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F preporation fur possible fufure scarcfly of Teed alkpipte or well gy die fo énviniidninl congidernstiing
im the courgey, fnidfes gre being conducred fn fndonesia on the uge of oxveengred organic componds g
o ame hoorting componeniy, Merfel ter-buivl ether (MTBE ] hirs received o greal deal of aiien o on adeoin |
of ity refafively beiler charucterSics (ncomperizon witl onher oxygengres,

Sivige the uxe of MTEE affee s the fromi-end volariliny of gesoline, 16 i decmed inferesting to present i iy
paper the resulis of a smdy on the offecir of this componnd an the vapenir-figeeid retio of rypical Tndoneatan
premiim gmoding, Althowgh VL ranio has eop been on Irem o Indonestan gavoline specificartion, it iy never-
theless @ pood megaire of the vapour lock nmdency of the fuel.

L INTRODUCTION

Eiviroppsental restriction in many countrigs of
the world has resulied in the general reductbon of
jead ¢ontents in pmsolines, World lead alkylotes
production  capacity has subsequently suffered
3 marked decrense, and the availability is expected
i hepoime searcer in-the Tuture,

In place of jead alkylates, more and more coun-
irjey are now. introducing xygenaled orgenic corm
pounds as oclang enhanoing compaonents in their
gasolines; Indonesin, which presently has relutively
high allownble |ead contents in its gasolines (15,
b5 taking stepsiiu foce the future scarcity in lead
alkylutes, us well the possible présure for a cleaner
EIVITONmEnL.

A namber of studies hove been minde concerning
the effects of varicows oxygenatcs on different
phvsical and chemical properties as well us uctune
rumber of Indonestan gasoline (6, 7, B, 9, 11, 12,
13

The present papec oatlinegs the resulis oF o study
on - the effects of MTBE blending on-the sapour-
ligpid ratio of o typleal Indonesion preminn gus-
olins,

4

M. LITERATURE

A, Indonesion Gasoline Vidafillty

As a fuel Tor spark fgnition englnes, it is 1mpor-
tent that  gasoline has sdequate properfies wiih
respeel 1o combustion, volatility, and chemical
stohifity. Tt must give the required performance in
the engine, and be wfe o handie, Neither it nor its
combustion products should give undue problems
to the #nvironment (19}

The properties are generally controlled in the
official ‘specification of the producie For Hido-
nesgi, the present pasoline specifications are ests-
btished in the resulution decresd by the concemsd
authority in May 1979 {15,

The wolstility properiy. of pusoling is controll=d
in ihis specificntion by (s distillation ¢urve as
measured according to the ASTM D& standard
procedure and Reid vapour piessire seconding 0
ASTM D323 These limit the maximum: tempe-
ratures for 10% svaporation @ 749C, a mnge
of BE-1259C for 507 evaporation, of 18309 ond
205 Top S evaporation and end poind, respee-
tiviely.  Diher Hmits concemed  the difference. be-
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tween the lemperaturcs for 20% evaporation and
1% evaporation which is lisiiied (o 890,

The Reid wapour pressure (RVP) 5 limidied (o
90 psi, similar to the most volutile (Classification
A) pasoline in ASTM D439 and ASTM D-4814
specificutions (la). The distlllation cwrves limita-
tion on Indonesian gasobines are quite similar to
this cluss of ASTM pasoline, except that Indo-
nesian gasoline use ¢ gightly lower range of cut
than the American one. Its initial bodling point
and end point heing 749C and 2059C, respectively,
gompared b0 70 and 22590, respectively, In ASTM
D430 o7 ASTM D-4814,

B_Vapour Liguid Ratio axMeasurcof Vapour Lock

The vapourdiguid ratio (V/L ratio) which hos
been used in ASTM specification lo control the
fromi end wvidatdlity of gosoline has not been sene-
ticned in the Indonesian specification, The Ffront
ed vofutility is related to such performance of
car engines &5 cold starfing, hot starting, sapour
lock, percolation and evaporation lose ( 18),

In particular for vapour lock, V/L ratio gves
better indication for this tendency (la). Vapour
lock B caused hy excessive vapour formation in
the fuel pump, fuel lines, and carburetiur, causing
the mixture very lean and insufficient fuel entering
the carburettor. This disturbs the smooth running
of the enging_ in power loss, =nd in serious foses
causes the engine 1o stall and difficult (o stari.
Al VW/L = 14, vapour |ock beglns to appear and at
VL =36, vapour lock becomes serious (18],

