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~}) . ~~<1~:;;/tl 
EXXONMOBIL SUPPOR~i971II~lrtR 
EDUCATION: GRANT FOR RESEARCH- 20,06. 
FINAL REPORT OF RESEARCH PROJECT ' 
By " ' 
PROF. MADYA DR.W.J.N.FERNANDO 
Scho'ol of Chemical Engineering, 
trniv~rsiti Sains Malaysia. 

An aw'ard ofRM30,OOOwas 'made in 2006 by Messrs. ExxonMobil Exploration and 
Production Malaysia to : the ,Universiti Sains ' ivfalaysia for cairyirig out , research on : 
"Experimental arid modeling stUdies for a composit~ membran~/adsorber system based 
on hydrotalcite for removal :of C02 from natural ,gas", subsequent t9 ~ ~ppHcatiOIl: 
made bi the grantees. The 'ExxciriMobil Exploration and Productio~ Malaysia ,Inc., 
Menara ExxonMohil, Kuala Lumpur City Center; 50088, Kuala Lumpur made 'the 
award for research 'on the scheme "ExxonMobil Support to Higher Education". 

Confirmation of the award was received by the grantees on 17th October, 2006 by an 
award letter of Exxon Mobil. Sub~equently the fi'nancial allocation of RM 30~OOO 'was 
received by the USM o~' the 20th

, December ' 2006. The project officially, comnienced 
, ther~after and was scheduled t9 complete on 31 st December 2007. Ho'wever, due to an ' 
unforeseen delay in recruiting a graduate research assistant ( ' detailed , below), the 
p~oject was extend~d' by Messrs. ExxonMobil Exploration and Production Malaysia by 
a' few months up ', to '31st ,August '2008. In-spite of the shortcomings, the project 
pr~gre~sed well with actIvities as oulUned below'. ' 

Unforeseen 'delays experienced: 
pue to ample opportunities which' were available for young" graduates of Chemical , 
Engineering'in M,alaysia, a shortage, of research staff was' experienced in neariy all the 
Universities in Malaysia e~ly 2007. However,with the passing out of new graduates in 
April 2007 ' the situation was eased. This difficulty was faced by the ExxollMobil 
research project as well. Only after ' the USM convocation in September 2007, a 
graduate research"assistant could be recruited. We were fortunate to recruit a graduate 
rese~ch ,'assistant (Ms. Nadia Isa) for the project with a OPA above J and tl:1e res¢arch 
assistant is registered for a Masters under the research. ' 

In spit~ of this, the abovementioned delay was partly compensated with ' the 
involv'ement of short tenn student research assistants from time to time' a~ outlined in 
later sections. 



2. A.CTIVITIES: 

Pbase Ie Dec 2006-February zu07 
In spIte of the above delays, a literature survey 'was carried olit by the grantee.s as 
planned. . ' . 

Phase II February 07- Mav 07 

Initially, it was anticipated that during this period the task of development and .design 
of the membrane and Adsorption unit be carrie.d out. However due to un-availability of 
a research assistant, the 'work was a littl~ delayed as ' outlined· eru;lier. This situation was 
partially overcome in May' 20.07 as desct1bed .eat;'lier. In-spite of this drawback . the 
.grantees 'were able to carrY out prelhnin(JfY studies on Hydrota~cite-Al sol" precursor to 
prepare inorganic membrane. for carbon dioxide' separation . 

. Based. on the literature survey and the. above . work .. carried out by the grantees. together 
wlth- .a co-.opted research' assistant" Ms~ N.·~·tRa·shid, a.:paper waS submitted for' the 11th 

'. Col1oquium . on · membrane~. Tl1~ · paperwas. accepted' iil :poster. fonn and· presented ' on 
'. the' 28th

. and 29th 'March 2007 at the 11th
. Colloquium on 'membrane helci'at - Institut flir 

. Verfahrenstechnik, RWTH- Aachen at iVT. The .paper (Full paper given· in. Appendix 
1) was titled "Studies on the' pr9perties of HT -AI sol precursor to' prepar~ inorganic 
me~brane for carbon dioxide separatiori". Appropriate aCknowledgement ' has been 
made to the Messrs. Ex~onMobil Exploration and Production Malaysia . 

. Phase III-Mav 07- J tilv ,07 

Two student research flssistantswere emplQy~d under·.the.project as tollows. 
Mr: Chew Kean Khoon .2. M~y - :6 JulY'07 . 
Mr. Wong Kai Seng 30-Apr 07- 6-July07 

During this p~riod ' it 'was possible to Develop. ~nd . design the adsorption and membrane 
unit. D~tails ' of the unit are shown in Appendix 2. SeUi:o.g Up of the experimental rig 
wCiS thereafter camed. out .~th.~: .existing furnac·e .~.·anC:luxiliary to the set-up. 

Mathematical M'odeling of the.·adsorption!de·sOrpHoi'l pr~Gess was 'carried out "based on 
riJ.o~omolecular and niu1tlmoleculat. adsol]Jtiqn theories. ··. 

Further, a final year student's proj ect was initiated· undettp.e current proJect. · A student 
Ms. Elma Ma~ri~ Binti Halirri was assigned the project and she com.menced work on 
the project iIi July 2007 . 

Phase' IV. August. 07- December 07 
A gr.aduate· ~~search' as~rs~ant . Ms: 'Nadifl Isa (graduate in Chemical Engine'ering) was 
etnploy~d ~rid~ftI1i· 'proj~~t' ·p~': ·?~fS.~ ;:August 2007 - 30th November 2007. In Septem.ber 
2007, :a reqUest :for -extensto-rr6ftne :'pi'oje'C-t Was submitted to ExxonMobil Exploration 
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arid Production Malaysia on the basis of the delay mentioned earlier. Ms NadIa was 
awarded a . Scholarship (NSFIFRGS) in D~cember .2007 and she contin~ed work under 
the current thereafter. 

Two members of the academic staff of the School of Chemical Engineering of the USM 
{namely: Professor A.L. Ahmad, (Dean) arid' Dr. S.R.Abd .. Shukor, (Deputy Dean) 
were cb.,.opted for the pr~ject in 2007 due to the absen~e of Dr. Roslee Othman who 
'was on overseas leave. 

A research assistant Mr. Keng Poh Wee was employed for the project on 18th 

November 07 to 16th December2008. The theoretical model compiled 'tinder phase III 
was validated. '· Based on' this wor~ a paper was presented (Appenc\ix ' 3) at the 21st 

Symposium of Malaysiap . Chemical ' Engineers· . (Challenges and . Opportun~tie~ in 
Chemical. Engineering .for Sustainable 'Future) on 11th - 13 thof December 2007,· The 
paper was titled ' "A stUdy on. the temperature ,and pressure swing adsorption of carbon 
dioxide on hydrotalcite with a view to remove . carbon dioxide frO.m natural gas". The 
authors of the' paper have been Fernando; \V.J.N., Ahmad, A.L~~ Othman, M~R~, Abd. 
Shukor,. S.R·. and'Kepg P:~hWe~ .. Appropnate acknowiedgenient has been.maqe to the 
.Messrs. ExxonMobiIEx:ploiatjon and Prodllction Malaysi~ 'in :thi$ paper~ . . . ; . - -.";- " . " . . -.' 

