some of the carbonation experiments water droplets were observed on the inside 

surface of curing chamber as well as on the sides of the test tubes, as can be seen in figures II 

and III in appendix 2.  

3.5 Analysis 

As previously stated, the powders were analysed using SEM, XRD and particle size analysis. 

The results from these experiments are presented in the sections below.  

3.5.1 SEM 

The SEM images of all the different brands of wollastonite powders with and without water 

together with the SEM images of the Sinopharm and Alfa Aesar wollastonite powders after 

the carbonation, have been compiled in to two figures (9-10) and are presented below. 
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SEM pictures of Wollastonite powders with and without water 

 

  

  

 

 

 

 

Figure 9: SEM pictures of wollastonite powders with and without water: a) Sinopharm powder at 10 μm scale and b) 

Sinopharm powder and water at 50 μm scale, c) Alfa Aesar powder at 10 μm scale and d) Alfa Aesar powder and water at 50 

μm scale, e) Macklin powder at 10 μm scale and f) Macklin powder and water at 50 μm scale, and g) Aladdin powder at 10 

μm scale and h) Aladdin powder and water at 50 μm scale. 

a) b) a) 

c) 

g) 

f ) 

d) 

h) 

b) 

e) 

g) 
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The SEM images gathered for the different powders indicate that the Sinopharm powder 

(Figure 9a) lacks the crystalline structures found in the samples for the other powders (Figure 

9c-h) and that the Aladdin seems to have the largest crystalline structures followed by Alfa 

Aesar.  

Alfa Aesar and Sinopharm after carbonation 

  

Figure 10: SEM pictures of post-carbonation (2 MPa, 25 ◦C, 0.4 w/s) a) Sinopharm sample (2 MPa, 25 ◦C, 0.4 w/s) at 2 μm 

scale and b) Alfa Aesar sample (2 MPa, 25 ◦C, 0.4 w/s) at 20 μm scale 

The post-carbonation pictures show images of interest of new crystal formation (Figure 10), 

suspected to be CaCO3 although additional analysis would be necessary to definitively 

identify the crystals. 

3.5.2 XRD 

The XRD data from the analysis performed at the Center of Electron Microscopy, Zhejiang 

University, was provided by Ruonan Guo and Figure 11 was then constructed using the data 

(Personal communication, 10 April 2019). 

a) b) 
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Figure 11: X-ray powder diffractogram of the different brands' powder 

The data from the XRD was ran through the Inorganic Crystal Structure Database (ICSD) to 

identify the crystalline components. The results were then automatically ranked by their 

certainty according with a figure of merit (FOM). Below all materials with a FOM lower than 

10 for the different brands of wollastonite powders are presented in tables 3-5. Due to 

Sinopharm’s morphology it could not be properly analysed and thus no materials with a FOM 

under 10 were found which is why no table Sinopharm has been presented. 

The amorphous nature of the Sinopharm powder is confirmed by the XRD analysis which did 

not yield any information on crystalline structures within the powder as the diffractogram 

(Figure 11) could only make out one clear peak and no matches with a figure of merit lower 

than 10 were found.  

Table 3: XRD matches for Alfa Aesar 

Substance Chemical Formula FOM 

Wollastonite 1A CaSiO3 2.4 

Wollastonite, manganoan Mn0.12Ca2.88(SiO3)3 2.8 

Wollastonite, ferroan Ca2.87Fe0.13(SiO3)3 2.9 

Parawollastonite CaSiO3 7.5 
 

Table 3 above presents the materials with a FOM lower than 10 for the Alfa Aesar 

wollastonite powder. As seen in the table all the materials of the Alfa Aesar wollastonite 

powder are different kinds of wollastonite.  
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Table 4: XRD matches for Macklin 

Substance Chemical Formula FOM 

Quartz SiO2 1.7 

Quartz SiO2 2.4 

Silicon Oxide SiO2 4.1 

Wollastonite 1A CaSiO3 4.9 

Wollastonite, ferroan Ca2.87Fe0.13(SiO3)3 5.7 

Wollastonite, manganoan Mn0.12Ca2.88(SiO3)3 6.1 

Parawollastonite CaSiO3 6.8 
 

Table 4 above presents the materials with a FOM lower than 10 for the Macklin wollastonite 

powder. As seen in the table the Macklin wollastonite powder contain both different kinds of 

wollastonite as well as other materials in the form of different kinds of SiO2.  

 

Table 5: XRD matches for Aladdin 

Substance Chemical Formula FOM 

Calcite Ca(CO3) 1 

Quartz SiO2 2.3 

Quartz SiO2 2.7 

Silicon Oxide SiO2 4 

Potassium Chromium Sulfide KCr2S4 8.2 

Diopside CaMgSi2O6 8.2 

Magnesium calcite, syn (Mg0.03Ca0.97)(CO3) 8.4 

Iron Oxide Chloride FeOCl 8.5 

Wollastonite 2M CaSiO3 9.5 

Wollastonite, manganoan Mn0.12Ca2.88(SiO3)3 9.7 
 

Table 5 above presents the materials with a FOM lower than 10 for the Aladdin wollastonite 

powder. The table show that the Aladdin wollastonite powder contain several different 

materials aside from different kinds of wollastonite.  

