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ABSTRACT:Recently,therateofCarbonDioxide(C

O2)emissionintotheatmospherehasincreasedbeyond

anacceptablelimitintheworld.Thishasledtomuchadv

erseorseverenegativeeffectonhumanitysuchasglobal

warningetc.Carboncaptureandsequestrationisoneoft

hebestwaysoffightingthisglobalproblem.Mostofthe

methodsofCO2captureandsequestrationmentionedi

nthechapter2ofthisworkwerefacedwithmuchlimitati

onsanddisadvantages.Theselimitationsmadeitnecess

arytocarryoutfurtherresearchonCO2captureandsequ

estrationusinganimalboneswhichareverycheapanda

vailableinabundanceinbillionsofkilograms.Inthisres

earchworkanimalboneswerecrushedandthecalciumi

onsextractedusinganaceticacidandthesolutionreacte

dwithcarbondioxidegasinareactorusingtheKTimiya

nCO2captureandsequestrationunit.Resultsshowthatt

heanimalboneswereabletocaptureandsequestertheca

rbondioxidegasintheformofCaCO3andalsoindicatet

hatataveragetemperaturesof650C,750C,850C,and95

0C,depositing40.4g,44.7g,46.5g,46.0gofCaCO3and

140.0ft3,199.0ft3,231.5ft3and232.2ft3ofCarbonDio

xidegaswascapturedrespectivelyandstoredbythecalc

iumionsextractedfromthebonesrespectively.Bythisr

esearchworkcarbondioxideproducingcompaniessuc

hastheoilandgascompanies,cementindustries,autom

obileindustriese.t.ccouldcaptureandsequestercarbon

dioxideinthegaspipelinesandindustryplantscheapera

ndfaster.Thiscarbondioxidecaptureandsequestration

methodiseconomicalsincethebonesarereadilyavailab

leandtheacidisalsoregenerated.Thecarbondioxideca

pturedandsequesteredcanberecoveredbytreatingthe

CaCO3appropriatelywithaconcentratedacidatagiven

temperatureandcanbeusedforenergyproduction,enha

ncedoilrecovery,andothervariousapplications.This

multi-

disciplinaryresearchworkcanindeedsavetheworldfro

mthevariousdangersofemittingexcesscarbondioxide

intotheatmosphere. 

KEYWORDS:Capture,carbondioxide,extraction,te

mperature,globalwarming,storage 

 

I. 1INTRODUCTION 
Continuouscombustionoffossilfuelssuchas

crudeoil,petrol,dieselandgascauserapidemissionofC

arbondioxideintotheatmosphereleadingtoincreasein

globalatmospherictemperature,increaseinacidityoft

hesea,aswellasmeltingoficeblockinthepolarregions.

Thereisthereforeneedtofindaneasierandcheaperalter

nativeofcarbondioxidecaptureandsequestrationmeth

odtoprovidealastingsolutiontothegloballyconcerned

problem. 

Greenhousegas,suchascarbondioxide(CO2)

isanemissionfromfossilfuelcombustionwhichmakes

significantcontributiontoglobalwarmingasthetempe

ratureoftheatmosphereincreasesbeyondnormal.Alth

oughGreenhousegaseffectmayoccurinnatureanincre

asedgreenhouseeffectisobviouslyexperiencedwhent

hereisincreaseintheconcentrationsofthegreenhouseg

as.Figure1.1arepresentsGHGemissionsintotheatmos

pherewhilefigure1.1b,illustratesthegreenhouseeffect

(Sparks,2005).SeeappendixIV 

In2006,Ohiobecamethestatehavingthehigh

estairpollutionastheburningoffossilfuelincreases.Oh

iowasalsoamongthetopfivestatesforCO2emission.In

1995,theemissionsintheUnitedStateshitnearly6gigat

ons/yearofCO2(Sparks,2005).Thiswasrecordedasthe

highestintheworld.However,therewasarecentestimat

ewhichrevealsthatChina'sCO2emissionsmightsoone

xceedtheUSCO2emissions.Resultsshowthatthecurre

ntconcentrationoftheworld’sCO2intheatmosphereisa

bout380ppmandrisesatabout2ppmyearly.Asstatedea

rlier,theincreaseinlevelsofGHGsresultsinincreasedg

reenhouseeffectwhichistermedglobalwarming.In20

07,itwasalsoestimatedbytheIPCCthateventhoughthe

levelsin2000mayhavebeenkeptconstanttherewoulds

tillbeanoccurrenceof0.1°Cperdecadeincreaseofthew

orld’satmospherictemperature.Currently,mitigation

schemeofCO2emissionareCO2separation,transportat

ion,andsequestration.ItisworthyofnotethatCO2separ

ationcostperformsadominantroleinthemanagemento

fCO2emissions. 
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OneofthemethodsforCO2captureistheuseof

calciumions.Alternativestocalcium-

basedsorbentCO2separation,includesmembraneandc

ryogenicseparation,adsorption,absorptionetc.Howe

ver,mostofthesemethodsrequireveryhighincreaseint

hetotalcostofenergyproductionduetotheirhighenerg

yconsumptionnature.Mostofthemalsoneedhighpress

ureandlowtemperatureforincreaseinCO2solubility.B

yanalysis,withareaction-

basedsystem,theseparationtrulyoccursathightemper

atureandlowpressures,whichdrasticallyreducestheco

stintensivecoolingandcompressionprocess(Sparks,2

005)whichisstoringCO2beneaththeearth'ssurfaceind

eepreservoir.CO2sequestrationisthenextstageofCO2

managementaftertransportationsincecarbondioxidec

aptureandstorageinvolvesthecaptureandcompressio

nofCO2frommajorsourcestobestoredinsomedesignat

edareas.Therearedifferenttypesofcarbondioxidesequ

estrationwhichare:Geologicalsequestrationwhichisc

onsideredofCO2storagethebestduetolowenvironmen

talrisks,largestoragepotential,longstorageretentionti

mesandmaturityofthetechnologyincomparisonwitho

therstorageoptions.AnothertechniqueisMineralsequ

estrationwhichinvolvesthechemicalreactionofCO2a

ndmetaloxidespermanentlybindingthecarbondioxid

etouponthem.Theinjectionofcarbondioxideintotheb

edofaverydeepoceanisanothermethodofstoringCO2.