The research ~sistatit Ms. ' ,Nadia ' commenced , experimental : work in . .f~lation· to 
hycirotalciterhembrane for removal ·ofe02• Ms.' N'adia: was registered: for ·.MaSters at the . 
USM. 

Ms. Elma Masrini Binti Halim (Student involved with the Final Year project) continued 
her studi~s on Carbon(~ioxide adsorptio~ Ichenii-sorption on hydrotalcites·. . 

Phase V January. 2008 'to A.ugust 20Q8 

Ms .Masrinicontinued .her studies on, adsorptionot carbon dioxide on hydrotalcites. In 
'April 2008, Ms~ . Masrini .compieted her Final Year project thesis o:n , "Develop~ent of 
adsorption! chenii-sorPtion' model for , carbon dio~ide adsorption on 'HydrQtalcite;~ ' and 
made a presentation at the School as a Final year cours'ework requirement ' ' 

The graduate res.earch ~ssistant Ms. Nadia continued experime~tal work .. in relatIon to 
adsorption- and des<?rption , of carbon ' dioxide: using . hy~rotalcite. B~ed ,on the above 
work a .paper has been ~ccepted . for .presenta~ion at the,. International Conference on 
Environment ' 2908, Penang; Malaysia, ' 15~ 17 December · . 2008.Th~ .. paper 'is titled 
"Studies.: on,: adsorPtion! -desorption , of carbon dioxide" with'" respeqt to thermal 
regeneration ofhyd~otalcites" ' ' . 

Further work has been carried out for the combined adsorber ·and membrane effects of 
removal of.carbon dioxide using the adsorber/membrane. unit .. The pressure drops and 
adsorption capacities of the cOln.bined system evaluated. It is anticipated that' a Masters 
thesis will be submitted to the USM 'on the work carried' out by Ms. Nadia in the near 
future. 
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3. PERSONNEL Il\ry:OL VED 

Fernando, W.J.~. (Main recipient/main researcher) 
. Othman, M.R. Cco':'recipien,t':c:o-tsearcher) ' 

Following · staffw.ere involved with the ' protect · as turther co-researchers during the . 
. overseas leave periodofDr.Othman (2007) ' . . . 
Ahmad, A.L., (De~ 'ofthe School of. Chemical Engineering) 
·Abd. Shukor, S.R. (Deputy Dean of the School of Engineering) 

Undergraduate Students in Ch~mical Engineering-' 
Keng Poh Wee. . December 2007 
Mr . . Chew Kean lqlonn.. . . May -July 2007 
Mr~ Wong Kai Sengw .. · . . 'April-July20Q7 

Undergraduate Student 'carrying out Final Year Project. 
Ms.Elma Nasrini (2'007)' ... . . . . 

Po'stgraduate Student Carrying out Masters Kesearch 
Ms. Nadia Isa (2007':'2008) 

4 .. FINANCIAL . . 
(A'. COPY OF' THE·PiN:AL. PRINT· OUT OF' STATEMI;:NT' .O:F~. ExpEDITl)RJ;;· ·ur-
THE. USM-IS· AITACHED IN APPENDIX Sy . ' ... ' .' . 

. Grant re'ceived in December 2006 from . Messrs. ExXonMohii . Exploration and 
P~oduction .Malaysia·;::. 

RM30,OOO 

Major items .of-expenditlire:. 
. . . 

(a)Salaries "(Uiu~er Vote JIOOO) 
RiVt:l09S.7J14 . . 

Employment of Undergraduf;1te Rese~ch assisUmts .. ~uring ·University Vac~tions. 
Undergraduate Students in Chemical Engineering: . 
Mr. Chew Kean Khoon. · May - July' 07 . 
Mr: Wong Kai Seng April ·07- July 07 
Mr. ~engPbh Wee . . November'-December 2007 

Employment of Graduate Research Assistane 
Ms. Nadia Isa .' August.o7 ~ Noyember 07 · 

. . . . 

(b) Equipment item~(costing' more than RM'lOOO) 'Total 
RM14055.00 . . 

(Inventorized under USM: S~hool of Chemical Engineering) 

Details: 
Carbon dioxide.· analyzer (QDS Technologies) RM 6600 

·.·Co)nposite' 1ti~pl~r~e/~ds~r~~L4I?:h -stail}le.ss .stee~. (SrIJ(P ·T!ading) . RM .3.055 
'I itcticiirl:" P'U'fl1p~oif(ree~typ'e' 'eEvetWiri Erigineering: &StippTy, Sd~~Bhd)RNt4:100 . 
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(c) Other expenditure 
. Details: 
Gases 
Chemicals 
Services: .Analysis of samples. SEM~ Autosorb, XRD etc. 
And USM overhead handV~g charges (RivI??O) 

(d) Closing Ba.la~ce . 

5. SCIENTIFIC STUDIES .CARRIED· OUT 

RM4897.65 

RM 89~5i 

TOTAL RM 30,000 

. Details of.scientific studies carried out are ·elaborated in papers presented in Appendix 
1,. 3 and 4 and heI?-ce will not be elaborated herein in order to avoid duplication o.f the 
same. 

·However, details of achievenie~t of .-in~end:ed tas~s are. out"Iined below~. 

Task Status 
Task I: Literature . survey Achieved 
'Task ·It Development and design of the Achieved. 

. -membrane and Adsorption unit Appendix 2 
Task III. Setting Up· ofthe.l;:xperimental Achieved 
Rig Appendix:2.: -- .'. 

, . T~k IV Experiments~ : : Achieved . 
. Outliped in.·Papers 

: 

Appendix 3" and 4 -
. Task V MathematIcal Mod.eling Achieve<:l 
' Task ·Vi. Validation ofthe·mqdel . Present.ed in ·Paper in Appendix ·3· alld . 

To be presented soon in·Masters Thesis of Ms. 
: .. 

TaSk : VIfFinal Report . 

6. :·0UTCOMES 
~(a)."Technical Outcomes: 

Nadia. -.. . -~ 

Subnutted herem 

Technical outcomes and results of research "Yere . dis~eminated as presentations as 
follows. 

Presentations. . 
Othman; M:R; Fernando", W~J.N; Kasid, N.M. "Studies on the properties o( NT-A! SOl 

precursor to · prepare ·. inorganIc membrane ··:·for ' carbon droxide- separation", 11 th 

·Colloquium on· me·mbrane lield at - Institut ··fUr· Verfahrenst~chnik, R WTH- Aachen at 
IVT ,28th and 29~ . March 2007 . . 

Fernando, W.J.N., Ahmad, A.t., Othman, .M·.R., Abd . . Shukor, S.R. and. Keng Poh 
Wee. "A .study on the temperature and pressure swing adsorption of carbqh dioxide on 
hydrotalcite with a view to- -remove. carbon dioxid~ from· natural gas", 21 st Symposium 
~f, .. ~~~a?,~~.an, (;~ern.~c~l Engineers (C~·all~n~es . :and Opportunities · in C4emical 
Englneen~g for· Sustalnable·:Future} 9n.11 ·.~· .l3 .. ofD.ec,e~b,~.r; ?.o.Ql 

{ . "0 • • :'\. . ..... " _ . • • •• • , _ • • • • 

5 



. 6. APPENDICES 

APPENDIX. 1 

,-'ut supported by 

aachen . 

