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ABSTRACT

Intengive implementation of the blue sk pro-
krami in many countriex imposed the use of refor-
mulated gasoline with a very sophisticared speci.
Sfledbion,

Motor gasoline ix exsentially o complex mix-
fire of hvdeocarbony dintilled between 40 and
2HPC, which consixt of distiliare fraction of crude
oils and the conversion producty of crude oll frac-
tions, Small amounty of additives are also wyed 1o
enhance various aspects of the performance of
gaxiline,

In ASEAN refineries, over 740 MBPSI) of feed-
stock is processed which produce about 512
MBPSD of gaxoline componenty. About 96 per-
cent of the amount is processed in 39 units of the
heterogeneous catalytic processes @ ie. cracking,
reforming and Isomerization, and the other 4 per-
cent in 4 units of homogeneous catalvtic pro-
cesses; Le. alkvlation and polvmerization.

Violatility, octane number, hyvifrocarbons com-
position gnd impurity content are the most defer-
minant criteria of the gasoline. In most spark-ig-
mitton internal combustion engines, the fael is
metered in liguid form through the carburetior or
fuel infector, and is mived with air and partially
vaporized before entering the cvlinders of the en-
gine. Conseguently, volatility, is and extremely im-
portant characteristic with respect to starting,
driveability, vaper lock, dilution of engine oil fuel
econamy, and carburettor icing.

Tor increare the octane level of gasoline am anti
knock agent such as retraethyl lead (TEL) or
tetramethyl lead (TML) can also be used. Pres-
sures to reduce atmospheric pollution are tending
towardy the redwction or elimination of lead from
gasoline. Lead itself is known to be a poison and
ity presence in the exhouwst gax iy wdesirable. Leod

acts as a catalysr poison of catalvile converter
instailed to reduce carbon monoxide and hydro-
carbon emission. Methyl tertiary buryl ether
(MTBE} is ane of the alternative to replace lead
alkviy, and has been used ax antiknock,

Unleaded gosoline {ULG) has been intro-
duced since 1990 in ASEAN Couniries: The ac-
tual penetration of LG wrilization in the firse
half of 1998 are ax follows | Branel Darussalam
48.9 %, Indonesia 0.6 %, Malavyia 80 %, Phil-
ippines 17.7 %, Singapore 81 %, and Thailand
0%,

The pasxage of the Clean Air Act Amendment
of 1990 in the USA has forced American refin-
ery to install new facilittes fo comply with siricier
specifications for fuely sich as gasoline and die-
wel vil. Various termy in the modely addresy gual-
irv of the gusoline blended, sulfur content, and
total aromatics and ofefiny contenis, RVE the
T_.of distillation range, sulfiur content, and oxy-
genated content. Spectfications for the reformu-
letedd gasoline amd the ASEAN commecial gavo-
line are prexented.

Drfvealrility fndex (D) hax been standard-
ized by ASTM [-4814-98a and in the near fu-
tigre thix DI could be recommended in the
sprecification for the reformulated gasoline, Reformu-
lated gasoline can be blended from the high qual-
ity gasoline components,

Volaritity (RVE. T T, T, and driveability
index), octane number (RON, MON and octane
distribution), and hydrocarbon compositions of
the gasoline components, ayx well as the refinery
configuration to improve the guality of the gaso-
line components, and the m,upﬂ.r.'lfm of these
improved gaseline compenents of reformulated
gusoline production are briefly discussed in thix

paper.
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L INTRODNUCTION

Worldwide crude supply is experiencing u modest
trend towards heavier gravity and higher sulfur crudes.
The Middle East being traditionally the world's muijor oil
exporting region, will continue to be the pnncipal sup-
plier of lower-quality crude in the future' ' .

For the period of [992 — 2005, the avernge annual
demand growth rate of light products (gasoline, kero-
sene and diesel oil) continues to be higher than that for
residual fuel oil . The need will thus persist toward the
conversion of additional bottoms into light product by
hoth thermal and catalytic conversions.

Octune number is one of the most important criteria
of engine the gasoling is connected to the compression
ratio of enging and consequently the efficiency of s
gasoline consumption. Another impartant chanicienstic
is volatility, which has a vital influence on the perfor-
munce of o car. Stability is also important particularly
for a long period storage of gasoline, and this is related
to olefin component which is prone to undergo oxids-
tiond palymerzeation reaction, forming what is known as
gun.