The ASTM gusolines specifications, ie. ASTM
D438 For avtomotive gasoline gnd ASTM D4514
for automotive spork ignition  engine fuel which
includes oxypenated fuel blends, specify He limit
of Wil= 20 maximum [or certain test temperature,
depending om the gasoline doessilication, For the
least vidlatile gasoline, viz, Classification A pasoline,
which is: quite comparable to the Indopesion gas-
olines, the el lemperaiurg for /1= 10 is set a1
BOPC (1a). This limit will be used as the basis for
cvalusting  Indopesian  gasolines {n this  siudy.

C, MTBE as Gasoline {crane Hoosier

The use of MTBE [methy] teri-butyl ether) as
pasoling blending component influcnces: the vedari-
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Lity behaviour of pssoling (31 MTBE has been much
used ay oclane boosting component of gasoline,
Elnge its has better and more desirable properties
compared to other ox¥pepgled compuounds such
a5 methanol and ethanol, It has a high octane
number of 1161158 ROM (14, 17) or 115-135
ROM in blends with pasoline (14), s melative
density of 07405 5 within the range of gesoline
demsity which ranges from 0.72 to 076 (3). lts
Eeid vapour prossure 5 B0 psi (2) and i well
within the Hmit of Indonesian gasoline specification
of % 0 pal maximwm {15)

Lis boiling point of 55 29C is relatively Tow (17,
and when use 8 a blending componeni for gasaline
it does affégt the distillotion curve of the lstter,
particular]y in the rapge of 106 and 506 vohome
evapornted. This & parficularly fmporiant from
the point of view of vapoor lock, which nakes It
important bo megsure the VL ratio of the blends
a5 is done in this seudy,

Varbous studics clavmed that the us of MTBE
up tex 15% wolume (3) or 20% (14) in gasoline does
noi create operational problem. In the United
States, up (o 11% volume of MTBE is permitted
tv be wsed sz the blending component, corres-
ponding to the maximuem of 2% mas of oxyeen
in yasoline allowed by the country’s Environmental
Protection Agency ( la, 16],

The limitation of oxygen content is also related
to the performange of the cur engine and drivahi-
iy, Al 2% mass of oxypen disturbanos to the dr-
vabllity begins-to gppear and feli by expert drivers,
and ot 3.5% mass (comespending to 2066 volume
of MTEBE in gasoling hlend) it become serious and
felt by the commion drivees {16}

Dur present study i carried out for MTBE
content of 0-15% volume,

0. V/L Ratio Determination

The ASTM gasoling specifications (ASTM D439
and ASTM D-4E14) indicate the standard procedure
of ASTM [-2533 to be use for V/L rativ meanipe-
ment or & modified ome For oxygeiaied blends
of gasoling {1a).

In addition to this direct measuremeni, ASTM
allows the use of indirect estimation through the
determination of disiillation curve (ASTM Tk86)
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mnd BE¥P (ASTM D-323), Three methods are pé-
commended for calculation of V/L wilkos from
other dats { 1a),

The cumputer method {nvolves the use of 0%
and - 505 volume evaporated and RVP data in &
peries of polynomial cguoiions which are best
worked out with the aid of & computer. Curve are
glso provided but these do not allow accurate
reudings.

The secomd method imvolves the wse of 10%
vojume distilled only and RVP daiz snd permit o
simpler - calenlation which con be exily handlied
mamally, The third method involves the use of o
nomugram . which was prepsred from the finear
eguziion,

An intensive study on the relation of distlation
and RVF datn with V/L sulios of gasoline has baen
maide by Jenkins, who offered some 60 equations
which were claimed to give sufficiently accurate
estimates of VL mativ (107, Our study, however was
limited (v the use of ASTM methods of estimation
in addition to direct determination,

ASTM, on the other hand, indicated that the
estimation mathods should only be used asa guide-
line when %/L data from direct messurerment
are pot availsble, The correlation 'of the direct
messurement and indirect eatimation methods will
also be evaluared in this study (1a),
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Figuwre 2. Effect of MTHE Mending o V/L Ratio
Temperanire of Preminm  gsoling

