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In order to reduce the atlllospheric concentration of carbon dloxide(C02), a greenhOuse effect gas, the

collection and flxation of the erlitted gas must be carried out ln the experilnent iron carbonation reaction

、vas examined.Iron po、vder absorbed C02 and COnverted into carbonate in water at roonl temperature.One

gram of irOn po、vder can absorb 450 ■ 1l of C02・ The iinportant elemerlt for success的1ly and efflciently

absorbing C02 iS maintaining the anaerobtc conditions The rate depended on the partial pressure of C02

when a sufflcient amount of tton was provided ln this reaction,besides carbonate,hydrogen gas(H2)With a

volume equal to that Of absorbed C02 V`aS produced by the decomposition of、vater The process can reduce

C()2 and Supply H2 simuitaneously atlo、v cost especially、vhen、vaste iron is effectively used

Kcy、vordsi carbon dloxidc absorption,hydrogen production‐iron carbonatc,anc particic,ba11■1lH

l INTRODUCT10N

Thc reduction of C02・ a grCcnhouse cfttct gas is an

urgcnt problc■l in thc 、vorid Thc cmissions‐rcduction

cfforts of thc gas ttonl industrial plants arc promotcd,

ho、vcvcr fllrthcr rcductiOn、vili bc nccdcd and collcction

alld ftxation oF thc cnlittcd gas mtlst bc carried ollt[1]

Hcrc‐wc rcportthc COa absorption by mctal powdcr and

ixation as carbonatc in、 vatcr mcdium Along、 vith thc

rcaction,hydrogcn gastt H2,With a volumc cqual to that

of absorbcd C02｀ TaS produccd

2 EXPERIMENTAL

Purc tron powdcr(particlc sizct～ 45,m),watCr,and

C02 WCrC mixcd togcthcr by thc following two

proccdurcs:
A)SimplC mixing of↓hc rcactantsi lron pOwdcr(108)

and watcr(10 ml)wCrc inscrtcd in a 300‐ mi

polypropylcnc bottlc  Thc bottlc  、 vas  Rllcd  、vith

1013‐RPa C02 and SCalcd ln ordcr to mix thc rcactants

、vcll, thc botilc 、vas shakcn on a rotation tablc 、vith a

rotation spccd of 200 rpm at room tcmpcraturc

B)Mllling and mi、ing of thc rcactantsi lron powdcr

(044 g)and Watcr(2 ml)wcrC inscrtcd in a

stainlcss‐stccl(SUS304)pot with Stainlcss‐stccl balls

、vith a diamctcr of hall'an inch Thc inncr volumc ofthc

pot,  subtracting thc volumc of thc  15  balls,  ls
approximatcly 65 ml Thc pOt was allcd with 101 3‐ kPa

C02 and SCalcd  ヽ 411ling was pcrformcd using a

planctaり  ball mlll 、vith a rotation spccd of 200 中 m

During rlilling,thc pot、 vas coolcd by an air conditioncr

from thc outsidc at tcmpcraturcs slightly lowcr than

room tcmpcraturc Thc C02‐ abSOrbing rcactlon was

rcpcatcd thrcc timcs b)substituting thc gas in thc pot

Attcr thc thtrd rtln‐thc rcmaining wiatcr was complctcly

cvaporatcd undcr vacuum;the pot、 vas thcn opcncd and

dり po、vdcr、vas collected.

Whilc mixing, changcs in thc gas conccntration 、vith

lllnc ln both thc cxpcrllncnts、vcrc obscrvcd us〕ng a gas

chromatograph

3 RESULTS alld DISCUSSION

Thc changcs in thc gas conccntratlon 、vith timc ln

both thc cxpcrimcnts arc shown in Fig l(a)As thc

amount of C02 dCCrCascd‐ an cqual volumc of H2 WaS

gcncratcd ln cxpcrimcnt A(withOut milltng),half thC
C02 in thC bottle was uscd within 5 h By maintaining

thc shaking, C02 rCaChcd an undctcctablc lcvcl 、vithin

20h, and thc bottlc was n‖cd、vith ncarly purc H2 1n

cxpcrimcnt B(with mllling),thOugh thc initial amount

ofiron pcr unit C02 V01umc、vas about onc ith that of

expcrilncnt A,the reaction ratc、vas considcrably highcr

C02｀VaS rcpcatcdly absorbcd thrcc tinlcs by rcnlling thC

pot ln thc sccond run, half thc C02 in thC bottlc 、vas

uscd within only about 15 min Attcr thc compictc

absorption of C02 in thC third run.a dark‐grccn―colorcd

pottdcr was collcctcd from thc pot Thc X‐ rav

diffraction(XRD)palcm Of thc powdcr is shown in

Figurc 2 Thc paicm、 vas idcntincd as hcxagonal FcCOs

(PDF  #i  29-696,  Sidcritc)  ThOugh  a  small

contamination of α‐Fc 、vas dctcctcd, nearly thc cntirc

amount of iron rcactcd with COa and altcrcd to FcC03

by thc 3‐ cyclc batch proccsstng  Thc rcaction  is

cxprcsscd by thc Sollo、ving cquatlon:

