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ABSTRACT

Oxygenate blending components comprising anhydrous methanol plus seven different cosolvents
from cs-cs alkanol isomers, were attempted to prevent phase separation in gasoline - methanol blends. Fuel
blends consisting of 88.0 % vol base gasoline plus 12.vol% oxygenate blending components (10.8% M+1.2%
cosolvent),were formulated and water tolerance (WT) values of these blends were measured at 0 °c and 35 °c
which simulate the phase separation temperatures (PST) at winter and summer times. The obtained results
reveal that neither propanol nor butanol cosolvent isomers tolerate water values exceeding 0.45 and 0.24
vol.% at 35 °c and 0 °c .At 35 °c butanol cosolvent isomers, TBA,IBA,SBA and NBA, tolerate 0.45,0.40,0.37 and
0.33 vol.% water whereas, TAA cosolvent tolerates 0.43 vol.% water. At constant gasoline concentration (88.0
vol.%) and composition, WT-PST relationship was studied using four different oxygenate blending components:
(9.0 M+3.0 TBA),(8.5 M+ 3.5 IBA),(7.5 M+4.5 SBA) and (8.0 M+4.0 TAA). Fuel blends comprising TBA or TAA,
gave the highest WT values. Four polynomial Fuel blends comprising equations relating WT and PST, were
developed. R? values indicate the reliability of the fits.
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INTRODUCTION

Refiners and marketers have been turning to oxygenates to meet increase demands for gasoline
pool .This is because oxygenates are gaining importance as gasoline bleding components.They supply
antiknock quality, and offer potential for pollution reduction. The use of oxygenates in gasoline has been
recently mandated to reduce CO emissions in urban areas of several us states during the winter months (1-4).
Alcohols, as oxygenate -blending components, include methanol, ethanol, isopropanol and butanols (5-7).
Because of its low cost and ready availability, methanol is the most attractive oxygenate from the economic
point of view However direct use of methanol in current fuel systems could cause technical problems (8-
11).Blending methanol into hydrocarbon fuels can suffer from phase separation at low ambient temperature ,
and when their water content exceeds a critical level, i.e, water tolerance (3,12,13).

Water tolerance (W.T) is defined as the volume percent of water a blend can retain (tolerate) in
solution at a given temperature without phase separation ( 3 ) . One of the major difficulties encountered with
the use of alcohol gasoline blends is their tendency to phase separate on contact with small amount of water,
yelding an upper gasoline- rich phase and a lower aqueous alcohol rich phase . To avoid phase separation, in
storage tanks and pipe lines must be maintained in dry conditions, which is a very difficult practical problem.
Another approach is addition of cosolvents to increase water tolerance of the blend. C2 — Cs alcohol could be
used as cosolvents however, tert- butyl alcohol is the most attractive for most commercial gasoline
applications. Mixture of methanol and tert- butyl alcohol (TBA) have been marketed as an oxygenate blending
component for gasoline (1, 4,14 ).

Previous work, have been carried out to examine the relative effectiveness of different cosolvent in
gasoline- methanol blends (16-18). The effect of changing the level of aromatics and cosolvent on phase
separation temperature (PST), have been examined (4). The effects of boiling range and hydrocarbon- types
in gasoline methanol blends on PST have been investigated without any cosolvent (15,16) . In another study,
using several cosolvents and a new Laser Attenuation Technique for measuring phase separation and water
tolerance (WT), Green and Yan, 1990 (1) have developed an equation relating WT of a fuel blend and
temperature which is described by:

Ln WT=m (I/T) + K

Where WT in vol.% , m and k are constants depending on the nature of the base fuel and the nature
and concentration of the cosolvent,T is the temperature, K. They concluded that WT improves with increasing
aromatics in base fuel, and the effeteness of cosolvent increases with concentration depending on its
structure (3,4).

In the last decade, many interesting works have been published on multi - component systems that
contain a hydrocarbon fuel, an oxygenate compound and water. Among these oxygenated compounds,
ethanol and methanol have been receiving much current attention (17- 21).