Intensive implementation of the blue sky program in
many countries imposes the use of reformulated goso-
line wath o very sophisticated specification. The passape
of the clean Air Act Amendment of 199 in the USA
has forced American refineries to install new facilities
to comply with stricter specifications for petroleum fu-

els such as reformulated gasoline and clean diesel oil
. Variows terms in the models address qualities of the
gasoling blended such as benzene, total aromatics and
olefin contents, RVF, the T_, of distillation range, sulfur
coment, and oxygenates content. Effects of stricter gaso-
line specification on exhaust emission are shown in the
table [

Reformulsted gasoline can be blended from the high
quality gasaline components. Volatility (RVELT T, T
and doveability index, octane number (RON, MON and
octane distribution b, and hydrocarbon compaosition of the
gasoline components, as well as the refinery configura-
tion to improve the quality of the gasoline components,
and the compositions of these improved gasoline com-
ponents of reformulated gasoline production ane bniefly
dizcussed in thas paper.

I GASOLINE COMPONENTS FROM
ASEAN REFINERIES

Surveys on refineres conducted by ASEAN coun-
cil on Petroleum (ASCOPE) recently reveiled the pre-
canous stute of current configurtion of ASEAN relin-
enies, particulorly as regards to catalytic processes, which
are indispensable for transforming fuel components 1o
micel the impending strcier guality requirement

Currently, a wial of 38370 MBPSD crude oil ix
processed in seven ASEAN countries” refineries (Brunei
Drorussalom, Indonesia, Maloysia, Philippines, Thailamd,

Effects of stricter gasoline :;::I;l‘ﬂﬂnﬂ on exhaust emission
Reducing Exhaust
Properties cOo Mo, Toxic
From To HC

Raduce Total Aromatics 45% 204% -6%u -13% 2B
Reduce Olaling 20% 5% B% B
Reduce Ty (°F) 360 260 -22% 5% -16%
RAeduce Sulfur (ppm A50 50 ~1B% -18% -B%% =100
Reduce RVP [psi) g B 248 9% -B%
Increase MTBE 0% 15% 5% “11%
Increase ETBE 0% 17% A% 15%
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Table 2
Catalytic processes for the production the gasoline components In ASEAN Refineries
(capacity In MBPSD)
I
Catalytic process Brunel O. | Indoness | Malay=a | Philippines | Singapore | Thalland
Catalylic cracking process . 103 5 445 81,0 75.0
; I-Ifdmuﬂl:hnu prOCess 3 110.0 18,0 = 108.0 BE.D
Catalytic mlorming process 4.3 80,860 81,3 48 5 148 2 1405
Isomaerzation process 9.0 . . 975
[ ylalkon process 1.0 T.5
Polymanzation process 15 a1

andd Vietmam, net inchading vet Laos, Myanmuer and Cam-
bodia ). Out of this guaintly around 61 percent is passed
through catalviic cracking processes th convert botioms
into light products. The provessed crude oils minge from
sweel crudes, such as Southeast Asian light crudes, to
sour crudes from Middle East, Far East, and Persian
Culf

Ciasoling, being essentially o complex mixture of
hvdrocarbons distilling ot about 3FC 10 2H°C designed as
fuel for spark igniticn engines, can be produced by both
distillation of crude oil and further conversion of the
erude ail fractions. To bum smoothly and efficiently in
modern motor vehicles, gasoline must have enough
octane gquality which, since 1923, hos been achieved
by the wse of organolend compounds such 68 letraethyl
lead (TEL and retrumethyl lead (TRL).

In ASEAN refmenes currently over 795.0 MBPSD
of feedstock s processed im 533 onits of catalyhic pro-
cessed, and this produces about 345.0 MBPSD of gaso-
line components comprising : cal. cracked gasoline 237
vol. % on the oial gasoline componenis, Catalviic pro-
cesses and composilions of gasoling compoRents. pro-
duced by catalytic processes in ASEAN refineries are
shown in Tables 2 and 31,

L PERFORMANCE OF GASOLINE
COMPONENTS

A. Volatility

The primary requirement of a gasoling is that it shoukd
bum smoathly without exploding under the existing con-

ditions in the combustion chumber of the spark-ignition, so
that the maximum amount of useful energy is liberated.