 

Tables 3-5 above show that each of the different wollastonite powders with crystalline 

components contain several different chemical compounds. All powders were shown to 

contain different kinds of wollastonite, and the Macklin and Aladdin powders also contained 

other compounds such as quarts. The Aladdin wollastonite powder contained the largest 

number of different compounds (Table 5). 
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3.5.3 Particle size analysis 

 

Figure 12: Particle size distribution of the different powders 

The particle size analysis (Figure 12) confirms the results from the SEM images (Figure 9) 

that Aladdin has the largest crystal sizes and Macklin the smallest. Further the diagram 

(Figure 9) also shows Sinopharm to have the largest particle size of the four different brands. 
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4. Discussion  

As previously mentioned, there was a clear difference in CO2 uptake between the brands of 

the wollastonite powders (Figure 2) which indicates that there is a distinct difference between 

the powders’ characteristics visible even during the sample preparation. The better performing 

powders, Sinopharm and Alfa Aesar, had a much more powder like and solid texture after 

mixing with water while the worse performing powders, Macklin and Aladdin, became a 

viscous liquid and a claylike mixture. This is expected to have led to a smaller direct surface 

area for the carbonation reaction to occur for the liquid and claylike samples which can 

explain the large difference between the two groups.  

From the XRD analysis it was found that the Macklin and Aladdin brands of wollastonite 

powders contained other compounds aside from different kinds of wollastonite (Table 4-5). 

This is likely a part off the reason for them having a lower CO2 uptake compared to the Alfa 

Aesar wollastonite powder which only contained different forms of wollastonite could 

therefore react with CO2 to a larger extent. That Aladdin, which was the one shown by the 

XRD to be composed of the largest amount of non wollastonite substances (Table 5), also was 

the one to have the lowest CO2 uptake can be argued to further indicate the importance of the 

wollastonite powders being composed to larger extent of forms of wollastonite for a higher 

CO2 uptake. As the chemical composition of Sinopharm could not be determined using the 

XRD analysis further studies would be needed to see if the Sinopharm wollastonite powder 

also contained mainly different kinds of wollastonite. If such was the case it could be argued 

to even further show the importance of the factor of high pure wollastonite content for high 

CO2 uptake. Comparing the CO2 uptake of Sinopharm and Alfa Aesar for the experiments 

using varied temperatures, CO2 pressures and w/s ratios does however show that those factors 

also have an impact on the CO2 uptake which can differ between the different brands. This 

can be seen by comparing the figures 3 and 4, figures 5 and 6 as well as figures 7 and 8.  

The amorphous nature of the Sinopharm powder was determined by both the SEM images 

and the XRD analysis which did not yield any information on crystalline structures within the 

powder as only one clear peak was identified in the diffractogram (Figure 11) and no matches 

with a FOM lower than 10 were found. Similarly, the crystalline nature of the other brands of 

wollastonite powders can be said to be determined through both the SEM images and the 

XRD analysis. The dual peaks for Alfa Aesar and Macklin in the particle size analysis (Figure 

12) are believed to correspond to different forms of wollastonite as the two powders both had 
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several forms of wollastonite matched in the XRD analysis with a figure of merit under 8 

while Aladdin had only 1 peak and all wollastonite had figures of merit over 8 (Tables 3-5).  

The effect of particle size on the CO2 uptake can only be speculated upon from the results 

obtained in this project and further studies needs to be performed to fully and accurately 

determine the effect of this factor. For the temperature, CO2 pressure and w/s ratio used in the 

carbonation experiment for the CO2 uptake of different brands (Figure 2) some observations 

can however be made. Namely that the wollastonite powder with the highest CO2 uptake, 

Sinopharm, and the one with the lowest CO2 uptake, Aladdin, were the ones with the largest 

and second largest particle sizes. This while the Alfa Aesar and Sinopharm wollastonite 

powders which had the second smallest particle size with a median particle size of 6.0 μm and 

the largest median particle size of 51.8 μm respectively, had about the same CO2 uptake. This 

indicates that the effect of the particle size may not be very large for the temperature, CO2 

pressure and w/s ratio tested. 

The 25 degrees temperature test for Alfa Aesar wollastonite powder had an unexpectedly low 

CO2 uptake (Figure 4), but this value was deemed unlikely to be an anomaly as the pressure 

tests performed at the same temperature had similar CO2 uptake levels. One possible 

explanation for this is that the reaction had yet to reach its equilibrium state due to lower 

reaction rates at lower temperatures but a further look into the kinetics involved in the 

reaction would be necessary to properly address these results. When it comes to pressure, the 

CO2 uptake increases marginally with higher pressures for both Sinopharm and Alfa Aesar, 

which could mean that the pressure changes are too small to see a difference or that its effect 

is not great (Figures 5 & 6).  

