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OZET

Kursun' zehirlenmesine kismen dayanikli
otomotiv katalizér sistemlerinin gelisti-
rilmesi ile ilgili bazi arastirma neticele-
ri verildi. Motor dinamometre test netice-

lerinden, Pt/'y--Al203/Zr‘O‘2 ihtiva eden ve

monolit (yekpare) yapida hazirlanan katali-
zérlerin, standart ve monolit yapidaki
Pt/~y-Al1_0O, katalizdrlerine olan Ustinligu
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gosterildi. Bu neticelerin, Tlirkiye'de
‘motorlu tasitlarin yarattii hava kirlili-
gine olan ilgisi ve anlami tartisilda.

SUMMARY

Some research results in the develop-
ment of lead tolerant automotive catalyst
systems have been reported. Engine dynamo-
meter tests on monolithic catalysts

containing Pt/\(-A1203/ZrO2 demonstrated

these catalysts to be superior to the

conventional Pt/Y—A1203'monolithic cata-

lysts. The implications of these results
with respect to the general automotive air

GEGMISTEKI GELISMELER

Benzin ve fuel oil gibi hidrokarbon ihtiva

eden yakitlarin yanmasi neticesinde gaz halin-

de olusan atik iiriinler, karbon monoksit, hidro-
karbonlar ve azot oksitler halinde atmosferi
kirleterek ciddi bir saghk problemi haline gel-
miglerdir. Diger karbon ihtiva eden yakitlan

pollution control 'in Turkey have been
discussed.
HISTORICAL BACKGROUND ' -

Gaseous waste products resulting from
the combustion of hydrocarbonaceous fuels, such
as gasoline and fuel oils, comprise carbon
monoxide, hydrocarbons and nitrogen oxides,
and pose a serious health problem with
respect to pollution of the atmosphere. While
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yakan, sabit motorlar, endistriyel finnlar ve
evsel kazanlar gibi kaynaklardan ¢ikan atik
gazlarin hava kirliligini yaratmada katkilan
herriekadar  biiyilkse de, motorlu araglardan
¢ikan ‘ekzoz gazi, hava kirliliginde rol oynayan
en 6nemli faktorlerden birisidir. Son senelerde,
otomobillerin sayisimn devamli artmas: ile bil-
hassa hava kirliligi probleminin net olarak belli
oldugu biiyiik yerlesim merkezlerinde bu konuda
ilgi .artmig ve hava kirliliginin kontrolu ¢ok
onem kazanmigtir. Karbon monoksit, hidrokar-
bon ve azot oksit ihtiva eden kirli gazlarnn
zararsiz gazlara cevrilmesi i¢in simdiye kadar
denenen ¢esitli metodlar arasinda igten patla-
mali motorun ekzoz hattina yerlestirilen kata-
lizér sistemi, ABD ve Japonya gibi tilkelerin
hitkiimet otoritelerinée motorlu tasit araglan
icin konulan ve gittik¢e sikilagtinlan standart-
lari karsilayabilmek igin en bagarih ydntem
olmustur.

Gegmigte, 1966 yili Oncesi, motorlu tagit-
larin ekzoz emisyonlarn higbir yerde kontrol
edilmiyordu. 1966 yilinda Kalifornia Eyaleti ve
1968 yilinda ABD Federal HUkiimeti, motor
modifikasyonlan ile kargilanabilen hidrokarbon
ve CO kontrolunu 6ngérdi. ABD Federal Temiz
Hava Kanununda 1970 yihinda yapilan degisiklik
CO, hidrokarbon ve NOx (azot oksitlerin karigi-

m1) emisyonlarinda on misli bir azaltma zorun-
lulugu getirdi [ 1,2]. Bunun neticesinde ABD
ve Japonya'da, CO ve hidrokarbon standartla-
rnim kargilayabilmek igin 1975 otomobil model-
lerinde Oksidasyon Katalizbr sistemi yer aldi.
NOx standartlari, ekzoz gazimn yeniden motora