The volatility of a gasoline has a vital influence on
the both performance of 4 car and 5 emission. It 6f-
fects the wiy cor starts, the fime il tnkes 1o warm-up,
the extent o which e will form in the carbureitor, causing
stulling and other problems; it influences vapor lock m
the fuel system and indirectly determines overall fuel
ELOnamy.

Volatility 15 o messure of the ability of & fuel 1o pass
from the ligquid to the vapor state under varying condi-
tions. In cold weather, cars can take a very significant
PR b warmm-up, §,e, b be cipable of smooth, non-hesi-
tating acceleration without the use of the choke

The foctor which influences vapor lock 1s the vols-
tility characteristic of the fuel. The degree 10 which a
fuel is lable 1o give vapor lock depends masinly on iis
fromt end volutility. A number of different front-end vola-
tility parameters have been used (o define the vapor
locking wendency of o foel, such as BEVP, percentige
evaporated at TUC, the 10 and 15 percent slope of the
distillstion curve, the vapor! hguid ratio at o given lem-
perature amd pressure,

Even after the car his warmed-up, fuel volanlity con
still have an influence on accelemtion tme. Low volatil-
ity fuels obviously give leaner mixture, and of leaner mi-
tures acceleration performancd can fall of quite rapidly.
The fraction of the fuel that inffeences acceleration be-
havior 1o the gremest extent 1% m the mid ond a less
extent the higher boiling range. Thus the 50 percent
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distillanon temperature, sometimes together with the 90
percent distillation, must be controlled 0 ensure oplimam
nccelerntion behavior

Control of the Dnveability imdex (D) denved from

T, T, and T_ can be ised to assure good cold start and

warm-up performance . ASTM D-48 14 volatility stun-

dards have typically provided satisfactory driveability in

miost vehicles. The proposed ASTM specification for 1]

of gasoline is Dl = 597"C. The following DI equation

{detiuls in SAE paper 881668 ) was developed by ASTM

Dinwvenhility Task Force o relate vehicle cold star

drveability 1o zasoline distllabon temperatune based on

data from several o1l companies and the Coondinating

Research Council (CRC) programs

Pl={15xT 1+ {30xT 1+ 1.0xT,)

Where :

T, T, and T, : distillation emperature “C {Fy m
(0%, 50% and 90% evaporated by ASTM D-86 tesi
method, respectively.

- Temperature conversion £ { DI - 176 ) /1.8
American  Automobile Manofactures Associabion
{AAMA), Eunopean Automobile Manufactures Associa-
tion { ACEA b, Engine Manufactures Associanon ( EMA )
und Japan Automobile Manufaciures Association
(IAMA) have made an oxygenate corfection for
driveshility index equation, 1.e.:

D=l 5aT g+ il 0x T+ 1308 T 1 110X
Eiy Wit )

Worldwide gasoline harmonization for summer giso-
line recommended 569 DI" RVFE, ASTM Distillation
and Driveahility Index of gasoline components are given
in Table 4

B. fctane Namber

[Hfferen hydrocarbons shiw marked vartions in
their pre-flame and ignition characteristics ond so differ
i thewr combustion behavior and knocking tendency in
an engine. The anti-knock quality of gasoline is mea-
sured using a purely arbitrury scale of octane numbers
sugeested by Graham Edgar in 1926. To cormelate the
perfommance of gasoling i cars on the road three dif-
ferent octiane parametens may be considered © research
ociune pumber motor octane distnbution, The hydno-
carhon compostion of the gasoline compaomeis ane given
in Table 3

1. Research Octone Numbwr

The most important of the threg ocuame parim
eters from the commiercial view point is the research
ocione number {RON) since this is widely osed o de-
fine octane quabiy i the market. It s determined by the
reseanch or F-| mung method and related monly o relo-
tively mild operating conditions such as found durng
cruising and low-speed driving.

