THE EFFECT OF BLENDING OF MTBE
IN GASOLINE ON REDUCING LEAD CONTENT

ABSTRACT

By .
Bustani Mustaia

There are pwo hatic neentives nin blending MTRE in gusotine for @ counery like Indonesia, L€ 0 improve
the octare qualiry and to reduce the lead content in gasoline. Changet in physical and chemical propertics
of gasaiine will alio oecur, socompanying the improvemen! of the octene rrarrtlier. The bleeiuy sosed i theiy siu-
dv were mude n four concentrations, viz, 3, 6, 10 and 15 volume percent MTBE in unleaded gasoline. The
test resulty were compared to the fndonesion specification of prenium gesoline.

L INTRODUCTION

Rescarch activities on the usé of MTBE biended
with gasolineg have developed =0 well that some
countries hove even begun jis use in aulomotive
vehicles, MTBE is & relatively mew component
for the petroleum refinery. Beéciuse i3 blending
charncieristics are close to those of hydrocarbons,
methyl tertiary-butyl ether [(MTBE}, which i
synihesized from methanol end  Bsobutylene, is
now wied 1o enhance, the oetane mumber of motor
pasoling, In the USA, the use of MTPE (up o T
yejume | in finished unleaded pasoline was approved
by EPA in' Febroary 1979, Later the limil wos
rised 10oa maXimom oxygen gonient of 2 volume
%, allowing spproximately 11 wol. % MTBE in
unjepded gasoline, MTBE was fist manufaciured
commercially in Europe by Chemische Werke Hiils
in West Gaymany and by Anic in Jraly (Ref, 2),
Indonesia 5 now aclively involved [n condoeting
research on the use of MTBE blended with unleaded
gasoline, The purpose of this research (s to reduce
the TEL conteni in gasoling and (0 incréase the
aciane rating of premium grade pasoline,

The paper presents the resilis of laboratory
test om o seiies of MTBE gasoline blends: The blends
were made in four concentratjons (wez, 3), 6, 10
and 15 vol,% MTBE in unlesled gasoline). The
tesi results were compared 0 the Indonesian
spesificution of premium gasoline, From the analysis
of laboratory test results it will be  possible 1o

datermine the wolume percent of MTBE, which
can be maximally blended into gasoline, and the
reduction in TEL addition in the resuiting gasuline,
which siill agress with the Indonesisn gasoline
specification.

I, INDONESIAN MOTOR GASOLINE SPECIFI-
CATION,

In 1986 Indoncsis has produced ground I9.75
milion bbl {1hbi = 159m?) of motor gasoline using
cn 2000 MT of TEL-B. Indonesin is producing
rwo grades of motor gesoline, viz, premium grade
gnd super grade, Super grade is the higher octane
number gasoline of the two with 98 KON, whike
the premjum grade has 87 RON. The production
of super grade is only 4.77% of the totzl gasoline
cOnsamprion,

. QUALITY OF INDONESIAN MOTOR
CASOLINE

Guslineg charmeteristics have influence on énging
performance and engine smouthoperatingconditions.
Some of the characteristics are as follows !

Ignition quality

Volarility

Corrosiviny

Stability.

Ignitivn quality of gasoline is ussally expressed
by means of the oglane number and calorifie
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saifue, Wolatility of gusoline & osualbe indicared by
ASTM distillution and Reid Wipour Pressure,

The aburee mentioned characteristics can influence
enging performance and cngine operating conditions
pirhh as

. Combustion efficiency
Y Cold stariing
Engine acoslemtion
Warm-up period '
Carburation icing tendencies
Vapour [ock
Dilution
Dastribution
Engine clogging
Englne wear
Fuel economy - cte.