gonderilmesinin saglanmasi (ECR) gibi modifi-
kasyonlarla kargilanabildi. Yukarnda adi gecen
ABD kanunu 1977 yilinda tekrar degisiklige
ugramasi neticesinde, 1981 ve o&tesinde kargi-
lanmasi gereken siki hidrokarbon, CO ve NOX

standartlart konuldu ve bu standartlann sagla-
nabilmesi, hidrokarbon, CO ve NOX ‘emisyonla-

rim aym anda azaitabilen Ug Yollu Katalizér
acdh verilen yeni bir sistemin ortaya g¢ikmas ile
miimkiin olabildi. Ancak bu katalizér sisteminin
geregi gibi calisabilmesi icin de Hava/Yakit
oraninin teorik oranda (stoikiometrik) ayarla-
nabilmesi icap etti. Bu durum da, oldukca
karistk teknolojiyi ihtiva eden tasit-katalizér
kontrol sistemlerinin 1981'den itibaren ABD
ve Japonya'da yeni otomobillere konulmasina
yol agti. Sekil 1 ve 2'de kapali devre Ug Yollu
Katalizor ve kontrol sistemi sema halinde gos-
terilmigtir [3]. B6ylece 1981 standartlarinin
kargilanabilmesi, kontrol yapilmayan 1960
(ABD) seviyelerine mukayese ile, hidrokarbon
ve CO emisyonlarinda % 96, NOX emisyonunda

ise % 76 bir azalma saglamistir.
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exhaust gases from other carbonaceous . fuel-
burning sources, such as stationary engines,
industrial furnaces, residential’ boilers, etc.,
contribute substantially to air pollution, the
exhaust gases from automotive engines are a
principal source of pollution. In recent years,
with the ever growing number of automobiles,
the discharge of pollutants therefrom has
been of increasing concern, particularly in
urban areas where the problem is more
acute, and the control thereof has become
quite important. Of the various ethods
which have been proposed for converting
carbon monoxide, hydrocarbon and nitrogen
oxide pollutants to innocuous products, the
incorporation of a catalytic converter in the
exhaust system of an internal combustion
engine holds the most promise of meeting
the -increasingly rigid standards established
for automotive vehicles by the responsible
governmental authorities in such countries as
U.S.A. and Japan.

Historically, prior to 1966, exhaust pipe
emissions of vehicles were uncontrolled.
California in 1966, and the U.S. Federal
Government in 1968, required control of
hydrocarbons and CO which was achieved by
engine modifications only. The 1970 amendment
to the U.S. Federal Clean Air Act required a
further ten fold decrease in emissions of CO,

hydrocarbons, and NOX[1,2].'1’his then led to
the requirement of oxidation type catalytic
converters in 1975 car models in the U.S.
and Japan to meet the emission standards
for CO and hydrocarbons. NOX standards was

still met by modifications such as exhaust gas
recirculation (ECR) techniques. The 1977
amendment of the Clean Air Act in the U.S.
(specification of tight hydrccarbon, CO, and
NO, standards for 1981 and beyond) required

simultaneous control of hydrocarbon, CO and
NOx emission by means of a new converter

system called three-way catalytic converters.
These converters require control of the Air/fuel
ratio near the stoichiometric point for optimum
catalyst performance; therefore, elaborate

vehicle=catalytic converter control systems have
been installed in new car models (starting in
1981) in U.S.A. and Japan. A functional:
schematic of a closed-loop” 3-Way converter
system [3] is shown in Figures 1 and 2. These
1981 standards represent. a reduction of 96 %
for hydrocarbons and CO and 76 % for NOx

from the uncontrolled 1960 levels in USA.
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Avrupa'da ise, otomobil ekzoz gazlan ile
ilgili standartlarin g¢ikariimasi, Avrupa Ekonomi
Toplulugu (AET) ilkelerinin hepsinin = kabul
edebilecegi kanunlarin c¢ikarilamamas:i sebebi
ile, ¢gok daha yavas gelismis bulunmaktadir.
. 1985'den 6nce Avrupa'da otomobillere katali-
'z6r konulmasi - gerekmiyordu. 1985'de Avrupa
Toplulugunda (AT) gegirilen kanunlar, benzin-
deki kursun seviyesinin zamanla 1994'e kadar
devamli distirilmesini ve oksidasyon katalizdr-
lerinin bdylece verimli olarak kullanabilmesini

saglamayr  6ngérmiis  bulunmaktadir. ~ Halen
mevcut NOX emisyon standartlar:, i¢ yollu ka-
‘talizérlerin Avrupa'da kullamlmasim gerektir-

memektedir.