NT - InStitut ,fUr V'erfahrenstechn~ ~ WTH-, Aachen 

Studles '"on, th.e properties of ·HT -AI sOI , pr~cur$.or to, 
prepa,r~ i,n,org~r;llc : membrane, for carbondi'oxide 

, s~paration 

othmcln,.M;;R;, Feman~Q,.W .J~N; Ra$id"N~M 
Sch~,f ,of Chemical En~i,neeli'n~; t;Jniversitl , .. S~lns . '~tdays'ia,. 

14300 Nibong TeQal~' Penang: 
'Ma1~ysia 

cnrostee@eng. u~m.my 

Keywords: carbon dioxide. sol ge 

1.. introdu~~on 

The main contributor to increasing atmospheric carbon, dioxide concentration in Malaysia is, fossil fuel 
combustion for power' generation, transport, .industry and domestic use., Malaysia'energy consumption by 
fuel type could be presented as; natural gas (45%), oil (44-%) and coal (8%) . ..Almost every year, carbon 
,dioxide emi~i(jn increased ~n the , air and the drastic change was in the year of 1995 ' due to rapid 
econOInic growth in MiUay~ia ' [CD1A(;, (2005)]. Increasing con~ntrations of greenhouse'gases are I~ely 
'to accelerate, the rate of cl~ate change (Tagaya 'et aI., 1992; Horiuchi ~t aI., 1'998). Several options eXist 
to abate ~bon, dioxideell1issionstrom' fossil fuel utilization, including increasing the efficiency,offo$il 
fuel combustion, sy~ternS(HQriucbi et aI., J998), or replacing fossil fuels witlt'rene~able 'eil~rID'~:Urces 
(Yong. et al., 2002). These ,alternatives are very :attractive 'in controlling carbon dioxide emissi'ons .in ,the 

. environment, but ,:eachltas 'its own limitation. Another option to manage carbo~ ,dioxide:'emis,sion is 
c~bon sequestration that is, ' capturing and securely storing the, carbon ,dioxide eIllitted:fromlarge poi,nt 
sources, sucl.t as 'fOSsil-fuel-fired power plants (Yonget aI., 2001). Others include pressure swing 
adsorption (PSA), amil)eabsorption and polymenc membrane. PSA is well . suited for the removal an9 
recovery, of carbOn diOXide and it c'an be operated at elevated temPeratures. It can retriove most of the 
~arbon dioxide ando~ercome the, 'n~d to ,cool the fuel gas to ambient temPerature (Y<;>ng,et aI., 2002). ' 
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Ho~ever, PSA has the di~dvantage ~f beIng energy intensive, it is not continuous and the use of higb 
pressure technology renders it expensive. Membrane provides an attractive alternative toPSA; since it 
does not require any phase transformatiol) ,and the nec~ process equipment is very simple with 
relatively ease of operation and control~compact and convenient to sCale up. These advantages make, the 

, membrane prOcess ideal for separation of Carbon dioxide if a ffi.et1lbrilne with good chemical and thennaf 
stability and high carbon dioxide pennselectivities ' /permeance can be developed. In industry, ranging 
from food and beverage processing, desalination of seawater, and gas separations, to medical devices, the 
use of polymeric membranes is on the rise (Funk and Li, 1999), but these membranes could not 
withstand in an environment requiring chemica. and thennal endurance. An alternative and more 
promising candidate fQr carbon dioxide separation is to use inor~ic (ceramic} membrane. Recent1y~' 
research directed at the development and application of inorganic m~brane is gaining momentum 
because of their high demand in the new application fields such ' as fuel cells, membrane reactors and 
other' high temperature separation, processes. In many 'cases, it is highly ' desirable to separate carbon 
diqxide from flue gas' at 'a high tempei-ature(around 4()()OC) without cooling the flue gas to room or even 
lower temperature. The,high tempenrtl1re carbon '4ioxide separation' process :~QUld produce concentrated, 
warm cal'bol) dioxide which can be subsequently used directly as a, feedstoe1'\-or chemical synthesis: of. 
fuels (e.g~, methariol or chemicals)., This ,application requires, a membrane or adsorbent 'selectiyeiy , 
penneable to or adsorptive for carbon dioxide ,at high temperature. Therefore, materials like hydrotalcite 
or hydrotalcite mqdified with basic metal oxides could be consi~~red excelle~t candidate membrane 
materials because of their higher ,carbon , dioxide ~dsorption ca~ity at elevated temperature, 'while 

'maintaining thermal stability~ In this work, sy,nthesis of hydrotalcite (liT) membrane from sol-gel 'route 
was attempted and the effects of such parameters as'hydrotaicite loading, acid CQncentration; type' of acid 
and aging on the sol 'properties were investigated. 

2. Procedures 

, 2.1 Effect of hydrotalcite: loading 
The effect of hydfotalcite loading in hydrotalci~aIumjna 891 Was studied to study the volume fraction of 
hydrotalcite required 'to form clear sol (peptized). The sol with hydrotalcite loading' of 2 mojo, 5 m% and 
10 wt% from the total sol volume were used in this work, during which, 0.07 mole ratio ofHCI (12M) 
was added. ' , ' 
22 Effect of acid concentration ' 
Different concentrations of acid were used to investigate their effect on the, behaviour of hydrotalcite
alumina sol. The concentrations :ofHCI were varied'with 1M, 5M and 12~ respe<?tively. 
2.3 Eftbct of ~ of acid ' - ' " 
In this study, two type of acid: were ~ one was :hydrOchloric acid(flCI, 12M) and ,another was nitric 
acid (HN03, 15 M) in: order to investigate the ro'eofacid'type in . solpeptizati~n~ 
3.4 Effect of aging on'sol viscosity ' , 
The effect of aging on sol viScosity was st':ldied, to obtain the information on how long the sol could 'be 
stored before it became uns:uitable for 4ip, coating to fQrm membrane. The viscositY of sol was 
determrned'u~ing Br()()k.field rheometer a~oritpanioo wlth)tlleocalc V2. i softWare. The spCed was set 
between 10 to 1 OOrpJ.l1 tq run iriauto ~ode. The ,analysis was done at 30°C and temperature was 
maintained using temperature bath. ' " 

3. Discussion 

3.1 Effect of hydrotalclte loading 
Table 1 and Figure 1 ,demonstrate that the ad~ition of 5% and 10% hydrotalcite from the total sol "volunle 
resulted in white precipitation., Precipitation in 10% .hydrotalcite with alumina was ,higher than that of 5% 
hydrotalcite while 2% hydrotalcite dissolved completely in the precursor solution. These suggest that 
higher volume fraction of hydiotalcite into al~mina sol have a tendency for agglomeration and ' 
'aggregation of the particle$. ' 
Table I: Effect of hydr()talcit,e loading on sol peptization 
, Sample "Appearanc,e Qf sol after 1 day heat 