For Sinopharm’s w/s ratio test the average CO2 uptake for the tubes are relatively similar for 

all hydration levels except the dehydrated samples for which the CO2 uptake is lower, unlike 

the figures for the curing chamber and tubes (Figure 7). This could imply that the hydration 

level of the Sinopharm powder has a point where the w/s ratio is sufficient for the CO2 uptake 

to reach its maximum for the tested temperature 25 °C and CO2 pressure 2 MPa. Sinopharm 

also seem to contain this level of hydration without any water having to be added as the 

apparent maximum level of CO2 uptake was reached for the w/s ratio of 0. For the 2.25 w/s 

experiment there is a large difference in CO2 uptake for the average of the tubes and the tubes 

and curing chamber together. This could possibly be due to high condensation of the water 

within the chamber giving way to a misleading CO2 uptake percentage value or it could also 

be due to a measurement error. Because of this it would be of interest to in a future study to 
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redo this experiment in order to see if the result would change, as this could either strengthen 

or weaken the potential of a relationship described above between CO2 uptake and w/s ratio.  

If applying the same relationship indicated for Sinopharm on the results of the Alfa Aesar w/s 

ratio experiments, they could be said to indicate that the powder itself lacks the hydration 

necessary to reach the maximum level of CO2 uptake. This as the CO2 uptake was very low 

(3.58 %) for the w/s ratio of 0 (Figure 8). Furthermore, the trend described in the results for 

the dehydrated (when only looking at the average CO2 uptake of the two tubes), 0, 0.4 and 0.8 

w/s ratios, can be argued to follow the relationship described for Sinopharm. As the indicated 

trend show that higher w/s ratios lead to higher CO2 uptake with an initial steadily increase 

which then levels off, and in other words may have reached a maximum CO2 uptake for the 

temperature and CO2 pressures used for the experiments.  

However, for Alfa Aesar 0.8 was the w/s ratio for which the CO2 uptake was the highest out 

of the ones tested. This as the CO2 uptake decreased sharply, in comparison, for the highest 

w/s ratio, 1.013. The experiment with 1.013 w/s ratio would ideally also be repeated to see if 

the decrease in CO2 uptake remains or if it was due to some methodological mistake. If the 

decrease remains this could mean that at some point increased w/s ratios leads to a decrease in 

CO2 uptake.  

For both Sinopharm and Alfa Aesar the CO2 pressure with the highest CO2 uptake was  

3 MPa. The temperature for which the CO2 uptake was highest was 20 °C for Sinopharm and 

40 °C for Alfa Aesar. As higher temperatures require more energy to maintain, the use of low 

temperatures with high CO2 uptake would be more energy efficient and could reduce the 

environmental impact of the carbonation process. Using the w/s ratio results one could also 

limit the water usage still maximizing CO2 uptake to further reduce the process’ 

environmental impact. For Alfa Aesar the optimum would be approximately 0.8 while for 

Sinopharm high CO2 uptakes are reached even without added water. 

4.2 Sources of Error 

During the execution of the different experiments several sources of error have been 

identified. For the carbonation experiments one source of error is that the pressure in the 

curing chamber was not constantly kept at the level which had been chosen. This is because 

the decrease in pressure in the curing chamber, due to CO2 uptake and leakage, had to be 

countered manually by letting more CO2 in from the surge chamber. As the experiment was 
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left overnight, this was done mostly in the beginning of the experiment and then sporadically 

during the rest of the carbonation process. The impact that this can have likely varies with the 

desired pressure in the curing chamber and with how much the pressure comes to differ from 

the desired pressure. However, as previously discussed the results of the carbonation 

experiments in this project indicated that the pressures used had little effect on the CO2 

uptake. It is therefore likely that the deviation from the desired pressure in the curing chamber 

also had little effect on the wollastonite’s CO2 uptake.  

The dehydrated water to solid experiments were subject to a number of sources of errors. To 

begin with, as the dehydrated samples could absorb water from the air as soon as they were 

taken out of the oven the calculated water content is likely somewhat lower than the actual 

water content of the wollastonite powders. Moreover, during the preparation process of the 

dehydrated samples for the carbonation experiments further water could be absorbed from the 

ambient air by the wollastonite powder. Therefore, the it is likely some water was present also 

in the dehydrated carbonation experiments. Another source of error for the dehydrated water 

to solid experiments was due to the use of silica gel. As previously described, the silica gel 

absorbs CO2 and therefore affects the chamber CO2 uptake. The relatively large mass of CO2 

present in the curing chamber during the experiment makes it so that CO2 is not limiting 

factor for the reaction. Thereby, one could argue that the impact on the CO2 uptake of the 

samples should be negligible. Though the effect is, as previously discussed, clearly visible in 

the CO2 uptake for the whole curing chamber with the two samples and the silica gel (Figure 

7) and therefor the average CO2 uptake calculated for the two tubes gives the more accurate 

CO2 uptake for the dehydrated wollastonite powders.  

Another source of error is due to the evaporation of water in the samples during the 

carbonation experiments as for several of the experiments water vapor from the samples was 

found on the inside of the curing chamber’s lid and walls. This makes the calculated CO2 

uptake of the samples smaller than the actual CO2 uptake as the calculation assumes that 

nothing leaves the samples. The weight of the evaporated water is however taken into 

consideration when the weight of the whole curing chamber is used to calculate the CO2 

uptake. The difference as shown in the graphs comparing the CO2 uptake calculated for the 

average of the two samples and the CO2 uptake calculated using the mass of the curing 

chamber is existent but not very large. Further potential sources of error were due to the need 

for refilling the water bath for the temperature experiments with 60 °C and 80 °C which likely 
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lead to a temporary temperature change in the water bath. As it was only temporary and 

preheated water was used, the effect is likely negligible.  