ReusingtheCO2inotherindustrialprocessesisanother

methodCO2management.Figure1.3representspossib

leCO2sequestrationtechniques.Refertoappendixiv. 

RecentlyIPCCsays,“Warmingoftheclimate

systemisclearlyunavoidableandundeniable,sincether

econtinuousobservationofincreaseinoceantemperatu

resandglobalaverageairaswellascontinuousriseofthe

globalmeansealevelandincreasedmeltingofsnowand

ice.” 

Figure1.4showsIPCCpresentation,2007oft

hreegraphs:onerepresentingtheriseofglobaltemperat

ure,theriseofglobalsealevel,andthelastrepresentingth

edecliningnatureofsnowcoverintheNorthernHemisp

here.Seeappendixiv.Apartfromtheproblemsillustrat

edinFigure1.4,therearesomanyeffectsthatcouldfacet

heworldinfuture,andisalreadyseeinginsomecases.So

meoftheseeffectsarestatedbelow: 

i)Thereisclearincreaseinamountofprecipita

tiondepositedeasternpartsoftheNorthernandSouther

nAmerica,northernpartsofEuropeandnorthernandce

ntralpartsofAsia, 

ii)SignificantdehydrationoftheSahel,Medit

erranean,southernAfrica,LakeChadandpartsofsouth

ernAsia. 

iii)Longtimedroughtsobservedsinceinthe1

970s,especiallyinthetropicsandsubtropicsareasofthe

world(IPCC,2007). 

CarbonCaptureandStorage(CCS)istheproc

essofcapturingorcollectingwastecarbondioxide(CO2

)fromlargewastesources,suchasfossilfuelpowerplant

s,transportationofthewastegastoastoragesite,anddep

ositingitproperlypreventingitsescapeintotheatmosph

ere,whereanundergroundgeologicalformationiscons

ideredthebest.Theaimofthiscarboncaptureandstorag

eprocessistodeliberatelyavoidthereleaseorescapeofh

ugeamountofCO2intotheatmosphereeitherfromfossil

fuelduringpowergenerationorotherindustrialactiviti

esofengines.Itistoultimatelyhavecontroloverthecont

ributionoffossilfuelemissionsintotheatmosphereinte

rmsofglobalwarmingandoceanacidification.CO2inje

ctionintogeologicalformationsforhasexistedforsever

alyearsandforseveralpurposesincludingenhancedoilr

ecoverymethodthoughlongtermCO2storagecouldabs

olutelybeanewideaintheworld. 

Theaimofthisresearchworkistoensureando

btainthepossibilityofusinganimalboneswhicharerich

incalciumtocaptureandsequesterCarbonDioxideandt

oquantifythecalciumcarbonatedeposithavingextract

edthecalciumionsfromthebonesinareactionwithanac

eticacidundercertainconditions. 

 

1.1ModernTechnicalOptionsForCarbonDioxide

GasSeparation 

ThecaptureofCO2contributesabout75perce

nttothetotalCCScost.MainwhileCCScausesincreasei

nthecostofelectricityproductionofabout50percent(F

eron&Hendriks,2005).Eventhoughthecostmaybedif

ferentfromotherCCSschemes,significantreductionof

theCO2capturecostisconsideredthemostcrucialissuef

ortheCCSprocesstobeuniversallyagreedandacceptab

letoanyoftheenergyindustries.Therefore,thefocusoft

hisarticleisontheprogressesmadeintechnologiesofse

parationofcarbondioxideandcapturefromagasmixtur

einconsiderationofthechemicalconversionpoint.Opti

onsofCO2separationandcaptureincludeabsorption,a

dsorption,membraneaswellasbiotechnology.Themo

stadvantageousschemeofCO2capturecouldbedeterm

inedbymakinganalysisofthecostsintermsofgeneratio

nofpower.TheuseofaminesolutionssuchasMEAinab

sorption/strippingprocessisacommercializedtechnol

ogywhichhasbeeninuseinthegasindustryforover60y

earsandisstillthemostmatureprocessintheindustry.T

heCO2recoveryrateforMEAis98%(Yamasaki,2003).

Thereislargeroomtofurtherimprovethestabilityofthe

aminesaswellastheenergyconsumptionofthecarbond

ioxidestrippingprocess.Thesameprincipleisalsoinvo

lveintheadsorptionprocessbutitinvolvestheuseofpor

oussolidadsorbentssuchasactivatedcarbon,zeolitesa

ndchemicalreactionsbetweentheadsorbentwherebyc

arbondioxidemayormaynotoccurintheseparationpro

cess. 

1.1.1AmineAbsorptionProcess 

Theamineabsorptionprocess,MEAseemsto

bethemostwidelystudiedCO2absorptionsystemworld

wide.SeveralareasofMEAabsorptionwerestudiedrec
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ently,suchasimprovetheprocessdesign,makingpartia

lchangesoftheabsorbents,and/ormakinggreatimprov

ementoftheprocessoperation(Aboudheiretal.,2006;

Al-

Juaied&Rochelle,2006;Bello&Idem,2006;Jassim&

Rochelle,2006).Inthispapersummariesmadeconcern

onlytherepresentativestudies.Naturalgasindustryuse

sMEAfortheabsorptionofcarbondioxidefromnatural

gases.FewcommercialMEAabsorptionprocessesare

availablebywhichCO2isalmostcompletelyremovedfr

omcombustionfluegasstreaminassociationwithanatu

ralgasfluid.InsuchprocessestheMEAsolutionisallow

edtohavepropercontactwiththefluegasinsideanabsor

berinwhichCO2isabsorbedbytheMEAsolutioninthea

bsorber.ReactionbetweentheMEAsolutionandtheC

O2inthegasstreamoccursresultinginMEAcarbamate.