Low RON of gosoline gives knock an low-speeil
which 1=, relatively, nol comsidered very sermsis [rian
the point of view of performance or of possible damage
i the engine

Composition of Mm produced by Catalytic
Process in ASEAN Aefinetics
Casoling . | ool 0 | Indonesia | Malaysia | Bhilippines| Singspors | Thaltand | Foform

Componenis Gasoline
“:-Hl Cracksd - 47,54 ar4 17,75 28,12 368.0
Gasohng
Aplomale 100.0 47.08 B7.60 6285 | 7492 58,41 37.0
Isomarate : 3 12,40 474 12,47 1,0
Alkylate ! 0,72 14,0
Polymas - 10,685 2,50
Gasoline
Total . 100,0 100.0 100,0 100,0 100,0 r 100,0
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Bpe - - 54 49 48 46 45
|T10 a6 107 74 4 64 67
150 56-106 o8 149 135 118 118 120

TG 147-180 182 175 171 173 176 178
|FaP - - 213 213 210 218 225

Driveability index “C | 482-570 5450 7825 | B87.0 | 6320 | 6270 | B385

1
| Alirylate Polymar gasoline e
Yalatility Type of alefin feeas Type of teedsncks 'I\-‘.
= e & | & IGEE 6 | & |GG GG :'I'
AVP, Kgier® | 098 030 | 0% | 04 028" zor | o | ogs | 30 |
= H
S ASTM Digtiltation C B ,
B8P | 4 53 51 A5 0.5 &0 6 |
T ELi B1 108 72 1o B 10 65 99
TS0 gt 04 [ 118 a7 139 135 117 e | 135 |
i 17 127 120 122 w1\ 182 176 160
FEF 1718 175 L% 1 218 . ZB 216
ettty indes °C 5065 5625 | 6580 | S0 7725 | 705 | 8830 | BODS | 7135

Mate (X)  FVP in kgem

Among vanous hydrocarbon types, paraffine hove
low octane number, but it increases with the degree of
brunching. Olefins, iso-olefins and anomatics, as well as
highly branched iso-paraffins have octane numbers n
the neighbourhood of 100,

Depending upon their hyvdrodtrbon compositions and
boiling range, striight-run gasoline are usually of low oc-
tane numbers, varying from 40 to 80 clear RON, Light
straight-run nuphtha with medium branched paraffins
give higher octane than heavy struight-run naphtha. The
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octine number of paraffin naphtha is lower than that of
napthenic nuphtha.

Thermal cracked gasoline with high olefin contein
has 70-75 RON, While and thermal reformates contiin-
ing both high aromatics and olefin give 90-103 RON,

The clear RON of typical catalytic cracked gasoline
mange from 90 m U3 BON for the C, o [30°C boiling
range and 93-86 RON for 130-2200 C the boiling runge,
depending on the composition and conversion of féed-
stock. and the catalyst used. By incrensing the olefin
and dromatic contents, the clear RON ol catalytic
cracked gosoling increases

Clear RON of hydrocracked gasoline can vary be-
tween 63 and ) depending upon type and conversion of
feedsteks, and catalyst. Light hidrocmcked naphtha with
high branched paraffins has higher octane number than
the heavy hyvdrocracked naphtha containing high naph-
tha.

Reformates have 80 to 107 clear RON depending
on the feedstock composition, vield of reformate and cati-
Ivst, ROMN of reformates increase with the aromaotic con-
[enls.

In o opce-through isomenization the clear RON of
figh straight-run naphtha can be increased Trom 70 to
B, I an additional Tractionatos is mstialled o permin me-
eycling of n-C . an mdditional improvement of 4 clear
RON can be achieved. The ROMN of isomerates incneases
with iso/n paraffins ratio

The clear RON of alkvlates con be as low as 85 hut,
ivpically, Dbes between Y3 and 96 depending upon the
high branched paraffins contént in the glkyviote and the
olefin in the feed. The C, olefin giving the lower octune
number. The lutest alkylation process uses ethylene 1o
give C, isoparaffins with RON of 99-103, The RON of
wlkylaies increase with three methy] pentang contents

Polymier gasoline has clear ROMN from 95 (o 99 con-
tmning about Y0% by volume of migh branched olefins
depending upon the type of olefins used, the C, olefins
giving the lower RON than other oléfin feed C and C
C "mined.

L Motor Octane Number

The motir or F-2 rting method relates o mone seé-
vere dnving conditions such as high-speed, high-losd
vperatioms. The motor method normially rates o gasoline
lower than does the resenrch method, and the differ-
ence is defined os sensitivity (5), e

S=RON-MON

Sensitivity, instead of MON, is often used (ogether

with RON to define mad octane performance. A fuel
huving & poor matior octane in reliton (o ils research
octane number would have a high sensitivity. RON and
MON gasoline components are shown in Table 5. The
sensitivity of these gasoline componenis increases as fol-
fivwes:

Paraffinie < alefinic < ananatic,

A fuel which is satisfactory ot low engine speeds
{high RON) but performs less well ax the speed in-
creases would have a poor motor octane number in re-
lathoan to it resesrch octane number. In other wornds, 1
would have a high sensitivity.

