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Normal Butanol Additive in Methanol-Gasoline Blends
Fired in a Spark Ignition Single Cylinder Engine :
Effects on Combustion and Emission Characteristics

The effect of firing n-butanol additives in methanol-gasoline blends is compared with
that of methanol-gasoline blends of total alcohol volume of 10 to 90 % in gasoline fuel
(GF). The comparison was based on combustion and regulated remission characteristics.
Tests were carried out on a BASF octane rating engine. Higher volatility and lower en-
ergy content of methanol-gasoline blends used were improved by the addition of
n-butanol to the blends. Additives of n-butanol was recommended for the shortening
combustion duration; reducing engine-out oxygen a benefit for downsizing the intake
manifold and raising the heating value of fuel mixture. Bibl. 17, Fig. 9, Table 2.
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Introduction

Researcher’s efforts world-wide are directed
to finding cleaner fuels than fossil fuels in internal
combustion engines. The goal is to replace or re-
duce the use of fossil fuel. Conventional fuels such
as gasoline degrade the environment. Use of Pe-
troleum oil in trans portation greatly contributes
to the deterioration of the environment through
the emission of regulated emissions such as nitric
oxides (NO), unburned hydrocarbon (UHC),
carbon monoxide (CO), particulate matter (PM),
and carbon dioxide (CO,). These pollutants accu-
mulating into the atmosphere contribute to the
greenhouse effect, adverse effect on public health
and climate change. Alcohols are oxygenates
which have emerged as alternatives for improving
the octane number and oxygen content in gasoline
[9], which improves combustion process.

Researchers have investigated the effect of
mainly single alcohol-gasoline blends on engine
parameters such as ignition delay, emission be-
havior and fuel consumption. Regardless of the
positive impact of emission reduction afforded by
alcohol blends, they present certain problems
that need to be dealt with if satisfactory perfor-
mance is to be guaranteed in engines.

A substantial amount of studies [7, 8, 14]
has focused on the use of single alcohol /gasoline
blends (%) taking the advantages of oxygenates
and their potential status to reduce regulated
emissions. Their advantages over gasoline include
better anti-knock characteristics and reduction of
CO and UHC emissions [6, 9, 14, 18]. Alcohols
such as ethanol, methanol, and butanol have a
higher octane rating than gasoline fuel (GF) and
therefore can be used in high compression ratio
(CR) engines with high power. The higher heat of
evaporation of the alcohols (3—5 times) than GF,
cools down the incoming fuel-air charge making it
denser and thereby improving the power output.
On the other hand, the high auto-ignition temper-
ature of alcohols makes them safer to handle than
GF [5]. The most popularly studied alcohol used
as a fuel additive in spark ignition engines is etha-
nol [11, 23]. In recent years interest by research-
ers in n-butanol as a transportation fuel has risen
[24]. In Ref [21] experiments were conducted on a
single cylinder, spark ignition, Cooperative Fuel
Research (CFR) engine. The author’s finding is
that the ignition delay for n-butanol /gasoline
blends decreases when the shared volume of
n-butanol to GF was increased and the burning
duration for the n-butanol /gasoline blends or
100 % n-butanol is similar to that of GF. Blends
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of n-butanol, 0 % (GF), 20 %, 60 %, and

Table 1. Properties of Gasoline, Methanol and n-Butanol

100 % were studied, and compression ra-
tios, (CR) of 8:1 and 10:1 were examined.

Property ‘Gasoline‘ Methanol ‘ n-Butanol

Besides, n-butanol and blends develop Chemical formula CgH,, CH,OH C,H,0H
higher in-cylinder pressures than GF. Molecular weight [kg,/kmol] 11 32 74
Lubrication problems are usually Oxygen cont. [mass. %]* 0 50 22
encountered by conventional fuel injec- Net Lower Heating Value [MJ kgl 43.5 20.1 33.3
tion systems [20] due to the lower vis- Stoichiometric A/ ratio [-] 14.6 6.4 1.1
. . Specific Gravity [-] 0.72 0.79 0.81
cosity of alcohol fuel§, which lead. t0 Oetane Number ] 91-97 107 113
the wearing of the engine parts. During vapor Pressure at the 23.5 °C [kPa] ~ 60-90 32 23
combustion, an alcohol blended fuel Latent heat [kJ/ kgl 305 1103 581.4

produces acids that are responsible for
wearing of engine parts. Neutralizers
such as Zinc dialkyldithiophosphates and calcium
sulfonates are added in lubricating oil to neutralize
these acids and improve lubrication. Shorter inter-
vals of lubricant oil change reduce corrosive wear
significantly. All alcohols are highly corrosive,
which is a function of water content; but the
higher the molecular weight of the alcohol the less
corrosive it is [17].