TheMEAsolutionwhichisrichwithCO2isthenpassedt

hroughaconduittoastripperwherethestripperreheatsit

inothertoreleasealmostpureCO2.TheMEAsolutionca

nstillbereturnedtotheabsorbertocaptureCO2again(St

ewart&Hessami,2005).Oneofthedisadvantagesofthi

sprocessisthatitisgenerallyknowntobeuneconomical

becauseitneedsverylargeintensiveenergyinputandeq

uipmentsizetooperate.Ithasbeenwidelyacknowledge

dthattheheatdutyfortheregenerationofsolventcontain

salmost70%ofthetotaloperatingcostsinCO2capturepl

ant(Idemetal.,2006).SomedisadvantagesoftheMEA

processare:lowCO2loadingcapacity,highequipmentc

orrosionrate,aminedegradationbySO2,NO2,HCl,HF,

andoxygeninfluegas,andhighenergyconsumptionrat

e(Fauthetal.,2005;Resniketal.,2004;Yehetal.,2005).

Diethanolamine(DEA)andmethyldiethanolamine(M

DEA)aremostattimesusedasabsorbentsapartfromM

EA. 

1.1.2AmmoniumAbsorptionProcess 

AccordingtoYehetal.theAquaAmmoniaPro

cessavoidsthelimitationsoftheMEAprocesses(Resni

ketal.,2004;Yehetal.,2005).Inthisprocessaqueousam

moniawasusedasCO2sorbenthavingthecapabilityof

multi-

componentcontrol.Thefluegasispretreatedbyoxidizi

ngSO2andNOtoSO3andNO2,respectively.Thefluega

sthenreactswithaqueousammoniainawetscrubberast

hegasflowsthroughthebottomtothetopofthescrubber.

Thereisrequirementofheatinputtothermallydecompo

seammoniumbicarbonateandammoniumcarbonated

uringtheregenerationofammoniumandthataccording

totheirestimatedthisprocesscanclearlysaveupto60pe

rcentofenergycomparedtoMEAprocess.Theby-

productsobtainfromthisprocessareammoniumsulfat

e,ammoniumnitrateandammoniumbicarbonate.Am

moniumsulfateandammoniumnitratearefertilizerspe

rfectlyknownallovertheworld.Themarketforammoni

umbicarbonateisuncertainbutcanbethermallydecom

posedtorecycleammonium.Thisprocessenhancesthe

burningofcheapandabundanthigh-sulfurcoals.Dual-

alkaliabsorptionapproachisalsooneoftheCO2separati

onmethods. 

1.1.3MolecularSieveAdsorbent 

Molecularsievesaremadefortheseparationofmolecul

esdependingontheirmolecularsizeormolecularweigh

t.Thisseemstobeacost-

effectivetechnologywhichcanbeappliedseveralother

carbonsequestrationschemesormethod(Stewart&He

ssami,2005).Manyresearchactivitieswereinplacewit

hthefocustoeffectimprovementintheCO2adsorptionb

ytreatingthesurfaceofthemolecularsievechemically.

Aminesareadsorbentsdependorbasedonhighsurfacea

reainorganicsupportsthatconsistofbasicorganicgrou

psareofgreatinterest.ThereactionbetweentheacidicC

O2moleculesandbasicsurfaceisbelievedtohaveresult

edintheproductionofsurfaceammoniumcarbamatein

ananhydrousconditionandintheformofammoniumbi

carbonateandcarbonatespeciesinwater.TheCO2adso

rptioncapacityis0.5molCO2/molsurface-

boundaminegroupintheabsenceofwater,1.0molCO2/

molsurface-

boundaminenotintheabsenceofwaterinthiscase. 

1.1.4AdsorptionbyActivatedCarbon 

Anthracitesarematerialsknownfortheproductionofhi

ghsurfaceareaactivatedcarbon.Maroto-

Valeretal.studiedtheCO2capturebehaviorandcapacit

yofsteam-activatedanthracite(Maroto-

Valeretal.,2005).TheydiscoveredthatCO2capturedoe

snotgivealinearrelationshipwiththesurfaceareaofthe

anthracites.CO2adsorptioncapacityatthehighestlevel

was65.7mgCO2/gadsorbentfortheanthracitetempera

tureof800°Cfor2hourswhilesurfaceareawas540m2/g

whileanthracitepossessingthehighestsurfaceareaof1,

071m
2
/gonlyhadaCO2adsorptioncapacityof40mgC

O2/gadsorbent.Thisphenomenoncouldbeattributedto

certainsizeporessufficientlyeffectiveforCO2adsorpti

on. 

 

 

II. CHAPTER 2 
MATERIALS AND METHODS 

2.0 Materials 

2.1 Apparatus and Reagents: 

The apparatus and reagents for this experiment are 

Reactor, CO2 filled gas cylinder, receiver empty 

gas cylinder,hose, bowl, 2.5 liter of acetic acid and 

grinded animal bones. 

 

2.2 Methods  

2.2.1 Experimental Procedure 

This experiment was conducted in the 

petroleum/chemical Engineering laboratory in the 

Department of Petroleum Engineering of the Rivers 

State University. Below is a diagram describing in 

detail how the experiment was conducted which 

includes a reactor whose volume is about 636cm
3
, 
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the two gas bottles of which one is filled with a 

CO2 gas while the other is empty to receive un-

reacted CO2 gas. The system also contains a 

thermometer to measure the temperature of the 

fluids sent into it which are calcium acetate 

solution and CO2 gas. A stirrer is also in the reactor 

to ensure uniform mixture between the two 

different fluids.  

