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ABSTRACT

Silver-cobalt and silver-manganese composite oxides were prepared by co-
precipitation method at different metal/metal oxide molar ratio and by different
rates of preparation. The catalysts were characterised by X-Ray diffraction, BET
and TGA. The CO oxidation studies were carried out in a micro reactor and
reaction was formed under dry and wet atmospheres for a binary CO + air and CO
+ CO, H,0 + air gas mixtures. 1:1 Ag/Co prepared by the slow precipitation and
1:1 Ag/Mn prepared by the opposite slow precipitation gave the best performance
for the dry conditions. Activity of these catalysts significantly decreased when the
water vapor and CO, was added to the feed. Silver-cobalt composite oxide catalyst
shows a higher performance than the silver-manganese composite oxide catalyst
for the wet atmospheres.
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GUMUS-KOBALT VE GUMUS-MANGAN KOMPOZIT OKSIT

OZET

Giimiis-kobalt ve giimiis mangan kompozit oksit katalizorleri birlikte ¢oktiirme
yontemi ile farkli metal/metal oksit molar oranlarinda ve farkli ¢oktiirme
hizlarinda hazirlandilar. Katalizorlerin X-Ray difraksiyonu, BET ylizey alan ve
TGA c¢aligmalan ile karakteristik ozellikleri belirlendi. CO oksidasyonu igin
katalitik aktivite ¢aligmalar1 bir mikroreaktdrde gerceklestirildi ve reaksiyon kuru
ve 1slak atmosferde CO+hava ve CO+CO,+H,0 gaz karisimiyla test edildi. Yavas
ekleme yontemi ile hazirlanmig 1:1 Ag/Co katalizorii ve listten ekleme yontemi ile
hazirlanmig 1:1 Ag/Mn katalizorii kuru hava kosullari altinda en iyi performansi
gosterdiler. Besleme gazina CO, ve H,O eklendigi zaman katalizérlerin
aktivitelerinde gozle goriiliir bir azalma meydana geldi. Ama 1slak atmosferde
glimiis-kobalt kompozit oksit katalizérii glimiig-mangan kompozit oksit
katalizoriinden daha yiiksek aktivite verdi.

Anahtar Kelimeler: CO oksidasyonu, katalizor, birlikte ¢oktiirme, diigiik sicaklik

KATALIZORLERININ KARSILASTIRMALI CALISMASI: HAZIRLAMA,
KARAKTERIZASYON VE CO OKSIDASYONU ICIN TEST EDILMESI

1. GIRiS 1. INTRODUCTION
Karbonmonoksit, zehirli bir gaz olmasi nedeniyle The carbon monoxide which is a poisoning gas damages
dogayr ve insan yasamini  tehdit  etmektedir. nature and human life. The catalytic oxidation of carbon

Karbonmonoksit diisiik sicakliklarda (T<100°C) katalitik
olarak oksidasyonu ¢ok Onemli uygulama alanlarindan
biridir. Otomobil egzos gazindaki CO’ in CO, olarak
uzaklastirtlmas: katalitik konvertdrlerde bulunan soy

monoxide at low temperatures (T< 100°C) is very
important. The removing of the CO as CO, in egzos gases
were made by nobel metal (Pt, Pd, Rh) supported catalysts
in the catalytic convertor. But these catalysts are active at
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metallerle (Pt, Pd, Rh) desteklenmis Kkatalizorlerle
gergeklesmektedir ama bu katalizérlerin hepsi yiiksek
sicakliklarda aktifdirler. Bu nedenle oda sicakliginda
havada bulunan diisiik miktardaki karbon monoksidin
uzaklastirilmast i¢in katalizor gelistirilmesi son yillarda en
fazla caligilan arasgtirma konularindan biridir. Diisiik
sicakliklarda igleyebilen karbon monoksit oksidasyonu
katalizorlerinin genis kullanim alanlarinin bulunmas: bu
katalizorlerin yiiksek performans: ve iyi kararliliklart
olmalarindan  dolayidir. Kullanilacak malzemelerde
gerekli olan ozellikler, karbon monoksit oksidasyonunda
iyl performansa sahip olmak, uzun bir siire boyunca
performansini korumak, nem varliginda calisabilecek ve
calismadig1 zamanda kararli olmasi gibi siralanabilir.

Son yillarda destekli indirgenebilir metal oksit
katalizorler ile CO’ in Kkatalitik oksidasyonu bir g¢ok
aragtirmaci tarafindan g¢alisilmigtir. Gardner ve ark. (1)
caligmalarinda disik giimiis yikli (Ag<%]1) glimis
mangan oksit katalizorli ile caligmislar ve stokiometrik
gaz karigiminda CO oksidasyonu igin aktif olduklarini
elde etmislerdir. Tanielyan ve Augustine (2) =%]10
giimiis-kobalt  katalizoriiniin  aktivitesini fazla O,
ortaminda test etmislerdir ve giimiis kobalt oksidin diisiik
sicaklikta aktif oldugunu gozlemislerdir. Giilart ve ark. (3)
bire bir molar oranda giimiis-kobalt i¢eren katalizor ile CO
oksidasyonunu  g¢aligmiglardir.  Katalizoriin ~ diisiik
sicakliklarda aktif oldugunu ve disiik sicakliklarda
(T<80°C) CO, ve H,O’ un aktiviteyi diisiirdiigiinii ve
100°C’ nin {izerinde beslemede CO, ve H,O’ un
bulunmasimin aktiviteyi degistirmedigini elde etmislerdir.
Thormahlen ve ark. (4) tarafindan iic monolith katalizor
ile (Pt/Al,0;, CoO,/Al,0; and Pt/Co0O,/Al,03) diisiik
sicaklik CO oksidasyonunu calisitimistir.  Onceden
oksitlenmis kobalt oksit i¢eren katalizorlerin 200 K gibi
diisiik sicaklikta CO oksidasyonunda aktif oldugu ve
aktivitenin platin’ den bagimsiz oldugu goézlenmistir.
Jansson ve ark. (5) caligmalarinda Co304/y-AlL,O3
katalizorii tizerinden oksitleyici ve indirgeyici 6n iglemler
ile sirekli-akis reaktér sisteminde 80, izotopu
kullanilarak farkli stokiometrik oranlarda CO’ in oda
sicakliginda (210C) oksidasyonunu ¢aligmiglardir. CO’ in
oksitlenmis katalizorii deaktive ettigi ve izotop ¢alismast
CO oksidasyonuna oksijenin kobalt oksit yiizeylerindeki
baglardan gelen oksijen ile katildigin1 géstermistir. Lopez
ve ark. (6) tarafindan Pt-Sn/AlL,O; katalizorii sol-gel
teknigi ile sentez edilmis ve katalizOriin termal
yatigkinligindan sonra bile hidroksil formunda kaldig1 ve
hidrojen akimi oldugu zaman Pt’in oda sicakliginda
duyarl1 egzotermik pikini vermeyi azalttig1 belirlenmistir.
Akin ve ark. (7) tarafindan Pt-SnO,/y-Al,O; katalizorii ile
CO oksidasyonuna hazirlama parametrelerinin etkileri
calismustir. Katalitik aktivitenin fazla O, ile yiikseldigini;
stokiometrik oranda (CO/O,=2) deaktivasyon ve diisiik
aktivite elde etmislerdir. Venezia ve ark (8) tarafindan
pumik ile desteklenmis Pd-Ag katalizori ile CO
oksidasyonu gerceklestirilmistir ve tek metalli Pd ve Ag
katalizorleri ile kiyaslanmasimi yapmiglardir. Katalizoriin
aktivitesinin Ag/Pd oraninin yiikselmesiyle diistiigiini,
monometalik Pd katalizériiniin en iyi katalitik performansi
gosterdigini elde etmislerdir. Thormahlen ve ark. (9)
tarafindan Coj Al 3404 katalizorii ile CO oksidasyonu
aktivitesini sadece O, varliginda ve O, nin yaninda egzos
gazlarinda bulunan CO,, C;Hs, NO, H,, H,0, SO,
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high temperatures. Therefore the removing of carbon
monoxide in air at low concentrations and at room
temperatures is one of the major research topics in recent
years. The low temperature carbon monoxide oxidation
catalysts have a wide usage area because of the high
performance and good stability of the catalysts. The
characteristics of the materials used in these reactions are
good performances for the carbon monoxide oxidation,
keeping performance for a long time, working under
humidity conditions and good stability.