Indonssian petroleum refineres produce motor
gasoline of two different grades, nammely saper
grade with 98 RON and premium with 57 BOM,
The Indonesians specification allows a maximum
TEL comient of 2,50 co/USG for premivm gasoline
und 3.00 ec/USG for super prade, although in
actua] practice the refineries rarely use more than
200 ce/USG and 2,50 oc/USG for the premium
and super grades; respectively. Indonesian imported
autumotive  vehicles mostly from Japan: cun-
sequently the Indonesian oclene number requre-
ment for the majority of Indonesia’s car population
is ground 92 RON (Ref. 1),

Besides studies on ocliane number requirement
the Indoncsian povernment sopporied  ressarch
activities Tor the improvement of the motor gasoline
quality produced by FPeraming refinerpés, among
other things by studies on incressing the octane
number and reduction of TEL content and the use
of detergent additives: in motor gasoline, Typecal
motor  pascline  quality  produced by Pevtann
refineries can he seen in Table 2.

Iv. MTRE

MTEBE (Methyl Tertlary Buiyl Ether) iz already
pied o on oclone boosier o eompetition with
tolvence, alkyvlates, and reformates. MTBE  has
soveral advuntages, amung which is the oetane
number of its blends, its miscibility with gusoline
in all proportions, and iis high calordfic value,
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MTEBE contpining gasuling is nob s byproscopic m
ulbver uxypensred pagoling blemds.

Tahble 1
Indvnesian specification for molor gosoline
e Framizm
Ul crislic sk [
Dciane Mumber | imim, KT . YR
TEL fumlLISE) max 250 inas. 3,00
LHraitarion '
165 wvap. £ 0D i, T man, 74
560 e, ) 25 — 125 BE — (35
W v, (M) miax. 180 fnan 1§D
Lnd Pednt (%) mazx, 205 man. 215
2 — % avap. temp £°C) [ min i =i, B
Mzglye (% wnl } tiax, 20 =y, 20
REVH al I00°F imi) O -90 man, 9.0
Lxisigns Gum g/ | K ml} max. 4.0 iy, 4.0
Indusitan Perind mim. 340 min, 140
Salphm Contesd {3 wi} s, 0.2 mam {2
Cupper Rigip I, 122°F o B, | mia, Mo |
Dhrglasy Tl o Aliernalive
Hejcaptan irtgaloed negmiine
Sulplied (% wi) man [JOES ifax, DS
Colwg el wellorw
Drpe Cumienl
Veboaw (@i 0D LEEG ) (T iy
Oidour heiahl b
Micn: | LSO = Simh gm” (L
177 = R i pim @ &P
Tahle 2
Typical test figures of commercial motor gasaline
Malpuey Fremmim Bilper
Epecilic Causaty B0 LF EREET o748
Exeillanion
145 vl mvag (P03 71 W
SO ol e T 107 154
W voi e {0 142 154
Eml Faint (") 1% 8
TR~ 10% vap. (MC) (13 13
Dctsim Membar, F- 1 B6.5 LA
Cigtae Muiiber, F-1 i xR
Leml Conten (gl & o
TEL Cunilent {mi/LISG) 18 I
Enisnan Ui (g 100 mlk L4 In
Sulpier Conlent (T wi) 0,007 i
Unpper Slilg Cortugain ASTM Mo, | ASTH Mo 1
Codour, Vil Yellow Wiedlams
iy marketghis maricdalije

Pl § LG = 1753 ém®
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Produced by the reiction of isobutylens and
methanol, il s one way to indirectly usé methanol
in motor fuel without the problems associaed with
a light alcohol a5 & belnding component. Gasoline
containing MTBE are compatible with the present
rasuline distribution systems dus to their [ow water
sensitivity. The characteristics’ of MTBE ocygenated
compounds are shown [n  the following lable

{Table 3).
Table 3
Charcteristics of M TBE oxygenated compounds
Fropamta MTHE
Specific Gravity 20{4°C Q7403
HY P L) - Q10
Balliag Podet & 760 mm Lgi®C) 113
I'ragzing Puini " - 1086
IHzndieg O
RO 1l
MO ug
Heptmg Valeu, Luwer (kesikg) E.Jus
Sedubiiny In Wwier at 20°C {g/ 100 g wiutan} 4n
Azeplznge Feamalion wiih Hydrocabm
Stokchiomwiric Aln'Fesdl Retio (3 wi) VR |
Muim; L= = 1R