High speed knock (low MON or high sensitivity ). on
the other hand, cannot resdily be possible for engine dom-
dghe B0y O

L Octane Distribution

Octune distribution gives @ measure of the distribu-
tion of octine number through the distillation range ol
the gasoline. This can be measured by number of differ
el wioys in the loboratory, One iyvpe ol est measures
the octane number of lighter fractions. This gives a miea-
sure of o¢tane distnbution and s designated as AR HPC
ir ARTS percent. A poor octang disimbution has high
Level.

The mmportance of octane distribution in o fuel is that
some cars. Particulorly during full throtle sccelerations,
tend 1o segregate the high-boling components from the
[ow-badling components in the inlet mamfold, This hos
the effect that, [or a brief period. only the lower-boiling
components that have been fully vaporized go forward
b o oy linders while the high-boiling muserials sull in
fiejerid form hang back in the manifold. Since the hghter
fraction normally has & lower oclune quality than the
hesvier components, trunsient knock nccars which then
dies away as the beavier froction "calch-up™,

Reformat has a low-octane paraffin components in
the lower boiling and can hive quite high-octane aro-
Mz components al higher boibng end. Catalyvue crocked
gasoling has high octine components of high branched
structures of both paraffins and olefins a lvwer boiling
end, and high aromatic at higher bailing end of this cata-
Iviie erocked pasoline, Isomerate, alkylate and polymer
gusoline have a good octane distribution of reformate 1
given in Table 6

Adkvlate and polvmer gasoline Bontiin high octane
of both branched paraffing and olefing throughout theis
boiling mmge.

A fuel which gives a poor performance (low RON)
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_ _ Table &
Hydrocarbon composition of gasoline components

Type of Gasoline Paraffin Qlefin Aromatic
Haphthens RON
Componeni Total iso Totml 2] Towml [Benzens

Straighi Hun Naphtha

= Light Naphtha 81,7 452 6.8 ‘ 1.5 1.8 T2.0
80,0 5.8 7.0 - - 1.0 1.0 69,8
« Heawy Maphiha | 835 | | 245 = 11,8
44,1 - 44,5 - 10,9
~ Tolzl Naphiha (=Ll 280 - : 5.0 - 54.0
68,0 - 21,0 - - 10,0 . 50,0
82,0 : 24,0 . : 15.0 . &0,0
Themal Reformate Ka* 3 34.0 - 4.0 16.8 B0.0
Tharmmal Cracked Maphtha 30,0 = | 250 | M0 | - 15.0
8 44,0 - 23.0 14,0 : 14,0
30,0 - 25.0 28.0 - 1r.0
- 35.0 - 30,0 22.0 - 148.0
I  |Anlarmalo 14.8 ‘ 085 - . B4 BT 3.0 ar.a
45,0 - 2.0 1.0 - 52.0 1.0 HE.6
I 38,0 - 20 - - 60,0 8,0 83,1
31.0 - 1.0 - - 68,0 - 88,3
- |Hydrocracked Naphiha
- Light Naphiha A2.0 - 15.0 - - a.0 - 88,0
63,0 : 36,0 : . 1.0 - 79,0
ar.o : 54.0 - . 8.0 1.5 70,0
= Heawy Maphtha 48.0 - 47.0 - - 5.0 Tl 52,0
46,0 = 44,0 = - 5.0 - 53,0
47 .0 - 55.0 - - 4.0 - 51.0
Total Mapthiha 3.0 - 56,0 ; - 12.0 - GA,0
lmomarale B85 53.0 5.3 . - 1.5 - B0
58,0 25,0 3.0 . 1.7 - a3.0
ar.5 20,8 2.7 - - - - 80.0
Aluylate 100 100 - - - - - a0
100 100 - - - - - 95,5
100 100 = : - - - 3.3
Paolygasoling - - - 100 100 - . 9.0
100 100 : - 1010
100 100 - 9.0
|Cat.Cracked Gasaling ar" - 38.0 - 25,0 - -
£d” - B 43.0 - 34,0 = 83,3
34" = % 31.0 - 31,0 - 81.0
45" - o 25.0 - J1.0 L 80,8
27 - : 45.0 : 50 |