Catalytic CO oxidation by silver supported on reducible
metal oxides has been intensively studied by a number of
investigators in recent years. Gardner et. al. (1) used low
loading (Ag <1 %) silver manganese oxide catalysts and
found out that these catalysts are active for low
temperature CO oxidation catalysts with a stoichiometric
mixture. Tanielyan and Augustine (2) tested the activities
of =10 % silver cobalt oxide catalysts in an excess of O,,
to show that silver cobalt oxide was an active low
temperature catalyst. Gulari et. al. (3) studied the CO
oxidation with one to one molar ratio silver and cobalt.
They found out that the catalyst was active at low
temperature. CO, and H,O decreased the activity at low
temperatures (T< 80 °C) and the activity didn’t change
over 100 °C although there was CO, and H,O in the feed.
Thormahlen et.al. (4) studied the low temperature CO
oxidation activity of the three monolith catalysts
(Pt/Al,05, Co0,/Al,0O3 and Pt/CoO,/Al,03). They found
out that preoxidized cobalt-oxide-containing catalysts
highly active for CO oxidation at low temperatures as low
as 200 K and activity is independent of platinum. Jansson
et. al. (5) showed that oxidation of CO over Co;04/y-Al,O3
at room temperature (21°C) in a continuous-flow reactor
system with oxidising and reducing pretreatment, at
varying stoichiometric ratios, and by using isotope-labeled
180,. CO deactivates the oxidised catalyst and the isotope
study showed that the oxygen participating in the
oxidation of CO comes from oxygen bound to the cobalt
oxide surface. Lopez et.al. (6) synthesized Pt-Sn/Al,O3
catalysts by sol-gel method. It was found that the catalysts
remain hydroxylated after having been thermally stabilised
and when under a hydrogen flux, Pt reduces producing an
intense exhothermic peak at room temperature. Akin et. al.
(7) studied the effect of the preparation conditions on the
activity of the Pt-Sn/y-AlL,O; catalyst. The -catalytic
activity increased with high O, concentration and
deactivation and low activity were observed at
stoichiometric ratios (CO/O,=2). Venezia et. al. (8)
investigated the oxidation of carbon monoxide with
pumice supported Pd-Ag catalysts. They found that the
activity of the catalysts decreased with increasing Ag/Pd
ratios. The monometalic Pd catalysts performed the best
catalytic activity. Thormahlen et. al. (9) studied the CO
oxidation activity of the Co ¢sAl; 340, catalyst at only O,
feed conditions and the feed involved the egzos gases
(COz, C}H(,, NO, Hz, Hzo, SOz) besides 02. 100%
conversion was observed at the feed conditions that
include only O,. They observed that the other components
decreased the CO oxidation. Xiaoyua et. al. (10) studied
the pore structure, microstructure and TPR measurements
of the CuO/CeQ, catalyst. Although the surface area and
pore volume decreased with the increasing of the
CuO/CeO, loading, the average pore diameter stayed
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bilesenlerinin  bulunmasi durumunda belirlemislerdir.
Sadece O, ile yapilan aktivite deneylerinde oda
sicakliginda %100 doniisim elde etmislerdir. Diger
bilesenlerin varligimin CO oksidasyonunu yavaslattigini ve
iyi doniisiim elde edilemedigini belirlemislerdir. Xiaoyua
ve ark. (10) tarafindan CuO/CeO, katalizorliniin gézenek
yapisi, TPR performanslart ve mikroyapist ¢alisilmistir.
CuO yiiklemesinin artmasiyla CuO/CeO, katalizoriiniin
yiizey alani ve gézenek hacminin diistiigiinii ama ortalama
gbzenek capinin sabit kaldigint elde etmislerdir. Yiiksek
sicaklikta kalsine olmus CuO/CeO, katalizoriinde kat1 faz
reaksiyonu olustugunu, mikrogdézenek, gdzenek hacmi ve
ylizey alan degerlerinin diismesinden dolayr CO
oksidasyonu i¢in aktivitenin diistiigiinii elde etmislerdir.
Arias ve ark. (11) tarafindan mikroemiilsiyon teknigi ile
hazirlanmig Pd/Ce,Zr;,0,/Al,05 ii¢ yollu katalizorii ile
CO oksidasyonu ve stokiometrik CO+NO+O, besleme
kosullarinda NO indirgemesi ¢alisilmistir. Zr-Ce karigik
oksidinin her iki reaksiyonda giig¢lendirici etkisi oldugunu
gozlemlemislerdir. Thammachart ve ark. (12) tarafindan
sol-jel teknigi ile hazirlanmis CeO,-ZrO, karisik oksidinin
CO oksidasyonu i¢in aktivitesi test edilmistir. Aktivitenin
Ce/Zr oranina bagli oldugunu ve bu oranin azalmasiyla
aktivitenin diistiiglinii gézlemlemislerdir. Jansson ve ark.
(13) tarafindan Co3;0, katalizoriiniin disiik sicaklik CO
oksidasyonu i¢in aktivitesini incelenmistir. Katalizoriin
reaksiyon sirasinda deaktivasyona ugradigini,
deaktivasyon hizinin CO ya da CO, konsantrasyonunun
yiikselmesiyle arttigini, O, konsantrasyonu ve sicakligin
yiikselmesiyle diistiigiinii elde etmislerdir. Kung ve ark.
(14) tarafindan desteklenmis Au katalizoriinin  diisiik
sicaklik CO oksidasyonu igin aktivitesi incelenmistir ve
katalizoriin ¢ok aktif oldugu elde edilmistir.

Bu ¢aligmada birlikte ¢oktiirme yontemi ile hazirlanmig
Ag-bazli metal oksit katalizérler ile CO oksidasyonu
calisgildi. Su buhari, CO, ve O, konsantrasyonunun
reaksiyona etkisi ¢aligildi.

2. DENEYSEL CALISMALAR
2.1. Katalizor Hazirlanmasi
2.1.1. Yavas ekleme

AgNO; (Aldrich, % 99,8) ve Co(NOs),.6H,0 (Fluka,
% 99,0) ve Mn(NOs), .4H,0O (Riedel, % 97,0) istenilen
molar oranda toplam sulu ¢dzeltinin konsantrasyonu 0.1
M olacak sekilde deiyonize su kullanilarak hazirlandi. Bu
¢ozeltiye belirli akis hizinda (2-3 ml/dk) 1 M Na,CO,
cozeltisi eklenerek c¢oktiirme gerceklestirildi. Cokelegin
pH’ 1 8 olacak sekilde yaklasik 3 saat yaglandirildi. Daha
sonra ¢okelek siiziildii ve fazla iyonlar1 uzaklagtirmak igin
sicak deiyonize su ile yikandi. Elde edilen ¢okelek bir
gece boyunca 110°C de kurutuldu. Cokelek kurutulduktan
sonra 200°C’ de 3 saat kalsine edildi.