Regrettably the first jar of the wollastonite powder of the brand Alfa Aesar ran out halfway 

through the experiments and there for a new jar needed to be used for the remaining 

experiments. The experiment where the new powder started to be used are marked as a note in 

appendix 1 and all Alfa Aesar experiments performed starting the 6/5/2019 used the new 

powder. The change to a new jar with potentially somewhat different composition could have 

affected the CO2 uptake. It would have been of interest to repeat some of the experiments 

performed with the first jar of powder using the second one in order to be able to study 

possible differences but was not possible due to time limitations.  

The scale used for weighing the samples before and after the carbonation was not very stable. 

It had an accuracy of down to 10 mg, but the weight shown by the scale tended to sometimes 

fluctuate and change with ± 10-20 mg. This potentially had an effect most the measurements. 

However, as the fluctuation was not large and mainly differences in mass (Δm) was used the 

influence of the scale is likely negligible. For the SEM, the removal of excess wollastonite 

powder during the sample preparation caused potential cross-contamination between the 

samples. 

The reaction time varied somewhat between the different experiments, and as the reaction 

time is a factor indicated by previous studies to influence the CO2 uptake it is likely to have 

had an effect on the results of this project. How much this effects the results of the 

carbonation experiments is difficult to accurately identify as it depends on how much of the 

CO2 uptake that take place during the time around 23 hours of carbonation. In other words, it 

depends on by how much the rate of CO2 uptake has slowed down. If the CO2 uptake rate has 

stayed fairly constant during the entire process, then the effect of the difference in reaction 

time can be noticeable on the results. If the CO2 uptake rate is assumed to be constant 

throughout the process and the total CO2 uptake was 28%, which approximately is the CO2 

uptake for the Sinopharm and Alfa Aesar wollastonite powders for the experiments 

comparing the different brands (Figure 2), then the CO2 uptake rate can be said to be around 

28%

23ℎ
≈ 1,2 %/ℎ. This means that the effect of one whole hour more or less reaction time than 

23 hours would be observable in the results for the calculated CO2 uptake, but the results 

could still be argued to be relatively accurate. As it is likely that the CO2 uptake rate has 

slowed down around 23 hours into the carbonation process due to part of the wollastonite 
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already having reacted with the CO2, the difference in reaction time will have an even less 

noticeable effect on the CO2 uptake. 

The results generated from the carbonation experiments gives a general indication of the CO2 

uptake of the of the Sinopharm and Alfa Aesar brand for the different factors studied. For the 

experiments, replicates were adopted with two samples for each experiment however repeated 

experiments would need to be performed under the same conditions in order to ensure 

reliability.  

5. Conclusions 

There is a clear difference in the CO2 uptake of the different brands of wollastonite tested 

with the brands Sinopharm and Alfa Aesar having the highest CO2 uptake for the temperature, 

CO2 pressure and w/s ratio used for the comparison. These two brands were then tested at 

different temperatures, CO2 pressures and water to solid ratios. The results of these 

experiments show that, for the CO2 pressures tested at the temperature of 25 °C and the water 

to solid ratio of 0.4, higher CO2 pressures seem to lead to higher CO2 uptake for both brands, 

though the increase is small. For the temperatures tested, at the CO2 pressure of 2 MPa and 

w/s ratio of 0.4, lower temperatures seem to lead to higher CO2 uptake but also possibly slow 

down the reaction rate. For the brand Sinopharm water to solid ratios is indicated to have a 

minimal effect on CO2 uptake given that there is a sufficient amount of water for the CO2 

uptake to reach its maximum for the factors of temperature, CO2 pressure and so on used for 

the experiment. For Alfa Aesar the maximum CO2 uptake was at a water to solid ratio of 0.8 

and a possibly indicated trend similar to the one for Sinopharm, with higher w/s leading to an 

initially steady increase of the CO2 uptake but which then levels off. The morphology of the 

powders seems to be of little relevance as an amorphous and crystalline powder were the two 

best performing powders. Furthermore, particle size was not indicated to have a large effect 

on the CO2 uptake as the two wollastonite powders with the highest CO2 uptake were of very 

different sizes.  
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6. Future Studies 

Some further aspects which would have been included if not for time restraints include a more 

detailed look into the water content of the different powders, longer carbonation times to 

ensure equilibrium and full CO2 uptake are reached, a more thorough chemical analysis and a 

test of the best combination of pressure, temperature and water to solid ratio for CO2 uptake. 

Additionally, further studies are required to fully determine the effect of the morphology and 

particle size. A direct continuation of this study would also be of interest were the other two 

wollastonite powder brands were tested in the same way as the Sinopharm and Alfa Aesar 

powders. This as Sinopharm and Alfa Aesar may have had the highest CO2 uptake for the 

specific conditions of the experiment, but for other pressures, temperatures and w/s ratios 

Aladdin or Macklin could potentially have higher CO2 uptake.   