Fctt H20+C02う FeCO]十 H2    (1)

This cquation sho、vs that iron rcacts 、vith cquirnolar

H20 and C02 and produccs cquimolar FcC03 alld H2

Thc iron po、vdcr used in cxpcriment B (044g)absOrbed

(65X3)mi oF C02 in Cqual proportion
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Rcaction(1)Can bc divided into thc following thrcc

proccsscs:(1)C02 diSSOlujon into watcr to producc
carbonic acid, 、vhich ionizcs lo fOm protons and a

carbonate lon(C02(g)→ c02(aq),C02(aq)十 H20→

H2C03→ 2H十 +cOs2)(it)Redox rcactlon bctween

iron and protons(Fc+2H・ |〉 Fc]~十 H2)・(lti)
Prccipitation of FcCOs b) thc rcaction of fcrrous and

carbonatc lons(Fc2+十C032-→ FeC03)MCtalS Such as

iron po、vdcr arc caslly oxidizablc  Ptlthough the

dissolution of C02(StCp(1))dOCS nOモprOCCcd easily,thc

generatcd protons are readily rcmovcd by iron(StCp(11))
T h i s  r c m o v a l  p r o m o t c s  t t r t h c r  l o n i z筑lo n  o f  H 2 C 0 3  a n d

t h c  d i s s o l u t i o n  o f  C 0 2  i n  W a t c r  B a s i c a l l y , r c a c t i o n ( 1 )

procccds spontancously as an cxothcrlllic rcaction(△H=
-68 kJ morl)It haS bCCn rcportcd that by hcating at a

higher  tempcraturc  than  room  tcmpcraturc,  iron

nano‐particles react、vith H20 tO producc H2 and OXidize

to Fc304[2]With rCgard 10 H]producdon at room

tcmpcraturc in thc prcscnt cxpcrilmcni C02 aCtS as a

promotcr by producing carbonic acid in、vatcr 7 lヽthough

C02 iS highly undcstrablc、vith rcgard to global、varining,

it can bc uscd cffcctivcly for H2 prOduction

Thc rcaction in cxpcrimcnt B could bc accclcratcd by

nlllling,、vhich mainly contributcs to thc cI‐rlctcnt supply

of tron  Frcsh non‐ oxidizcd surfaccs arc supplicd

continuously by brcaking thc solid materiaL and at thc
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( b ) F o c u s  o n  t h c  C 0 2  d C C r C a s c  i n  t h c  s c c o n d
run of cxpcrimcnt B    Thc insct is thc

t‐lo3(pc。2)p10t

samc tirne thc spccinc surfacc of thc palticlcs arc

incrcascd by pulvcrization Thc mcchanical proccss also

iacilitatcs thc total mass transi3r b)! intcnsivc agitation

Simultancously, iron ■light bccomc scif‐cncrgizcd due

to its stored mechanical energy and furthcr promotc thc

rcactioni  this mechano‐chemical  c式ミct  is observcd

somctinlcs and is uscd for thc s、アnthcsis of a varictv of

solid phascs[3]

Thc rcaction ratcs、vcrc varicd during thc thrcc runs of

cxpcrilncnt B  Thc nlicronizcd iron in thc ordcr of

scvcral nlicromctrcs by nlilling accclcratcs thc rcaction

in thc sccond run in thc third mn, thc rathcr slo、 v

reaction is attributcd to thc limitcd amount of iron

avallablc aFtcr thc flrst and thc sccOnd run Figurc l(b)

sho、vs an cnlargcd graph of thc partial prcssure oF C02

in thc second run This prcssurc decrcascs cxponcntially

Hナith tin3c,and thc t-log(pc02)p10t(insct in Figurc l(b))

sho、丁s a roughly lincar rclation Thc ratc constant k is

dctcrrllincd fronl thc slopc ofthc linc to bc 0 048 by thc

wcightcd(1ん)lcast‐Squarc mcthod,ic

in(pC02/pc。2inl)=―kt, (=0048        (2)