2.1.1. Ustten ekleme

AgNO; (Aldrich, %99,8) ve Co(NOs),.6H,0 (Fluka ,
%99,0) (ve Mn(NOs3), .4H,0 (Riedel, %97,0) istenilen
molar oranda toplam sulu ¢dzeltinin konsantrasyonu 0,1
M olacak sekilde deiyonize su kullanilarak hazirlandi.
1M’ lik Na,COj ¢ozeltisi karistiriciya kondu. Karistiriciya

constant. Since the solid phase reactions occured and
micropore, pore volume and surface area values decreased,
the activity of the CO oxidation decreased. Arias et. al.
(11) studied the NO reduction and CO oxidation at
stoichiometric ~ CO+NO+O, feed conditions with
Pd/Ce,Zr| ,O,/ALL,O; three way catalyst prepared by
microemulsion technique. The Zr-Ce mixed oxide have
promoting effect on both the NO reduction and CO
oxidation reaction. Thammachart et. al. (12) tested the
activity of the CeO,-ZrO, mixed oxide prepared by sol-gel
technique for the CO oxidation. It was obtained that the
activity depended on the Ce/Zr ratio and decreased with
decreasing this ratio. Jansson et. al. (13) investigated the
low temperature CO activity of the Co;0, catalyst. It was
observed that the catalyst was deactivated under reaction
conditions, the rate of deactivation raised with increasing
CO and CO, concentrations and increased with
temperature and O, concentration. Kung et. al. (14)
investigated the low temperature CO activity of the
supported Au catalyst. They observed the catalyst was
very active.

In this study Ag- based metal oxide catalysts have been
examined for the CO oxidation. The effect of water vapor,
CO, and O, concentration were investigated for the
reaction.

2. EXPERIMENTAL STUDIES
2.1. Catalyst preparation
2.1.1. Slow Precipitation

AgNO; (Aldrich,99.8%) , Co(NO3),.6H,O (Fluka ,
99.0% ) and Mn(NO3), .4H,0 (Riedel, 97.0%) at desired
molar ratios were dissolved in distilled water. The total
concentration of the metals in the combined aqueous
solution was 0.1 M. The 0.1 M Ag/Co (or 0.1 M Ag/Mn)
solutions put in to the stirrer. A sodium carbonate solution
(1M) was added to this solution with a stirring at a rate of
2-3 ml/min to make its pH 8. After making the pH of the
solution 8, the precipitate was aged for 3h. And then the
precipitate was filtered and washed with hot distilled water
several times to remove the excess ions. The precipitate
was then dried at 110 °C overnight. After drying the
catalysts were calcined at 200°C for 3 hours .

2.1.2. Opposite Slow Precipitation

AgNO; (Aldrich,99.8%) , Co(NOs3),.6H,0 (Fluka,
99.0% ) and Mn(NOs), .4H,O (Riedel, 97.0%) at desired
molar ratios were dissolved in distilled water. The total
concentration of the metals in the combined aqueous
solution was 0.1 M. The sodium carbonate solution (1M)
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0.1M’ ik (AgNO; . Co(NO;),.6H,0) ¢ozeltisi karigimin
pH> 1 8 olacak sekilde istten eklenerek c¢oktiirme
gerceklestirildi. Cokelegin pH’ 1 8 olacak sekilde yaklagik
3 saat yaglandirildi. Daha sonra ¢okelek siiziildii ve fazla
iyonlar1 uzaklastirmak i¢in sicak deiyonize su ile yikandi.
Elde edilen ¢okelek bir gece boyunca 110°C° de
kurutuldu. Cokelek kurutulduktan sonra 200°C de 3 saat
kalsine edildi.

2.2. Katalizor Karakterizasyonu

CuKo radyasyonlu (1.5406 A) iireten Rigaku dénen
anodlu  X-Ray difraktometre sistemi kullanilarak
orneklerdeki fazlar belirlendi. 110°C* de bir giin boyunca
gazlari ve nemi uzaklastirilan Orneklerin Monosorb
(Quantochrome) sisteminde 77 K sicakligindaki sivi azot
kullamlarak BET yiizey alanlar1 elde edildi. Uretilen
katalizorlerin 1s1l bozunma davranigini incelemek igin
Linseis L81 TGA (Termogravimetrik Analiz) cihazi
kullanilarak TGA o6l¢timleri yapildi.

2.3. Aktivite Calismalari

Katalitik aktivite deneyleri 50°C-200°C sicakliklari
arasinda sabit yatakli quartz tiip reaktdrde cam yiiniiyle
desteklenmis =25 mg Kkatalizér kullanilarak yapildi.
Aktivite ¢aligmalarina baslamadan once katalizor hava ile
200°C’ de gozeneklerinde su kalmadigindan emin
oluncaya kadar kalsine edildi. Reaktant gazlarinin
tasarlanan konsantrasyonu %2 CO +% 98 N, ile birlikte
% 100 N, ile karistirilarak elde edildi. Reaktant gazlarinin
konsantrasyonu % 1 CO hava ile dengede olmak iizere
toplam akis hiz1 25 ml/min (SV = 45000 h™") olacak
sekilde reaksiyon yatagindan gegirildi. Reaktor sistemi
Sekil 1’ de sematik olarak gdriilmektedir. Uriin gaz
bilesimi termal kondaktivite dedektérli (TCD) GC 350
gaz kromotografi ile belirlendi. Carposphere ile
doldurulmus kolon kullamld: ve kolon sicakhgi 75°C de
sabit tutuldu. Su buharinin etkisini goérebilmek igin yapilan

deneylerde, reaktant gazlari humidifiyerin iginden
gegirildi.
3. SONUCLAR VE TARTISMA

3.1. Katalizor Karakterizayonu
3.1.1. BET yiizey alam

Cizelge 1’ de bu ¢alismada farkli hazirlama yontemi ve
farkli metal/metal oksit molar oranlarinda hazirlanmig
giimiis-kobalt ve glimiis-mangan kompozit oksit
katalizorlerinin BET yiizey alan sonuglart goriilmektedir.
1:1 molar oranda yavas ekleme yontemi ile hazirlanmig
Ag/Co kompozit oksit katalizoriiniin en yiiksek ylizey
alanina  sahip oldugu elde edilmistir. Coktiirme
yonteminin degismesiyle yiizey alan degerlerinin ¢ok fazla
olmasa da diistiigii elde edilmistir. Cokelmenin farkli
yontemle yapilmast sonucunda fazlar birbirine farkli
yapida, farkli baglarla baglandigindan yiizey alan
degerlerinde degisme gozlenmistir. Metal/metal oksit
molar oraninmn azalmasiyla yavas ekleme yontemi ile
hazirlanmig Ag/Co kompozit oksit katalizoriinde yiizey
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was put in to the stirrer and a 0.1 M Ag/Co (or 0.1 M
Ag/Mn) solution was added to this solution with a stirring
at a rate of 2-3 ml/min to make its pH 8. After making the
pH of the solution 8, the precipitate was aged for 3h. And
then the precipitate was filtered and washed with hot
distilled water several times to remove the excess ions.
The precipitate was then dried at 110 °C overnight. After
drying, the catalysts were calcined at 200°C for 3 hours .