OKSIDASYON KATALIZORLERINDE
KATALIZOR OMRU iLE ILGILI PROBLEMLER

. Ekzoz gazi oksidasyon katalizorleri, kata-
lizérlin  kirli. gazlann temizlemesi kabiliyetini
azaltan ve katalizor zehiri adi verilen kimyasal
element veya bilegiklerle pislenme durumunda-
dir. Misal olarak, benzine, motorda vurgu
olayim Onleyen maddeler katmak olduk¢a yay-
gin bir metottur. Bu maddeler, otomotiv ekzoz
gazinda bulunan hidrokarbon ve: CO gazlarimin
zararsiz CO2 ve. su -buharina- -¢evrilmesini sag-

layan oksidasyon katalizérlerini® zehirlerler. Bu
maddelere tipik bir &rnek’ olarak kursun alkil
bilesikleri vardir. Vurguyu onleyen “kursun alkil
bilesikleri. motor ¢ikisinda ekzoz gazi ile birlik-
te kursun bilesikleri olarak cikarlar. Ekzoz gazi,
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The situation in Europe with regard to

stricter regulations for automotive exhaust

gases has developed much more slowly,

primarily due to a lack of legal action to

be agreed by all EEC countries [ 3]. There were
no catalytic converter requirements before
1985 and EC legislation passedin 1985 required
lowering of Pb levels in fuel gradually until
1994 to enable efficient use of ‘oxidation
catalysts only. Present standards on I\_IOX

emissions do not yet require three-way

catalysts in Europe.

DEACTIVATION PROBLEMS WITH
OXIDATION CATALYSTS

Exhaust gas oxidation catalysts are subject
to contamination by contact with poisoning
constituents which act to decrease the cata-
lyst's ability to convert “noxious -components.
For example, it has become common practice
to add to automotive gasolines certain anti-
knock  compounds. These compounds often
act as catalyst poisons for automotive exhaust
oxidation catalysts employed for the conver-
sion of hydrocarbons and CO in automective
-gases.  Typical of the antiknock

exhaust catalysts are alkyl lead -compounds.
Lead compounds which are the combustion
‘lead antiknock component
When
this gas is: contacted with the exhaust gas
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katalizér ile karsilasinca, katalizérin = aktif
merkezlerine . kursun verlesir ve bu da katali-
zoriin aktivitesini yitirmesine sebep olur. Kur-
sun bilesikleri ihtiva eden ekzoz gazimin katali-
z6riin {istiinden uzun bir miiddet gegmesi halin-
de, katalizoriin émrii dolar ve istenen temizle-
me fonksiyonunu yapamaz hale gelir.