 
Figure 2.1 KTimiyan CO2 capture and sequestration unit 

 

The experiment according to the figure 2.1 above is 

based on the followings: 

i) Animal bones were acquired and grinded to 

powder form. 

ii) Extraction of the calcium ions from the bones 

was achieved by allowing the powdered bones 

to react with an acetic acid to form calcium 

acetate, carbon dioxide and water while the 
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carbon dioxide is allowed to escape to the 

atmosphere since we are only interested in the 

calcium ions from the calcium acetate solution 

as shown in the equation below. 

CaCO3+ 2CH
3
COOH → Ca(CH

3
COO)

2
+ CO

2 
+ 

H
2
O      2.1 

or 

CaCO3+ 2H
+
 →   Ca

2+
 + H2O + CO  

   2.2 

iii) The calcium acetate solution was then 

introduced into the reactor through the cap of the 

reactor after which a pressurized carbon dioxide 

gas in a cylinder at a given pressure was passed 

through valve 1 then enters from the bottom into 

the reactor to allow maximum reaction with the 

calcium acetate solution where the calcium ions 

captured and sequestrated the carbon dioxide 

thereby producing calcium carbonate and acetic 

acid as product formed. See equation below. 

CO2 + Ca(CH3COO)2 +H2O→ CaCO3 + 

2CH3COOH     2.3 

iv) The acetic acid and the calcium carbonate 

formed is then received by a vessel through a tap at 

the bottom of the reactor. 

v) The calcium carbonate is allowed to settle 

down at the bottom of the receiving vessel while 

the acetic acid is recovered and can be continuously 

re-used again. 

vi) The insoluble carbon dioxide gas then 

passes through valve 2 to be stored in an empty gas 

cylinder and the entry pressure recorded by 

pressure gauges. 

vii) During this process, pressure differences 

between the two gas cylinders as recorded by the 

gauges indicated that CO2 was captured and 

sequestrated. 

viii) Different rates of gas solubility which 

indicates the amount or volume of CO2 captured 

and sequestered was observed as temperature and 

pressure changes. 

ix) A thermometer inserted on the reactor 

recorded the temperature as heat was applied at the 

bottom to obtain the best temperature or 

temperature range of solubility. 

x) A stirrer was also included in the reactor 

to help obtain uniform temperature of the solution. 

xi) The difference in pressure between the 

inlet CO2 gas and the outlet un-reacted CO2 gas 

was recorded as 

ΔPg =PgA -PgB    

            

3.1 

Where ΔPgAB= Change in pressure between the two 

gas cylinders. 

PgA =     pressure of cylinder A 

PgB =     pressure of cylinder B 

 

2.3 Acetic Acid Solution Preparation 

The acetic acid solution was prepared using a 

quantity of acetic acid solution, and then mixed 

with appropriate amounts of distilled water to 

obtain the desired concentration.  

 

2.4Sample Preparation and Characterization: 

This involves the selection, washing, crushing and 

measurement of the bone in grams. 

Animal bones samples were procured from 

appropriate sellers and some obtained from dump 

sites. The bones were crushed and pre-treated in an 

acetic acid solution in an external vessel to extract 

the calcium ions which was then introduced into 

the reactor to be mixed with the pressurized CO2. 

The result will show the amount of CO2 captured 

and stored for a particular quantity of bones as well 

as the required temperature and pressure. The 

bones were also sieved with a sieve size of 150 

micron. 

2.5 Preparation of Reagent  

Different concentrations of an acetic acid were 

used to conduct this experiment. 

Molecular formula is CH3COOH 

Where the molecular weight is obtained as follows: 

12 +1(3) + 12 +16(2) + 1= 60.05g/mol 

Density = 1.05g/cm
3
 

IM = 60ml dissolved in IL of H2O 

IL of H2O = 1000ml 

.: 1M Concentration  of acid = 940ml ofH2O in 

60ml of Acid 

 

Reaction of Acid With Bone Powder 

Stage 1 

1. 100g of bone powder measured into a two litre 

reaction vessel. 

2. Acid concentration of 2.5M was introduced 

into the reaction vessel, vessel A. 

3. The mixture of the acid and bone was heated to 

a temperature of 65
0
C for the formation of Ca 

(CH3COO)2i.e calcium acetate solution. 

4. Mixture was filtered to separate Ca(CH3COO)2 

from the bone chaff. 

Stage 2  

1. Ca(CH3COO)2 + H2O was introduced into the 

reactor  

2. CO2 gas was also introduced into the reactor to 

react with the Ca(CH3COO)2 at a given 

pressure. The inlet and outlet pressures of the 

CO2 gas were noted  

3. A reaction time of about 2 min was allowed for 

each concentration of acid. 