2.2. Catalyst characterization

X-Ray diffraction was used to identify the phases
present in our samples as well as measuring the average
crystallite sizes from observed line broadening through the
use of Debye-Scherrer equation. A Rigaku rotating anode
X-Ray difractometer system generating Cu Ka radiation
was used to obtain the XRD patterns. All samples BET
surface area, pore volume, average pore radius and pore
size distribution was determined using Micromeritics-
ASAP 2010 gas sorption system. Thermal analysis of the
catalysts was conducted in the nitrogen atmosphere using
Linseis 81 TGA analyzer.

2.3. Activity studies

The catalytic activity measurements were carried out in
a fixed bed quartz tube reactor using catalyst packed
between two quartz wool plugs. Before starting the
activity studies, the catalysts were purged with air at
200°C for several hours to make the desired concentration.
The reactant gases were obtained by blending 2%CO in N,
and air. The reactant gases containing 1%CO in air were
passed through the bed at a total flow rate of 25 ml/min (
SV=45000h""). The reactor system is shown schematically
in Figure 1. Carbon monoxide and carbon dioxide
concentrations were determined by using GC 350 gas
chromotograph equiped with a thermal conductivity
detector (TCD). The column packing was carbosphere,
and the column temperature was maintained at 60°C. For
the water vapor effect, reactant gases were passes through
a humidifier.

3. RESULTS and DISCUSSION
3.1. Catalyst characterization
3.1.1. BET surface areas

Table 1 shows the surface areas of the silver-cobalt and
silver-manganese composite oxide catalysts which were
synthesized by different preparation methods and at
different metal/ metal oxide molar ratio. The best results
were obtained in the catalysts 1:1 Ag/Co composite oxide
prepared by the slow precipitation method. The surface
area results showed small decreases as a result of
preparing the catalyst with different precipitation methods.
As a result of usage of the different preparation
techniques, phases present in the catalyst formed at
different structures so therefore a decrease in surface area
results were obtained. The surface areas of the Ag/Co
composite oxide catalysts prepared by slow precipitation
decreased with decreasing metal/metal oxide molar ratio.
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alan degerleri diiserken, {istten ekleme yontemi ile
hazirlanmis Ag/Mn kompozit oksit katalizoriinde yiizey
alan degerlerinin yiikseldigi elde edilmistir.

However the surface areas of the Ag/Mn composite oxide
catalysts prepared by the opposite slow precipitation
increased with decreasing metal/metal oxide molar ratio.
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Figure 1. Schematic diagram of the CO oxidation reactor used in this study

Sekil 1.  Katalitik aktivite deney sistemi akim semast

3.1.2. X-Ray sonuglari

XRD analizleri katalizorlerde yer alan fazlan
belirlemek i¢in kullanildi. Diyagramlar incelendiginde
orneklerde belirlenen en siddetli piklerin AgCoO, ve
Co030, fazlarindan kaynaklandigi goriilmektedir. Gilimiis
mol oraninin azalmasiyla bu piklere ek olarak Ag,O fazina
da rastlanmaktadir. Sekil 2° de farkli hazirlama ydntemi
ve farkli metal/metal oksit molar oranlarinda hazirlanmig
Ag/Co kompozit oksit katalizoriinin XRD diyagramlari
goriilmektedir. AgCoO, pikleri yaklasik olarak en fazla
20= 37,604°, 39,241°, 44,34°, 59,13° ve 659° ° da
rastlandi. Co;04 fazinin pikleride 26= 36,853, 59,13 ve
65,2387°  frekanslarinda  goriildii.  Genel  olarak
bakildiginda katalizoriin amorf bir yapiya sahip oldugu ve
farkli iki sekilde ¢oOktiirmenin fazlarin olusumunda bir
etkisinin olmadig1 anlasiimaktadir.

3.1.2. X-Ray Results

XRD were used to identify the phases present in our
catalysts. All of the catalysts gave the same peaks which
were due to the AgCoO, and Co;04. Due to the decreasing
of Ag molar ratio Ag,O peaks were obtained. Figure 2
shows the XRD spectra of the Ag/Co composite oxide
catalysts prepared by the different preparation methods at
different metal/metal oxide molar ratio. The silver cobalt
oxide (AgCoO,) peaks were observed at 20=37.604°,
39.241°, 44.34% 59.13° and 65.19° and cobalt oxide
(Cos0,) peaks observed at 20=36.853°, 59.13° and
65.238°. Preparing the catalysts by different preparation
methods has no effect on the catalysts phases and catalysts
have amorphous structure.
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Table 1.
different metal/metal oxide molar ratio

Cizelge 1. Farkli hazirlama yontemi ve farkli metal/metal oksit
katalizoriiniin BET yiizey alanlar1

The BET surface areas of the Ag/Co ad Ag/Mn composite oxide catalysts synthesized by different preparation method and at

molar oranlarda hazirlanmis Ag/Co ve Ag/Mn kompozit oksit

Catalysts/ Katalizor BET Surface Area, m%/g
1:1 Ag/Co, slow precipitation, after dried 110°C / 149
1:1 Ag/Co, yavas ekleme, 110°C de kurutulduktan sonra
1:1 Ag/Co, slow precipitation, calcined at 200°C for 3 hour/ 182.6
1:1 Ag/Co, yavas ekleme, 200°C de 3 saat kalsine olmus ’
1:1 Ag/Co, opposite slow precipitation, calcined at 200°C for 3 hour/ 166.9
1:1 Ag/Co, iistten ekleme, 200°C de 3 saat kalsine olmus i
1:4 Ag/Co, slow precipitation, calcined at 200°C for 3 hour/ 144 4
1:4 Ag/Co, yavas ekleme, 200°C de 3 saat kalsine olmus ’
1:1 Ag/Mn, slow precipitation, calcined at 200°C for 3 hour/ 46.61
1:1 Ag/Mn, yavas ekleme, 200°C de 3 saat kalsine olmus ’
1:1 Ag/Mn, opposite slow precipitation, calcined at 200°C for 3 hour/ 4437
1:1 Ag/Mn, iistten ekleme, 200°C de 3 saat kalsine olmus ?
1:4 Ag/Mn, opposite slow precipitation, calcined at 200°C for 3 hour/ 86.38
1:4 Ag/Mn, iistten ekleme, 200°C de 3 saat kalsine olmus >

Sekil 3° de farkli molar oranlarda farkli hazirlama

yontemi ile hazirlanmis Ag/Mn  kompozit oksit
katalizoriinin  XRD spektrum sonuglar1 goriilmektedir.
Diyagramlar incelendiginde Ag/Mn katalizorlerinin

Ag/Co Kkatalizorlerinden daha karmagik bir yapida faz
olusturdugu elde edilmistir. Katalizorlerde genel olarak
20= 28,67, 44,17°, 47°, 54,44° ve 54,28" frekanslarinda
MnO ve Mn,O; fazlarina; 26=28,67° de Mn;0, fazina;
20= 60° ve 64,52° de Mn;O, ve Mn,O; fazlarma ve
20=32,64°, 38,66° de Ag,0 fazina rastlanmaktadir. Buda
Ag/Mn kompozit oksidin Mn’ m degisik oksit tiirlerini
icerdiginden c¢ok karmasik yapiya sahip oldugunu
gostermektedir.