Ekzoz gazi katalizériiniin bu  zehirlenme
olay: ile ilgili olarak iki degisik ¢6ziim bulun-
" maktadir. Bu c¢oziimlerden birincisi, ekzozdan,
katalizér ile karsilagsmadan Once zehirleri yok
etmektir. Boylece, kursun bilesiklerinin havada
yarattigt saglik problemleri de kendiliginden
" kaldinlmis olur. Bu ¢6ziim, ABD ve Japonya'da
benzinden, vurgu kaldinci kursun alkil bilesik-
lerinin elimine ediltiesi seklinde uygulanmigtir.
Fakat, maalesef bu ¢oziim, neticede katalitik
reforming denilen pahahi ve kangsik rafineri
proseslerinin gerektirdigi yatinnmlar nedeniyle
benzinin fiyatimn bu iilkelerde artmasina sebep
olmustur. Avrupa'da bu durum kuzey komsgula-
rina oranla daha fakir olan Fransa, Italya,
ispanya ve Yunanistan gibi Giiney Avrupa iilke-
fer1 carafindan Avrupa Ekonomi Toplulugu
(AET) toplantilarinda bir kaygi ve itiraz nok-
tast olmustur. Aym husus Tiirkiye igin de ge-
cerlidir. ikinci ¢éziim ise, en azindan, bir kag
senelik gecis periyodu olarak kursuna toleransi
olan katalizér sistemlerini gelistirmek ve uygu-
lamaya  koymak  seklindedir. Hernekadar
kursundan hi¢ etkilenméyecek bir katalizor
heniiz kesfedilmemigse de, belli bir miktar
omrii olan kursuna toleransli bir katalizér sis-
temi, hava kirliligi problemi ile daha yeni ola-
rak ugragmaya baglamig iilkelerde, en azindan
belli bir zaman igin, bir ¢6ziim olarak diisiinii-

lebilir. Bu yazimin geri kalan béliimiinde, yaza- -

rnn bu konuda ABD'de [5] ve Avrupa'da[6] pa-
tentlenmis olan bazi arastirma ¢aligsmalan yer
almaktadir. ’

DENEYSEL YONTEM
KATALIZOR SPESIFIKASYONLARI

Standart bir oksidasyon katalizér sistemi,
tipik olarak y—AlZO3 gibi bir refrakter inor-

ganik oksit iizerine c¢o6kertilmis ya hep Pt veya
Pt/Pd kangimindan tesekkiil eder. Bu refrakter
oksit maddesi iki degisik sekilde, ya kiiresel
pelletler halinde veya iginde ince kanallarin
bulundugu yekpare (monolit) bir yapiya film
halinde depozit edilmig olarak kullamlir. Her
nekadar monolit yap1 sekli, asimm, basing diig-
mesi ve kapladigi hacim ag¢isindan tercih edil-
mekte ise de, pellet halindeki katalizérler de,
bilhassa General Motor Firmas: imali otomo-
billerde - genis bir tatbikat alam bulmustur.
Pelletlerin bir diger avantaji da, kursunlu ben-
zin kullamldigi zaman zehirlenme ve gaz gegi-
sinin tikanmasi neticesinde katalizdriin dmri
tilkkendiginde belli  periyotlarda . katalizorii
degistirebilme imkaninin olmasidir.
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catalyst, lead is deposited on the catalytically
active sites of the catalyst, thereby causing
deactivation. After long exposure to exhaust
gases containing lead compounds the exhaust
gas catalyst becomes = substantially inactive
and incapable of performing its intended
functions.

Two alternative solutions exist for coping
with this poisoning of exhaust gas catalyst.
The first alternative is to eliminate the poisons
from the exhaust prior to contact with the
catalyst. This also solves some of the health
problems associated. with exposure to lead
compounds. It has been achieved by eliminating
alkyl lead- compounds as anti-knock components
of gasoline in USA and Japan. Unfortunately,
the elimination of lead-based anti-knock
compounds has resulted in an overall increase
in the cost of gasoline in these countries due
to investment in expensive and elaborate
refining processes typically called catalytic
reforming. In Europe, this is a concern and an
objection mostly raised by the poorer Southern
European countries such as France, Italy, Spain
and Greece during EEC negotiations. This
situation would be similar in Turkey as well.
The second alternative solution at least for the
interim period of some years would be to
develop and use a lead-tolerant oxidation
catalyst. Even through a completely lead-
resistant catalyst has not been discovered vyet,
a lead-tolerant catalyst with some durability
would prove to be useful in solving the exhaust
gas pollution problems at least for some
period of time in countries where the air pollu-
tion problem has just started to be tackled.
For the remainder of this article, some research
results with regard to this subject are presented
based on the author's own research work
which has been patented in USA [5] and
Europe [6].

