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ABSTRACT

Inthis study a practicd nethod for neeswrenarnt of heat o adsorption of veter
vapor an adsarbents ves deve gped to evd Lete the feasibility o susstituion d a
zeditic tuf wth zedite 4Ain ar dying ad hest pups. The chage o hest o
aksorpion wth ing humdty o the ar pessing thraugh the cd aringter ves in
vestigaied Saples vere characterised by Xray dffraction and thernal gravi net-
ric adysis tedniqes. Sedfic heds o the zeditic tuf ad zedite 4Avere nea
suedas LO0lad 1R JgK respectivdy. Asaptionisaherns fittedtothe Langir
nodl wth regressi on coefficient 0.98 and 0.94 wth nond ayer capecities, X 9.68%
and 26. 35% HOfa the zeditic tuf ad zedite 45 respectivdy. Tre erergy star-
ae inesity vas neassured in the range 48-97 J/g ad 464201 J/g far the tuff ad
zedite 4A respectivdy. Hat o adsorption o zedite decressed wih surface cover-
age and it vas in the range 1750-2836 and 11042640 J/g HOfa the zeditic tuf
ad zedite 4A resptivey.

Keywords: mcrocd aringter, hest o adsoption zedite vae vagoour adsorpion
geafic hed.

Al MS AND BACKGROUND

Mcrocd arineter is a quite inportat goparatus far nessurenet of hest of ad-
soption, o ethdpy o liqid spxific het of sdid deradeisaion ad vae
aksorpion o an adsorbert, investigation o reaction kingtics ad fdlowng neta
IldicemtsinlivMrgadls

Goszek e d. ! reported thet the flovadsorpti on microcd arinetry vas a pow
efu tod fa inestigaion o adsorption ad the assessmart of its nachenism as it
provided a stragifaverd rae to infarnati on concerni ng energeti ¢ aspects o the
[ Qoess.

Bown and Gozsek? deternined heat of adsorption of ammania on a zedite
cadyst adadd ativaed day cadyst by flovadsarption mcrocd arinatry. Het
o irreverside adsorption of NH, vas found as 41 and 83.2 kJ/ndl NH, fa zdite

" For correspondence.
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Na-Y and H-Y, respectivdy. Qe to high vdue o heat of adsorpti on aosorbent
ves dlued wth sad

Vit er vapour adsorption on different adsorberts vas investigaied by flowad-
sorption microcal orinetry. S nol taneous determnations in the flow adsorption
mcroca aringter of the anauts ad hests o adsorpti on designed to d scover to
wiet extent the adsorption of veter vapour on a heterogenous carbon and carbon
nol ecu ar sieve vas infl uenced by the presence of nitrogen ad nethane a ano-
speric pressures ad howthe dfferetid heds of dsdacenant of these geses by
vaer chage wth incressing ustake Euilibration of sanple wth ice ad vaer
vas dones.

Dfferentid scaming cdoringtry (O8] has been used to study the thernal
efects duing adsoption o vater on dfferet zedite A saples. Glibration o
C8C ves needed The fraction of heat wich flons to the sensor depends on the
thernal properties of the sample ad o the ges phese*. Te cdibraion faca, G
wll copesae fa ths efect, adis dfined as the raio betveen the red nalting
hest and the neesured nelting heet:

CF — (AHII)real
(A]—[m )mea&

Gibraion factas determned wth pieces o gdlium induma tinontop o
dffaet zedite NMAsaples. \Hues o cdibraion factas vere foud to be be
tveen 0.77 to 1L 17. The ges flowthrough the DBCcd | comsisted of pure nitrogen (2
Ih?) a antrogg/vaer mxtue sauaed inan evaparaa filled wthice (p,~46
nmHy), dsoa aflovrae d aout 21 h? (neasured a roomtenperature).
Sonetines higher vater vapour pressures vere used by evaporation a roomtem
prauwe (p,~17.5 nmHy). Heats of adsorption cal cul aed fromthe neasured pesk
aress ad cdibraing factars vere betveen 3111 to 304 J/g HO(RS. 4.