EXPERIMENMTAL
Materials
Hydrocarbon- base gasoline 80 was kindly supplied by Suez Qil Processing Company. A stock, of 25

liters of this commercial fuel.was kept refrigerated in five well- stoppered containers. Methyl alcohol, 99.99%
pure was kindly supplied by Methanex Egypt Co., Damietta, Egypt. Cs - Cs alchohol cosolvents, > 95.0% pure
from Sigma Aldrich, Prolabo and Carlo Erba.
Methods and Equipment

Octane number measurements were carried out using ZX-101XL Portable Octane Analyzer. Vapour

pressure was measured using ASTM D5191, IP394, EN 13016-1 (Mini Method). Water tolerance (WT) and
phase separation temperature (PST) were measured according to ASTM 6422.
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RESULTS AND DISCUSSION
Water Tolerance of Gasoline-Methanol Blends

Since methanol and water readily dissolve in each other,when methanol is blended into hydrocarbon
gasoline, water will actually dissolve in the blended fuel to a much greater extent than in hydrocarbon
gasoline. When water reaches the maximum amount that the gasoline blend can dissolve, any additional water
will separate from the gasoline. The amount of water required (in vol. %) for this phase separation to take
place varies with temperature. Figure | depicts water tolerance values of gasoline — methanol blends at two
temperatures: 0 °C (represent winter time) and 35 °C (represents summer time). As can be seen from this
figure , the hydrocarbon-base gasoline is designated MO ,i.e, methanol-free gasoline,whereas,M3,M6,M9 and
M12 are gasoline-methanol blends containing 3,6,9 and 12 vol.% methanol.

Figures | illustrates water tolerance values of M0O,M3,M6,M9 and M12 fuels at 0 °C and 35 °C the
proposed temperatures for winter and summer times. At 0°C MO , M3 , M6 , M9 and M12 tolerate
0.05,0.07,0.08,0.10 and 0.12 vol. % water. respectively. At 35 °C, the same blends tolerate more water which
reached 0.15,0.17,0.20, 0.22 and 0.24 vol% respectively. Figure 1 is actually a typical diagram for two water-
solubility limits in gasoline — methanol blends containing from 3 to 12 vol.% anhydrous methanol . The lower
line represents water-tolerance limits at 0°C which is taken as a representative temperature during winter
time . The area below the 0°C line represents , two-phase region where some of the methanol/water phases
out of the blend into a denser lower phase The upper line represents water tolerance limit at 35°c which is
proposed to be the temperature during summer time. Below this temperature. hazing can occur depending on
the concentration of blended methanol and the content of aromatics in base gasoline.

Water tolerance values at the proposed temperatures 0°C and 35 °C which represent winter and
summer months. are listed in Table 1 and illustrated in Figure 1 .1t is obvious that gasoline-methanol blend
M12 tolerates 0.12 vol.% H,0 at 0 °C, i.e, one liter of this fuel blend can hold only 1.2 ml water. The area below
the 0 °C line represents two-phase region where some of methanol/water phases out of blend solution into a
denser lower phase. At the upper 35 °C line, a relatively higher water tolerance values are achieved, and as can
be seen, M12 blend tolerates 0.33 volume percent water (3.3ml water per one liter of fuel blend). Below 35 °C
line, hazing can occur depending on the concentration of blended methanol and the content of aromatics in
the hydrocarbon-base gasoline
(1,22).

Most gasoline distribution and storage systems are built on the principle that gasolines and water do
not mix because the maximum water solubilities in hydrocarbon gasolines are usually less than 200 ppm , <
0.02 wt% . (10) , The employed light alcohols auch as methanol and ethanol are completely miscible with
water. Therefore, when these alcohols are blended into gasoline. they will increase the maximum solubility of
water in these blends. These solubility limits are mainly dependent on the type and concentration of the
blended alcohol. Even without any added water in gasoline- alcohol blend, alcohol itself has a limited solubility
in gasoline at the low temperature months (0 °C or below) . If alcohol separates from a gasoline- alcohol blend,
and thereby forms a denser liquid phase out in vehicle’s fuel tank and it will cause significant poor engine
performance and possibly make the vehicle inoperable by staling the engine if the separated alcohol was
contaminated with certain amount of water. Therefore, precautions need to be developed to prevent phase
separation of methanol or methanol/water mixture.

