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Abstract: This paper presents an experimental study regaittie effect of replacing aromatic compounds amtigily
olephinics from a catalytic cracking gasoline witkygenated compounds (ethanol and ethyl tert-tettyér(ETBE)), in
motor octane number (MON) and research octane nuif®@N). For this study, there has been chosentypes of
catalytic cracking gasolines, similar with conventil gasoline. The first type of gasoline that eorg 46.6 % volume
aromatic hydrocarbons has the MON 83.6 and the FBN. And the second type contains 33.6% volumenatic
hydrocarbons, has the MON 83.2 and the RON 94 #hoibh imposed by quality requirements, decreatsiagontent of
aromatic hydrocarbons has the effect of reduciegRBN to the lowest limit stipulated in the EN 2&ality standard. In
order to compensate the octane loss, 2, 4, 6, %, ddlume ethanol has been added, and the conclugsrthat, in the
case of both gasolines a slight increase in the M&nd a significant impact on the RON. Adding 5, 19, 20% volume
ETBE, has a more significant effect on the MON of bg#isolines, with an average of 1.1 octanes.

After performing the experimental study, we camehi® conclusion that by increasing the ethandtBBE content, the

olephinic content of both gasolines is reducedcivli$ a positive thing, because these reformulgsswlines respect the

new quality standards imposed.

Keywords: gasoline oxygenated compounds, aromatic compounds, motanectumber, research octane number

1. Introduction role of hydro treating processes, the introductioh
gasoline reformulation (isomerization, alkylation)he
The increase of the petroleum fuel oils antou utilization of high-quality catalysts and the changf
necessary for transport, their unique characted, their mixture recipes.
non-uniform distribution throughout the Globe, aslivas
the restrictions imposed by preserving the enviremtn TABLE 1 Evolution of the gasolines quality in the European
have quickened the research developed regardiminoid  Union
and utilizing new sources of unconventional oill§ghat

should allow, if not totally, the partial substitn of Dir. 98/70- Dir. _

conventional gasolines and diesel fuels. Ei\‘gggs 2000 92%’53 D"Z-g(%m
At present time, on a world wide level, @shers EURO 1 | EN228:1999] - ino | EjROV

elaborate, at the industrial scale the followingiamts for EURO I v

total or partial sub_stitution of conventi(_)nal gaﬂelwith_ Sulphur, 500 150 50 (10) 10

oxygenated organic compounds: fueling motor engines_PRM Max

with pure alcohols (methanol, ethanol, tert-buthaet.); (,A/:fnrgit'\f;’ 42 35 30

the development of fueling motor vehicles with &leb Olefins

mixtures, in different proportions; the utilizatiatcohol or | %max. vol 18 18 14

ether type oxygenated organic compounds in mixiite Gasoline, 5.0 1.0 10 10

the motor vehicle gasolines; alcohol conversiontraeol, %max. vol

ethanol) and vegetable oils in synthetic gasolines. \n%%gnig;( 27 27 27
On one hand, the quality of engine fuelmisonstant RVP, kPa 35-100 90 80 80

change, especially when it comes to the sulphutecn RON/MON | oo iac 95/85 95/85 95/85

aromatic and olephinic hydrocarbons. In table 1 maey min

see the presented synthesis regarding the evolofidthe

quality of engine fuels [3, 4]. Reaching the EURGality As it can be observed, from the data presentedhile t

standards has been a constant provocation thatmieeei 1, We can expect in 2009 for a new stage regartheg
the modification of refinering schemas, the iaseof the duality of engine fuels. The reduction of aromatind
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olephinic hydrocarbon content will lead to the d=e of TABLE 2. The properties of the catalytic cracking gasoline
the MON and of the RON. A way for compensating the

octane loss is the partial substitution of gasslivath Gasoline A Gasoline B
0, 0,
oxygenated c_:ompounds. _ Properties volﬁ)me % weight volfme % weight
Introducing a certain content of oxygenated — 0.83 095 0.64 097
compounds in motor vehicle engine fuels is compylso i i i i
being imposed by the quality standards in use. Ebke toluene 8.7 9.8 4.7 54
30/2003 directive proposes the substitution of eotional m-xilene 5.8 6.5 5.9 6.7
engine fuels with 5.75% alternative fuels until 31 o-xilene 1.9 22 1.9 22
De<_:ember 2010, respective_:ly with 20% alternatiue_ls‘ p-xilene 21 2.4 2.4 2.7
gntll Ithe year 2%2(_) [5]. This re1ns;ure_s a Idurable_rglﬁlt_ﬂ: Propel-benzend 33 37 26 29
evelopment and increases the national securitgl lev 2-ethyltoluene 33 38 Y 28
terms of energy by decreasing pressure on tradition
In this paper we present an experimentaldystu | 4-ethyltoluene 2.4 2.7 19 2.2
regarding the effect of adding varied proportiohgthanol mesitilen 2.7 3 2.6 3
andETBE, on the octane number of two catalytic cracking | pseudocumen 5.4 6.2 5.6 6.5
gasolines. Our attention has been drawn towardsettweo _ isoduren 27 31 23 27
oxygenated cor_npounds, beca_use ethanol can be ettain [, Zomatics| 26.6 533 336 388
from regenerative raw material arlelflBE through the —
: - Total olephinics| 21.8 20.6 235 225
conversion of bio-ethanol.
Total saturated 31.6 26.1 42.9 38.7
MON 83.6 83.2
RON 95.7 94.4