4. The mixture was  totally drained into vessel C 

through the tap  
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5. A retention time of about one hour was 

allowed  

6. An impure white precipitate was found at the 

base of the vessel 

7. The acetic acid was regenerated in the vessel 

Reaction temperature of 65
0
C with 2.5M acetic 

acid 

1 P1 = 12.5 psi 

2 P2 = 11.1psi 

3 Weight of dry bone powder = 100g 

4 Conc. of acid  = 2.5M 

5 Volume of acid  =300ml  

6 Temperature of (CaCO3) + CH3COOH = 65
0
C 

7 Reaction time = 2min  

8 Retention time = 1 hour  

9 Reaction temperature = 65
0
C  

10 Base temperature    26 
0
C 

Reaction temperature of 75
0
C with 2.5M acetic 

acid 

1 P1 = 12.5psi 

2 P2 =          13.1psi 

3 Weight of dry bone powder = 100g 

4 Conc. of acid  = 2.5M 

5 Volume of acid  =300ml  

6 Temperature of (CaCO3) + CH3C00H = 75
0
C 

7 Reaction time = 2 min  

8 Retention time = 1 hour  

9 Reaction temperature = 75
0
C 

10 Base temperature    26
0
C 

Reaction temperature of 85
0
C with 2.5M acetic 

acid 

1 P1 = 12.5psi 

2 P2 = 15.0 psi 

3 Weight of dry bone powder = 100g 

4 Conc. of acid  = 2.5M 

5 Volume of acid  =300ml  

6 Temperature of (CaCO3) + CH3C00H = 85
0
C 

7 Reaction time = 2min  

8 Retention time = 1 hour  

9 Reactor temperature = 85
0
C 

10 Base temperature    26 
0
 

Reaction temperature of 65
0
C with 2.5M acetic 

acid 

1 P1 = 12.5 psi 

2 P2 = 16.9 psi 

3 Weight of dry bone powder = 100g 

4 Conc. of acid  = 2.5M 

5 Volume of acid  =300ml  

6 Temperature of (CaCO3) + CH3COOH = 95
0
C 

7 Reaction time = 2min  

8 Retention time = 1 hour  

9 Reactor temperature = 95
0
C 

10 Base temperature    26 
0
C 

III. CHAPTER 3 
3.0 RESULTS AND DISCUSSIONS 

Table 3.1a Results of CaCO3 Deposits at 65
0
C and Pressures between 12.5psi and 20.5psi 

Temp. (
0
C) Conc.(M) Press.(psi) 

Cylinder A 

Press.(psi) 

Cylinder B 

Time (min) C a C O 3  d e p o s i t  ( g )  

 

6 5 2 . 5 1 2 . 5 1 2 . 1 2 3 7 . 2 

6 5 2 . 5 1 4 . 5 1 3 . 1 2 3 8 . 0 

6 5 2 . 5 1 6 . 5 1 5 . 0 2 4 1 . 5 

6 5 2 . 5 1 8 . 5 1 6 . 9 2 4 2 . 3 

6 5 2 . 5 2 0 . 5 1 8 . 8 2 4 2 . 8 

A v e r a g e 2 . 5 2 2 . 8 1 5 . 9 5 2 4 0 . 4 

 

The results according to table 3.1a at a 

reaction temperature of 65
O
c reveals that at a 

constant temperature of 65
O
c, with a constant 

concentration of the acetic acid which is 2.5M at 

pressure of 12.5psi and14.5psi recorded that37.2g 

and 38.0g of CaCO3 was deposited respectively as 

a result of the CO2captured by the bones. Similarly, 

at this isothermal condition of 65
O
C and at the 

same 2.5M acetic acid concentration at a pressure 

of 16.5psi it was recorded that 41.5g of CaCO3 was 

deposited after the reaction of the acid and the 

bones. Also at a pressure of 18.5psi at the same 

constant temperature and concentration the amount 

of CaCO3 deposit after the CO2 capture reaction 

builds up to 42.3g by the bones. Finally, at the 

same 65
O
C and 2.5M concentration and at an 

elevated pressure of 20.5psi, 42.8g of CaCO3 was 

deposited by the bones. Average recording was 

calculated from the results at the same constant 

temperature of 65
O
C and 2.5M acid concentration 

which reveals that the average CaCO3 deposition 

results 41.1g. The results indicate that there is 

gradual increase in CO2 capture as the pressure 

increases though the increment looks minimal. In 

this experiment only pressure varies while 

temperature, concentration and time were kept 

constant.  
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Table 3.1b Results of CaCO3 Deposits at 75
0
C and Pressures between 12.5psi and 20.5psi 

Temp. (
0
C) Conc.(M) Press.(Ps i) 

Cylinder A 

Press .(ps i) 

Cylinder B 

Time (min) C a C O 3  d e p o s i t  ( g )  

 

7 5 2 . 5 1 2 . 5 1 1 . 1 2 4 3 . 5 

7 5 2 . 5 1 4 . 5 1 3 . 1 2 4 4 . 0 

7 5 2 . 5 1 6 . 5 1 5 . 1 2 4 4 . 6 

7 5 2 . 5 1 8 . 5 1 7 . 2 2 4 5 . 7 

7 5 2 . 5 2 0 . 5 1 9 . 3 2 4 5 .  8 

A v e r a g e 2 . 5 1 7 . 5 1 6 . 1 8 2 4 4 . 7 

 

The experiment at a temperature of 75
0
C 

in table 3.1b is also similar to that of the 65
0
C 

meaning that though reaction temperature is 

increased to 75
0
C the concentration of the acid and 

reaction time were kept constant with pressure 

ranging from 12.5psi to 20.5psi. The results of the 

experiment at 75
0
C indicate that there is increase in 

the CO2 capture capacity of the bones at this higher 

reaction temperature though kept constant at this 

condition while the pressure increases gradually 

from 12.5psi to 20.5psi.  For instance, 43.5g and 

44.0g of CaCO3 was deposited after the reaction of 

the acid and the bones at a pressure of 12.5 and 

14.5psi respectively while there is increase in the 

deposits up to 44.6g as the pressure increases to 

16.5psi. Also, at a pressure of 18.5psi the 

CaCO3deposit builds up to 45.7g and up to 45.8g at 

20.5psi. 