EXPERIMENTAL
Catalyst Descriptions

A conventional oxidation catalyst is typically
an all Pt or a Pt-Pd formulation supported on
a refractory inorganic oxide such as «(-A1203.

This refractory oxide support can be used in
two different types of configurations, namely
either in particulate form as pellets or in
monolithic structures. Although a monolithic
structure is preferred due to its advantages in
attrition, pressure drop and space requirements,
pellets are also extensively used by automobile
companies such as General Motors. Pellets
provide an advantage particularly if periodic
replacement of the catalyst is desired due
to plugging or poisoning phenomena which occur
when leaded fuel is used. A conventional
cdtalyst prepared on a monolithic structure




Katalizér degerlendirme testlerinde, refe-
rans katalizdér olarak kordierit maddesinden
imal edilmis monolit yap iizerine hazirlanmig
standart bir katalizér kullamldi. Kursuna karsi
toleranshi bulunan iki yeni tip katalizbr aym
§ekllde kordieritten imal edilmis monolit yap
lizerine  hazirlandi. Bu iki  tipten ilki
Z10,/y-Al O lizerine ¢Okeltilmis ve oksidas-
yon Zkatallzoru olarak segllen platin metalinden
ibaret olup, ikinci tipin hazirlamsinda ise, yu-
karda bahsi gecen standart Pt/y-Al.O katall—
zOriin iizerinde kursuna kars: koruyucu bir ta-
baka olarak ZrO2 veya vy-Al kullanildi.
Referans kataliz6riin ve simdi %al‘%& gegen g
yeni katalizOriin bazi 6zellikleri Tablo 1'de ve-
rilmistir.

KATALIZOR TEST METODLARI

- Yukarida bahsi gecen 4 Kkatalizér bir
motor dinamometre testinde oksidasyon aktivi-
tesi acisindan degerlendirildiler. Bu test, iki
degisik motor ¢aligma rejiminde, okside edlle—
bilir bilegiklerin yiizde déniisiimiinii katalizdr
performans1 olarak &lcen bir test olup, bu
iki ayr1 motor caligma rejimleri, icten patla-
mali  motorlar i¢in ivmelendirme ve seyir
olarak isimlendirilebilir. Tablo 2 ve 3'de test
sartlan ve yakit Gzellikleri verilmistir.

Yukarida bahsi gegcen oksidasyon testi ya-
pilmadan &nce, katalizérler, yiiksek kursuniu
benzin ortaminda oksidasyon katalizérlerinin
bir otomobilde kullammim simiile eden hizlan-
dirict bir yaglanma siirecine 300 saat tabi tu-
tulduiar. Bu yasglanma siireci, rélanti, seyir ve
yiiksek seyir olmak iizere ii¢ ayr1 devreden iba-
ret olup Tablo 4'de bu siiregte uygulanan sart-
lar gésterilmigtir.

SONUCLAR VE TARTISMA

Yukarnda tarif edilen 300 saatlik yaglanma

slirecinden gegtikten sonra hidrokarbon ve
karbon monoksit oksidasyon doniisiimleri ivme-
lendirme ve seyir sartlaninda élciildii. HC i ve
HC S hidrokarbon doniigiimiinii ivmelendirme ve
seyir sartlarinda; aym sekilde CO I ve CO S'de
karbon monoksit doniligiimiinii aym sartlarda
gostermektedir. Test neticeleri Tablo 5'de ve-
rilmistir.

B ve D katalizdrleri, hemen hemen biitiin
test sartlarinda, kursun 1ht1va eden benzinle yag—
lanma siirecini gegirdikten sonra, 100%A1-Al2 3

dan ibaret olan standart katalizér A’ ya gore
stiinliik gdstermektedir. Bu neticelere gore,
ZrO2 maddesinin katalizére nasil kauldig degil,

sadece kataliz6r kompozisyonundaki varlig: bile
katalizére kursuna dayamkhlik ozelligi getir-
mektedir. Burada not etmemiz gereken- bir
husus, taze (yaglanmamis) katalizrlerde gene)

which was composed of cordierite was used as
a reference catalyst during catalyst evaluation
tests. Two types of new catalysts which-
were found to be lead-tolerant in evaluation
tests were also prepared on monolithic
cordierite structures. The first type comprised

a ~Zr02/'y-A1203 support material and an oxida-

tion catalytic metal component selected as
platinum metal. The second type consisted of
a protective overcoat material made of

either Zr0, or Y-—A1203 deposited on the con-

ventional Pt/Y-AIZO monolithic

described earlier. The properties of both the
reference catalyst and the three new catalysts
are given in Table 1.