Feol = £18140
ImEMg= 13mR

V. SAMPLE PREPARATION FOR LABORATORY
TESTS

In order to conduct lahoratory tests to study
the changes in physical and chemical properties
and lts knock rmating, #s a consequence of mixing
MTRE |n unteaded gasoling, o series of blends wers
prepared. Unleaded gasoline used was produced by
Indonesian refineries, while MTBE was imporied
from West Germany.,

The blends prepared for the lsborutory tests
were as folliws:

Unlesded gasoline consisting of 706 vol, refor-
mute and 30% vol. naphta (1G)
3% vul. MTBE blend in unleaded gasoline (MGE-3)
&% vol MTBE blend in unleaded gasoline

(MGB—6)
10% wol, MTHE biend in unleaded gasoline
(MGBE—-10
15% vol. MTBE blend in unleaded gasoline
(MGB—-15)

. ¥4 vol. MTBE blend in unleaded gasoline with

TEL (MGBT-3)
. &% vol, MTBE belnd in unleaded gaioline with

TEL {MGBT—&)
. 10% wal, MTBE blend in unlesded goline with

TEL (MGBT—10)
. 15% wol. MTBE blend in unlesded gasoline with

TEL (MGBT-15)
Mopes; UG = Uniesded Gasuling

MLB = MIEE Gekcline Blend

MGET M TBE Gascline Blind with TEL-B
V] ANALYSIS OF LABORATORY TEST
RESULTS

The Ipboratory test resufis of MTBE blended
gasoline (MG B a8 well es MGBT) re found in Tables
4 5 and &,

VII, KNOUK RATING OF MGR

The test resufts of MGE in 5 CFR engine, as
shown in Figure 1, mlicate increasing octang
numbers of MGE with incresse of MTBE content.
15% vol. MTBE in unleaded gascline yielded an
octang number of 87 with & fusl sensitivity of
6.2 ON. IT 3% val, MTBE in blended with unleaded
gasoline, the octane number increases from kDD

'i'ﬂ T L o
o 5 10 o

MTBE {vol.%)
Figure 1 . Influence of M TBE in
Lileaded Gasuline on Octane Number
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RON w 51,9 ROM, 05 vol, MTBE raized 11 up 1o
£33 ROM, il 1008 wol, MTBE raieed j1 Up L
3.1 RON.

VI, REDUCTION OF TEL CONTENT IN
GASDLINE

From the laburatory test resulis, as shown
Flgure 2 it can be seen that an increase s MTRE
copfent wis causing a Jecresse of TEL content in
MOBT, wlhile increasing s fuel sensitivity

With 3% wol. MTBE for on uctane tumber of
47 RON (MGBT) a decrease of TEL content from
083 w 065 co/UUSG was uohieved (ie. o decrenss
of 0,20 cc/USG),

With 157 wal. MTBE unlended pasofine an
octane number BT RON was achioved with zem
TEL comient. while an ocline number of 92 RON
recpuires Lhe addition of 068 co TEL/USG,

IX. MSTILLATION OF MGET

From the lnhorstory test resulis, o3 shown in
Figure 3. i1 can be geen that increasing MTEE
comtents were causing préater deviztion below the
requjred  minkmum  30%  volume recovery lem-
perature, This will be of influence In its nse as an
automotive fusl

For WMTRE conmiants |n gasoline preater than
10 wol. the imcrexs2d volulility becomes such
that hlends must be constdered off-spec for Inido.
MeEsia.