Grbech & d. 5 neasured and noddl | ed vat er vapour adsorption on zed ite 4A
Bth correspodng nadds of equilibria ad kingtics of vater vgoour adsorption
on zedite 4A as a fuction o water vapour concentration nessrent vere pre-
satad

Extensive stud es on various adsorbents have shom that zedites have sone
favarad e properties for energy starage over ather adsarberts. Thisis nostly deeto
the shepe of ther adsorption isatherns and the anout of hest of adsorpti on®.
locd zaditic tuf fraomBgedc, Tukey, richindingtildite ves inestigated far
the posside uilisgion in eergy staage’. The saples vwre idetified by Xray
adysisadthar proparties rdated to energy starage g i cati as vere deternined
by Uku’. The dynamic betavior of a cd um pecked wth locd zedite mnerd,
ninycdinpildite was exanined under ad abetic cond tions by Uku and Ckans.
The chage in the energy damsity of dingtildite vas investigaed depend ng an
ing ar poeties (teparauwe humdty, ad vl adity), patide daeter o ad

@
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sorbet ad bed heigt. It hes been proposed thet the locd zedite minerd (nainly
dingxildite) can be used as adsarbert in erergy recovery godicatiams.

@mparison o the zeditic tuff wth comerciad syntetic zedites vas nace as
dessicat nmaterids in packagng gicatios. Wile tvo dfferent types of com
nercia zedites adsorbed 18-1%P0vater a 1Pard aive humdty et 25°Cthezaditic
tuff adsorbed 9.4% The va ues were 20-21 and 115 %far 20%rd ati ve humd ty®.

Tre lowthermal coductivity of zedites limted thar use in adsorption heat
punps. Thus, stud es were nade to naxi mse heat transfer area by forming very thin
layers @ the ouside o the heat exchanger tubes used in heast punps to inoresse the
hest trasfe dficary®. Thema codudtivity d reeud zedites fram the Gordes
regon ves 0.26 WmK and stud es vere nade to incresse the thernal coductivity
by add g fillers swchas A, A(®), ad gghite adit ves faud thet A addtion
up to 40%i ncressed the thermal coductivity to 12 WmK (RS, 11).

Q g d.? rgoted thet the hest capedity o zedite 4Ais in the teperaue
range 37 to 311 K The hest capacities shoss no aomalies in this tenperature
range ineatias. Debushchek et d. 2 neesured het capecity o hedadte in an
ad abetic vacuumeca orinater.

Inthis study, devdgment of a practicd nethod for neesurenant of hest of
adsorption of vater vapour on adsorberts by using a SteramG80 nacrocd ori R
e ves anmed a. Locd zeditic tufs franGrdes, Turkey, ad zedite 4A vere
wsed as asarberts. Ar a dfferent rdative humdties vas pessed through sal es
inmcrocd aorineter cdl, ad hest of adsorption vas meesured & 30°C

EXPERI MENTAL

Mterids. Locd zedite fromG@rdes, Turkey, axd Adrich 4Azedite having 5 nm
averae patide size vere used in the eqerinents. Ntud zedite saples vere
cheracterised by using a Fhilips x-pert Xray dffractometer wth Qi K, radaion

Akarptionisaherns. The absorpion isaherns of naurd ad syntheic zedites a
3’C vere dbtained by using the tenperature and humdity controlled chanter
(Agd antoni Industry). The sanples were dried a 175°C in a vacuum f urnace
(Nve BAOLIB) for 2 h Asemsitive ba ance vas placed into the chanlier. Vien the
chanber reached to desired temperature and rd ative humdity, the zedite saple
vas placed into the chaner. Sensitive bal ance vas held in the chanter in 10-60%
humdity range and wei ghi ng the sanpl e vas dore inside the chaner. Then for 70
to Ovhund ties, sensitive bd ance vas p aced outsi de the chanfier and the sanpl es
equi librated in the chanber vere weighed autside to pratect the b ance framhigh
hund ti es.

Mcrocal orinetry. A SsteramG80 microca orineter (Steraminstrunents, Fance)
ves wsed to naesire the heat of adsarption This caarinater is besed onthe G vet
heat flowprincipe. The tenperature ranges vas from20 to 300°Cwth a unhni um
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a nickd Oring ad to 200Cwth teflon Oring ad the hesting rate vas from
OO0Lto2Kmn It cosisted o tvwocdls, aeves the samle cdl, the aher ves the
reference cdl. These vere paced inthe thernastated cad arinatric A ock, v ch vas
coitrdled by using a tenperature cotrdler. Two ideticd and i ndependent heet
flux detectars cosisting o coductive thernacoud es comected the vessd s ther-
nally tothe dock, sothat vessd temparature vies dvays as dse as possidetothat
d the ok

Soecific heat neasurenent . Soecific heat o the zedite saml es vas nessured by
Wy a-A 0, standard (Adrich) by a G80 cd arimater. Heting rus wth 0.06°G
min vere dore for dak, a-A 0, adthe zedite sayie for th's purpose.