In previous work, methanol was replaced by ethanol, propanol and butanol to produce a stable low
level alcohol blends for commercial use that will not like phase separate under expected normal conditions
and moisture exposure. (23-25). Successful low- to mid- level methanol (M3 to M15) will likely require 2
volume percent cosolvent alcohols to prevent phase separation in the consumer’s vehicles particularly during
the colder winter seasons (2,7,10,11).

Effect of Cosolvent and Water Tolerance
Investigators approved the use of cosolvents to prevent phase separation. In the US.the commercial

use of 5% methanol- blended gasoline that requires a minimum 2.5 vol % cosolvents (C, - C;) alcohols
cosolvent (10,14) . During the early 1980'S Europe commercialized gasolines containing 3 volume % methanol
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with 2 volume % isobutanol as a cosolvent (26) .In New Zealand , gasoline- methanol blend containing 15
volume % methanol without cosolvents , is distributed. The risk of phase separation is very low since New
Zealand winter months are relatively mild and temperature do not drop below 0 °C (27-29).

In the present study. anhydrous methanol containing 10vol% of Cs-Cs alcohol cosolvents, were
employed as oxygenate blending components . Water miscibility of the employed cosolvents are given in Table
2 . In this tables , two propanol isomers, isopropyl alcohol (IPA) and n-propyl alcohol (NPA) are completely
miscible with water in all proportions. Also, four butanol isomers : tert- butyl alcohol (TBA), iso- butyl alcohol
(IBA),sec- butyl alcohol (SBA) and n-butyl alcohol (NBA). Tertiary amyl alcohol (TAA) is the Cs alcohol co solvent
used in this study.

Data in Table 3 show the composition and water tolerance of gasoline- methanol blends containing
butonal (IPA or,NPA) cosolvents. The percentage of the main hydrocarbon- base gasoline 80 and aromatic
content, were kept unchanged in the formulations of M3, M6, M9 and M12 . Figurt 3 illustrates water
tolerance as a function of methanol concentration after the addition of IPA cosolvents .

It can be seen from data in Table 3 and Figure 2 the blend formulations containing methanol plus
propanol cosolvents , tolerate more water than that containing methanol plus propanol cosolvents , tolerate
more water than that containing methanol alone . For instance , M12 blend tolerates 0.14 and 0.35 vol%
water at 0°c and 35 °C, whereas , M12 containing IPA cosolvent tolerates 0.18 and 0.37vol% water,
respectively . Water — tolerance affinity difference between methanol blends containing IPA or NPA cosolvents
and the corresponding blends without cosolvent. Insignificant , in water tolerance values between gasolines
with the same concentration of methanol — IPA and methanol — NPA . This difference is attributed mainly to
the difference in chemical structure , as the two propanol isomers are completely water soluble .Previous work
proved that propanol has better affinity for water than does ethanol or methonal ( 20, 21) .

Data in Table 4 show the composition and water tolerance of gasoline- methanol blends containing
butanol cosolvents (TBA,IBA and SBA) Hydrocarbon-base gasoline and aromatic content, were kept unchanged
in the formulation of the investigated blends. Each butanol cosolvent was added to methanol in 10 volume
percent as shown in Table 4.Four butanol isomers , are employed in this study: tert- butyl alcohol (TBA),iso-
butyl alcohol (IBA) sec- butyl alcohol (SBA) and n-butyl alcohol ( NBA) . TBA is completely water- soluble,
Whereas only 12.5g of SBA, 10.0g of IBA and 9.0g of NBA are soluble per 100g of water as shown in - (Table 2)
(30,32).

Figure 3 illustrates water tolerance values versus blended methanol containing butanol cosolvents at
the two proposed temperature limits 0 °C and 35 °C. For instance, the addition of TBA cosolvent causes more
increase in the water tolerance values if compared with that of the corresponding methanol blends without
cosolvent. At 35 °C M3,M6,M9 and M12 fuel blends tolerate 0.19,0.23,0.28 and 0.33 vol.% water without
addition of cosolvent and after the addition of TBA cosolvent . the corresponding fuel blends tolerate 0.34,
0.39,0.43 and 0.45 vol.% water at 35 °C, respectively (Table 4). Similarly. at 0 °C the investigated fuel blends
tolerate 0.07, 0.08- 0.10 and 0.12 vol.% water without cosolvent and After addition of TBA cosolvent, water
tolerance values of 0.13, 0.15, 0.20 and 0.24 vol.% water were attained, respectively (Table 4).