, treatn)ent at 90°C .. ' ' 

HTsg~3 HTs 2% 
HTsg-3 HTs 5% 
HTsg-3 HTs 10% 

*HTs = hydrotalcite loading 

clear soi ,' ,' 

: white precipitate 
white precipita~e 
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Figure 1: -HTsg-:-3 wi~different hydrotalcite loading a) 2% \» 5% c) '10%·-

3.2 Effect of acid concentration. 

In the hindsight of the loading effect, 2% of hydrotalcite loading was selected for this study .. TaMe 2 and 
Figure 2 show that HTsg·3 for 1M and 5M ofHCI did not peptize, but white precipitate ~as· fornied 
instead. While HTsg· 3 pepti~ed with 12M of He I to fonn clear s61. At .reJativelylo)V ·co~centfation of 
aci~ the suspended boehmite particles seemed to exhibit low electric charg~s,_ allowing gelatinous 
precipitate to form. At. higher acid concentration, higher electric charges compelled-tlteparticles.to 
organize each other, maintaining stable sol dispersion that formed clearsoL .· - . 
Table 2: Effect of acid Concentration on the sol appearances. -

Sample Apperance of sol after 1 day heat 
treatment at 900C. 

HTsg-3 HCI 1M 
HTsg-3 Hel 5M 
HTsg-3 HCl 12M 

White precipitate 
White precipitate 
clear sol 

Figure2: HTsg-3 at HCl a) 12·M, b) 5M, c) 1 M. 

3.3 Type of acid . 
We attempted to s~dy two types of acid; hydrochloric acid (He}, 12M) and nitric acid (HN03,- l5 tvi). 
because HC} canies C} ions, which would modify the acid base properties of the · l.ayered double 
hydroxide (Prinetto et al., 2000). Therefore, HN03 was proposed to evaluat~ itS effectiveness in the 
peptization. Table 3 and Figure 3 show that HN03 was not able to perform peptization .as . intended, 
suggesting that HN03 was not sufficiently strong to produce the necessary charge ·effect in the sol, 
despite it was applied at higher molar concentration than HCI. 

Table 3: Peptizing effect of selective acids. 
Sample Appearance of sol after 1 day heat 

treatment at 90°C. 
HTsg-3 HN03 
HTsg-3 Hel 

Cloudy sol 
Clear sol 
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3A Effect of aging' on sQlviscOsit'. 
Figure 4 :shows Utat 'vlSCQsity i~creased With increase . m aging time. All of the $3lnples exhibited 
rheopectic flow behaviour since the viscosity ·increased·witlftime. HTsg-3 (containing 3:1 mole ratio 'of 
Mg:Al) demonstrated nearly·' constant values pf viscosity after 168 hours. HTsg..().S (containing 05:1 
mole tatio of 'Mg:Al) and RTsg-4 '( containing 4: 1 mole rati.o of Mg:Al) sl:towed continuous inc.-rease of ' 
viscosity with· time. HTsg-3 w~. found. to · be favourable 'for dip cOating sin.ce its viscosity v.atue was 
constant with· time ··and it ' could be stored for as long.as 672hoUts. (1 month). 'Whereas~:: HTsg-O.5 and 
HTsg-4~l Could not be·· Used f{jr ~tin~: to form Ui~ ~emb~e~ since its -viscositycOntin:ued tQ"increase' 
as itaged~ Increasing vjsCosity' of:tbe :,S()lr:esulted thick layers,''leaditJg to greater ri~k o(.~~ fQrniatiou . 
and' lower ·adhesion .Of Coating tQ the. sUPPort{Haas-$ant~ et al.; 206i). . . . 
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4. Conclusion~ 

200 400 

Time (hours) . 

600 ·800 

~HTsg-O.5 . 

~HTs~3 . 

~HTsg4 

The application of sol-gel technique to prepare sol precursor for forming hydrotalcite membrane··was 
'explored for· the first time in ~s work. From the sol characteristics~ it was shown that hydrotalcite -
~umina sol (HTsg-3) containing 2wfOio of hydrotalcite' loading with 12M of HCI conc¢ntration would 
form a stable sol. HTsg-3 behave~ as rheopectic. fluid an4 it could be· store4 for 612 hours. 
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A STUDY ON THE TEMPERATURE AND PRESSURE SWmG 
ADSORPTION OF CARBON DIOXIDE ·ON HYDROT ALCITE 
. ·WITH A VIEW ·TO REM'OVE CARBON DIOXIDE FROM 

NATURAL GAS .. 

by 

Fernando, W.J.N~, Ahmad; ".L., ·Rosl~.R., Abel:. Shukor,· S~R. and Keng Poh W~ 
(School of Chemical Engn.eerin,g;, Universiti Saiils Malaysia,. seri Ampangan, 14300,Ni~ng . rebal, 

Pulau Pinang, Malaysia) . 

ABS~RACT 

Natu,ral· gas generally constitutes of hydrocarbons such as metharie, ~ane, propane, butane·, .. and npn
hydrocarbon CC)mponent such as carbon. dioxi<,ie, nitrogen andhYdmgen' sulfide. Presence of carbon' 
dioxide' in natut:a1 gas is''known for its dilution leading to a·gas oflean : ~alorifi.c· value. The hydioialcite is 
kn9wn. as an effective absorbe~t for ~Qdioxide, beca~ of iispreferential' adsorptivity for "carbOn 
dioXi<.te". Hence, hydrotalcite is used ~ a Potentjal .adsor~t for car.oondioxide,· which c~uld be useij for 
enriching_ natural .. gas •. Adsorption isotherms tor C.arbon dioxide on hydrotalc~te und'er different 
temperature and pressure are studied. The isotherms are tested for conformity with differen~ a(iso.rption 
. models su,ch as Langmuir, Freundlich and BET. The isothern1s·areJ1.irUter analYsed in order t~ obtain 
carbon ~~oxide~reinoval potentialsfor rages of pressure swing and. ie~JXmlture swing adsorption 
proces.~es. 