This project has solely focused on the carbonation of wollastonite, but it would be interesting 

to expand the experiment to include the addition of wollastonite to a concrete blend to see 

how wollastonite’s CO2 uptake changes. Furthermore, the powders used in this experiment 

are all chemical grade powders while in large scale applications bulk materials would be used. 

These could have very different compositions and properties than the powders tested here, 

and thus it would of great importance to investigate how this would affect the carbonation of 

wollastonite to properly evaluate the feasibility and applicability of mineral carbonation 

curing of concrete using wollastonite. Some studies have already been performed in this field 

as well but the widely varied compositions of the material, dependent on amongst other things 

where the material comes from, makes it a subject of continued interest. From the aspect of 

sustainability, a study of the environmental effects of the use of wollastonite in concrete 

production and its production. This could be achieved through for example a life cycle 

analysis, to see to what extent mineral carbonation of concrete using wollastonite can mitigate 

the CO2 emissions of the cement and concrete industries. Looking into whether combining 

calcium silicate use with other green concrete methods, like the use of aggregates and process 

wastes, is viable would also be interesting from this aspect.  
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Appendix 1 - Measured weight, calculated CO2 uptake and calculated 

water content 

In this appendix the raw data in the shape of recorded weights and the calculated CO2 uptake 

and calculated water content are presented in the form of images exported from Excel. 

1. Carbonation Experiments 

1.1 Different Brands 

 

Figure i: Recorded weights and calculated CO2 uptakes for the different brands 

Na2-15 Date: 2019-04-02

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

K 10,45 6,01 2,41 18,87 18,85 19,32 21,01 20,52

L 10,98 5,99 2,4 19,36 19,36 19,82 21,52 21,03

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 28,19% 27,85%

5,99 28,38% 27,88%

Na3-11 Date: 2019-05-16

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A37 11,02 6,00 2,41 19,43 19,43 19,80 21,47 21,07

A38 10,83 6,00 2,41 19,23 19,12 19,50 21,17 20,78

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 27,83% 27,33%

5,92 28,20% 28,03%

Na2-19 Date: 2019-04-05

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

U 10,81 6,00 2,40 19,22 19,16 19,57 20,53 20,08

V 10,75 6,00 2,40 19,16 19,13 19,61 20,50 20,00

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,96 16,12% 15,44%

5,98 14,89% 14,55%

Na2-17 Date: 2019-04-03

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

Q 10,82 6,01 2,41 19,21 19,15 19,71 20,42 19,85

R 10,78 6,02 2,42 19,23 19,09 19,54 20,07 19,60

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,97 11,90% 11,73%

5,92 8,95% 8,61%

15,50% 18,43%

Experiment 5

1482,32 1483,78

10,43% 12,28%

Powder: Aladdin, 40 °C, 2 MPa, w/s: 0.4

Experiment 3 Powder: SCR, 40 °C, 2 MPa, w/s: 0.4

1482,28 1485,72

Different brands

28,02% 28,77%

Experiment 7 Powder: Macklin, 40 °C, 2 MPa, w/s: 0.4

1482,27 1484,47

28,28% 28,70%

Experiment 29 Powder: Alfa Aesar, 40 °C, 2 MPa, w/s: 0.4 

1482,27 1485,70
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1.2 Different Temperatures 

 

Figure ii: Recorded weights and calculated CO2 uptakes for the different temperatures for Sinopharm 

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

M 10,97 6,01 2,41 19,41 19,39 19,86 21,61 21,10

N 10,60 5,99 2,44 19,02 19,01 19,44 21,20 20,74

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 29,19% 28,52%

5,98 29,42% 28,92%

Na2-15 Date: 2019-04-02

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

K 10,45 6,01 2,41 18,87 18,85 19,32 21,01 20,52

L 10,98 5,99 2,4 19,36 19,36 19,82 21,52 21,03

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 28,19% 27,85%

5,99 28,38% 27,88%

Na2-13 Date: 2019-03-30

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

G 11,01 6 2,41 19,41 19,41 19,84 21,41 -

H 10,56 6,00 2,41 18,97 18,95 19,43 21,00 -

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 26,17% -

5,99 26,23% -

Na2-14 Date: 2019-03-31

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

I 10,90 6,01 2,46 19,38 19,36 19,83 21,26 -

J 11,20 6,00 2,4 19,62 19,60 19,99 21,38 -

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 23,85% -

5,99 23,22% -

1482,90 1485,85

23,54% 24,62%

1482,37 1485,66

26,20% 27,45%

Experiment 2 Powder: SCR, 80 °C, 2 MPa, w/s: 0.4

The data above for Experiment 1 was provided by Rounan Gou. 

The data above for Experiment 2 was provided by Rounan Gou. 