After using two propanol and four butanol isomers as cosolvents in gasoline- methanol blends to
increase the water tolerance values of M3,M6,M9 and M12 reasonable results were achieved (Tables 3 and 4
Figures 2 and 3). However. phase separation in these blends. still occurs with only a small amount of water,
when one of the pentanol isomers, Tertiary amyl alcohol, was attempted as co- solvent no improvement in
water tolerance values was attained at 35 °C, whereas. At 0 °C tertiary amyl alcohol (TAA) cosolvent shows
better affinity for water than does any butanol isomer (Figure 4).

In short, concerning the affect cosolvent addition on water tolerance values of the investigated
gasoline- methanol blends it can be concluded that neither propanol nor butanol cosolvent isomer gave water
tolerance values exceeding 0.45 vol.% and 0.24 vol.% for the proposed summer (35 °C ) and winter ( 0 °C )
times, Figures 2 and 3 In case of pentanol (TAA) cosolvent. water tolerance values reached 0.43 and 0.30 at
summer and winter times. Respectively ,Figure 4.
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Cosolvent-PST Relationship at Constant W.T

In the preceding experiments the effect of cosolvent on water tolerance values of the in vestigated
gasoline-methanol blends were studied at two Constant temperatures, 0 °C and 35 °C, representing winter and
summer times, respectively.For example gasoline-methanol blend M12,shown in Table3, consists of 88.0 vol.%
gasoline, 10.8 vol.% methanol and 1.2 vol.% TBA. This blend tolerates 0.45 vol.% water at 35 °C .This
temperature is the phase separation temperature of this blend. Below this temperature, phase separation
occurs. At constant water-tolerance WT (0.45 vol.%), the addition of 1.5,2.0,2.5 and 3.0 vol.% TBA resulted in
depression in the phase separation temperature from 35 to 30,21,9 and 0°c, respectively ( Figure5).

When IBA was used as cosolvent, M12 formulation consists of 88.0 vol.% gasoline 80,10.8 vol.%
methanol and 1.2 vol.% IBA cosolvent. This blend tolerates 0.40 vol.% H,O at 35 °c. At constant water
tolerance, the phase separation temperature, was depressed from 35 to 28.0,22.0,16.5,9.0 and 0 °C
when1.5,2.0,2.5,3.0, and 3.5 vol.% IBA were add to the blended methanol, respectively ( Figure 6).

On parallel lines, fuel blends containing 1.2 vol.% of SBA or NBA cosolvents can tolerate 0.37 and 0.33
vol.% water at 35 °C phase separation temperature , respectively. At 0.37 vol.% water tolerance, the phase
separation temperature, of fuel blend containing 1.2 vol.% SBA, was depressed from 35 °C to 32,26,21,16,10,4
and 5°c when 1.5,2.0,2.5,3.0,3.5,4.0 and 4.5vol.% SBA cosolvent were added, respectively (Figure7 ).Similary at
0.33 vol.% water tolerance, the phase separation temperature, of fuel blend containing 1.2 vol.% NBA, was
depressed from 35 °C to 32,26,20,15,11.5,8.5 and 5 °C when 1.5,2.0,2.5,3.0,4.0 and 4.5vol.% NBA cosolvnt
were added, respectively (Figure 8).

When tertiary pentanol (tert- amyl alcohol, TAA),was employed as cosolvent in the same formulation,
i.e. 88.0 vol.% gasoline 80,10.8 vol.% methanol and 1.2 vol.% TAA cosolvent. This fuel blend tolerates 0.43
vol.% water at phase separation temperature 35 °C addition of 1.5,2.0,2.5,3.0,3.5 and 4.0 vol.% TAA cosolvent
depressed the phase separation temperature (PST) from 35 °C to 27,17.5,7.0,2.5,-1 and -5, respectively (Figure
9).