 

Table 3.1c Results of CaCO3 Deposits at 85
0
C and Pressures between 12.5psi and 20.5psi 

Temp. (
0
C) Conc.(M) Press.(Ps i) 

Cylinder A 

Press .(ps i) 

Cylinder B 

Time (min) Ca C O 3  d e p o s i t  ( g ) 

 

8 5 2 . 5 1 2 . 5 1 1 . 1 2 4 5 . 7 

8 5 2 . 5 1 4 . 5 1 3 . 1 2 4 6 . 2 

8 5 2 . 5 1 6 . 5 1 5 . 1 2 4 6 . 8 

8 5 2 . 5 1 8 . 5 1 7 . 2 2 4 6 . 9 

8 5 2 . 5 2 0 . 5 1 9 . 2 2 4 6 . 9 

A v e r a g e 2 . 5 1 7 . 5 1 6 . 1 5 2 4 6 . 5 

 

Table 3.1c shows results of the experiment 

at temperature of 85
0
C and follows similar pertain 

as in the case of results at 65
O
C and 75

O
C in table 

4.1a and 4.1b. At the constant temperature of 85
0
C 

it is clearly observed that as pressure increases 

from 12.5psi to 20.5psi there is higher deposition 

of CaCO3 indicating that there is increase in CO2 

capture capacity as pressure increases at the 

elevated temperature which was kept constant. 

According to the results,45.7g and  46.2g of CaCO3 

was deposited when CO2 gas at pressures of 

12.5psi and 14.5psi respectively was sent into the 

reactor to react with the calcium acetate from the 

bones. Similarly, at a pressure of 16.5psi, 46.8g of 

CaCO3 was deposited while 46.9g of CaCO3 was 

deposited at a pressure of 18.5psi and finally 46.9g 

of CaCO3 was deposited when pressure was 

increased to 20.5psi at the same constant 

temperature of 85
0
C. The results also show that 

equal amount of CaCO3was deposited as pressure 

increases to 20.5psi at 85
0
C. 

 

Table 3.1d Results of CaCO3 Deposits at 95
0
C and Pressures between 12.5psi and 20.5psi 

Temp. (
0
C) Conc.(M) Press.(Ps i) 

Cylinder A 

P r e s s .  ( p s i ) 

Cylinder B 

Time (min) C a C O 3  de p o s i t  ( g )  
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9 5 2 . 5 1 2 . 5 1 1 . 1 2 4 5 . 7 

9 5 2 . 5 1 4 . 5 1 3 . 1 2 4 5 . 8 

9 5 2 . 5 1 6 . 5 1 5 . 1 2 4 6 . 0 

9 5 2 . 5 1 8 . 5 1 7 . 1 2 4 6 . 1 

9 5 2 . 5 2 0 . 5 1 9 . 1 2 4 6 . 2 

A v e r a g e 2 . 5 1 7 . 5 1 6 . 1 2 4 6 

 

Table 3.1d shows results of the 

experiment at temperature of 95
0
C and follows 

similar pertain as in the case of results in table 4.1a, 

4.1b, and 4.1c.  At the constant temperature of 

95
0
C it is clearly observed that as pressure 

increases from 12.5psi to 20.5psi deposits of 

CaCO3remain almost constant, increasing very 

slowlyas pressure increases at the elevated 

temperature in its isothermal state. According to 

the results, 45.7g and 45.8g of CaCO3 was 

deposited respectively when reaction took place 

between CO2 gas and the calcium acetate from the 

bones at 12.5psi and 14.5psi. Similarly, at a 

pressure of 16.5psi 46.0g of CaCO3 was deposited 

while 46.1g of CaCO3 was deposited at a pressure 

of 18.5psi and finally 46.2g of CaCO3 was 

deposited when pressure was increased to 20.5psi 

at the same constant temperature of 95
0
C. This 

almost constant CaCO3 deposit could be ascribed to 

the fact that excessively high temperature could 

lead to reduction of the strength of the acetic acid 

or the present amount of the calcium acetate 

solution from the bones may have reached its 

maximum capacity of CO2 capture at the current 

conditions. Therefore, it will be better to perform 

CO2 capture with animal bones using acetic acid at 

a temperature not exceeding 85
0
C. 

 

Table 3.2 Average values of CaCO3 deposit. 

Tempera tu r e  (
0
C) C a C O 3  d e p o s i t ( g ) 

6 5 4 0 . 4 

7 5 4 4 . 7 

8 5 4 6 . 5 

9 5 4 6 . 0 

 

Table 3.2 above clearly shows the average 

values of CaCO3 deposit according to the specified 

temperatures ranging from 65
0
C to 95

0
C. This table 

indicates that the average amount of CaCO3 

deposited increases greatly from 40.4g at a 

temperature of 65
0
C to 44.7g at a temperature of 

75
0
C and increased to 46.5g at 85

0
C and almost 

remains constant 95
0
C having a result of 46.0g of 

CaCO3 deposited during the CO2 capture process 

This obviously shows that the CO2 capture process 

using acetic acid at temperature above 85
0
C may 

not produce a favourable result. 

Plots describing the CO2 capture and CaCO3 

deposited are presented below. 
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Figure 3.1a CaCO3 deposited and pressure at 65

0
C 

 

The figure above describes the amount of 

CaCO3 deposits at the specified pressures from 

12.5psi to 20.5psi at a constant temperature of 

65
0
C. The graph indicates that the amount of 

CaCO3 deposit initially was low but increases 

gradually with increase in pressure. 