2. Experimental study
TABLE 3. The properties of the ethanol and of the ETBE
Conventional engine fuel represents a mixtuwf

gasolines obtained through raw material processing Oxygen, % wt. RON MON
through technological processes. Using several ooepts Ethanol 34.8 130 96

in processing the conventional gasolines is congoylfor ETBE 15.7 118 101
ensuring the necessary conditions imposed by tladitgu

standards in use. The catalytic cracking gasoling )

represents more than 50% of the content of conweati
engine fuels, so we may consider it a basic compioak
the reformulated gasolines, and through its featuie
influences the quality of the final mixture. Havitigis in
mind, for the experimental study developed throusgtbis
paper, we have chosen two catalytic cracking gassli
with different contents of aromatic hydrocarbonayihg
different octane numbers, as we may see in tablEh2.
properties of the catalytic cracking gasolines ahdheir
mixture with oxygenated compounds are determingd avi
IROX 2000 Portable Gasoline Analysis with MID-FTIR
Instrument. . Figure 1. Thé&ETBE and ethanol effect on aromatic hydrocarbons cénten

The properties of ethanol and BTBE that have a of mixtures with catalytic cracking type A gas@in
strong influence over their mixtures with gasoline® )
shown in table 3 [6].

In order to study the effect of substitutthg catalytic
cracking gasolines witiETBE mixtures with 5, 10, 15,
20% volumeETBE and 2, 4, 6, 8, 10% volume ethanol
from each gasoline have been prepared and thertaite
aromatic and olephinic hydrocarbons have bee
experimentally determined. Results have been shimwn
Fig. 1 and 2.

In diagrams shown in Fig. 1 and 2, we maseoe the
decrease in aromatics and olephinics contents optiopal
with the increase of each amount of oxygenated camgp
added in the mixture.
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Figure 2. TheETBE and ethanol effect on olephinic hydrocarbons aante
of mixtures with catalytic cracking type A gas@in
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In the case of type A gasoline, regardldsh®@ETBE than the minimum value stipulated in EN228 standals
or ethanol added ratio, we can not obtain the minim is explained with the help of the high RON of tlieagol.
amount indicated in the quality standards for eaduel We must take into account the differentiated inseeaf
type EURO IV (maximum 35% volume), although in theRON and MON octane numbers proportionally with the
case of substituting 20% volume from this gasolvith  addition ratio and the type of oxygenated compoused
ETBE, we may observe a decrease with 8%volume in the this process. Regarding the same addition i@ti® can
content of aromatic hydrocarbons from the gasdditeisic observe higher increases in the RON when subsigtuti
composition. Also, only through substituting 20%urme gasoline with ethanol, while the increase of the MO
of this gasoline withETBE, one can obtain the olephinic remains at a constant level. Although apparentiyilar
hydrocarbon content lower than the minimum amourihcreases in the octane numbers are obtained af I@atios
indicated for engine fuel type EURO IV (maximum 18%of added ethanol, using large amountsEGBE presents
volume). many advantages because it allows the reduction of

In the case of type A catalytic cracking @ae aromatics and olephinics content from the gasoline
mixtures with the proportions of oxygenated commisun preserving and even slightly increasing the RON #red
stipulated above, octane numbers have been deetmirMON.
and graphical representations in Fig. 3 and 4 Hzeen In the development of the experimental sttghe B
drawn. catalytic cracking mixtures have been preparedh whe
same amounts &TBE and ethanol as in the case of type A
gasoline, and the aromatic and olephinic hydroaasbo
content has been experimentally determined. Rebalie
been graphically represented in Figures 5 and 6.

Octane numbers

]

Figure 3. The ETBE effect on octane numbers of mneg
with type A catalytic cracking gasoline.

hydrocarbons content, %
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In the graphic presented in Figure 3 we @aserve an
increase in the octane numbers once with the isered
ETBE content. For a content of 20% volurB8BE, the
MON of the mixture with type A catalytic cracking
gasoline has reached over the minimum value stigdilen ~ Figure 5. TheETBE and ethanol effect on aromatic hydrocarbons conten
the EN228 standard. This is explained with the tdlthe of mixtures with catalytic cracking type B gaselin
high motor octane number of tBFBE.
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Figure 4. The ethanol effect on octane numbersixtunes
with type A catalytic cracking gasoline.