I, EXPERIMENTAL

A, Sarmples

The gasoline mmple used in this study was o
typical premium gasoline obtsined from a petro!
station in Jukarta, Its quality checked saiisfactorily
againsl the current [ndunesisn gssoline specifica.
tion (15},

The MTBE used s blending component wus
an imported sample, It was analysed and found to
contain 99.774T% mass MTBE (6), This checked
with the published specification which shows that
it should contain 98-99% mass, minimum, Excepi
its water countent was 0.058% mass compared to
0.003% mass, maximum, in the reference specifi-
cation [14),

Premium-MTBE blends were prepared for 0%,
i%, 6%, 9%, 12%, and 15% volume of MTBE in
the blends. These are designated as PO, P3, Ps, P9,
P12 und P15 in this study.

&, Test Apparatus and Method

1, Direci M easurement

The V/L ratio was measured following the mi-
dified procedure of ASIM D-233%. The apparatus
consdsted of o special WIL buret and & water bath.
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Tabde 1
VL ratio and temperanens rel e
of Premium— MTEE Blends
{Inifirect deiermination by compuier mathod)

Sampis | P | B | P3| oPiz | Es
Compeaitiom, % wul :
Fremam g | wr | d41 oy B2 | &S
MTHE [t o fi al | 1s
ASTH DLBF -
T s, =C S5M| 356 | 352 sxo ) o | 544
R E4% | ddp | 12 6246 | BL1| 615
T 5%, o0 925 | eo | e Esa | o | mLE
ASTH DL323 -
VP, iPs 465 | 476 | €70 | axg | 450 | §03
VL. Rt Tompemamee, UC
4 6LE | 60F | GO4 | 97 | 3 | FA3
(1] B34 | 6261 &1,] | 614 | DA |- W5
m 55| caa| 637 629 | a2 | w3
k1] g8 | 6E) ) fa | 08T E2T | W8
45 75 | se4| 650 | #d0 | @0 | @12

cifects of MTBE blending 1o the V/L ratio of
typical Indonssian Premium  gasoline. Consistent
with the higher volatility of MTRE, the effects
on the frontend volatility have also been evident
on the ¥/L ratio of the blends, The decrease in the
VL= 20 temperature, however, i relatively small,
only 39C for 15% volume of MTBE in Premium

m

Ewtination, B

linparimerss, ™C
Figure 5. Comparisom betwesn estimated
Tiv/L=20) and experimestal values

Tabie 2
Estimated T (¥ /L=200 fir Fremium-MTHE blomds

{Indizeci deiermination by lnear equation

anl amidgram methods *)
S=mpie T I TR S I O 17 1
Comrpextiion, &
ﬁ']:‘_m"' Wl wa| or | m | | m s
MTRE 0 3 & 91 13| 18
AETHE DAF -
T10%, o F5E 550 | 152 | 550 | e | su4
T 0%, *C 0 a0 | A33 | sra | 620 | G1F
T30, ¢ 254 ea) | 878 | a53 | B3 | His
AT [1.333 1
AYP kPa SE5 0 478 | 470 | 424 | 490 | 400
Caicoamed
T L= 200, o :
Liswar Bapuntiony | 600 § #3.3 | 428 | 619 | 004 | 606
Hrrgram g | 87| a4 | 6Ls | 614 | G0

ST L= 200 = 2247 — B INEVF + DI00T 10%) + ) (T 505

gasoline, This means that in order to have 3 ¥/L=20
temparature for the blends higher than 60°C as
for ASTM Clussification A gasoling, the original
Premiu m gasoline should have 8 minimum VL= 20
temperature of 63°C,

The study found that the results of compuier
methods for estimation of V1= 10 jemperature
correlate very well with the expermental resunalts,
but estimates by lingar equation and nomogram
methods gave results which are ggnerally lower than
the experimental ones, Through more experimen-
tathon, (U isexpected thal new hingar squation which
would give beiter correlation could be formulated,

Table 3
Comparison of resulis
V/L=H} temperature of Premium — MTBE blends
by varloas mathods
Sampie O T T T
Congusition, % vl -
Fremam | #r ] W& | 5t 1 B
MTRE 1] 3 L] b k2 1§
[ TivL=21), %0
ASTM D533 Mod| 65,0 | 643 | 62w | @33 | &4 | 621
Compuier Mzthod | 634 | 644 | 637 | €200 | 8227 | 012
Linesr Equeaioa 0 ) 632 | 626 | 6LY | &4 | 606
Hemugram #0613 | 624 | 619 | E14 | 604
Seisntilio Contribution 1/BS



Acknowledgement

The authors thank the amanagement and stadf
of LEMIGAS Laboratorices for support in laboryiory
{acifitied and Mr. Fadllwan of Andalas Univemity
for assisting in the experiments.