 

 
 

Figure 3.1bCaCO3 deposited and pressure at 75
0
C 

 

Then pressure versus CaCO3 deposit 

graph above describes the amount of CaCO3 

deposits at the specified pressures from 12.5psi to 

20.5psi at a constant temperature of 75
0
C. The 

graph indicates that the amount of CaCO3deposit 

initially was higherthan that of the 65
0
C then after 

increases slightly and almost became constant at 

higher pressures. This means that the increase in 

the temperature of the reaction has contributed to 

the increase in the amount of CaCO3 deposit due to 

CO2 gas captured. 
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Figure 3.1c CaCO3 deposited and pressure at 85

0
C 

 

Then pressure versus CaCO3 deposit 

graph above describes the amount of CaCO3 

deposits at the specified pressures from 12.5psi to 

20.5psi at a constant temperature of 85
0
C. The 

graph indicates that the amount of CaCO3 deposit 

initially was higher than that of the 65
0
C then after 

increases slightly and almost became constant too 

at the higher pressures. This means that the 

increase in the temperature of the reaction has 

contributed to the increase in the amount of CaCO3 

deposit due to CO2 gas captured. 

 

 
Figure 3.1d CaCO3 deposited and pressure at 95

0
C 

 

Then pressure versus CaCO3 deposit 

graph above describes the amount of CaCO3 

deposits at the specified pressures from 12.5psi to 

20.5psi at a constant temperature of 95
0
C. The 

graph indicates that the amount of CaCO3 deposit 

initially was high as that of the 85
0
C but remains 

almost constant even as pressure increases. This 

means that operating this system above 85
0
C could 

lead to waste of energy.  

 

3.1 Carbon Dioxide Capture/Sequestration 

Indicators 

The presence of the followings indicated that CO2 

was captured and stored  
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1. Pressure differences  between cylinder A and 

cylinder B 

2. Presence of white precipitate collected in 

vessel C. The white precipitate is CaCO3 

meaning that the calcium ions Ca
2+

 have 

captured and stored CO2 

3. Change in mass of the calcium acetate before 

reaction and after reaction. 

The CO2 gas can thereafter be regenerated through 

calcinations processes with heat or treatment of the 

CaCO3 with a high concentration of an appropriate 

acid such as concentrated acetic acid or 

hydrochloric acid.The CO2 can then be used for 

enhanced oil recovery, for energy production and 

other uses. 

A certain proportion of the acetic acid for this 

experiment was regenerated making the experiment 

more economical as it applies to industrial process 

of CO2 capture by this method.The amount of 

CaCO3 formed depends on the amount of Ca
2+

 

present in the calcium acetate solution, the 

concentration of the acid, the inlet pressure and the 

temperature applied. The CaCO3 precipitated is 

impure as it is yet to undergo a purification process 

which is above the scope of this work. 

 

3.2 Characterization of the CaCO3Deposit 

The CaCO3 deposit was characterized by the 

following chemical and physical properties: 

1. It was reacted with a concentrated HCL 

whereby generating CO2 gas bubbling. The gas 

generated extinguished a candle flame of fire 

when exposed to it which indicates that it was 

a CaCO3 deposit. 

2. The deposit was whitish in colour indicating 

that it was a CaCO3 compound. 

3. The compound deposited was also found to be 

odourless which is a true characteristics of 

CaCO3. 

4. The compound deposited was insoluble in 

water thereby sinking down to the bottom of 

the beaker. 

5. The substance deposited was observed to be 

non-corrosive which is a true indication of a 

CaCO3 compound. 

 

The plots in previous pages obviously 

indicate that the formation of CaCO3 which is due 

to the capture and sequestration of CO2 is directly 

proportional to the temperature and pressure. From 

the results it is clear that CO2 gas was captured by 

the calcium ions from the animal bones proven 

according to the following reasons. 

White precipitates of various quantities were 

formed as observed at the base of the receiving 

vessel, vessel C. This white precipitate is an 

indication of the presence of CaCO3.There was 

pressure differences observed at the gauges of the 

gas cylinders where the CO2 gas flows from 

cylinder A to the reactor and then the un-reacted 

gas to the cylinder B for storage.  

1. The pressure change is an indication that a 

portion of the CO2 gas was captured and 

sequestered by the bone calcium ions. 

2. A certain proportion of the acetic acid was 

regenerated which indicates that CaCO3 was 

formed with it as products of the reaction. 

3.3Atomic Absorption Spectrometry (AAS) 

Analysis of Bones  

 

Table 3.3 AAS Results Showing Calcium Concentrations in Bones before Extraction 

B o n e  L a b e l E l e m e n t C o n c e n t r a t i o n s 

A C a
2 + 

Na
+
 

K
+
 

2 3 7 7 . 2 3 9  p p m 

909.691ppm 

108.764ppm 

 

Analysis was made on the various classes 

of bones to obtain the concentrations of the 

metallic ions that constitute the bones. The ions 

include Ca
2+

, Na
+
, K

+
 and even phosphorus, a non 

metal. According to the results obtained Ca
2+

 

concentration in the bones is 2377.239ppm and that 

the concentration of the Ca
2+

 (2377.239ppm) was 

far higher than that of the NA
+ 

which has a 

concentration of 909.691ppm and K
+
 with a 

concentration of 108.764ppm in the bones. Refer to 

appendix I AAS analysis for Ca
2+

. 

 

3.4By-products Analysis  

Table 3.4 AAS Results of By-Product Analysis 

B o n e  L a b e l E l e m e n t C o n c e n t r a t i o n s 

A C a
2 +

 9 2 . 2 3 5  p p m 

 

Further analysis was made on the by–

product of the bones after the calcium ion 

extraction process to ascertain the effectiveness of 

the extraction process. Results show that the 
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extraction process was almost 100% perfect as over 

96.1 % of the calcium ions in the bones were 

extracted by the acetic acid at elevated 

temperatures. It was observed that after the 

extraction process there was a drastic reduction of 

the calcium ions from an initial concentration of 

2377.239ppm to a final concentration of 92.24ppm. 

The result of the by–product analysis is shown 

above in table 4.4. From the results above the total 

amount of calcium ions extracted from the bones 

for the CO2 capture is given as: 

 Total Ca
2+

 = 2377.239ppm - 92.235ppm = 

2285.004ppm. 