Another drawback of single alcohols with
low carbon hydrogen (C/H) ratio alcohol such
as ethanol and methanol is the reduction in en-
ergy content. Anhydrous ethanol is soluble in
gasoline [15]. The properties of n-butanol are
such that n-butanol has the potential to overcome
the drawback of lower-carbon alcohols [22].

The emission of toxic organic compounds
such as aldehydes increases with the increase of
alcohol content in the fuel mixture. However the
minimum emissions of aldehydes correspond to
the stoichiometric composition of the fuel mix-
ture and increase when it is leaned or enriched
with fuel. These can be reduced by adding to the
fuel mixture small proportions of aniline and pre-
heating the air before entering the engine [10].

Although fewer works [7, 21], have appeared
in the literature involving combustion character-
istics of isomers of butanol and methanol,
n-butanol has several advantages over methanol
and ethanol. These include: high tolerance to wa-
ter contamination [8]; use in existing fuel distri-
bution pipelines, less corrosive to aluminum or
polymer components in fuel system, has ability to
blend in gasoline or diesel at higher shared vol-
ume without modifying vehicles and results in
better fuel economy due to its higher energy den-
sity. The impacts that widely used alcohols (eth-
anol and methanol) as additives in traditional fu-
els have on the mixture properties are summa-
rized as follows:

— Improve combustion efficiency due to
intermolecular oxygen between the molecules of
the alcohol.

— Reduce the theoretical air-to-fuel ratio
and leans the fuel mixture with GF.

* Ref. [1, 18].

— Have reduced energy content measured by
lower heating value (LHV) which causes higher
brake specific fuel consumption (BSFC).

A comparison of the properties of the alco-
hols is shown in Table 1.

Single lower alcohol(methanol)-gasoline
blends that are mostly used in engines emit
high evaporative emissions during cold starting
of engines [2]. Increasing the shared volume of
methanol to gasoline fuel has limited application
due to the loss of brake power caused by the re-
duced energy content of alcohol blends. The
methanol-gasoline blends used in engines cause
vapor lock in fuel delivery systems due to their
higher volatility, which is measured indirectly by
vapor pressure (VP). However, the addition of
higher alcohols such as propanol, n-butanol, and
pentanol to the methanol-gasoline blends elimi-
nates or reduces vapor lock due to the lower vol-
atility of the higher alcohols [2].

Methanol-gasoline blends raise the vapor
pressure (VP) [13] measured by the Reid
method [4] and depresses the distillation curves
[3]. The lower carbon to hydrogen ratio (C/H)
alcohols (methanol and ethanol) causes the
most dramatic increase in VP and the largest
depression of the distillation curve. The addi-
tion of the higher alcohols to single alcohol
blends moderates the VP of the fuel mixture
and curbs the effect on the distillation curves.
The cited authors demonstrated the improve-
ment caused by dual alcohols such as n-butanol
or other higher alcohol admixed to single alco-
hol blends during the cold starting of the en-
gines. However, they did not evaluate the ef-
fects of the proposed dual alcohols on combus-
tion and regulated emission characteristics of
steady state engine operation.

The aim of this study was to determine the ad-
vantages of firing n-butanol added to methanol-gas-
oline blends on a single cylinder spark ignition en-
gine operating at steady state. The combustion and
regulated emission characteristics of the blends
were compared with the single methanol-gasoline
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blends. The dual alcohol blends were specially se-
lected to match the vapor pressure of GF.

Methods and materials

It is known that the amount of alcohol
which one can add to the conventional fuels (so
called shared volume) has certain limits due to
the physical /chemical differences between alco-
hols and conventional fuels. The author’s hypoth-
esis is that it is possible to increase the alcohol
shared volume in gasoline fuel (GF) beyond the
known limits by using two alcohols (instead of
one). These two alcohols have to be selected in
such a way that the physical properties of the re-
sulting mixture will not hinder the performance
characteristics in internal combustion engines.