1482,28 1485,72

28,28% 28,70%

Experiment 1 Powder: SCR, 60 °C, 2 MPa, w/s: 0.4

1482,38 1486,04

29,30% 30,55%

Experiment 3 Powder: SCR, 40 °C, 2 MPa, w/s: 0.4

Powder: SCR, 20 °C, 2 MPa, w/s: 0.4 Na2-16 Date: 2019-04-03

Different Temperatures

Sinopharm

Experiment 4
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Figure iii: Recorded weights and calculated CO2 uptakes for the different temperatures for Alfa Aesar 

Na3-1 Date: 2019-04-26

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A17 7,68 6,00 2,43 16,13 16,12 16,50 17,52 17,19

A18 7,68 6,01 2,42 16,11 16,08 16,44 17,44 17,07

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 17,02% 17,85%

5,99 16,70% 16,53%

Na3-11 Date: 2019-05-16

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A37 11,02 6,00 2,41 19,43 19,43 19,80 21,47 21,07

A38 10,83 6,00 2,41 19,23 19,12 19,50 21,17 20,78

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 27,83% 27,33%

5,92 28,20% 28,03%

Na3-2 Date: 2019-04-27

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A19 8,25 6,01 2,41 16,67 16,67 17,15 18,82 18,36

A20 7,99 6,00 2,41 16,39 16,38 16,74 18,43 18,06

Note: 

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,01 27,79% 28,12%

5,99 28,20% 28,03%

Na3-3 Date: 2019-04-28

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A21 7,59 6,00 2,41 16,00 15,98 16,30 17,77 17,41

A22 7,60 6,00 2,41 16,01 15,99 16,36 17,83 17,46

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 24,56% 23,89%

5,99 24,56% 24,56%

1475,74 1478,98

24,56% 27,06%

1476,96 1480,38

27,99% 28,49%

Experiment 21 Powder: Alfa Aesar, 80 °C, 2 MPa, w/s: 0.4

Powder becomes clumpier and flakier in contact with water. It regains powder-like consistency after continuos stirring.

1482,27 1485,70

28,02% 28,77%

Experiment 20 Powder: Alfa Aesar, 60 °C, 2 MPa, w/s: 0.4

Weight Measurements

1476,00 1478,10

16,86% 17,53%

Experiment 29 Powder: Alfa Aesar, 40 °C, 2 MPa, w/s: 0.4

Alfa Aesar

Experiment 19 Powder: Alfa Aesar, 25 °C, 2 MPa, w/s: 0.4
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1.3 Different Pressures 

 

Figure iv: Recorded weights and calculated CO2 uptakes for the different pressures for Sinopharm 

Na2-20 Date: 2019-04-09

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

W 10,92 6,00 2,40 19,31 19,30 19,68 21,11 20,67

X 10,77 6,00 2,40 19,15 19,15 19,56 21,26 20,81

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 23,86% 22,86%

6,00 28,33% 27,67%

Na2-24 Date: 2019-04-14

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A3 10,63 6,00 2,41 19,05 19,04 19,50 21,15 20,68

A4 10,72 6,00 2,41 19,13 19,13 19,54 21,18 20,78

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 27,53% 27,37%

6,00 27,33% 27,50%

Na2-23 Date: 2019-04-13

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A1 11,23 6,00 2,40 19,61 19,61 20,06 21,77 21,32

A2 10,87 6,00 2,41 19,28 19,27 19,68 21,40 20,99

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 28,50% 28,50%

5,99 28,70% 28,70%

Na2-21 Date: 2019-04-10

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

Y 10,85 6,00 2,41 19,29 19,29 19,66 21,44 21,05

Z 10,68 6,00 2,41 19,10 19,09 19,49 21,25 20,82

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 29,67% 29,33%

5,99 29,37% 28,87%

Experiment 9 Powder: SCR, 25 °C, w/s: 0.4, 3 MPa

1482,22 1485,90

29,52% 30,68%

Experiment 11 Powder: SCR, 25 °C, w/s: 0.4, 2 MPa

1482,83 1486,40

28,60% 29,77%

Experiment 12 Powder: SCR, 25 °C, w/s: 0.4, 1 MPa

1482,15 1485,48

27,43% 27,77%

Experiment 8 Powder: SCR, 25 °C, w/s: 0.4, 0.1 MPa

1482,33 1485,57

26,10% 27,02%

Different Pressures

Sinopharm
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Figure v: Recorded weights and calculated CO2 uptakes for the different pressures for Alfa Aesar 

Na3-5 Date: 2019-05-05

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A25 11,17 6,00 2,41 19,59 19,57 19,98 20,96 20,53

A26 11,21 6,00 2,40 19,63 19,59 19,99 20,96 20,54

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 16,37% 16,04%

5,97 16,24% 15,91%

Na3-4 Date: 2019-05-04

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A23 11,04 6,00 2,40 19,43 19,41 19,80 20,83 20,42

A24 11,12 6,00 2,40 19,53 19,51 19,90 20,95 20,54

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 17,21% 16,87%

5,99 17,54% 17,21%

Na3-1 Date: 2019-04-26

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A17 7,68 6,00 2,43 16,13 16,12 16,50 17,52 17,19

A18 7,68 6,01 2,42 16,11 16,08 16,44 17,44 17,07

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 17,02% 17,85%

5,99 16,70% 16,53%

Na3-6 Date: 2019-05-06

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A27 10,70 6,00 2,47 19,17 19,16 19,61 20,75 20,28

A28 11,03 6,00 2,40 19,45 19,43 19,88 21,01 22,54

Note: 

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 19,02% 18,69%
5,99 18,88% 51,96%

18,95% 19,62%

Experiment 24 Powder: Alfa Aesa, 25 °C, 3 MPa, w/s: 0.4 

1482,57 1484,92

New Alfa Aesar container opened.