Figures 5-9 reveal some results concerning the impact of butanol and pentanol cosolvents addition on
phase separation temperature ( PST ) of the fuel blend . First, phase separation temperature can be depressed
from 35 °C to 0 °C by the addition of relatively small concentration of certain butanol or pentanol cosolvent
isomers . Secondly, gasoline blended with 12 vol.% methanol without cosolvent addition. tolerates only 0.12
and 0.33 vol. % water at 0 °C and 35 °C. When the same gasoline was blended with 10.8 vol.% methanol
+1.2.vol% TBA the blend tolerates 0.24 and 0.45 vol.%. water at 0 °C and 35 °C PST respectively Increasing the
added TBA cosolvent from 1.2 vol.% to 3.0 vol.% in the blended methanol, causes a depression in PST from 35
°C to 0 °C. (Figure 4). Similarly, fuel blend consiststing of 88 vol.% gasoline +(10.8 vol.% M+1.2 vol.% TAA). can
tolerate 0.43 vol.% water at 35 °C PST. Increasing the concentration of TAA in methanol from 1.2 to 3.5 vol.
causes a depression in PST from 35 °C to 0 °C without hazing or phase separation (figure 9).

PST-WT Relationship at Constant Cosolvent Concentration

The relationship between water tolerance (WT) and phase separation temperature (PST) at constant
cosolvent concentration for three different formulation of gasoline-(methanol+cosolvent) blends, are
illustrated in Figure 10. The first blend consists of 88 vol.% gasoline, 9.0vol.% M+3.0 vol.% TBA. This blend
tolerates 0.45 vol.% water at 0 °C PST. Increasing WT from 0.45,0 to 50,0.55,0.60,0.65, 0.70 and 0.75 vol.%
necessitates a subsequent increase in phase separation temperature from 0 °C to 2.5,5.0,8.0,13.5,21.5 and
36.0 0 °C, respectively.The secand blend consists of 88 vol.% of the same gasoline,8.5 vol.% M+3.5 vol.% IBA.
This blend tolerates 0.40 vol.% water a 0 °C PST. Increasing WT from 0.40 to 0.45,50,0.55,0.60,0.65 and 0.70
vol.% necessitates subsequent increase in PST from 0 °C to 2.5,4.0,8.0,13.0,19.0 and 34 °C, respectively. The
third blend consists of 88 vol.% of the same gasoline 7.5 vol.% M+4.5 vol.% SBA. This blend can tolerate 0.37
vol.% water at 0°C PST. Increasing. WT from 0.37 vol.% to 0.40,0.45,0.50 and 0.55 vol.% necessitates
subsequent increase in PST from 35 °C to 3.0,7.5,14.0 and 31. 0°C, respectively.

Similarly, the relationship between WT and PST at constant tertiary amyl alcohol (TAA) cosolvent , is

constructed in Figurell, In this figure , the fuel blend which consists of 88 vol.% of the same gasoline plus 8.0
vol.% M+4.0 vol.% TAA cosolvent.This blend tolerates 0.40 vol.% water at
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-5 °C PST without hazing or phase separation.

Increasing WT from 0.40 vol.% to 0.45,0. 50,0.55,0.60,0.65,0.70 and 0.75 vol.%, necessitates
subsequent increasing WT from 0.4 vol. to 0.50 ,0.55 ,0.65,0.70, and 0.75 vol. % necessitates subsequent
increasing PST from -5.0°c to -4.0,-1.5,2.0,5.0,10.5,21.0,36.5 °C, respectively.Effect of butanoal cosolvent
isomers on PST at constant WT are given also in Table 5 ( A-D).

Based on the obtained results concerning the relationship between WT and PST at constant butanol
or pentanol cosolvent values in four blends . Four polynomial equation are developed , R? values indicate the
rebliability of the fits . The oxygenate blending component , ( methanol + butanol or pentanol cosolvent ), is
kept constant in each blend , moreover the amount and composition of the employed base gasoline are kept
unchanged Formulation and oxygenate blending component for each gasoline — methanol blend .