3.1.3. Termogravimetri sonuclari

Sekil 4° de farkli hazirlama yontemiyle sentez edilmis
1:1 molar oranda glimiis—kobalt kompozit oksit ve 1:1
molar  oranda  giimiis—mangan  kompozit  oksit
kataliz6riiniin 110°C” de kurutulduktan sonra elde edilmis
orneklerin termogramlart goriilmektedir.1:1 molar oranda
ustten ekleme yontemiyle elde edilen Ag/Co kompozit
oksit katalizoriinde oda sicakhigindan 366°C’ ye kadar
% 9° luk bir madde kayb1 s6z konusudur. 366°C-545°C
arasinda % 4,9° luk bir madde kayb:1 da olduktan sonra
numunede 545°C ve 800°C” da % 1,8° lik bir madde kayb:
olmaktadir. 1:1 molar oranda yavas ekleme yontemiyle
elde edilmis Ag/Co kompozit oksit katalizoriinde 20°C ile
371°C arasinda % 5,6 lik bir madde kaybi gozlenmistir.
371°C ile 551°C arasinda da % 3,9° luk bir madde kayb:
olduktan sonra 551°C ile 802°C arasinda da % 3,8" lik bir
madde kayb1 daha olmaktadir. Yavag ekleme yontemi ile
hazirlanmig Ag/Co katalizoriinde toplam olarak % 15,7’
lik madde kaybi olurken distten ekleme yontemi ile
hazirlanmig Ag/Co katalizoriinde toplam olarak % 13,3’
liik madde kaybi oluyor.

1:1 molar oranda iistten ekleme yontemiyle elde edilen
Ag/Mn kompozit oksit katalizoriinde oda sicakligindan
495°C’ ye kadar % 14° lik bir madde kaybi olduktan
sonra bu sicakliktan 800°C ye kadar da % 10,3’ liik bir
madde kayb1 daha oluyor. 1:1 molar oranda yavas ekleme
yontemiyle elde edilen Ag/Mn kompozit oksit
katalizriinde oda sicakligindan 180°C’ ye kadar % 14’

Figure 3 shows the XRD spectra of the Ag/Mn composite
oxide catalysts synthesized by the different preparation
methods at different calcination temperatures. It was
obtained that the Ag/Mn catalysts more performed
complex structures than the Ag/Co catalysts. The MnO
and Mn,0; peaks observed at 20=28.67°, 44.17°, 47°,
54.44° and 54.28°% Mn;0, peak was observed at
20=28.67"; Mn,0; and Mn;0, peaks observed at 26=60"
and 631.520 ; Ag,0 peaks were observed at 20=32.64° and
38.66".

3.1.3 Thermogravimetry results

Figure 4 shows the thermograms of the 1:1 silver-cobalt
composite oxide and 1:1 silver-manganese composite
oxide catalyst after drying at 110°C. 1:1 Ag/Co composite
oxide prepared by the opposite slow precipitation showed
a gradual weight loss of 9% in heating from room
temperature to 360°C, most likely corresponding to loss of
adsorbed water and carbonate which was not removed in
drying. Between 360°C and 545°C ~4.9% weight loss was
observed and finally 545°C to 800°C 1.8% weight loss was
observed. 1:1 Ag/Co composite oxide prepared by the
slow precipitation showed a weight loss of 5.6% from
room temperature to 371°C. Between 371°C and 551°C
3.9% weight loss was observed and from 551°C to 802°C
3.8% weight loss was observed. Total weight loss
observed at Ag/Co composite oxide catalysts prepared by
slow precipitation is 15.7% and at Ag/Co composite oxide
catalyst by prepared opposite slow precipitation is 13.3%.

The 1:1 Ag/Mn composite oxide prepared by opposite
slow precipitation showed a weight loss 14% from room
temperature to 495°C. Between 495°C and 800°C 10.3%
weight loss was observed. 1:1 Ag/Mn composite oxide
prepared by slow precipitation showed a weight loss 14%
from room temperature to 1800C; between 180°C and
232°C 15.4% weight loss ; from 232°C to 715°C 4.5%
weight loss was observed. Although Ag/Mn composite
oxide catalysts prepared by slow precipitation gave the
total weight loss of 33.3%, Ag/Mn composite oxide
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likk bir madde kayb1 oluyor, 180°C ile 232°C sicakliklari
arasinda % 15.4° lik bir madde kaybi olduktan sonra
232°C ile 715°C sicakliklari arasinda % 4,5 lik bir madde
kayb1 daha oluyor. Yavas ekleme yontemi ile hazirlanmis
Ag/Mn katalizériinde toplam olarak % 33,9° luk madde
kayb1 olurken iistten ekleme yontemi ile hazirlanmig
Ag/Mn katalizériinde toplam olarak % 24,3’ lik madde
kaybi oluyor. Bu sonuglar incelendiginde hemen hemen
ayni sicakliklarda madde kayiplarinin meydana geldigi
goriilmektedir. Sekil 2 ve Sekil 3 incelendiginde Ag/Mn
katalizorlerinin Ag/Co katalizorlerinden daha farkli yapida
oksitler igermesinden dolay1 oda sicakligindan 800°C” ye
kadar daha fazla madde kayb1 gosteriyor.

Alkali ¢dzeltinin (sodyum karbonat) farkli eklenmesinin
madde kaybint degistirdigi goriilmektedir. Katalizérlerde
daha sonra ~230°C civarinda ilk olarak madde kayb:
giimiis kobalt oksitdeki (AgCoO,) oksijen baginin
parcalanip kobalt oksit (Co30,) ve giimiis okside (Ag,0)
doniismesinden kaynaklanmaktadir. Tkinci madde kaybi
~500°C Ag,O deki oksijen bagmin pargalanip metalik
fazdaki glimiise doniismesinden kaynaklanmaktadir.

prepared by opposite slow precipitation gave the total
weight loss of 24.3%. Weight loss was observed at almost
the same temperatures. The Ag/Mn composite oxide
catalyst performed more weight loss than Ag/Co
composite catalyst since the Ag/Mn composite oxide
involve different type of oxide. The first weight loss step
seen at ~200°C is due to the removing of carbonate ions
and water. Different addition methods of alkali solution
(Na,COs) to the Ag-salt solution, changes the weight loss.
The second weight loss was observed at ~230°C by
decomposition of AgCoO, to Co30, and Ag,O. The third
weight loss was observed at ~500°C by decomposition of
Ag,0 to metallic Ag.

AQCOOZ, CO30)

AgCoO2

AglCol)Z2
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Figure 2. XRD spectra of the Ag/Co composite oxide catalysts synthesized by different preparation methods and at different
metal/metal oxide molar ratio, a: 1:1 slow precipitation, b: 1:1 opposite slow precipitation, c: 1:4 slow precipitation

Sekil 2.

Farkl1 hazirlama yontemi ve farkli metal/metal oksit oranlarinda hazirlanmis Ag/Co kompozit oksit katalizériiniin XRD

diyagramlari: a:1:1 yavas ekleme, b: 1:1 iistten ekleme, c: 1:4 yavas ekleme)
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Figure 3. XRD spectra of the Ag/Mn composite oxide catalysts synthesized by different preparation methods and at different
metal/metal oxide molar ratio, a: 1: 1 slow precipitation, b: slow precipitation, c: 1:1 opposite slow precipitation, d: 1:4

opposite slow precipitation
Sekil 3.