Qrird o ar rdaive humdty in nicrocd arineter experinents. The humdty of
ar ves cotrdled by nixing dy ad sauraed ar streans dxa ned by pessing
atiet ar throuwgh a silicagd pecked cd um ad vesh battle filled wth vaer,
repedivey, es ssninkg 1

I
outlet gas k inlet gas

S

1 10 3 1 2

i e 3—cotrd pand (S3); 4 —floweter; 5— humdty probe 6 —

hunnd ty cotrd vdve 7 —silicagd pecked cdum 8 —vesh battle 9—ar

pung; 10 — conputer; 11 —printer r{
5

Fg 1. Bqerinentd set up 1—nmcrocd arineter (SteranG80); 2 — pover I

Maswrenent of heat of adsorption. Gs dradaion vessds

shom in Hg 2 vere used to parfamthe hest d adsorption

nessrenent. Sanple vas put into the sanple cdl and the

cel vas paced in merocd orineter. Athough it is knom

that zedites shou d be degessed a 400°Cto dxan coplete Fg2 Gsdralaionves
dyress, snetdlnsedsd thead| vereresstat pto0°C ¢

the sanples vere dried a 175°C This ougassing tenpera

tue codd dso be achieved practicdly in regeneration o the adsorpti on cd uns
ad het pups. Wi le the sample vies ket a8 175°Cfar 2 h, dried air, datained by
pessing through the silica gd pecked cdum, ves set to saple cdl a antient
tenperature. Then the saple vas cod ed to APCwth dry arflov Frdly, zedite
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sanpl es vere sujected to adsorption of vaer vgoour by pessing ar a a costat
redaive humdty & 3¥Ca 330 cn? /min rates. R ative humdty range 20 to 0%
a roomtemperaure vas investigaed in this study. The experinents doe are as
tabuaedin Tadde L Abak exerinent wthout any sanple vas d so doe to see
hest capecity effect ad it ves foud as nejighde The hest o adsorption ves
foud fromthe area of the exathernmic pesk recorded by nincroca ori neter.

Table 1. Experinents for adsorption heat neasurenants

Sanpl e type Antoi ent Sanpl e Ar flonrae Ar rdaive
tenperature (°Q nass (ng) (cn® nint) hundi ty (%
Ntud zedite A7 513 30 D
(tuf) 2.6 513 0 D
2 513 0 0
24 513 0 D
Zdite 4A Z1 %8 0 D
p.2) %8 0 D
a7 5% 0 0
5 % 0 )]
Bak test 2 - 30 D

Gibraion o nicrocd arineter . Nicroca orineter vas cdibraed by neesuring the
heat of fusion of berwaic acid ad indum Aunniumadde fraonAdichis filled
intothe sanple cd . Bazai ¢ acid fromLachena vias p aced on a-al unini umoxi de
ad the sample cd| vas placed in the mcrocd arineter. Snce nglting pant o
bervac acid is 122 4°C the microcd orineter vas heated fromanbient to 110°C
wth the rate 1°Gmn, between 110 to 13*Cwth the rate 0.1°Gmin. Barwa c acid
nelted a 122 4°Cand the neesured hest of fusion (DH,) vlug 34 Bcd/g ves very
doeetothelitaauevdled B3P cd/g (RF. 14. Aibraion facta vas faud to
be 103 using the va ues above ad eqation (1). The sane cdibrati on experinent
ves dore for indum Mitingpont o indunis 156.6°C the nicroca ori neter vs
hested fromanbient to 150°Cwth the rate 1°Gmn, between 150 to 17°C wth
the rae 0.1°Cmn Indumnalted a 150.28°C ad the neesured heat of fusion
(DH) vdwe 68 cd/g ves vay dasetothe literaue vde o G8lcd/g (RE. 14).
Gibraion factar ves found to be 101 using the vd ues above ad egetion (1).

TA anadysis. TA adysis of the sanples equilibrated wth 7ohumd ty at
25°Cwvas nade by heating themup to 17/5°Cat 1°Gnin rate and keepi ng themat
this temperaure far 2 hsinlaing the augassing process ina G80 nicrocd arim
eter. Then they vere hested Up to 1000°Ca 10°Cnin rate.



RESULTS AND DI SCUSSI ON

In the ponder Xray dffraction dagand the tuf shomin g 3 daateidic
pes o dingaillditea 2q vdues 92, 243 5.8 0.6 ad R vere dmserved®.
Ths, the tuf ves richin reud zedite dingilldite The presee o gtz
nortnarrilonite ad illite ves reported in the sane tuf by aher researchers.