Fuel Blend ( vol.%) : 88.0 G + (9.0M ) + 3.0 TBA)
PST = 440.48 (WT) 2—418.21 (WT)+ 100.31 R2=0.9871 (1)

Fuel blend ( vol.%) : 88.0 G + (8.5M ) + 3.5 IBA)
PST = 414.48 (WT) 2 — 352.86 (WT)+ 76.107 R2=0.9813 (2)

Fuel blend (vol.%) : 88.0 G + (7.5M ) + 4.5 SBA)
PST = 926.04 (WT)2-690.13 (WT)+ 129.6 R%=0.9860 (3)

Fuel blend ( vol.%) : 88.0 G + (8.5M ) + 4.0 IBA)
PST = 505.09 (WT) 2—460.21 (WT)+ 100.12 R2=0.9414 (4)

CONCLUSIONS

e Oxygenate blending components comprising propanol , butanol and pentanol cosolvent isomers ,
gave WT values not exceeding 0.45 and 0.24vol. % at 35 °Cand 0 °C.

e  Tertiary amyl alchol (TAA) cosolvent shows better water affinity at 0 °C than does any other propanol
or butanol cosolvent isomers .

e At 35 °c oxygenate blending components comprising 1.2 vol. % TBA , IBA, SBA and NBA cosolvent ,
tolerate 0.45, 0.40,0.37 and 0.33vol. % water , whereas , that comprising 1.2 vol. % lending
components consisting of : M+TBA, M+ 1BA, M+SBA and M+TAA

e TAA, tolerateso.43vol. % water at the same PST .

e Four polynomial equations were developed relating WT and PSA of four different oxygenate blends.

Table 1- Composition and Water Tolerance of the Investigated Gasoline- Methanol Blends

Blend composition, vol.%
Fuel Blend Components
MO M3 M6 M9 M12
Gasoline 80 100 97 94 91 88
Methanol | - 3 6 9 12
total 100 100 100 100 100
Density,@15 °c 0.7242 0.7259 0.7276 0.7296 0.7313
Aromatics, vol. % 21.5 20.9 20.3 19.6 18.9
Water Tolerance
Vol.% at 0 °c 0.05 0.07 0.08 0.10 0.12
Vol.% at 35 °c 0.15 0.19 0.23 0.28 0.33
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Table 2- Water Miscibility of Some Alcohols Employed as Cosolvents is Fuel Blends

Solubility
Cosolvent Abbr g alcohol/100g H;0
2-Propanol (iso-propyl alcohol) IPA Completely miscible
1- Propanol (n-propyl alcohol) NPA Completely miscible

2-Methyl-2-propanol (tert-Butanol) Completely miscible

2- Methyl-2-propanol (iso-Butanol) TBA 10.0g
IBA
2-Butanol (sec-Butanol) 12.5¢g
1-Butanol (n- Butanol) SBA 9.0
NBA a
2,2-Dimethyl-1-propanol TAA 11.5g

(tert-Amyl alcohol)

Table 3-Composition and Water Tolerance of the Gasoline- Methanol Blends Containing Propanol Cosolvent.

Fuel Blend .
Blend Compostion ,vol.%
components
MO M3 M6 M9 M12
Gasoline 80 100 97.0 94.0 91.0 88.0
Methanol | - 2.7 5.4 8.1 10.8
Propanol isomers | - 0.3 0.6 0.9 1.2
Total | 100 | 100 | 100 | 100 | 100
Aromatic, Vol.% | 215 | 209 | 20.3 | 196 | 18.9
Density@ 15°C ASTM D4052:
Of blends+IPA - 0.7278 0.7313 0.7350 0.7383
Of blends+NPA --- 0.7279 0.7298 0.7352 0.7386
Water Tolerance of Blends + IPA:

Vol.%at 0°C || --- 0.08 0.12 0.15 0.18
Vol.%at35°C || - 0.21 0.27 0.32 0.37
Water Tolerance of Blends + NPA:

Vol.%at0O°C || - 0.08 0.11 0.12 0.14
Vol.%at 35°C || -—-- 0.20 0.25 0.29 0.35

Table 4-Composition and Water Tolerance of the Gasoline- Methanol Blends Containing Butanol Cosolvent.