In this study two alcohols: methanol and
n-butanol were blended into GF in proportion
that increases the volume of alcohol % (v/v) in
the blend to higher than 30 %. The additive of
n-butanol to methanol-gasoline blends dual alco-

Table 2. Methanol and n-butanol to admix the
gasoline fuel for experimental evaluation

Bore [mm] 65
Stroke [mm] 100
Displacement [ccm ]
Maximum power at full load and 600 RPM [kW] 0.6

Maximum fuel consumption [ml/h] 400
Orifice diameter [mm] 0.6
Spark plug W145T1
Mixture Heater [W] 70
Compression ratio changeable from 4:1 to 11:1
Type BASF
Table 3. Test engine parameters

Methanol-gasoline blends (SAG)
Blend# | 1 [ 2] 3 [ 4 [ 5 [ 6 [ 7
Methanol 10 15 20 25 30 40 80
Ctot 10 15 20 25 30 40 80
Gasoline 90 85 80 75 70 60 20
Identification M10 M15 M20 M25 M30 M40 MS80

n-Butanol additive (DAG)

Blend # [ s Tol 1ol 11 ] 121 13 [ 14
Methanol 10 15 20 25 30 40 80
n-Butanol 20 25 30 35 20 20 10
Crot 30 40 50 60 50 60 90
Gasoline 70 60 50 40 50 40 10

Mentification 1.5 15:25 20:30 25:35 30:20 40:20 80:10

Table 4. Accuracy of measuring instruments

Analyzer Range Accuracy
Carbon monoxide (CO) 0-15% (v/v) +0.011 %
Carbon dioxide (CO,) 0-16 % (v/v) =0.336 %
Unburned Hydrocarbon (UHC) 0-5000 ppm =+ 10.5 ppm
Nitrogen oxides (NOy) 0-5000 ppm  + 42 ppm

hol gasoline (DAG) blends were prepared by a
method to optimize them in the function of the
VP as proposed in Ref. [2].

Fourteen blends were used as shown in Table 2
(MO not shown, represents the reference (ref)
fuel, that is, GF with octane number 95). The
DAG blends were selected with proportions of
methanol and n-butanol % (v,/v) in gasoline fuel
so that the final mixture had the same VP as GF
meeting the VP requirement for fuels. The basic
engine parameters are shown in Table 3. The en-
gine was made to run for 20 minutes to warm up.
The blends were evaluated in terms of indicated
pressure and heat release as a function of crank
angle degrees; emission characteristics as a func-
tion of the excess air ratio (L) at a constant
speed of 600 RPM. The experiments were con-
ducted on a BASF (Badische Anilin- und Soda
Fabrik) octane rating engine as shown in Figure
1. The heat release rate (HRR) was calculated
using the indicated pressure data from the engine
runs and a computer program [12, 19].

The fuel n-butanol was manufactured by
VWR Prolabo (BDH), purity 99.99, a density of
0.809 g/cm?2 (20 °C), molecular formula CHz—
(CH3)»—CH,OH, molecular weight (MW) 74.12
kg /kmol, boiling point 118 °C (at 1013 kPa),
melting point —89.8 °C, flash point: 30 °C.
Methanol was purity 99.9 % manufactured by
Molar chemicals KFT; specific gravity 0.790, wa-
ter content 0.028 %, evaporation residual
0.0008 %. Gasoline of specification EN-95 was
manufactured by MOL.

Speed was kept constant at 600 RPM and
compression ratio of 7.3:1. The accuracy of the
analyzers is shown in Table 4. The pre-sampler
and measuring equipment, a Horiba 8120F ana-
lyzer module, is shown in Figure 1. The module
was equipped with two infrared gas analyzers of
the type: Horiba Model AIA-23 used to measure
CO and CO, components. A hydrocarbon heated
flame ionization detector type: Horiba FID—
FIA-22 was used to measure UHC; whereas a
chemiluminescence detector type: CLD-53M
NO /NO, measured NOy in the range: 0 to 5000
ppm. The pressure transducer of the Type: Kistler
6005 was used to measure the pressure in the
combustion chamber; and a sensor type:
Hengstler RI 32-0,/1024.ER.14KA optical en-
coder was used to determine the Top dead center
(TDC) and speed [19].