Farkl1 hazirlama yontemi ve farkli metal/metal oksit oranlarinda hazirlanmis Ag/Mn kompozit oksit katalizériiniin XRD

diyagramlari: (a: 1:1 yavas ekleme,b: 1:4 yavas ekleme, c: 1:1 iistten ekleme, d: 1:4 istten ekleme)

3.2. Katalitik aktivite testleri

Katalitik aktivite deneyleri oda sicakhigi ile 200°C
arasinda yapimistir. % 1 CO ve % 99 hava
kompozisyonunda olan besleme karigimiyla 25 ml/min
akis hizinda 25 mg katalizér ile Sekil 1° deki deney
sistemi kullanilarak yapilmistir. Reaksiyon sonunda
reaktorden ¢ikan gaz karigimindan 1 ml’ lik bir &rnek bir
enjektor vasitasi ile alinarak gaz kromotografa verilmistir
ve bu {iriin i¢indeki gaz bilesimi 6l¢iilmiistiir. Sekil 5° de
farklt metal/metal oksit oranlarinda farkli hazirlama
yontemiyle hazirlanmig giimiis-kobalt ve glimiis-mangan
kompozit oksit katalizorlerinin sicakligin fonksiyonu
olarak elde edilen Kkatalitik aktivite deney sonuclari
goriilmektedir. Bu katalizorler arasinda 1:1 molar oranda
yavas ekleme yontemi ile hazirlanmig Ag/Co kompozit
oksit katalizoriiniin %50 doniisim sicakligi T< 50°C
olarak sahip oldugu ve %100 déniisimii 120°C* de
verdigi elde edilmistir. 1:1 molar oranda istten ekleme
yontemi ile hazirlanmis Ag/Co kompozit oksit
katalizOriiniin %50 déniisim sicakligi T<78°C  olarak
sahip oldugu ve %100 déniisimii 120°C* de verdigi elde
edilmistir. 1:4 molar oranda yavas ekleme yontemi ile
hazirlanmis Ag/Co kompozit oksit katalizoriiniin %50
déniisiim sicakligi 105°C olarak sahip oldugu ve %100
doniisimii  141°C’  de  verdigi gozlenmistir. Farkli
metal/metal oksit oranlarinda yiiriitilen calismalarda
katalitik aktivitenin sicakligin bir fonksiyonu olarak
giimils mol oranin azalmasi ile azaldig1 gortilmiistiir. 1:1
molar oranda {iistten ekleme yontemi ile hazirlanmis
Ag/Mn katalizoriiniin %50 doniisim sicakliginin 30°C
den diisiik sicakliklarda oldugu ve % 100 doniigiimii
110°C> de verdigi; 1:4 molar oranda istten ekleme

3.2. Catalytic Activity Testing

The catalytic activity measurements were carried out in
a fixed bed quartz tube reactor using 25-45 mg of catalysts
at different reaction temperatures in the range of 20-
200°C. The concentration of the reactant gases containing
1% CO in air were passed through the bed at a total flow
rate of 25 ml/min. The reactor system is shown
schematically in Figure 1. The product gas composition
was determined by using a gas chromotograph. Figure 5
shows the catalytic activity of the Ag/Co and Ag/Mn
composite oxide catalyst synthesized at different
preparation methods and at different metal/metal oxide
molar ratio as a function of temperature. Among the
catalysts 1:1 Ag/Co prepared by slow precipitation has the
50 % conversion temperature of T< 50°C and gave the
100% conversion at 120°C. 1:1 Ag/Co prepared by
opposite slow precipitation has the 50% conversion
temperature of 78°C and a 100% conversion temperature
of 120°C. It was obtained that the 1:4 Ag/Co composite
oxide prepared slow precipitation has the 50% conversion
temperature of 105°C and a 100% conversion temperature
of 141°C. It was shown that the catalytic activity as a
function temperature of the catalyst prepared at different
metal/metal oxide molar ratio decreased with decreasing
the silver molar ratio. 1:1 Ag/Mn composite oxide
prepared by opposite slow precipitation has the 50%
conversion temperature below 30°C and has the 100%
conversion temperature of 110°C. 1:1 Ag/Mn composite
oxide prepared by opposite slow precipitation has the 50%
conversion temperature of 78°C and has the 100%
conversion temperature of 137°C.

According to the catalytic measurements 1:1 Ag/Co
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yontemi ile hazirlanmig Ag/Mn Kkatalizériinde %50
déniisiim verme sicakligmin ~ 78°C oldugu ve %100
déniisiim sicakligmim da 137°C oldugu elde edilmistir.

Aktivite deney sonuglari incelendiginde katalizérler
arasinda 1:1 molar oranda yavas ekleme yontemi ve {istten
ekleme yontemi ile hazirlanmis Ag/Co kompozit oksit
katalizorii ile 1:1 molar oranda iistten ekleme yontemi ile
hazirlanmis Ag/Mn kompozit oksit katalizorlerinin en iyi
sonuglar verdigi goriilmektedir. 1:1 molar oranda yavas
ekleme yontemi ile hazirlanmis Ag/Co katalizoriiniin
ylizey alaninin 1:1 molar oranda iistten ekleme yontemi ile
hazirlanmig Ag/Co katalizoriinden daha yiiksek oldugu
i¢in diger ¢alismalarda, karbondioksit, su buhar1 ve farkl
oksijen konsantrasyonunun etkisini incelemek i¢in yapilan
deneylerde 1:1 molar oranda yavas ekleme yontemi ile
hazirlanmis Ag/Co katalizorii ve 1:1 molar oranda iistten
ekleme yontemi ile hazirlanmis Ag/Mn katalizorii
kullanildi.

3.2.1. Karbondioksit ve su buharimin katalitik
aktiviteye etkisi

Karbon monoksit oksidasyon katalizérleri yanmadan
kaynaklanan havanin kirlenmesini kontrol i¢in tasarlanan
aletlerde, hava temizleme maskelerinde, hava temizleyici
katalitik flitrelerde kullanildig: i¢in bu katalizérler CO’ in
yaninda hava i¢inde bulunan CO, ve H,O ile siirekli ayni
yerde bulunmaktadir. Ayn1 zamanda segici olarak karbon
monoksit oksidasyon katalizorlerinin yeni ve potansiyel
olarak kullanildigi yer gazolin ve metanoliin katalitik

reformingi ile elde edilen {rin igindeki CO’ in
giderilmesidir. Bu katalizorler H,, CO,, H,O0, CO
kompozisyonundaki kariggmi  hidrojence zengin bir

karisim verecek sekilde okside etmektedir.

o0 e

composite oxide catalysts prepared at slow and opposite
slow precipitation methods and 1:1 Ag/Mn composite
oxide catalyst prepared at opposite slow precipitation gave
the best results. Since the 1:1 Ag/Co composite oxide
catalyst prepared by slow precipitation has a higher
surface area than 1:1 Ag/Co composite oxide catalyst
prepared by opposite slow precipitation method, 1:1
Ag/Co composite oxide catalyst prepared by slow
precipitation and 1:1 Ag/Mn composite oxide catalysts
prepared by opposite slow precipitation are used to study
the effect of the CO,, water vapor ad different O,
concentration for the CO oxidation reaction.