catalyst

CATALYST EVALUATION PROCEDURES

The four catalysts were tested for oxida-
tion activity in an engine dynamometer test.
This test consisted of a measure of the
sustained performance (the percent conversion
of oxidizable compounds in the exhaust gas)
at two different operating regimes. These
operating regimes simulate an acceleration
condition and a cruise condition for an internal
combustion engine. Table 2 and 3 set out the
test conditions and the fuel specifications for
the dynamometer test.

Prior to carrying of the above-described
oxidation test the catalysts were aged for 300

“hours in-an accelerated aging cycle designed
to simulate vehicle aging of oxidation catalysts

in a high lead content environment. The agmg
cycle consists of idle, cruise, and high cruise
modes of operation. Table 4 elucidates the
conditions employed in the aging sequence.
Aglng fuel specifications are similar to those
given in Table 3.

RESULTS AND DISCUSSION

The hydrocarbon and carbon monoxide
oxidation conversions were measured after
the above-described 300 hours aging cycle. The
conversions were measured at acceleration
and cruise conditions. HC A and HC C denote
conversion of hydrocarbons at acceleration and
cruise conditions, respectively. CO A and CO C
denote conversion of CO at acceleration and
cruise conditions, respectively. The results
obtained are indicated in Table 5. .

The tabulated data clearly show that
catalysts B and D afford superior conversions
after lead aging over the conventional 'y-—A1203

washcoat catalyst in virtually all modes of
operations. From these results, one can conclude
that the presence of ZrO2 and not necessarily
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olarak hidrokarbon doniigiimiiniin % 90'larda ve
CO doniisiimiiniin de % 99+ oldugudur. Genel
olarak kursun katalizdér hidrokarbon donlsiimii-
nii, CO donlisimiine oranla daha ¢ok etkiler.
'Bu .sebeple, hidrokarbon doniislimii, bir katali-
zOrlin performansinin izlenmesinde kritik bir
degiskendir. Katalizdr aktivitelerinin ayiriminda
ivmelendirme test sartinin da en hassas bir
¢alisma sart1 oldugu bilinmektedir. Bunun béyle
oldugunu goésteren bir kac¢ tane katalitik acidan
sebep sayilabilir. Bir kere, testin bu béliimiin-
de yiiksek miktarda katalizérden ge¢en hidro-
karbon ve CO akimi mevcuttur. CO konsant-
rasyonu on, misli ve hidrokarbon konsantrasyonu
% 25 daha fazladir. Literatiirde verilen bilgiye
gore [7,8], hidrokarbon reaksiyonlann hidro-
karbon konsantrasyonu ile kesirli veya negatif
kuvvette orantili olup, bunun neticesinde daha
yliksek HC konsantrasyonlarinda donilisiimlerin
diisik olmasi normaldir. Tkinci bir sebep olarak
da sert (doymus) hidrokarbon konsantrasyonu-
nun ivmelendirme test bollimiinde daha fazla
olusunu sayabiliriz. Reaksiyona girmesi daha
zor olan bu doymus hidrokarbonlarnin fazla olusu
da dénligimii otomatik olarak digtiriir.