 

 

IV. CONCLUSION 
Carbon dioxide capture and sequestration 

is not a new topic of discussion but the use of 

animal bones to capture and sequester CO2in this 

research work may be the first of its kind in the 

world.Our oil gas wells produce a lot of CO2 gas 

dissolved in them. The flaring of gases and the 

combustion of gases and other sources of fuel 

releases excess amount of CO2 into the atmosphere. 

The cement industries, electrical industries and 

many other large energy consuming industries 

release a lot of CO2 into the atmosphere. The 

atmosphere is getting saturated with the excess CO2 

released into it.  

This condition has depleted the ozone 

layer, causing global warming all over the world, 

ice blocks in the polar regions melts drastically  

causing  rapid increase of sea water which could 

soon cover the earth surface, excess CO2 released 

into the atmosphere has caused drought in many 

parts of the world as the atmospheric temperature 

caused by the excess CO2 increases. Soon the 

world will never be a conducive environment for 

one to live due to excess CO2 in the atmosphere. 

By this experiment animal bones which are 

produced in billion of kilogram in the world have 

been seen as a means of capturing and sequestering 

CO2. 

Having noticed the limitations facing the 

various methods of CO2 capture and sequestration 

mentioned in chapter 2 such as processing 

difficulties/non-selectivity of gas molecules, 

exhibition of substantial changes in pore sizes in 

oxidizing environment, low CO2 capture capability 

e.t.c as the cases of mixed-matric/ hybrid 

membrane, carbon membrane and activated carbon 

method respectively, there was obvious need to 

obtain far cheaper method of CO2 capture with low 

operating cost and readily available materials for 

CO2 capture and sequestration.   

This research work using animal bones to 

capture and sequester CO2 as yielded a positive 

result owing to the fact that CO2 was captured and 

stored by the bones at various conditions and 

amount of bones utilized. It is also observed that 

the materials for the work such as the bones are 

very cheap and readily available in billions of 

kilograms all over the world and that electricity 

consumption was also moderate. This has been able 

to tackle the challenges/limitations faced by 

various CO2 capture and storage methods discussed 

in chapter 1  

This experiment has revealed the 

formation of white precipitate deposited after the 

reaction of the animal bones with acetic acid after 

which CO2 gas was passed through the solution. 

The CO2 captured by the calcium ions to form 

CaCO3 can be recovered and be converted when 

necessary to produces energy, for enhanced oil 

recovery and for many other uses as stated earlier 

in chapter two. 

This experiment (if applied) could help the 

auto mobile industries, cement industries and the 

upstream and downstream companies to separate 

CO2 from reservoir fluids such as natural gas in gas 

wells or pipe line capturing and storing the CO2 gas 

in the form of CaCO3 to avoid global warning and 

store the CO2 for many more uses and for many 

years. 
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ABBREVIATIONS  

CCS - Carbon Capture and Storage  

CO
2 
- Carbon Dioxide (Carbon (IV) oxide 

EGR - Enhanced Gas Recovery 

EOR - Enhanced Oil Discovery 

GHG - Greenhouse gases  

IGCC - Integrated Gasification Combined Cycle 

IPCC - Intergovernmental programme for Climate 

Change   

Mg/Kg - Milligram per kilogram 

PPM - APPENDIX I 

 

Table 1: AAS Analysis on Ca
2+

, K
+
 and Na

+
 concentrations 
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Table 3: AAS Analysis on K
+
 and Na

+
 concentrations on by products 

 
 

 Appendix II 

Table 1: Phosphorus concentration in bone  

 
 

Appendix III:  Figures 

 
Figure 1.1aSchematic of Pollution    Figure 1.1b Green House Effect 

 Emissions into Atmosphere 

Source: Sparks, 2005 
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Figure 1.2 Pollution Emissions into Atmosphere 

Source :(Hunts, 2006) 

 

 

 
Figure 1.3 Possible CCS Systems showing sources for which CCS might be relevant, transportation and storage 

of CO2. 

Source: Sally Benson M. et al, 2008 
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Figure 1.4 Changes in Temperature, Sea Level, and Northern Hemisphere Snow Cover 

Source: IPCC presentation, 2007 

 

 
Figure 2.1 Global CO2 Emissions and Concentrations 

Source: timeforchange .org 
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Figure 2.2 increase in world temperature 

Source: timeforchange.org 

 
Figure 2.3 CO2emission per capita 2002 

Source: Statista.com/statistics 
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Figure 2.4 Total CO2 Emissions 2002 

Source: Statista.com/statistics 

 
Figure 2.5Post-, pre- and oxyfuel combustion processes. 

Source: Alessandra D.M. et al, 2006 
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Figure 2.2 Materials for CO2 capture in the context of postcombustion, precombustion, and oxyfuel processes. 

Source: Alessandra D.M. et al, 2006 

 

 
Figure 2.6  Global Greenhouse Gas  Emissions, per type of gas and source, including LULUCF 

Gigatonnes 

Source: EDGAR v4.3.2 (- JRC/PBL 2017), Houghton and Nassikas (2017) 
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Figure 2.7 2014 Global CO2 Emissions from Fossil fuel Combustion and Some Industrial Processes 

Source: Boden, T.A., Marland, G. and Andres R.J. (2017) 

 

 
Figure 2.8 Energy Related CO2 Emissions by country or regions 2012- 2040 in Billion metric tons 

Source: US Energy information Administration, International Energy Outlook, 2016. 
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Figure 2.9 Global Carbon Emissions from Fossil Fuels, 1900- 2014 

Source: Boden, T.A., Marland, G. and Andres R.J. (2017) 

 

 
Figure 3.1 Jekins CO2 Capture and Sequestration Unit 
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Figure 3.2 The Reactor 

 

Figure 4.1 Precipitates of CaCO3 

 

 