3.2.1. Effect of carbon dioxide and water vapor
on the catalyst activity

Since the carbon monoxide oxidation catalyst are used
at the design of the air purification devices, air cleaning
masks and air cleaning catalytic filters, these catalysts are
found with CO, and H,O conditions a long with CO. At
the same time newly and potentially selective CO
oxidation catalysts are used to remove CO in the catalytic
removing production gases at gasoline and methanol.
These catalyst can oxidize the feed gas which includes H,,
CO,, H,0, CO to produce a hydrogen rich stream.
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Figure 4. Thermogram of the 1: 1 Ag/Co and 1: 1 Ag/Mn composite oxide prepared at different preparation methods dried at 110°C. a:
1:1 Ag/Co slow precipitation, b: 1:1 Ag/Co opposite slow precipitation, c: 1:1 Ag/Mn slow precipitation, d: 1:1 Ag/M
opposite slow precipitation

Farkli hazirlama yontemiyle sentez edilmis 1:1 Ag/Co ve 1:1 Ag/Mn kompozit oksit katalizorlerinin 110°C* de kurutulduktan
sonra elde edilmis Orneklerinin termogramlari: (a) 1:1 Ag/Co yavas ekleme, (b) 1:1 Ag/Co istten ekleme, (c) 1:1 Ag/Mn
yavas ekleme, (d) 1:1 Ag/Mn iistten ekleme

Sekil 4.
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Figure 5. The catalytic activity as a function of temperature for the Ag/Co and Ag/Mn composite oxide catalysts synthesized by
different preparation methods and at different metal/metal oxide molar ratio.

Sekil 5.

Farkl1 metal/metal oksit molar oraninda ve farkli hazirlama yontemine gore hazirlanmig Ag/Co ve Ag/Mn kompozit oksit

katalizorlerinin sicakligin fonksiyonu olarak elde edilen katalitik aktivite deney sonuglar1 (%1 CO, %99 hava, 45000h™, 25mg

katalizor)

Dolayisiyla CO, ve H,O’ un iiretilen karbon monoksit
oksidasyonu katalizorlerinin  aktivitesine nasil  etki
ettiginin bilinmesinin ¢ok biiyiik bir 6nemi vardir.

Sekil 6’ da beslemede CO, bulunmasit halinde
katalizorlerin sicakliin fonksiyonu olarak elde edilen
katalitik  aktivite deney sonuglar1t  goriilmektedir.
Beslemede CO, bulunmasi halinde % 50 doniisiim
sicakliklar1 yavas ekleme yontemiyle hazirlanmis 1:1
Ag/Co katalizériinde 100°C” ye; iistten ekleme yontemiyle
hazirlanmis  1:1 Ag/Mn Kkatalizérinde 149°C°  ye
yiikseldigi goriilmektedir. Kirletici olarak nitelendirilen
karbon dioksidin beslemede bulunmasi durumunda; CO,
katalizoriin aktif merkezleri iizerinde adsorplanabilir ve
dolayistyla aktivite diigebilir.

Beslemede CO, ve H,O bulunmas: halinde
katalizorlerin sicakligin fonksiyonu olarak elde edilen
katalitik  aktivite  deney  sonuglart  Sekil 6’da
goriilmektedir. Katalitik aktivite deney sonuglarina
bakildiginda yavas ekleme yontemiyle hazirlannug 1:1
Ag/Co katalizoriinde 156°C” ye; iistten ekleme yontemiyle
hazirlanmis  1:1 Ag/Mn katalizérinde 118°C’ ye
yiikseldigi goriilmektedir. Beslemede CO, ve su buhari
bulunmasi durumunda {stten ekleme yOntemiyle
hazirlanmis Ag/Co ve Ag/Mn katalizérlerinde 180°C” den
sonra; yavas eckleme yontemiyle hazirlanmis Ag/Co
katalizériinde 200°C* den sonra %100 déniisim elde
edilmistir. Ortamda su buhart bulundugu igin gdzenekler
su buhart ile kapandigindan dolayr suyun kaynama
noktasindan diisiik sicakliklarda aktivite de diisme elde
edilmistir ve bu nedenle de karbon monoksid aktif
merkezlere fazla etkilesemediginden dolay1 Kkatalitik
aktivite de bozulma gozlenmistir. Ama su buharinin
110°C> den sonra uzaklasmasindan dolay1 aktivite de
yiikselme beklenmekte fakat beslemede reaksiyon sonucu

Therefore the effect of CO, and water vapor on the
catalytic activity of the catalyst is very important.

Figure 6 shows the catalytic activity as a function of the
catalyst when the feed includes CO,. It was shown that
when the feed includes CO,, the 50% conversion
temperature of the 1:1 Ag/Co composite oxide catalyst
prepared by opposite slow preparation method increased to
100°C, 1:1 Ag/Mn composite oxide catalyst prepared by
opposite slow preparation method increased to 149°C. If
CO; occur in the feed composition as a impurity it may be
adsorbed on the active site of the catalyst so the activity of
the catalyst may decrease.

The effect of CO, and H,O on the catalyst activity is
shown in Figure 6 as a function of temperature. The 50%
conversion temperature of the 1:1 Ag/Co composite oxide
catalyst prepared by slow precipitation increased to 156°C;
1:1 Ag/Mn composite oxide catalyst prepared by opposite
slow precipitation increased to 118°C as shown in Figure
6. The 100% conversion of the 1:1 Ag/Co and 1:1 Ag/Mn
prepared by opposite slow precipitation were obtained at
after 180°C and 100% conversion of 1:1 Ag/Co prepared
by slow precipitation obtained after 200°C. At
temperatures below the boiling point of water, our catalyst
lost activity in the presence of large amounts of water with
CO,. It was possible between pore blockage due to
condensation and blockage of carbondioxide adsorption
due to adsorbed water.

The 50% conversion temperature and 100% conversion
temperature of the catalysts decreased at the two
conditions (CO, and CO, with H,O) in contrast with the
normal feed condition which consist of only 1% CO in air.
However the activity of the 1:1 Ag/Mn composite oxide
catalyst prepared by slow precipitation method has good
activity in the feed condition which included
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olusan triinlerden CO,” in aktif merkezler tizerinde
adsorplanabileceginden dolay1 aktivite de diisme elde
edilmistir.

Her iki durumda normal besleme sartlarina gore % 50
doniisiim sicakliklarinin ve % 100 doniisiim sicakliklarinin
yiikseldigi yani aktivitenin diigtiigii gorilmektedir. Ama
istten  ekleme  yontemiyle hazirlanmis  Ag/Mn
katalizériinde CO, ve sulu beslemenin sadece CO,’ li
besleme sartlarindaki aktivitesine goére daha iyi oldugu
goriilmektedir. Yani ortamda CO,” in yaninda su
buharinin olmasimin katalitik aktivitesi iizerinde pozitif bir
etki yaptig1 goriilmektedir. Ag/Co oksit katalizorlerinde
100°C’ den sonra déniisiimiin arttig1 gézlenmistir. Ag/Mn
icin ise CO, =zehirleyici etki gostermekte, katalizor
aktivitesini kaybetmektedir. Her iki durumda CO, ve H,O
buharinin aktiviteyi diisiiriicii etki yaptig1 gdzlenmistir.