Experiment 19 Powder: Alfa Aesar, 25 °C, 2 MPa, w/s: 0.4

Weight Measurements

1476,00 1478,10

16,86% 17,53%

Experiment 22 Powder: Alfa Aesar, 25 °C, 1 MPa, w/s: 0.4

1482,80 1484,91

17,37% 17,63%

Alfa Aesar

Experiment 23 Powder: Alfa Aesar, 25 °C, 0.1 MPa, w/s: 0.4

1483,05 1485,05

16,31% 16,73%
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1.4 Different Water to solid Ratios 

 

Figure vi: Recorded weights and calculated CO2 uptakes for the different w/s ratios for Sinopharm 

Na2-30 Date: 2019-04-24

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A15 8,05 6,00 0,00 14,06 14,06 14,45 15,47 15,03

A16 7,72 6,00 0,00 13,72 13,72 14,15 15,53 15,07

Note: 

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 17,00% 16,17%

6,00 23,00% 22,50%

Na2-26 Date: 2019-04-17

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A7 10,61 6,00 0,00 16,61 16,61 16,98 18,70 18,31

A8 10,73 6,00 0,00 16,73 16,73 17,12 18,83 18,43

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

6,00 28,67% 28,33%

6,00 28,50% 28,33%

Na2-25 Date: 2019-04-16

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A5 10,21 6,00 4,81 21,01 21,00 21,38 23,09 22,70

A6 11,28 6,00 4,80 22,07 22,07 22,46 24,19 23,78

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,99 28,53% 28,36%

6,00 28,83% 28,50%

Na2-29 Date: 2019-04-22

Tube
Tube Weight 

(g)

Powder Weight 

(g)

Water Weight 

(g) 

Powder + Water 

Weight (g)

Powder + Water 

Weight: After Mixing 

(g)

Powder + Water 

Weight: Covered 

(g)

Total Weight of 

Curing Chamber 

(g)

Total Weight of 

Curing Chamber: 

After carbonation (g)

Weight after 

carbonation with cover 

(g)

Weight after carbonation 

without cover (g)

A13 8,47 6,00 13,49 27,95 27,90 28,38 30,01 29,35

A14 7,52 6,00 13,49 27,02 26,97 27,41 29,04 28,39

Actual 

mass in the 

tube

CO2 uptake of 

each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing chamber 

and tubes

5,98 27,24% 24,23%

5,98 27,24% 23,73%

1498,90 1503,55

27,24% 38,85%

1486,92 1490,53

28,68% 30,10%

Experiment 17 Powder: SCR, 25 °C, 2 MPa, w/s: 2.25

1477,18 1480,71

28,58% 29,42%

Experiment 13 Powder: SCR, 25 °C, 2 MPa, w/s: 0.8

1491,80 1495,06

20,00% 27,17%

Experiment 14 Powder: SCR, 25 °C, 2 MPa, w/s: 0

20g of silica gel also added to curing chamber

Different w/s Ratios

Sinopharm

Experiment 18 Powder: SCR, 25 °C, 2 MPa, w/s: dehydrated
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Figure vii: Recorded weights and calculated CO2 uptakes for the different w/s ratios for Alfa Aesar 

Na3-12 Date: 2019-05-17

Tube Tube Weight (g)
Powder Weight 

(g)

Water Weight 

(g) 

Powder + 

Water Weight 

(g)

Powder + Water 

Weight: After 

Mixing (g)

Powder + Water 

Weight: Covered (g)

Total Weight of 

Curing Chamber (g)

Total Weight of 

Curing Chamber: 

After carbonation 

(g)

Weight after 

carbonation with 

cover(g)

Weight after 

carbonation without 

cover(g)

A39 10,66 6,00 0,00 16,68 16,68 17,16 17,30 -

A40 10,99 6,00 0,00 16,98 16,98 17,40 17,57 -

Actual 

mass in 

the tube

CO2 uptake of each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing 

chamber and 

tubes

6,00 2,33% -

6,00 2,83% -

Note: 

Na3-8 Date: 2019-05-13

Tube Tube Weight (g)
Powder Weight 

(g)

Water Weight 

(g) 

Powder + 

Water Weight 

(g)

Powder + Water 

Weight: After 

Mixing (g)

Powder + Water 

Weight: Covered (g)

Total Weight of 

Curing Chamber (g)

Total Weight of 

Curing Chamber: 

After carbonation 

(g)

Weight after 

carbonation with 

cover(g)

Weight after 

carbonation without 

cover(g)

A31 10,90 6,00 0,00 16,90 16,90 17,26 17,47 17,10

A32 11,19 6,00 0,00 17,18 17,18 17,54 17,76 17,40

Actual 

mass in 

the tube

CO2 uptake of each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing 

chamber and 

tubes

6,00 3,50% 3,33%

6,00 3,67% 3,67%

Na3-11 Date: 2019-05-16

Tube Tube Weight (g)
Powder Weight 

(g)