、vhcrc p is the partial prcssurc and t is thc timc in

■linutcs ln thc rcaction thc ratc cquation is v =kpc。21

thcrcfore,thc rcactlo■ls irst ordcr in pc。2  1t iS kno、vn

that thc ratc‐dctcnnining stcp is thc dissolution of C02

(C02(g)う C02(aq),StCp(1))duttng carbonation[4],

this is also thc casc in this rcaction This condition is

kcpl only in thc sccond run in、vhich a sufttcicnt al13ount

of iron is prcscnt  Thus, it 、 vas provcd that both

sufRcicnt supply of frcsh tron and promotion of thc

dissolution of C02 in10 vヽater spccd the reaction

An important clcmcnt for cfflcicntly and succcssfully

absorbing C02 iS maintainlllg thc airtight conditions.

P、lthough thc largc surfacc arca Of thc rlnc irOn patticlcs

accclcratcs thc rcaction, such particlcs arc naturally

activc and arc casily oxidizcd by 02  ThCrCforc, thc

silnultaneous puivcrization and reaction 、 vith C02 and

H20 in thc■ 111ling pot undcr anacrobic conditions is all

cttective mcthod lt is kno、 vn ihat iron carbonatc is

stablc in dqy air but dccomposcs slow′ ly in 、vct air

Thercforc,in ordcr to avofd thc decomposition of FcCOs
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to iron oxidc in moist air, FcCOs should bc carcnllly

drlcd bcforc alrlng

Thcrc arc somc rcports t5,6]descAbing thc chemical

convcrslon of C02 uSing thc iron oxidation rcaction

Thcir processes difttr frOni thc prcscnt onc in that no

watcr is uscd and C02 iS dCComposcd to carbon at

tcmpertturc highcr than room tcmpcrtture(around

300°C)Guan ct al obscrvcd thc gcncratlon of H2 and

CH4 at r00m tcmpcraturc iom thc mixturc of iron

powdcr,watcr and C02[7]HowcVCr,thc yicids Of both
compounds、vcrc vcry small,and thc rcductlon of(〕02 aS

a rcsult of thc convcrsion to CH4 ｀VaS Small in thcir

cxpcrilncnt ln our cxpcrilncnt, tracc amounts of CH4

w c r c  d c t c c t c d ! h o w c v c r , m o s t  o f  t h c  C 0 2  C O n V C r t c d  t o

tron carbonatc Thc flxing amount pcr unit lnass ofirOn

is highcr than many othcr C02 abSOrbing matcrials lt is

morc than doublc that of tithium sllicatc[8],a ccramic

absorbcnt,、vhich has rcccntly bccn dcvclopcd

ln thc prcscnt cxpcrirncnt,  stccl  obtaincd  arom

bcvcra3c canS Or stainlcss stccl as thc iron matcrial、vas

also uscd, and C02 absotttion and H2 prOduction 、vcrc

obscrvcd  AInong mctals, iron is thc chcapcst and

common, and a largc amount of stccl has bccn uscd as

varlous matcrialsi thus,thcy arc caslly avallablc at a lo、v

cost A largc amount of scrap iron is c■littcd, and thc

amount is incrcasing no、v Thc scrap can bc rccycted as

stccl, but it 、vlll bc in a statc of cxccss―Supply in ncar

futurc[8]Thus Such scrap will bc uscd cffcctivcly ttr

C02 rCduCtlon Thc rcactlon could bc also carricd out

using anothcr mctal Finc mangancsc po、 vdcr silnply

mixcd with H20 abSOrbcd C02 tO prOduce mangancsc

carbonatc WInC03

Bccausc thc rcaction is silnplc and progrcsscs at rOom

tcmpcraturc, thc C02~trCating systcm can bc casily

rcalizcd lt has many advantagcs such as lo、v cost,CaSy

scalc‐up,high cttcicncy,and additional proflt duc to H2

production  Currcntly, thc stcam rcfornling of fossil
的cis is lnainly uscd for H2 prOductlon ifthc mixcd gas

Of H2 and C02 0btaincd by thc rcforming is trcatcd by

t h c  p r c s c n t  p r o c c s s ,  b o t h  C 0 2  r C m O V a l  a n d  H 2

production in addition to thosc produccd by thc
rcttrming proccss can bc rcalizcd on sitc This proccss

、vlll contributc to both prcvcnting thc giobal 、var■ling

and providing cican cncrgy by cfflcicntly using scrap,

thc production of 、vhich is anothcr cnvironmcntal

problc■li thus, it can grcatly contributc to solVing

cnvironmcntal issucs
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