 Note ; ") Parattin and Naphthene
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at low speads can be quite satisfactory at higher speeds
(high MOMN}, such fucl has a poor octung distinbutions,
Le, nhigh DR level RON and MON of gasoling com-
ponents are shown in Table 7

IV. PRODUCTION OF REFORMULATED
GASOLINE

Wolatility, octane number, hydrocarbon composition
and imparity content are the most determinant criteria
of the gasolme. In most spark-ingition intemal combus-
o engines, the el is metered in haguid from through
the surburetior or fuel impector, and 15 mixed with air and
puartiolly vaponzed before entering the cylinder of the
engine. Consequently, volatility is an extremely impor-
fant charcteristic with respect o staming, driveability,
vapor lock, dilution of the engine oil, fuel econamy, and
curburetar icing.

Thie hvdrocarbon which make up the bulk of the gisio-
bime components fall broudly o three gemerl ivpes: plr-
affins, olefin and aromatics, each of which has purticu-
lar mfluence in the quality of the gnsoline.

The cledr research octane number (RON) of #aso-
line components ane as follows: straight-run gasoline 60
&0, thermol cracked gusoline M-75, thermal reformate
Sk 103, catalytic crocked gasoline W-496, hvdrocricked
gasoline 6080, reformuaie 83107, somerate TO-B8, alky-
Iafes 93-96, and polyvgnsoline 95-99,

Tovincrense the octane level of gesoline an antiknock
agenl such as tetriethy] lead (TELY or tetroethy] lead
(TML) can also be used. Pressures o reduce atmaospheric
pollution are tending towarnds the reduction or elimina-
tion of lead from gisohne. Lend itself 15 knovwn to be a
poison and its presence is undesicable in the exhaust gos
Lend acts ns o cptalyst poison of calalytic converier in-
stalled to reduce carbon momoxide and hydrocarbon
eimission. Methyl teriary buity] ether (MTBE) is of the
alternative o replace lemd alkyls, and has been used as
antiknock agent. The lead alkyl conient of (.5 g phvl.
grasoling hos been reploced by 11 vol. % of MTBE.

Specificathon for refommulated gasoline proposed in
the USsA and BEurope are much sincler than those for
commercial gasaline in ASEAN (Table 8Y*', The actual

Octane distribution and hym compasition of reformate
Bolling Range, °C Vol.% Hydrocarbon Composition, vol.% Clear
Paraffin Maphtha | Aromatic RON
25-45 13.6 100 o 0 B2
45-63 7.6 il 2 ] B
B3-75 8.9 BG o 3 B2
73-85 b9 6l B 35 a1
85-85 B,d 8q T A Gl
85-107 3.5 i1 ) 20 70
107-120 15,3 18 3 7B 96
120-130 0.8 43 a 57 88
130-140 123 T 4] g3 104
140-150 5,6 a 88 115
150-170 11,6 0 100 111
170-185 2.0 0 100 113
25-185 100 43 2 65 86

A
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Table 7
- Dctane disiribution and hydrocarbon composition of reformate