Keywords: Adsorption, carbon dioxide, hy~otalcite 

1.INTRODUCTION 

Malaysia proce~s the twelfth largest gas reserVes in the world with a stock of 97.6 trillion: cubic feet 
(tet) in Janu~ 2001. This figure is equivalent to about 66.8 years of natura 1 gas availability. Some . 
offshore weUsproducing a natural gas having a high (over 10 vol %) carbon dioxide 'content [Hays, and 
Coo~ 1980]. 'The processed natural gas can contain about 0.7 to 1.83-m91e % of .carbon dioxide [Gas 
Malaysia, online'2007, Union Gas online 2007]. Removal o(.~bori dioxide frOm the n~tur~gas 
becomes .important.in the. enrichment of natural gas. . 
Pressure swing a~rption (PSA), amine absorption and polymeric membrane are well suited for' the 
removal and recov:ery of carbon dioxide and it can be operated at elevated tempera~res. (Y onget aI., 
~O(2). PSA is repbrted to'have the disadvantage· of being energy ·intensi.ve. It i~ also a non continuous 
process making the' application ofhjgh pressure technology expensive. However,.use of hydrotalcite ha: 
been found to be highly selective to carbon dioxide and has stable capacity to adsorb carbon dioxide 
making it::; use attractive. Hydrotalcites are .well known because of their unique properties obtained after 
calcination, such as .high surface area, very strong ba$icity,fonnation 9fthe~ally stable homogeneous 



mixtures of oxid¢s with very small 'cry~tal , sjzes ,and ability for reconstruction of the original,structure 
under mild conditions [Horiuchi etal. 1998. Ivan and Lapkin, 2005]. They are, also well known for fast 
.adsorption of carl?on dio.~ide [paul and Liu , 2003, Ivan and Lapkin, 200S']. The hydrotalcite alsO bas 
stable mechanical stren~ dwj.tlg cyclic exposure under.high temperature and pressure. Tht'; amount 'of 
carbon dioxide adsQrbe<f in hydrotalcite varies With its partial pressure and temperature. The study herein 
is to evaluate the behaviour of the adsorption characteristics of hydro tal cite fordii(erent temperatures 
and partial pressures" and to evaluate the efficiencies of hydro tal cite in adsorption and subsequent 
rege~ef1ltion for re-use in pressure and temperature swhtg effects thereof. 

2.METHODOLOGY 

In order to analyse the effect of pressure and temperature swings in adsorption/desorption of carbon 
dioxide. in hydrotaicite, adsorption data for carbon dioxide on hydrotalcite under isothermal conditions 
were asSimilated from the surveY,as well as from experiments described below. Several ,published works 
(I:Iays.and cOOk;1980, Ding andA~~y.lt 2000, Yong and Rodrigues,2002,Othmail. et al.,2006~l were 
accessed for data in this' fe:spect. The' -data weremvestigated for their -~n(ormity:with the :Langmuir, 
FreUndlich and BEr theories. The hydrotalcite was ,prepared via the co-precipitation m~od [Othman et 
al.,2006b ]where the magnesium'sources were from magnesium nitrate hexahydrate, whereas aluminium 
so~ were froIn aluminium ni~ nanohydrate and carbonate from potassium carbonate. The' process 
was maintained at-pHIO. ~e hydrotalcite yield by means of co-.precipitation method Was calcined ,under 
6Q(fC for· 15 houts. -Experiments were conducted to study the adsOrption of carbon dioxide by the . 
hYdrotalcite.' Based on tile data, a theOretical analysis' was made to inv'esngatethe effects of press:ure and 
temperature swingS in the effectiveness of adsorption, of carbon dioxide on hydrotalcite. 

3. ' ANALYSIS 

3. t Analysis .of t.ne .l$o~nerms 
The data obtained for the adsorption of carbon dioxide by ,the' hydrotaJcite for temperatures 
481K,S7SK,673K and 753K are 'presented in Tables 1 to 3. 

2 : 

Table 1 : Adsorption data.(Qvs. Plfor Carbon dioxide in hydrotalcite for-,451 and. 575K 
[HaYs and '~l~~O; Ding aJi<L~Jpay, 2000~ Yong ,and Rodrigues,2002,Othman et al. ,2OQ6a] 

-mMPERATURE ' , PRESS{ '(kPa) 
. (~) , 5 9 15' 21 30 51 101 

ill Q ';,S1(mole~lkg) O~$l 0.661 0.71 0.722 0.842 0.88 0.94 

575 QS1s(mOles/kg) 0.4 OA95 0.57 0.661 0.695 0.771 0.83 

Ads6rpti<>:n, data 
dio~de:'in . 
673K 

PRESSt1RE(kPa) for CaCbon -_ ...... --S-. -, -~"""12------2'''''7.-5 --, , -,4-~-' ...... ~--, hydrotalciteat, 
, " 

Q (mo1Jkg) , 0.3l~ -- 0.4 · 0528 , 0.S7 

Table 3 : Adsor¢.pn data for Carbon dioxide in hydrotalcite at 753K 
[HaYsatid Coo~1980~ Ding ~ AJpay, 2~, Ong and R~gues,2002,¢tIunan et-al. ,2006a] 

PRESSURE(kPa) 
24 ' 57.5 58.5 

Q (mollkg) 0.41 0.46 0.48 The data were ' . investigated for their 
conformity with the Langmuir theory. This has been made through plots 'ofQ vs. QIP, for the different 
temperatures. Fig 1 to 4 ,show the plots so obtain~.for temperatures ,481K,S75~' 673K and 753K 
respeCtively. ' . , 
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co.mp~tibnity of data with the Frel:IDdli~h theory was ~lso tested here for confonnity with:tinearity ofthe 
plots 6fln"(Q) vs. In(p). The figuies 5to 8 show the plots of Tn (Q) versus Ih(p). 
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Data for therr appliCability with the BET theory was also investigated. The ~ET equation was re-
arranged in the form ' 

~ 1 (k - l) ----= -'- , + --,- ,- x 
Q.(1 ~, x) , kQr 'kQr " (1) 

and plots of 'X!{Q(1-.Tj vs.x, w~re examJned. ,Figur~ 9 to '11 show the plots so. obtained. 
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Table"4 'below summ~ the results of the· above investig~i~~ with. the respective isotherm data.. 

Table 4 Summary of Isotherm analysis 

Temperature b : Or . R2 Range. of partial 
pressure of carbon 

dioxide 
Langmuir 481K 0 .22569 0.962 0.9783 0-1 

575K . 0.156589 0.8478 0.9615 0-1. 
~73K 0 .23865 0.5693 0 .9211 0,,(),5 

753K 0.]506 o.5i37 0.9122 0"().594 

k n R2 

Freundlich 48.1K 0.407 S.l5Z 0.9207 0-1' 
575K 0.2892 4 .0766 0.9498 0-1 
673K O.2Q41 3.6245 . 0.9907 0..();5 

753K 0.25092 6.~33 0.9402 0-0.594. 
k Or ' " R2 

BET 481K 173.521 0 .. 6003 0.9964 Only 0-0.3 
575K 71.5242 0.5198 0.993 Only 0-0.3 
673K 55.5369 0.4028 0.9999 Only 0-0.3 
753K NA NA NA NA 



3,2 Analysis orPr'~sureffemperature swuig 

Based on the previous~a1ysis, it was observed that th~ BET isothenns fit satisfactorily with tile 
experimental. data .. The BET theory was applied to the. case where adsorption at a temperature:T' of a 
carbon dioXide gas stream of mole fraction x' waS carried out initially. The respective equilIbrium ' 
adsorption .per unit weight of the adsorbent is denoted by Q'. Subsequently, regeneration of the 
hydrotaicite is ·considered at a lower pressure and lower mole fraction x and a higher temperature T. Ine 
fraction of xix' is denoted by a Here it is assumed that the effect of adsorption desorption hysteresis is 
negligible. The ~xperiments conQucted in this $dy have shown that this is accurate for the case of 
adsorption ofnitrog¢n onhydrotalcite. Even though some hysteretic·effect is observed for adsorption of 
carbon dio~de on hydroialcite, the hystereti~ eff~t is observed not to: be particularly significantafier a 
few adsor¢.on-regeneration cycle.s. (Y ong et ai, 2002)~ . 