CO+CO,+tH,0+ air than the feed condition which
included CO+CO,+air only. For the Ag/Co -catalyst,
conversions increased at 100°C. The Ag/Mn catalysts lost
activity because of the poisoning effect of CO,. As a result
it was obtained that activity decreases at both conditions.
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Figure 6. Effect of the CO, and H,O on the activity of the catalysts (1:1 Ag/Co slow precipitation and 1:1 Ag/Mn opposite slow
precipitation) as a function of temperature for the CO oxidation (a: 1% CO, 99% air, b: 1% CO, 15% CO,, 84% air, c: 1% CO,
15% CO,, 2.5% H,0, 81.5% air)
Sekil 6. Beslemede CO, ve H,O olmasi halinde katalizorlerin (1:1 Ag/Co yavas ekleme ve 1:1 Ag/Mn istten ekleme) sicakligin

fonksiyonu olarak CO oksidasyonu i¢in aktivitesi: a: (%1 CO, %99 hava), b: (%1 CO, %15 CO,,%84 hava), c: (%1 CO, %15

CO,,% 2.5 H,0, %81.5 hava)

3.2.2. Katalizér aktivitesine oksijen
konsantrasyonunun etkisi

Sekil 8’ de diisiik oksijen konsantrasyonunun CO
oksidasyonuna etkisi goriilmektedir. Besleme %1 CO, % 6
0O, ve geri kalan N, karisimindan olugmaktadir. 1:1 molar
oranda yavas ekleme yontemi ile hazirlanmis Ag/Co
kompozit oksit katalizoriinin %50 doniisiim verme
sicakligi T<50°C den T<80°C ye yiikselmistir ve %100
déniisiimii 150°C” de vermektedir. 1:1 molar oranda iistten
ekleme yontemi ile hazirlanmig Ag/Co kompozit oksit
katalizOriiniin %50 déniisiim verme sicakhigi T<78°C den
100°C’ ye yikselmistir. 1:1 molar oranda iistten ekleme
yontemi ile hazirlanmis Ag/Mn kompozit oksit katalizorii

3.2.2. Effect of the oxygen concentration on the
catalyst activity

Figure 7 shows the effect of the low concentration of
oxygen and low concentration oxygen with CO, on the
CO oxidation. The feed consists of 1% CO, 6% O, and the
remaining N,. The light of temperature of the 1:1 Ag/Co
composite oxide catalysts prepared by slow precipitation
increased from T< 50°C to T< 80°C and has the 100%
conversion at 150°C. The Ty» temperature of the 1:1
Ag/Co composite oxide catalyst prepared by opposite slow
precipitation increased from T< 78°C to 100°C. The 1:1
Ag/Mn composite oxide catalyst prepared by opposite
slow precipitation gave the 50% conversion at 124°C. The
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%50 doniisiimii 124°C de vermistir. Sekil 8’de beslemede
diisik oksijen konsantrasyonu ile CO,” in CO
oksidasyonuna etkisi goriilmektedir. Katalitik aktiviteye
farkli oksijen konsantrasyonu ile CO, etkisi igin
deneylerde %1 CO, %6 O,, %23 CO,ve geri kalan N, olan
besleme gaz karisimi ile ¢alisildi. Her ti¢ katalizorde de
%50 doniisim verme sicakhigi 110°C’ nin iizerine
yiikseldigi ve %100 doniisim verme sicakliginin da
195°C* nin iizerinde oldugu elde edildi. Oksijen
konsantrasyonunun diismesi sonucu diisiik sicakliklarda
aktivitenin ¢ok diisiik oldugu goézlenmistir. Katalizorlerin
yiiksek O, konsantrasyonunda diisiik sicaklik ortaminda
olduke¢a uygun ve aktif oldugu gézlenmistir.

4. SONUCLAR

Katalitik aktivite deneylerinde elde edilen sonuglar genel
olarak incelendiginde Cizelge 2’ de verildigi gibidir. 1:1
yavas ekleme Ag/Mn katalizorii A siitunundaki reaksiyon
sartlarinda en iyi katalitik aktiviteyi verirken, reaksiyon
kosullarmin degismesiyle (B,C,D,E) aktivitesinde nemli
Olgiide degisme meydana gelmistir. 1:1 yavas ekleme
Ag/Co katalizorii A ve D reaksiyon kosullari igin istenilen
bir aktivite vermistir. Genel olarak incelendiginde oda
sicakligi ile 200°C arasinda 1:1 molar oranda yavas
ekleme yontemi ile hazirlanmig Ag/Co kompozit oksit
katalizorii fazla O, ve stokiometrik oksijen igeren
reaksiyon kosulart igin ¢ok iyi aktivite verirken ortamda
su buhar1 ve CO, bulunmasi aktivitesini diigtirmistiir.
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experiments were made to investigate the effect of the low
concentration oxygen with CO; in the feed conditions that
consists of 1% CO, 6% O,, 23% CO, and the remaining
N,. The 50% conversion temperature increase above
110°C and the 100% conversion temperature increased
above 195°C for the three catalysts. It was obtained that
the catalytic activity of the catalyst decreased at low
temperatures in the low oxygen -concentration. All
catalysts have good activity in excess oxygen
concentration and at high temperatures.

4. CONCLUSION

The catalytic activity results are shown in Table 2. The
1:1 Ag/Mn composite oxide prepared by slow
precipitation gave the best activity in the reaction
condition (called A) but activity of the catalyst changed
strongly by changing reaction condition (B, C, D, E). For
the reaction condition A and D, 1:1 Ag/Co composite
oxide catalyst prepared by slow precipitation gave good
activity. Generally, 1:1 Ag/Co composite oxide prepared
by slow precipitation catalyst performed good activity in
an excess of O, and stoichiometric feed conditions, but the
activity of the catalyst decreased when the feed gas
consisted of CO,+H,0.
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Figure 7. Activity of the catalysts at different oxygen concentrations as a function of temperature, a: (1% CO, 99% air), b: (1%
CO, 6% O,, and remaining N»), c: (1% CO, 6% O, 23 % CO, and remaining N,)

Sekil 7.

Farkl1 oksijen konsantrasyonunun olmasi halinde sicakligin fonksiyonu olarak CO oksidasyonu igin aktivitesi: a: (%1

CO, %99 hava), b: (%1 CO, %6 O, ,geri kalan Ny ), c: (%1 CO, %6 O, , %23 CO,, geri kalan Ny)
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Table 2. Results of the catalytic activity
Cizelge 2. Katalitik aktivite deney sonuglar1

50% conversion temperature, Ty, (0C)
%50 doniisiim sicakhigy, Ty, (0C)

precipitation/ 1:4 Ag/Co 105°C
yavag ekleme

A B C D E
Catalysts/ Katalizor %1 CO, %1C0O,%15 %1 CO, %15 C0O,,%2.5 %1 CO, %6 O, %1 CO, %6 05, %
%99 air CO,,%84 air H,0, %81.5 air remain N, 23 CO», remain N,
1:1 Ag/Co slow
precipitation/ <50°C 100°C 156°C <80°C 110°C>
1:1 Ag/Co yavas ekleme
1:1 Ag/Co opposite slow
precipitation/ <78°C
1:1 Ag/Co iistten ekleme
1:4 Ag/Co slow

1:1 Ag/Mn opposite slow
precipitation/1:1 ~ Ag/Mn |  <30°C 149°C 118°C 124°C 110°C>
istten ekleme

1:4 Ag/Mn opposite slow
precipitation/1:4 Ag/Mn 78°C
istten ekleme
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