Figure 6. The&ETBE and ethanol effect on olephinic hydrocarbons aante
of mixtures with catalytic cracking type B gaselin
In the graphic presented in Figure 4 we @laserve an i .
increase in the octane numbers proportinal with the N the graphics presented in Fig. 5 and 6 ase
increase of ethanol content. For a content of 1@ame °PServe the decrease in the content of aromatic and
ethanol, the RON of the mixture with type A catyt olephinic hydrocarbons, with the increase of thetent of
cracking gasoline has increased with 2.4 octanigheh ©€ach oxygenated compound added in the mixture &gein
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case of type A gasoline. In the case of type B lgasohat For a content of 10 % volume ethanol, theN& the
has lower aromatics and higher olephinics contégt, mixture with type B catalytic cracking gasoline has
substituting more than 10% volume gasoline VEffBE, increased by 1.2 octanes, but does not reach thignonin
we can observe a decrease in aromatic hydrocarboralue stipulated in EN228 standard. Instead, theNRO
content under the lowest accepted level indicatedhe increased by 1.7 octanes through the substitutfat0d%
case of the engine fuel type EURO V (maximum 30%olume from type B gasoline. This is possible dodhte
volume). Regarding the olephinic hydrocarbon cotitenethanol’s high RON.
regardless of the add&fIBE or ethanol ratio, we can not
obtain the lowest content stipulated for the endire type
EURO IV (maximum 18% volume).

In the case of type B catalytic cracking diae
mixtures with the proportions of oxygenated compisun
stipulated above, octane numbers have been detmimin  The study presented in this paper has coefirthat by

and graphical representations in Fig. 7 and 8 Hasen substituting catalytic cracking gasolines with elitfnt
drawn. ratios of oxygenated compounds, we can reduce the

aromatic and olephinic hydrocarbons content of
N conventional engine fuels and in the same time we c
compensate or even slightly increase a part ofotttane
loss. But, in the case of catalytic cracking gasolvith an
initial content of over 40% volume aromatic hydndmans,
even substituting it with high amounts of oxygedate
compounds, does not meet the demands of reachang th
amount of aromatics imposed by the present or éutur
quality standards. Even if we can compensate thecdse
in the MON by usingeTBE and in the RON by using
ethanol, does not mean it is the only solution, houch
more so that the increase in oxygenated compoumadse
the increase in the oxygen amount of their mixtuwith
gasolines. We must not forget the fact that the N2
Figure 7. TheETBE effect on octane numbers of mixtures standard restricts the total amount of oxygen froma
with type B catalytic cracking gasoline. gasolines to 2.7% weight, value which is alreadyassed
] o ~at 17% voluméTBE or in the case of 8% volume ethanol.
In the graphic presented in Figure 7 onea#® again | the case of a catalytic cracking gasoline, waithinitial
observe an increase in the octane numbers propattio 5romatic hydrocarbons content of maximum 35% volume
with the increase dETBE content. as in the case of type B gasoline, which comprises
_ For a content of 20 % volungBE, the MON of the  ¢,,3jity conditions imposed by the present EURO IV
mixture with type A catalytic cracking gasoline hasyangard, it is easy to reduce its content of atiema
increased close to the minimum value stipulateBN228 hydrocarbons to the maximum value demanded by the

standard. For a content of 15% volueBE, the RON EyRro Vv standard by substituting it with moder&fEBE
increases above the minimum value stipulated in ZN2 5y0unts (approximately 10% volume).

3. Conclusions

Octane numbers

standard. Regarding the decrease of olephinic hydivmas
. content from catalytic cracking gasolines, substituthem
98- . with ETBE seems like an acceptable solution.

When it comes to conventional gasolines, aldded
oxygenated compounds can not meet all of the gqualit
restrictions demanded by the future engine fuelalityu
standards, and this imposes orientation towardsroth
octane components that present a low content ahatio
and olephinic hydrocarbons.

At the end of this experimental study antkrathe
previous conclusions, we may assert that in oreeduce
the content of aromatic and olephinic hydrocarbmnte
maximum levels demanded by the EURO V engine fuels,
we must combine solutions liked to the optimizatioh
component production in the case of conventional
Figure 8 The ethanol effect on octane numbers rfurés gasolines by partially substituting them witTBE in

with type B catalytic cracking gasoline various proportions. A solution regarding compeingpthe
octane loss seems to be the partial substitution of

_Inthe graphic presented in Fig. 8 one caseo/e an qnyentional engine fuels with mixtures of ethaaoid
increase in the octane numbers proportional wite thergg produced through experiments.
increase of ethanol content.

Octane numbers
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The present study will be continued througtther
research concerning the effect of ethanol d&EEBE
mixtures or other ethers, on the reduction of umdbk
hydrocarbons content, and also on the increasect@ne
numbers of partially substituted gasolines with gexyated
compounds.
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