TEL [ce/USG)

i} 5 10 13
MTBE (vol. %]
Figure 2 , Influence of MTBE in gasoline
o TEL content
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Figure 3 . Distillation of MTBE hlend

in gasoline (MGRET §7 RON)

X, REID VAPOLR PRESSURE FOR MGET

FFrom the laboratory test results, as shown in
Figure 4, it can be seen that up to |5% wvol of
MTRE In pssoline with B7 ROM, the BVF, while
increased by the MTBE additbon, was still below
the Indonesion premivm speciflicativn (minimun
BVF is 7 psi o 483 kPa,

Tahle 4
Influence of MTRE in unlended gasoline
ol octane number
MITHE Fusl
sample oealy | POV | MON e
Unlemlod gasedin: 5] B0 37 TI
[T Refoninats + | Ri D T30 0y
0% L Haphta) é E33 o ns
1o .l TEA &7
15 ] 1A &2
Tahle 5
Infleence of M TBE gasoline on TEL content
Rily 57
MTEE | TIL Funl
i o Esol) |freinG) | MON | sondsiniy
TOrk Redureads 8] ES HES 13
+30% L. Magtha 1 m&5 anl 3%
[ 033 B33 az
16 U3l W3 37
15 ] 1T e |
k]



RON #2 o
| mmee | TEL Fal Max [Spec.)
A ravei) | eeuscy| MO | seaininy
W Refumne 3| 0 24 e 41 %_
Mk L. Ngstlm 1 i3 B2 ik s |
o I3 BIi 44 ] _
1 ase [ e7e 44 3 Min. (Spec.)
Is ook | A7 a4 3
g,
=i - -
XL GUM FORMATION OF MGET =t
From the |aboratory test résulis, as shown in = |
tigure 5, it cam be scen that inmcreasing MTBE
cugilenis were causing an increass of gum in MGHET, 2
even though o decrease: of sulphur contents was i z Irﬂ Irﬁ
ohserved (see Table &), MTEE {vol, %)
Figare 4 | Vapour pressure of MTHE blend
in gasoling (MGHT 87 RON)
Table &
L aboratory test resulis
Influence of M THE in gasoline on physical and chemical properties
Indonesian
Characteristics Limit Premium
(1] 3 [ 10 15 Specilicalion
Knock Rating F N &7 &7 a7 BT 87 Min, =7
TEL Content co/USG 045 (15 % 053 0.3l i inax, 1.5
ASTM Distillation
10% vol evap. c £4.5 640 | 640 63.0 620 max, 74
50% vol, evap. c W05 900 9.0 a0 1.0 min. B4 max. 125
9% wol, evap. ‘e 1355 140.5 1350 1350 .0 nha, 180
End Paint PC 1600 | 1610 |1600 | 1600 |i600 max. 205
0% — 0% vol, evap, " 6.5 1.0 425 4.5 4.5 min, 8
Residue % vof, 08 1.0 1.0 Lo 10 nixx, 2.0
RVP at 100°F pal. | 360 387 576 349 midn, 7 max, 9
Existent Gum eivg 10N ml 02 02 Ui L0 14 niax, 4.0
Sukphur Content Towl 0062 0,048 0,038 0033 0,030 max, 020
Cuppar Sirip 3 b}
Corrosion 11 1A la iA 1A 1A max: No, 1
Dwoctor Test - neg. g, g, neg g megalive
Mote : 1 USG = 3,785 ém? L O I e g 1227 = 50°0 Lpsi= 69 kPa
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Max. [Spec.d

e

Gum Pormation fmg! 100 il -
L)
i

0 y , =

!
o 3 10 15
(MTRE (vol %)

Figure 5 . Gum formation of MTBE blend

in gasoline (MGBT 87 RON)

XIIL CONCLUSION

The experimental results confiom the positive
effects of MTRE as on octane buoster of gasoline.
An increase of ovtane number of 6,1 (RON) was
abserved for an sddition of 15% wol. MTBE 1o an
Indonesian unieaded gasoline blend. Such un increase
would reduce the TEL requirement of the pasoline
hy 085 oc TEL/LISG.,

An addition of 15% wol MTBE would be

sulficlent ti produce a resemch verane number uf’
7 tn the gasuline blend, which is the AL
pctane number stipulated o the curent Iidemesian
specification for promium gasoline.

The sddition of 15% vol. MTRE, huwever affects
he volatility of the gasoline biend swch as o peedliice
it helow the distillativs specification, i ticularly
for the 506 vol, distilled temperuiure, RVE iy also
affected, reaching pressure values below the mini:
imum BVP speciication
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