Then by ni~ of'the BET iSbtherm, it can.be sho~ that, 

g ::: a. K ;Qi · ... [1 +(iC- l ).x'] . ..p .~ . .t,]. . . 
Q' K'~Q·tT [1 + (K -l).a.x'] [1 - a.x'] 

(2) . . . . . 
Here K ,K',QTand QT' are dependant on respe¢.tive:temperatures 
Using the ·above eq~tion it is possible to estm,.ate ~e amount of carbon dioxide when pressures and 
temperatures were changed. Here, the pressure Swing is de~oted by afacwr·a ·which represents the ratio 
of the pressur~ on adsorption and desorption. The value of a is changed from 0.1 to 1.0 where the latter 
represents pressm:e ·switlg. The temperature swing ~s· investigated by evaluafi"ng the: Q values for three 
differen~ ~empera~re swings from 481 Kthrough 575 K to 673 K. . 

. . 

Plots·of Q/Q' vs. a for different tempe~atureswings with ·adsorption tetnpeniture of 481 K and 
desorption temperatures ·of 48JK, 575K and 673 K areshown in figure 12. . 

o ~------~----~--~------~------~------~ 
o 0.2 0.4 0.6 O.B 

Figure 12. Plots ofQlQvs a. for given temperatures 
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Figure 13 shows.the etUciency of the adsorbenfdurfug th~ pressure and temperature swings, Here the . 
plot 11· {=Q-Q')/Q} vs; a-'is sh9wn for thr~.e diffe~nt tempe~res, . 

4. DISCUSSION AND CONCLUSION 

From the above analysis· it can be seen that the BET model suits most the data obtained for temperatures 
481K, 575K and 673K, The BET'fitting method gives the .almost perfect-fitting for $e partial pressure 
range from 0 to 0.3 wWch is within the concentration rages of carbon . dioXide in n~tural gas, 'Figure 12 
shows that for a giyen ~en1peiature, the retention of cafbo~ dio?dde within hydrotalci~e increases with the 
factor a. This result is ex~~ed' a,s the 'higher the ratio of adsorption to·desorPtion : presSure generally '· 
reduces the ~ff~veness ·ofthe. pressure swing effect '9f ~dsorption, Figure (2' aIso$hqwsthat for a given 
value of a, a temperature. rise decr~ases the ret!mtion·.of ~bondioxide 'withm hydrQtalcite leading to a 
better utilization .~( the' adsor~t. e.g. if the tempet.ature is Increased from 48'UCto 673K arid (l is. made 
0.1 , a value of Q/Q; of 0.055 .is obtained showing the effectiveness in trapping C02 in the 
adsorption/regeneration pr~ss. Figure 13 shows the 'variation of the capture efficiency {(Q'-Q)/Q'} of 
the adsorption/regeneration system with a for different temperatures. Here too higher the temperature 
and lower the value of a are seen to produce efficiencies closer to 90%. Press.ure swing efficiencies of 
75 to .85 % are reported in real practice 

NOMENCLATURE . 
P pressure of ~dsorption ~eani (kPa) 
p' pressure of deSQrPtion 'stream (kPa) 
Q Amount of COiadsorbedat a temperature T'K. per unit weight of adsorbe1)t (moi/kg) 
Q' Amount ofC02a~orbed:ai a .fempe·rature T~'~ per unit weight of adsorbent (mollkg) 
Qr Total amount of CO2 adsorbed at a temperature -r<>K. per unit weight of adsorbent (mollkg) 
0,.' total .amount of CO2 adsorbed at a temperature T'~ per unit weight ofadsorben~ (moVkg) 
x . mole fraction of CO2 of adsorption stream (kPa) 
x' l110lc Ii-action of CO2 of desorption stream (kPa) 



a. xix' 
11 EffiCiency of desorption in pressure/temperature swing 
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ABSTRACT 

This research is focused on evaluation of conditions for thennal regeneration . ~f hydrotalcite . . In this 
study synthesized ~ydrotalcite prepared under reported optimum conditions namely calcination 
temperature .(600°C) and MglAl mol ratio (3.0), and commercial hydi"Qtalcite are used · as the test 
materials The optimum synthesized sample and also commercial hydrotalcite· samples were saturated 
with:~n dioXide. The saturated .samples were · test~ for BET surface ar~ anc(pOs:-e sizes . . The. 
saturated Samples we.re thermaliy regenerated··(heat treated) at 200oe, 4S(tC and 700°C and s\lrfa~ 
moi"phology:and p(>re distribUtions· were re..evaluated. TGA Studies on· these ~ples ~ere. caiTied·:o¥t It 
was ·obset:Ve4that two regions ·of desolptione~st, namely the· fU'stregi9h .8f9~d 316~,;oC and .180~C .for 
the synthetic· and commercial ·hyrlrotaIcites respectively and the second tegion at 6o<tC. on the. average 
for both· tyPes of hy~talcite with percentage CO2 reduction of 15% and 24.7%· respec~vely ~ on 
the original sample. This could be attributed to different modes of association of CO~ in the ·hydrotalcite. 
The structural changes attributing to the behaviour of Carbon dioxide on hydrotalcite under adSorption 
and re-generation are discussed. A temperature beyond 6000e is found to be best suited for regeneration. 

~eywords ~ Hydrotalcite; Adsc:>rption; RegeneI1ltion; Carbon dioxide 

INTRODUCTION 
Natural gas.-isa gaseous fossil fuel consist.ing primarily of methane (70% - 90%) but including 

significant quantitieS. of.~e (5% -. 15%),· butane «5%), .propane «5%),carbon dioxid~ (0.7 - 50%) 
and small amounts of nitroge~ . heliu.mand hydrogen sulfide · [1 ;[2]. Because of the existence of carbon 
dipxide in the natural . gas, its calorific value is lowered leading to requirements of hruidlbtg : higher 
volumes of natural gas in appliCations. As a result it has been felt that ·removal of carbon dioxide from 
the natural ga~ is important. 