Fuel blend Blend compostion ,vol.%
components MO M3 M6 M9 M12
Gasoline 80 100 97.0 94.0 91.0 88.0
Methanol - 2.7 5.4 8.1 10.8
Butanol isomers - 0.3 0.6 0.9 1.2
Total 100 100 100 100 100
Aromatic. Vol.% 215 20.9 20.3 19.6 18.9
Density@ 15 °c ASTM D4052
Of blends+TBA 0.7278 0.7313 0.7350 0.7383
Of blends+NPA 0.7278 0.7314 0.7352 0.7385
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Of blends+ SBA 0.7278 0.7314 0.7352 0.7385
Water Tolerance of Blends + TBA
Vol.%at0°C | .. 0.13 0.15 0.20 0.24
Vol. %at35°C | ... 0.34 0.39 0.43 0.45
Water Tolerance of Blends + IBA
0, o
\)"’l'// att3°5 Cc ----- 0.10 0.12 0.15 0.20
ol.7ats> L 0.30 0.33 0.38 0.40
Water Tolerance of Blends +SBA
Vol.%at0°C | - 0.09 0.11 0.12 0.17
Vol.%at35°C | - 0.27 0.31 0.35 0.37

PST=phase stability temperature TBA= tert-butyl alcohol
IBA=isobutyl alcohol SBA= sec-butyl alcohol
NBA=N-butyl alcohol TAA= tert-amyl alcohol

Table 5A- Effect of TBA Cosolvent on PST at 0.45 vol.% W.T.

Fuel Blend Formulation, vol.% PST (°C)
88% BG+10.8% M+1.2 TBA 35.0
88% BG+10.5% M+1.5 TBA 30.0
88% BG+10.0% M+2.0 TBA 21.0
88% BG+9.5% M+2.5 TBA 9.0
88% BG+9.0% M+3.0 TBA 0.0
88% BG+8.5% M+3.5 TBA -10.0

Table 5B- Effect of IBA Cosolvent on PST at 0.40 vol.% W.T.

Fuel Blend Formulation, vol.% PST (°C)
88% BG+10.8% M+1.2 IBA 35.0
88% BG+10.5% M+1.5 IBA 28.0
88% BG+10.0% M+2.0 IBA 22.5
88% BG+9.5% M+2.5 IBA 16.5
88% BG+9.0% M+3.0 IBA 9.0
88% BG+8.5% M+3.5 IBA 0.0

BG=base gasoline 80, M=methanol
PST=phase stability temperatur

Table 5C- Effect of SBA Cosolvent on PST at 0.37 vol.% W.T.

Fuel Blend Formulation, vol.% PST (°C)
88% BG+10.8% M+1.2 SBA 35.0
88% BG+10.5% M+1.5 SBA 32.0
88% BG+10.0% M+2.0 SBA 26.0
88% BG+9.5% M+2.5 SBA 21.0
88% BG+9.0% M+3.0 SBA 16.0
88% BG+8.5% M+3.5 SBA 10.0
88% BG+8.0% M+4.0 SBA 4.0
88% BG+7.5% M+4.5 SBA 1.0-0.0
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Table 5D- Effect of TAA Cosolvent on PST at 0.43 vol.% W.T.

Fuel Blend Formulation, vol.% PST (°C)
88% BG+10.8% M+1.2 TAA 35.0
88% BG+10.5% M+1.5 TAA 27.0
88% BG+10.0% M+2.0 TAA 17.5
88% BG+9.5% M+2.5 TAA 7.0
88% BG+9.0% M+3.0 TAA 2.5
88% BG+8.5% M+3.5 TAA -1.5
88% BG+8.0% M+4.0 TAA -5.0

0.8
0.7

Gasoline 80-Methanol Blends

O Water tolerance at 0°C (winter time)
4| - |

0.6

e
o

I
FN

o
w

Water Temperature,vol. %

o1 s
(0] 3 6 9 12 15
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Figure 1 - Water Tolerance vs Methanol Concentration
at 0 °C and 35 °C.
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Figure 2 - Water Tolerance vs Methanol Conentration Containing
10% Propanol Cosolvent at 0°C & 35°C.
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Figure 4 - Water Tolerance vs Methanol Concentration
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Figure 5 - Effect of TBA cosolvent on Phase Separation
Temperature of Gasoline-Methanol Blend.
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Figure 6 - Effect of IBA cosolvent on Phase Separation
Temperature of Gasoline-Methanol Blend.
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Figure 7 - Effect of SBA cosolvent on Phase Separation
Temperature of Gasoline-Methanol Blend.
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Figure 8 - Effect of NBA cosolvent on Phase Separation
Temperature of Gasoline-Methanol Blend.
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Figure 9 - Effect of TAA cosolvent on Phase Separation
Temperature of Gasoline-Methanol Blend.
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