ZrOz'

talizér B'nin) bu iistiin 6zelligi, katalizér ka-
rakterizasyonu ve katalizérde cereyan eden
kimyasal reaksiyonlar agisindan bilimsel olarak
incelemeye tabi tutulmus olup, bu arastirmanin
neticeleri bagka bir yayinda sunulacaktir.

ihtiva eden katalizériin (bilhassa ka-

Bu arastirmalarin bir &6zeti yapilacak olur-
sa, yakittaki kikirtlin i¢ten patlamali motor-
dan ¢ikan ekzozda SOZ’ye cevrildigi ve bu SO2

gazinin da kataliz6rdeki oksidasyon mekaniz-
masini saglayan Pt tarafindan SO3'e doniistii-

gii soylenebilir. Bunun neticesi olarak da oksi-
dasyon olayinin cereyan ettigi mikroskopik
kataliz merkezlerinde PbSO4 olusur. PbSO4'1n

oksidasyon reaksiyonlarini kimyasal olarak én-
leyici bir etkisi olmadig anlagilmistir. Katali-

z0r destek maddesi olarak A1203 kullamldig

zaman, ekzoz gazi sicakhklarinda termodinamik
olarak A'IZ(SO4)3' olusumu imkan dahiline girer

ve bu da yukarida bahsi gecen, oksidasyon ka-
talizi agisindan olumlu olan PbSO4 olusumunu

engeller. Halbuki, Zr(SO4)2'1n ise, ekzoz gaz
sicakliginda termodinamik acidan olusumu im-
kansizdir ve bu da PbSO4'1n olusumunda ge-
rekli kiikdrtiin serbest kalmasina yol acar. SOZ'

in faydali etkileri bagka aragtirmalarda da go-
rilmis olup, bu arastirmalarin neticeleri de
yukarida anlatilan buluglarn destekler mahiyet-
tedir [ 9]. -
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the manner in which it is disposed upon the
cordierite monolith promotes the lead-tolerant
effect.

It should be noted that fresh (unaged)
catalyst conversions are usually in' the range
of 90's for HC conversion and 99 + % for CO
conversion. Generally lead deactivates catalyst
hydrocarbon steady-state activities to a much
greater extent than CO activities. Therefore,
in monitoring the performance of a particular

- catalyst, loss of HC conversion with aging

time is a critical variable to consider. It is
also known that the acceleration test mode is
the most sensitive mode for differentiating
catalyst activities. There are several possible
catalytic reasons why the acceleration mode
is so demanding on the HC conversion of the
catalyst. First, there are high HC and CO mass

" throughputs. The CO concentration is ten times

higher and the HC concentration is 25 % higher
for the acceleration mode. It has been reported
that the HC reactions are fractional or negative
order with respect to HC concentration [7,8].
By definition, this would result in lower con-
versions at higher hydrocarbon concentrations.
Secondly, there are more hard (saturated)
hydrocarbons in the acceleration mode exhaust
compared to the cruise mode. The shift to
higher levels' of harder to react saturated
hydrocarbons would reduce conversions even
lower. o

The superior performance of Zr0, con-
taining catalyst, especially catalyst B, has been
scientifically investigated in terms of catalyst
characterization and possible chemical reactions
occurring. The results of this investigation will
be reported in another publication. As a
summary of these investigations, it is believed
that the sulfur in the fuel is converted to
802 in the internal combustion éngine exhaust;

‘which SO, is in turn oxidized to SO3 by the

oxidation component Pt in the catalyst.
Subsequently, PbSO4 is formed at the oxidation

component catalytic site; PbSO4 being less

deleterious to the oxidation component  cata-
lytic function. When aluminum is present in
the catalyst support, A12(504)3 " preferentially

forms at exhaust gas temperatures thereby
inhibiting the formation of the desirable PbSO4

species. Zr(SO4)2,on the other hand, does not

form at exhaust gas temperatures, thus freeing
the sulfur to form the innocuous PbSO4 species.

The beneficial effect of 802 has beén observed

in connection with other investigations [ 9] and
the results support the findings discussed above.