REFERENCES

|. American Society for Testing and Materials,
Annual Book of ASTM, (a) 1986, vol. 05,01,
() 1988, vol, 05 03

Anon_ 1978, Ccrame Boosfing Componenrs for
Cosolie Blends, Chem. Eng 23 October

3. Dartnell, PL. and Camphell, K, 1976, Pther

Arpeeny of MTBE Methonol Lie, Oil and
Gus J., 13 November,

4, Guthrie, VB, ed., 19%0 Peétrolenm Products
Hhad ook, Mew York:

5. Jasifi, E. and Ibrshim, R 1989 Fenelirion
Nishah  Usp/Ciajegee  Hensin  Promius Frdo-
mesia, Diskusi limish V1 Lemgas, Jakarta,
89 Februari,

6, Jasjfi, E,, and Mustafa, B., 1988 Pengaruk Kom-

posisi Midrokarbon Bensin  tevhadgp  Efek

Peningkoton Angha  Oksaa  oleh MTHE,

Lembaran Publikasi Lemipas, Mo, 11988,

T Tagifi, E., 1980, Fusel (4 and ftx Poreniiol as @
Cosobvent  in  Gasoline-Meikanol  Bilevds,

8. Jasifi, E., 1986, Penparuh Penambahan Alkohol
Suku  Limgegs terhadap Toderany Afr Bahan
Bahan Bakar Cwevipunmr Bensin dgn Metanol,
Lembaran Publikast Lemigas, No, 4/1986,

9. Jasifi, E., 1987, The Effect of Fuvel i Blending
e Crggodine Charge reristics, Lemigas Scientific
Contributions, No, 2/ 1987,

NO_Jenkins, GI, 1968 Contral af Frontend Vola-
iy of Motor Gasolimes, Caleularion of

]

Vapour/Ligiid  Rarfo  from: Reid  Vapowr
Pregvivre and Dixrladinee: Test, 1, Inst, Potwo-
bewrm, 54 {531),

11.Kontawa, A, 1987 Pewelition Pengaral Fen-
eamtpuran Bensin Tipikal dengan Metano! dan
T8A rerhadep Sifar Tolerans Afr, Lembaran
Publikasi Lemipas. Mo, /1967,

|2 Kontuwa, A., 1987 Penguruh Bahan Pencampur
Metanol dan TBA terhodep. Sifei-sifar Folati
liray Benzin Compuren, Tembaran Poblikasi
Lemigas, No, 3/1987_

13, Mustafa, B,, and Jusjfi, E, 1987, The Effect
of Blending of MTEE in Garoline on Cotane
Improvement, Proceedings, Fourth Interna-
tivmil Conférence on Automotive Engineers
ing, Methourne, Auatrali.

14, Pecci, G. and ‘Floris, T,, 1977, Ether Ups Anti-
moek of Gosoline, Hydpocarbon Processing,
December,

15 Bepublik Indonesta, 1979 Pergreron Direkiur
Jemdenal Mivivak daeri Gas Bemi No, ooziry
DM/MIGAS/197Y, tentang Spesifikari Bahan
Birkar Minyak, Jakarta, 25 Mei

I6. Swedish Motor Fuel Technology Co. (SDAR),
1986, Alcofiols and Alcohol Blends as Moror
Fuely, Bwedish Mational Beard for Technieal
Development, Stockholm.

17, Tomiguchi, B., and Johoson, R.T1. 1979 MTEE
af Oipne fmprovernens, CHEMTECH, Augusi

L5, Weissmann, J. et al, 1970, Carburanr et combriy-
tibles pour moteurs @ combustion interng,
Edition Technip, Paris, X

19, Weissmamn, J,, 1974, Gayoline Qualitler Needed
for Modern Cars, Proceedings Lemigas-Per-
lyming Seminar om the Use of Petroleum

Products in Trensportation and Industry,
Jakarta, 23-29 November,

Contribution 1/88