i
Siraighi-run light naphiha Cal. Cracked Gasoline Aeformaie
RON MON Sansilmty ROIN MON Sensithaly | RON MOM Sansitivly
.0 67,0 4.0 85.0 B1,6 14,4 85,2 85,0 10.2
6,0 58.8 1.4 936 9.8 13,8 85.0 85.0 10,0
56,6 55.0 1.8 91.5 79,2 12,3 0.0 1.0 11.0
72.0 &0.0 3.0 83,7 81.0 12,7 85.0 80.0 2.0
71.0 &7,0 4.0 80.3 78.8 11.7 B7.0 gt,0 6,0
RON EEB. B 3,3 B%.8 70,2 10,7 85,0 77.0 8,0
723 68,7 3,5 Bz.8 80.5 12,3 3 ¥ i
63.0 62.4 0,8 53,5 g1.5 13.0 - - -
60,0 58.8 1.4 88,5 B1.5 17.0 - - -
66, B 55.0 1.8 - - -
Isom erate Alkylate FPolymer Gasoline
RON MOMN Sand Aty AON BMON Sena ity ARON MON Sensitivily
83.0 at.0 2,0 88.0 B7.0 2.0 896.0 84a.3 8.7
80,0 8.0 1.0 2.0 Bo.0 2.0 101.0 86.0 15.0
81,0 82,0 1,0 85,0 93.0 2.0 848.0 a1.0 18,0
83,6 81,8 1.8 g4.0 92,0 .0 a4.0 B5.0 14,0
60,9 B0O.4 0,8 83,0 g2.0 %0 @5,0 B3,0 12,0
48.0 6.0 1.0 86,0 83.0 3,0 54,0 B2.0 12,0
88.0 By.0 2,0 54,0 81,0 3.0 a7.5 82.5 16.0
B8.5 B0 2.5 83,3 .7 1.6 &
83,5 1.4 21 95.5 §3.5 2.0
B5.1 Ba2 1.9 85.0 #3.0 20
93.0 21.0 2.0
= = 98.0 08,0 3.0
- - B7.0 94.0 3.0

penetration of ULG utilization in the first half 1998 are ASEAN countries is as follows: Brunei Durussalam

a8 follows: Darussalam 48.9%, Indonesia <b6%, Ma- 556-572, Indonesia 555-660, Malfysia 555-636, Philip-
laysaa 80%, Philippines 17.7%. Singapore 81 % and Thai- panes 52 [-653, Singapore 556-636, Tholand 485-605, and
land 100%™ Vietnam 655,

Driveability Index (DI of commercial gasoline in ASEAN gusoline pool has too much reformate with
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Current Indonesia, HEII;H ln: Reformulated Gasoline

Indonesia ASEAN usa Europe
T50 'C 88-125 70-125 98 -
T80 c 180 170-180 148 -
RVP kpa 62 62-83 49 :
g an W% 2.0 2027 2.0 2,0-2.7
Aromatics vol.% - 50-55 25,0 300
Benzena vol.5s 3,5-5.0 1.0 1,0
CHefin vol.%% 6.0 11,0
CoiCy vol.% 1.0
Sulphur ppm 1000 1.000-2.000 40 30

high benrene and aromatic content, T distillation and
lack in alkyluate and isomerate having low sensitivity and
good octane dismibution, The giasoline siream consists
on average of the following constiluents: reformate 30
vol.%. light naphtha 2 vol 9%, cat. Crocked gasoline 39
vol.%, alkylate 15 vol %, dimate 11 vol % and MTBE 7
vol,% for 92-94 RON™,

Exhaust emission in gasoling engines can be reduced
by decreasing the RVE. T, T, distillatioan range, and
sulfur, beniene and toftal aromatic content of gasaline.

Production of reformulated gasoline can be realized
by increasing the capacity and performance of
prefactiomnation, fractionation of reformate and cat
Cracked gasoline, and FCU units in the existing refiner-
s,

Prefructionation and splitter can reduce refommale
benzene o less than 1 vol. % from aboot 5 vol, % The
exizting naphtha hvdrotreater can be used o saturate
the olefins cot. cracked gasoline,

Between the splitter and reformer unit, & rérun iower
can be sdded to split out the heavy portion of the ne
former naphtha feed. This ower will help reduce the
MW distillation poant (T b of reformate and car. Gaso-
ling 1w 310-320" F from about 380" F. The improved
fractionation by debutanzer enables control of the car
crucked pasoline RVE

Dobottlenecking the LPG-to alkylate process will
ingrense alkylate production. Key focmors in achigving
this incredse are additon of a detsobutantzer und mcrease
of FOC comversion by optimizing the FCC catalyst.

V. CONCLUSION

Intensive implementation of the blue sky program in
many countries imposed the use of reformuolaned goso
line with o very sophisticated specification.

Apecification of neformulated gasoline proposed in
the USA and Europe are much stricter than those for
covmmiercial gusoling in ASEAN,

ASEAN gasoling pools have 1oo much reformat with
high benzene and aromatic content. T distillation and
lnck in alloybse and somente having low sensitivity and
goikd oetane distnbution.

Production of reformiulisted gasoling can be realized
by increasing the capicity and performance of
prefractionation. fructionation of reformoie and cal.
Crocked gusoline, and FCC mnits m the existmg refiner-
([
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