Hydrotalclte. Hydrotalcite possesses capabilities to separate carbon dioxide by. means of adsorption 
because ofhighabrasion' resistan~, high .thennal stability and small micropore diani~ter which·results in 
higher exposed surface area and hence high capacity of adsorption and s4lble interdispersion of th~ active 
species with high rep:r:oducjb~Hty [3,4]. The high affmity of hydrotalcite materials to carbol\ate species 
has· most.Iy led to the use ofc.arbonate contaj~ng compounds as precurs()rs .of catalysts [3].· Hydrotaicite 
is a natural layered mineral or anionic clay, . cOnstitute · a clas~ of lamellar ionic· comPound . where as 
Layered Double Hydroxides, LDH or Hydrotalcite like 'compOunds is syntheti~ly prepared.· It 'contains 
a positively chargtxI . (ciltioI)s) hydroxide layer or brucite sheet and charge-balanc~ganionswhich .is 
carbo~te in the ·interlamellar space besides water molecul~ (Figure 1). Hydf6talcite like compounds are 

represe~ted · by th~ general fonnula [MI~:M;+ (OR)2 r- [Ai7n }mH 20 where M2+ ~d M3
+ are bi and 

tri-valent. meta) ~tions; respectively and A is an interlam~llar anion with charge n· [5]. 
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Figure 1: Hydrotalcite type structure [61 

These mat~als have been usea as ~yst or aasoroents tor several applications and their use in 
the carbon dioxide adsorpti~n at temperature ~ge between 400°C to 480°C was reported recently [7], 
[8]., This application is very impOrtant for the p'~fication of natural gas, the possibility of CO2 emissions 
controlled in the co~bustion offossil fuel~and, for a new steam reforming proCess [9]. ' 

. Co-precipitation method is 'the.' mosr commonly used ,method to ' prepare hydrotalcite like 
compounds. !tjs applied because other meth04s .like deco,mposition-r'ecrystallization, urea method, and 
microwaveirrad~ation-are time ~nsuming aitdrequire high amo\Ults of water [10]. 

MATERIALS AND METHQDS 

,Preparation 9f Hydrotalcite. The , method us.ed in the preparation ' of hydrotaicite samples were in 
confonnity ,with previous , studies [9]. Here, magnesium rutrate hexahydrate (Mg(N03n.6H20 )t 
Atuminium nitrate nonahydt:aie (AI(N03)3.9a20) :and 32ritl deionize(f water were mixed together to,form' 
a ~olutioJ,l. MglAl ratio' ,~ 1s 3.0~ then, the,r,nixture is added with 95rnl potassium carbonate; KiCOj 
(1M) ,dropwise undet VigorouS stirring :Qver 'h9t plate , magnetic stirrer' at 60°C for is minutes to. An 
amount of ~ium,hyqroxide;NaOH is, a~ed, to'th~' solUtion and the,pH is niaiiiiained ,at "10. After,that;, 
the precipitation,.Solution was maintained 'in Stirring moc;Je a(60°C fQr 3 hours. The ' preCipitate 'was ' 
filtered 'and washed Several tiriles wit;h detonlzed water to remove nitrate, NO) and ~xcess sodiuil:liQ~ 
Na+. The solution was: ~ashed until the filtrateachteve(t'plf7 (neutral) [11]. The p~ecipitate is 'drie~ 'fti. 
oven for 1 day atlOQoC. Firially~ the dried preCipitate is',calcined.in furnace at 600°C for 15 hours' [9]. ' 

Experioiental ,setup. ' Figure 2 shows the ,schematic diagrarri of the experimental setup. A continuou~ 
flow reactor contained samples connected to a ' cylinder gas (purified carbon dioXide), pressure gauge and 
flowmeter are needed A sinall amount- of sample in powder form is placed inside the reactor to saturate 
Lh~ hydrotall-ite sampltz with C<)2- ' The 'reut.1or was~Ied ttghtly In order, to prevent gas leakages. The 
gas i~ flXed at 5 mlIrnin, at. ambient temperature. The process is ,left to run for more than 24 hours when 
Samples could '~ assumed' to be completely saturated ,with carbon dioxide .g~. The saturated ' samples 
later tested for-BET surface ,area, and pore sizes ... Then, the saturated samples were thermally regenerated 
by: heating in the carbQIite:furnace at 200°C, 450°C and 7OQ°C for 4 hours. ' , 

setup 

Pressure 9a\l90 

Carbon dioxide 
g'as 

Figure 2: 

Fiowmete( 
Reactor 

'-----!><l---+ Gas p u rgo 

Schematic , diagram of experime~tal 

Characterization of Sample. The saturated sample with carbon dioxide gas and thermally regenerated 
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sample were characteri~, to determine , the desorption effects towards' hydrotalCite. X-ray Diffraction, 
XRD (Diffraktometer D5OO0, Siemens) was tested to deteimine the significant chemical composition 
inside the samples. Thermogravimetric Analyzer, TGA (Perkin Elmer) was used to measure the weight 
loss at increasing temperature and time. Quantachrome Autosorb analyzer was used to measure the 
surface area and pore size insid~ the sample. Finally, Scanning Electron Microscopy, SEM was test~ to 
monitor the structures of synthesiZed, and cOIl1IIl:ercial Hdfotalcite,. 

~RESULTS AND DISCUSSION 
Thermogravimetric analySes at 20°C/min of synthesi~d hyrlrotalcite, commercial hydrotaicite 

and regenerated samples where 'regeneration was conducted: at 200°C, 450°C and 700°C. For the 
synthesized sample, the sample prq>ared under ,optimum reported eondidon .(Le. sample preparation at 
calcined temperature of 600°C) was taken. A typical TGA curves for commercial TGA are shown in 
Figures 3 to 6. The TGA results fOr the synthetic hydrotalcites wex:e' of similar behaviour. Analysis of 
TGA curves showed that significant reductioI.ls of CO2 occurred at temperatures indicated in table below. 

:'Table 1: ADalys~ of TGA curves, for fresh and ,regenerated samples of coml;llercial and synthesbred 
hyd rota Icite. ' 

1st Reduction ' 2na Reduction 
Sample 

T~mpetature eC) 
Percentage Temperature PerceJ}tage 

Reduction.-(%) , eC) ' Reduction (%) " 
Fresh Commercial 

160 15 560 27.5 
Hydrotalcite 

, Regenerated Commercial 
160 15 580 27.5 

Hydrotalcite at 200°C 
Regenerated ~ommercial 180 , 11.5 620" 24.5 

Hydrotalcite at 450°C 
Regenerated Comni~cial 

200 14 600 23 
Hydrotalcite at 700°C , 

, , 

Average 180.0 13.5 ,5933 25.0 
" 

, Fresh Synthesi~ 
Hydrotalcite, 

360 , 22,.5 45Q ", 27.5 

Regenerated Synthesized 
300 24 570 23.5 

Hydrotalcite at 200°C 
, Regenerated Synthesized 

Hyw-ulalci~ at 4S0nC , 360 10 600 ' 20 

Regenerated SYnthesized 
230 12.5 750 26.5 

Hydrotalcite at 70()°C 

Average 316.7 15.0 600.0 24.7 

The highest desorption temperature has been reported to be at 45~C [7] "which is in conformity 
with the present findings. The results are also compatible with other previous studies [12], [13], [14]. The 
'flndings for synthesized, ,hydrotalcite are slightly different ,from com~erciat hydrotalcite as seen from 
Table 1. In order 'to investigate' th(! above behaviour around 200°C, 450°C aI)d 700°C, a series , of 
investigations based on BET surface ~ea, -8EM and XRD were Carried out. , 