140

120 ¢

100 |

80 |

count/s

60 -

40

20 +

5° 10° 15° 20° 25° 30° 35° 40°
20
Fg 3 Xraydffradinadyssd redud zedite (tuf)

The specific heet o the saples ves foud as 1014 ad 142 Jg Kfa the
zeditic tuf ad zedite 4A respectivdy. They vere conperdd e wth the literature
va ues. The specific hests of hedadite ad zedite 4Aves foud as 110 J/g Kby
Debshchek et d. 2 ad0R JgKby Qi & d. 2, reystivdy.

Sae d the saples agessed inthe cdaingter a 175°Cvas deternmined by
TR adysis as seenin Hg 4 N futher nass | oss vas doserved by heating the
saples for 2ha 17/5°C 254 and 3. 04%nass | oss occured between 175 and 700°C
fa the zaditic tuf ad zedite 43 respectivdy. Thus, it can be cod uded thet the
ougessed tuf ad zedite 4Ainthe cdarimster a 17/5°C dready cotan 25 ad
3. 04%H,0 resptivey.

Akarptionisaherns. The adsarption isatherns a PCfar the out gassed sanpl es
a I5°Cfa 2haeshominFg 5 N dtacoddbe dianed upto 20%rd aive
hund ty by the nethod uised inthis vark. A seeninFg 6theisaharms fitted to
the Langmir nade show by equation (20 wth regression coefficient 0.93 and
0. wth nond ayer caaecities, X, 9.6 ad 6. 3Bfa the tuf ad zedite 47
respectivdy. The nond ayer cgoecity o zedite 4Aa 25°Cwvas dose to the ones
foud by previos reseerchers® as senin Hg 5 For retud zedite an gyarat
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adsorption isathermvas determined in the presert study. Lower adsorpti on capec-
ity vas doserved due to naisture adsorption during the trasfer of the sanple from
outgassing oven to constant humdity chanfeer. In Hg 5 the data dotained by
Qzkan® under vacuumbhed higher va ues than foud in the present study nade in
ar.

i_tr 1t .1
X bX, RH X, @

were X represerts sdid naisture percat, RH— percat rddive humdty a 30°C
ad b —the Langni r constant whi ch va ues vere found as 0.023 and 0.260 naturd
zedite ad zedite 4A respedtivEy.
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Ha o adsorption. The hest flowversis tine curves far eqarinarts doe a dffer-
et rdaive hundty & coastat ar flovrae ae shomin Hgs 7 ad 8 The hest
o akopioninthe sape cdl heats the ar pessing thraugh the cd| framanhi et
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temperaure to 3XC the saple ad cd ainater, ad excess o this hedt seen as an
exathermic pesk on the heat flowversus tine curve

The exathernmic pesk area shou d be the difference betveen the heat of adsorp-
tion ad the heet wsed far hesting the ges framaiet to 30°C

fit, DT + DH = DH,, €]

were DT isthe temperaure dfferece betveen afiet ar teperawe ad aksop
tion teperature, DH —the exahermc pesk areg, DH, —the hest of adsorption, m—
the ar ress flovrae ¢, —spedfic heet of thedr (JgK, t —the priad of the
exahermc pesk. The heat capecity change of the ges streamves negig e com
pared to the heat of adsorpti on as understood fromexperinentd runs wihout any
saple The heats of adsorption ad sdid naistre are shon in Tdde 2 The
neasured DH_ va ues vere in the range 48-97 ad 201464 Jg far the tuff ad
zedite 4A respectivdy. The ergy starage dasity o the rturd zedite (Bgedc —
Turkey) vas reported to be about 300470 J/g zedite by Qkan ad Ukud fa the
regereration tenperatre of 400°C It ves changed wth the regeneraion tenpera
tued zedite fa exapleto 100 Jgad 50 Jg zedite fa 40 ad 1I7/5°C respec-
tivdy’. Lonr vdues vere foud in the preset study since the regeneration tem
perature vas 17/5°C

Tdle2. Ha o akopionadsdidnistued reeud zedite (tuff) adzedite 4A

Sanpl e type Ar rdaive Gange in DH ., DH (J¥gHO
hunndi ty (% sdidnastue J9 adsor bed)
Ntud zedite (tuf) D aaL 4848 -363%. 8
D (0]02 &6 244
0 a® KA —1750.39
D (0]¢5) -97.7 -1814.28
Zdite 4A D (0)irg —464. 54 -2640. 3
D Q1 -201 88 -1104. 83
0 (0)'e] =277. 7 -13%. 63
D QD 2533 1348 3