SONUCLAR

. Yukanda detayli olarak verilen katalizér
arastirma neticelerinden gériildiigii gibi * ZrO
ihtiva eden kursuna toleransl oksidasyon kataZ
lizérlerinin motor testlerinde sadece 7~A1203

ihtiva eden standart katalizére mukayese ile
dayaniklilik siireci daha fazladir. Her nekadar
bu katalizérler, sadece monolit yapida incelen-
migse de, bunlarin pellet olarak kullanilabile-
cegi de dogaldir. Boylece, katalizdriin 6mrii
tiikendikten sonra kolay ve ucuz olarak degis-
tirilebilmesi de miimkiin olur. Dolayisi ile,
kursunsuz benzinin bol olarak imal edilmedigi
ilkelerde, ABD ve Japonya'da oldugu gibi bir
katalizrden istenen 80000 km'ye dayamklihik
sartina da uyulmasi gerekmemis
Oksidasyon katalizérlerinin baska bir avantaji
da, {ic¢ yollu katalizérler icin icabeden motor
ve ekzoz sistemlerindeki yiiksek teknoloji degi-
sikliklerine ihtiya¢ olmayisidir. Boylece, gele-
cekte daha iyi bir ekzoz kirliligi kontrol tek-
nolojisini  gelistirebilmeleri icin hem otomotiv,
hem de rafineri endiistrilerine zaman verilmig
olacaktir. Burada not edilmesi gereken hir
diger husus da, gerek pellet gerekse monolit

olarak  oksidasyon  katalizér  sistemlerinin
Tirkiye'de imal edilmesinin giic bir is olma-
yacagidir.
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CONCLUSIONS
The catalyst research reported above
demonstrates that lead-tolerant oxidation

catalysts containing ZrO2 in the support

material have engine durability superior
to the conventional catalyst containingY—AIZO3

only. Although these catalysts have been
investigated in monolithic form only, it is
reasonable to expect that they can be used as
pellets as well. This would provide easy and
inexpensive replacement after catalyst deactiva-
tion occurs. It can therefore be possible not
to have to conform to the 80000 krn catalyst
durability requirement as in USA and Japan
for countries where unleadea fuel is not in
abundant  supply. Oxidation catalysts have
the added advantage of not requiring elaborate
engine and exhaust system modifications as
for the case of 3-way catalytic converters.
This would then give time for technology
development both for automotive and refining
industries for better exhaust pollution control
in .the future. It should also be noted here
that it would not be difficult to manufacture
oxidation catalysts either as pellets or monoliths
in countries such as Turkey.
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. Table 1 Catalyst Properties
Monolithic Substrate: Cordierite 300 squares/in2
Washcoat Pt Nominal
Designation Description Loadf',’ng WashcoatBLoading
(g/ft”) (g/ft”)
A 100% 1 -Al0, 10 2800
3 50wt%\'-A]203 10 2800
S0wt% ZrO2
C 100% -Al,0 10 2800
273
-A1203 Overcoat 2800
D IOO"0+—A1203 10 2800
ZrO2 Overcoat
Table 2 Oxidation Catalyst Evaluation Test Table 3 Gasoline Specifications
Test Conditions and Cruise mg/liter ole(ppm) Wt(ppm
Acceleration Pb 150 95 200
% CO 2.0 0.2 S 185 756 250
% 02 4.8 5.3 l 5 1.5
Air/Fuel Ratio 17/1 19/1 Cl 53 195 70
Inlet Temp.,°F 700 700 Br 59 96 78
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Table 4 Aging Cycle Conditions

Mode of Operation

Idle Cruise High Cruise |
Inlet Temperature (OF) 850+25 f1400125 1100+100
Inlet CO (%) 0.1-0.2 | 0.1-0.3 0.1-0.2
Inlet O2 (%) 2+0.5 1.54+0.5 2.0+0.5

Table 5 Evaluation Test Results for Catalysts Aged for 300 Hours

100%Y-AlL,04 50%:50% T-Aly0, Zro2
Washcoat Zr 02: Y- A1203 Overcoat Overcoat
Catalyst Washcoat
Catalyst A B C D
HC A 63 70 53 68
Co A 97 98 90 97
HC C 64 70 67 70
cocC 90 92 90 93
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