Tables 2 and 3 show the BET surface areas~ micfOpt>reareas and the average pore diameters of. 
the fresh hydrotatcite, CO2 adsorbed hydrotalcite ' and, heat treated hy~otafcite at various ' regerier~t,ion 
temperatures of synthesized and commercial hydi"otalcite as obtain~ from the, Quan,tachrome Autosorb. 
Commercial hydrotalcite is seen to have significant 'micropote areas compared 'with the synthesized 
hydrotalcite. Furthennore it can be seen that the available BET area decreased to about 97% and ~9% 
after' CO2 adsorption for synthesized and commercial hydrotalcites resPectiyely showing significant , 
a.dsorption of CO2 in adsorption ' process., Figures 3 t~ 6 show the TGA studies made for commercial 
hydrotaclite samples regenerated at 200°C, 450°C and 700°C repectively. Respective reduction~ of BET 
~d mlcropore a,reas seem to be nearly 99.9% for 200°C, n~ly 100% for 400°C and it is negligible for 
700°C .respectively (Ta,ble 2). It can be seen th;lt the micropore areas are quite , insignificant after 
regeneration showing , eith~r the micropores are destructed beyond 200°C or 'the'" C02 is still intact with 
the hydi-otacites beyond-200°C. ,In order to ascertain the reason for this phenomenon, SEM studies are 
carned out for the samples. ' Figures 6, Figure 7, Figure 8( a),(b ),( c ),( d),( e) and' (f) compare the SEM 



images·. obtained for fr.~Sh,. 902' saturated and regenerated'"at, . 450°C . and 100dc of synth~sizcd and 
commercial hydrotalcite respectively. The figure shows similarities between ~cturesof fresh and CO2 ' 

adsorbed samples. However ' after heat treatments the 'structures differed drastically from fme .to 
agglomerate type for both types of hydrotalcites. For regenerate~' samples of both types of hydro tal cite 
subsequent to adsorption with CO2, the BET surface , area showed a minimum peak around 450°C 
whereas the micropore area still remained negligible. This effect was investigated using XRD analysis of 
the respective samples. The XRD patterns showed a reduction of hydro tal cite content to peric1ase content 
at 450°C and regaini~g of the bydrotalcite content at 700°C for both synthetic and commercial 
hydrotalcites. This shift to could h~ve lead to increase in adsorption. -BET surface areas at 700°C. Also 
both 'synthetic and .commercial hydrotalcite showed dominance ofpericl~ content at 450°C and a .shift 
of the dominance from periclase content to magnesia content at 700°C. The structural ch'anges .observed 
between .SEM . images ' of samples . regenerated at 450°C and ' 7O<fC cOuld . be ' attributed to this 
phenot}tenon. 

Table 2: Autosorb properties for rres~ .. ,~nthesized hydro~lcite, COl adsorbed synthesized' 
. hydrotaldte and beat treated syJittiesized hydrotalcite at .various temperatures. 

Autosorb Fresh 
After COl After heat treatment '~C) 
adsorbed 

200 450 

BET surface area (m~/g) 110.98 2.90 19.24 1.08 

700 

6.97 

Micropore. area (m2/g) 1.69 - ,0.0018 - , negligible 

Average pore diameter (nm) 12.14 25.58 23.97 1.92 . 1.8 

Table 3: Autosorbproperties for f~h commerc.ial.bydrotalcite, COl adsorbed commercial 
hydrotalcite and 'beat tr~ted commercial hydrotalc.te at various temperatures. ', 

Autosorb Fresh 

BET surface area (m2/g) , 552.07 

Micropore area (m
2 Is> .. '. 292.91 -- .,--- - -' ~ .... 

-A veragcPorediameter(nin) 235 
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Figure 3: Thermogravimetric analysis 
(20°C/mm) of heat treated com~ercial 
hydrotalcite . 
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After CO2 
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Figure 4: Tber:mogravi~etric analysis 
(20°C/min) of beat ' treated commercial 
hydrotaldte at 200°C. 
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, ·Figure 5(a): Thermogravimetric.analysis 
" (20~C/min) of beat treated commercial 

hydrotalcite at 450°C. 

Fi~re5(b):The.rmograYi~et~~.t!nalysis 
(20°CJmm) of beat treated .ooufmercial 
hydrotaldte at 700°C. 

Figure 4: SE\. in,a~(!' of th.-:.sh· !'oo)'.nthesilNI. 
h,\drolnkit«' f"dki~d at 4OOt."(~ 

CONCLUSIONS 

Fi~ur«' 7: SE:\·I jma~s or 
. fresb{'nRlm~rdHI h~'drol~I~'1t(. : 

~a'" gravimetric·. analysis was .studied ~o · investigate th~· thermal desorption properties of 
CO2 in synthesized hydrotalcite and· commercial hydrot~lIcite. ~ed out at regeneration teniperatures of 
200°C; 450~C and 700°C. It was found that there are two regions of C02 adsorption/desorption in the 
hydrotalcH.e structures. From the;: abo.vt: wtalysis, it could be concluded that: 

1. Desorption of CO2 from adsoT~· samples of hydrotalcite· reach~d ail optimum at approximately 
600°C~ . 

2. , The·pefCentage.reduction is fo~d ~o1>earound 25% ofthe.original \Veight. 
3. · At around 180°C the commercialhydrotaIcite 'showed an initial desc;>rption of about 13~5% and .' 

. at around· J16.7'C an initial desorption of approximately 15 % for Ute synthetic hydrotalc~te at . 
180°C. . .' , . . 

4. At · around·. 600°C; both hydrotaicites . showed 'a minimum BET surface area which could be . 
attributed to the. formation ofpeiiclase. ' . 

5. However, increase of temperature fu.rther showed are-formation of"hydrotalcite which was 
confirmed by XRD analysis for samples regenerated at 700°C. 

6. After 600°C, desorption rate did not show·any significant change. 
7. However, further heating ofboih synthetic and ~mmercia] hydrotalcite beyond 600°C seems.to 

be required in. order to increase its BEt area and re-conversion of periclase to hydrotalcite for 
re-use 
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·'·'gun,· 8: SE\I hna::,"<'s of (1" (, '(h adsorlx·d s~nUK·si7.edh~'(h·olalcite. lb. heat trt'"dted 
s\'nCht:si;a-d h\ d"olaldte at ""50"C. ·ic'. h~at treated s.'ntht.~iz<-d h,'drotaldtt< at 700°('. idl 

(~'()2: adS.~I"k-d"(·onunt'l·(.~ial' h~drotaklt~. l:et 'he:at tf(·'a't~'" ('()fl'mer~i~1 hydr(ltald((' at '~Oqf' 
and irt tte.:lt treated t'omnlC:"'dal h~ ·d'1'4~hll('it(· ~d70ttc, ' 
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PO Box 10857, 
50728, 
Kuala Lumpur. 

Dear Ms. Serena Yang 

ExxonMobil Suoport to Higher Education: Grant for Research 

Further to my e-mail of August 2008 and to your subsequent reply, lam pleased to f9rward the 
::·~m~b~~p?g;.~P.f.t~_~, ,~ppy~: ~f.9j~~t.:.'~~::~ ~4f.,fo.@.at~(~ttac~e~t p:er~with pleas~)': " :A 'hru-~ c~Py 'ct '.: . 
. · .~he .reportwIlI be poste,~ today~ . 

http://aa.mc769.mail.yahoo.com/mc/welcome?.gx=1&.tm=1264472688&.rand=lcrdhe...l/26/2010 