The nesswred values o the heat of adsorption of the water vapor on the
zeditictuf adzedite AAverss sdidnaistue aeshominFg 8 Thereyessn
coeffidats fa eqoatid cuve fitting fa zedite 4Aad tuf vere foud as 0.28
ad 08 resptivdy. Hat o asoption far zeditic tuf inthe 42t07.9 %nais
tue rae ves as fdl o

DH_= 9920, 6 X0 &4 @
ad zedite 4Ain the 20.6 to 23 4%nai sture rage ves as fdl o
DH,=5 "~ 17x=28 6]



U ku” found hest of adsorption far neturd zed ite decreased fram3500 to 2600
Jg HOfran4 to 11 5%sdid nostue. The loner heat of adsorption val ues vas
foud in the present study conpered wth the foud ngs of ather researchers Uku?,
Uku and Grkan® ad even bd owvthe linit of hest of codensation of vaer vapor
2445 Jg HOa Z°C(RSf. 16). This codd be de to the fdlowng reasors.

1 Sncesdidteperature incressed wth the heat of adsorption, |omer anount
o HOthen the equilibriumva ue a 30°Cwvas adsorbed

DT = DH,X1C, ©

Ad abetic tenperature rise ves 48 9°Cfo naturd zedite ad 142-316°Cfor
zedite 4Aas foud fromeguation (6) using sdid noisture ad DH, val ues reported
inTdde 2 ad neasured specific hedats.

A hchrdaive humdties the suface teperaure d died sanpl e i ncreases
nore conpared to lowrdative humdties due to higher adsorption cgpecities ad
hge diving farce to nass trasfer.

2 Srmce het trasfe codffidet o dingtildite ves lov(0.26 WK (RS.
11), the adsorbed hest ves mat trasferred to netd od| and codd nt be detected
by the cdaimeter.

Thus, rather then a step change in air rdaive humdty, snal increnentd
changes cold dinnete this prddem

The nethod devel gped for deternmining heet of adsorption in this study a -
loned studying the entire humdity range of air & roomtenperature. Hnd ty
cotrd by mxing dy ad vt ar streans nade possible to cover a rage lage
then equlibration wth ice ad vater as done by aher reseercherss.

CONCLUSI ONS

Measurenent of water vapour adsorption on netwral zedites and zedite 4A vas
perforned by a Glvet G80 nicrocal orinetry. The anount of adsorbent used as
adsorbent vas higher than that of the DBC techniques (513-52 ng). Adsorption
isaherns of zedite samples vere fitted to the Langwir nodd wth regession
oeffidat s 0B ad 0H fa tud zedites (tUf) ad zedite 44 respectivdy.
The nonal ayer capecities, X , were 9.68 and 26. 35%H,Ofar the tuff ad zedite
4A respectivdy. Heat of adsorption values vas found in the range 48-97 ad
201464 Jg for the tuff and zedite 4A (17502835 J/g H,O and 1104-2640 J/ g
H,Q fa zeditic tuf ad zedite 4A respectivdy. Het of adsorption vas shom
to decrease wth surface coverage for bath sanpl es. Soecific heats of sanpl es nea
sured by mcrocd aringter as LOL ad 142 Jg Kfar zeditic tuf and zedite 44
resostivdy.

ASteranG80 nicroca arineter vias used as a flowmicroca orineter to deter-
nmre the het o adsorption versus sdid noisture data The sampl e regeraerai on
vas dore ingtu, prevating misture aksorpion dring trasfer o the saple |t
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ves shom thet returd zeditic tuf codd be sustitued fa zedite 4Ain vae
vapour adsorption co unms and heat punps naking a conpronse between | over
adsorption capecity and loner heat of adsorption and chegper cost of tuff then
zedite 4A Larger vd umes and nasses required far the tuif then zedite 4Ashou d
be conpersated wthits loner cost to have an ecoomcd |y feaside godication of
the tuf.

NOMENCLATURE

b —the Langmi r constart

G-cdibraionfato

C, —spedfic hest

m —ar nass flowvrae

p,—pertid pressued veter

RH— percent relaive humdty a 30°C

t —period o the exathernnc pesk

X —sdidnoisture percet fitted to the Langmir nodd
X, —nond ayer capecities fitted tothe Langnir nodel
DH — exathernic pesk area

DH_ — adsorbed heet (JgHQ

DH, —het o fusion

(DH,) e —Meesred hest of nelting

(DH,),q —red hest o ndltirg

DH ., — neasured pesk area by ncrocal orinetry

DT —tenperature di fference between antii ent air tenperature and adsorpti on tenperat re
2g—age o dffractionin nessurenart.
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