Water Weight 

(g) 

Powder + 

Water Weight 

(g)

Powder + Water 

Weight: After 

Mixing (g)

Powder + Water 

Weight: Covered (g)

Total Weight of 

Curing Chamber (g)

Total Weight of 

Curing Chamber: 

After carbonation 

(g)

Weight after 

carbonation with 

cover(g)

Weight after 

carbonation without 

cover(g)

A37 11,02 6,00 2,41 19,43 19,43 19,80 21,47 21,07

A38 10,83 6,00 2,41 19,23 19,12 19,50 21,17 20,78

Actual 

mass in 

the tube

CO2 uptake of each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing 

chamber and 

tubes

6,00 27,83% 27,33%

5,92 28,20% 28,03%

Na3-10 Date: 2019-05-15

Tube Tube Weight (g)
Powder Weight 

(g)

Water Weight 

(g) 

Powder + 

Water Weight 

(g)

Powder + Water 

Weight: After 

Mixing (g)

Powder + Water 

Weight: Covered (g)

Total Weight of 

Curing Chamber (g)

Total Weight of 

Curing Chamber: 

After carbonation 

(g)

Weight after 

carbonation with 

cover(g)

Weight after 

carbonation without 

cover(g)

A35 11,04 6,00 4,80 21,81 21,77 22,20 23,31 22,83

A36 11,32 6,01 4,81 22,14 22,05 22,45 23,51 23,09

Actual 

mass in 

the tube

CO2 uptake of each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing 

chamber and 

tubes

5,98 18,57% 17,73%

5,96 17,79% 17,45%

Na3-9 Date: 2019-05-14

Tube Tube Weight (g)
Powder Weight 

(g)

Water Weight 

(g) 

Powder + 

Water Weight 

(g)

Powder + Water 

Weight: After 

Mixing (g)

Powder + Water 

Weight: Covered (g)

Total Weight of 

Curing Chamber (g)

Total Weight of 

Curing Chamber: 

After carbonation 

(g)

Weight after 

carbonation with 

cover(g)

Weight after 

carbonation without 

cover(g)

A33* 11,13 6,00 6,08 23,21 23,09 23,53 24,06 23,66

A34 11,24 6,00 6,08 23,31 23,09 23,62 24,06 23,59

Note: 

Actual 

mass in 

the tube

CO2 uptake of each tube 

(with cover)

CO2 uptake of 

each tube 

(without cover)

Average CO2 

uptake of two 

tubes (with 

cover)

CO2 uptake of 

curing 

chamber and 

tubes

5,94 8,92% 9,60%

5,89 7,47% 8,49%

Alfa Aesar

Alfa Aesar: 25 C, 2 Mpa, 0 w/s

Weight Measurements

Experiment 26

Experiment 30 Alfa Aesar: 25 C, 2 Mpa, dehydrated

2,58% 10,33%

20g of silica gel added

Experiment 27 Alfa Aesar: 25 C, 2 Mpa, 1.0133 w/s

Experiment 28 Alfa Aesar: 25 C, 2 Mpa, 0.8 w/s

Weight Measurements

1487,66 1489,90

18,18% 18,76%

Experiment 29 Alfa Aesar: 40 degrees, 2 MPa,0.4 w/s

1497,55

8,20% 9,47%

1498,79

When attempted with 2.25 AA had a much more runny texture. Also left longer in curing chamber than usual

Weight Measurements

1482,27 1485,70

28,02% 28,77%

Weight Measurements

1490,11 1491,23

1477,96 1478,39

3,58% 3,58%
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2. Water Content Data and Calculation 

 

Figure viii: Data and calculations for water content 

3. Water to solid Ratio Values 

Table ix: w/s ratios according to the method and their corresponding values for each brand 

  Actual w/s ratio 

Methodological w/s-
ratios Sinopharm Alfa Aesar 

Dehydrated 0 0 

0 0.06 0.0025 

0.4 0.46 0.4025 

8 0.86 0.8025 

1.013 - 1.0158 

2.25 2.31 - 

 

  

In oven: 80°C, ~ 

23h
Date: 2019-04-29 Done for: Na2-28

CaSiO3 Before oven 

(g)

 Container 

(g)

CaSiO3 + Container 

After oven (g)

CaSiO3 After 

oven (g)
Δm (g)

Water Content 

(%)

20,01 68,41 87,22 18,81 1,20 5,997

In oven: 80°C, ~ 

23h
Date: 2019-05-16 Done for: Na3-11

CaSiO3 Before oven 

(g)

 Container 

(g)

CaSiO3 + Container 

After oven (g)

CaSiO3 After 

oven (g)
Δm (g)

Water Content 

(%)

16,00 54,23 70,19 15,96 0,04 0,25

Dehydration 2  Powder: Alfa Aesar

Water Content Data and Calculation

Dehydration 1  Powder: Sinopharm 1
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Appendix 2 – Pictures of interest 

 

Figure I: Picture of the different brands of wollastonite powders with 0.4 w/s 

 

 

Figure II: Picture of water droplets in test tube formed during the carbonation process 

 

 

Figure I: Picture of water droplets on the inside of the curing chamber after the carbonation process. 

 