Results and discussions

The aim of this study was to determine (by
engine experiments) the superior qualities of dual
alcohols over single alcohol gasoline blends. The
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Figure 1. Schematic arrangement of test engine and gas ana-
lyzers: (1) Single piston BASF engine, (2) crank angle en-
coder, (3) charge amplifier, (4) piezoelectric pressure trans-
ducer (inside cylinder), (5) carburetor, (6) three way cata-
lytic converter, (7) thermocouple, (8) data acquisition PC to
measure emissions, (9) PC to measure indicated pressure, (11)
H,-He cylinder, (12) heated pre-sampler system, (13) Para-
magnetic-analyzer (O,), (14) carbon monoxide gas analyzer,
(15) Horiba Mexa 8120F analyzers.

problems of vapor lock and deterioration of the
lower heating value of the fuel mixture caused by
single alcohol blends are compensated with the
addition of n-butanol to the methanol-gasoline
(SAG) blends [2]. However, it was necessary to
determine the effect of burning the DAG blends
on combustion and emission characteristics at
steady state engine operation.

Figure 2 (a) shows the effect of blends:
M10, M15, M20, M30, M40, and M80 on un-
burned hydrocarbon concentration. Because meth-

anol has lower energy content than GF; an in-
creased dose of methanol-gasoline blend is sup-
plied to produce the same output of brake power
as GF. This causes emission of UHC to increase.
However, the greater oxygen content of the
methanol-gasoline blends than GF causes the
emission of UHC to be reduced during the com-
bustion process. Consequently methanol-gasoline
blends recorded a lower UHC emission concentra-
tion than GF. The emission of UHC was further
reduced as the shared volume of methanol to GF
was increased above 40 % (v /v).

In Figure 2 (b) similarly there is a small in-
creased dosage of the blend M-nB 40:20 (40 %
methanol, 20 % n-butanol, and 40 % gasoline by
volume (v/v)) supplied relative to M-nB 25:35
(with the same total alcohol content) in order to
maintain the same brake power output. As before
the net effect is that the blend of M-nB 40:20 re-
corded less emission of UHC than that of M-nB
25:35; because as is indicated in Table 2.0,
methanol, which has twice the amount of oxygen
than n-butanol oxidizes UHC more than does
n-butanol. Similarly, M-nB 20:30 had a lower UHC
emission reduced relative to GF than M-nB 30:20
(arbitrary chosen). But the net effect of the two
blends was almost the same (from A = 1.12 to 1.29).

In Figure 3 (a) effect of blend M-nB 10:30
and M30 emissions on UHC were compared. The
blend M-nB 10:30 reduced emission of UHC by 9.2 %
(relative to GF) and M30 by 20 % at A = 1.1 with
a total alcohol content of 30 % (v/v). In Figure 3
(b) effects of the blends: M-nB 15:25 and M40

Figure 2. Unburned hydrocarbon emission vs A for (a) methanol and (b) n-butanol-methanol-gasoline blends.
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Figure 3. Comparing the effect of (a) M30 with M-nB 10:20 and (b) M40 with M-nB 15:25 blends on UHC emission vs A.

on UHC emissions were compared. M-nB 15:25 re-
duced emission of UHC by approximately 16.9 %;
whereas M40 by 26.9 % at A = 1.1 relative to GF
with a total alcohol content of 40 % (v/v). The
reasons for this behavior are discussed in the sec-
tion of Figure 2.

In Figure 4 (a) the test blends: M30, M40,
M-nB 10:20 and M-nB15:25 had similar indicated
peak pressure and reduced with increasing excess
air ratio (A) due to the so called leaning effect of
the alcohols added to GF. It is desirable for the
engine to operate with blended fuel near A =1.09

Figure 4. The relationship between maximum indicated pressure (ip) and HRR and corresponding (CA) ATDC vs .
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to maintain effective pressure. Figure 4 (b) shows location crank angle degree after top dead centre
that the leaner the fuel mixture is (A > 1.2) the (CA ATDC) of the peak indicated pressure is

Figure 5. Emission characteristics of fuel: ref fuel, blends:M10 and M15 vs real time.

Figure 6. Emission characteristics of methanol-gasoline blended fuel vs real time.
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more into the expansion stroke than when A =
1.09. The maximum HRR observed with fuel
blend M30 and M40 is higher than that of blends
M-nB 10:20 and M-nB 15:25 respectively (see
Figure 4 (c)). However, the greater leaning ef-
fect of the methanol-gasoline blends for the same
brake power output than the DAG blends is un-
desirable for good engine performance. The DAG
blends moderate the leaning effect and also short-
ens combustion duration (Figure 4 (d)) due to
the improved heating value compared with meth-
anol-gasoline blends.

Figure 5 shows the effect of test fuels: MO,
M10 and M15 on regulated emissions. When NO
emission was maximum implying high tempera-
tures, CO and UHC were minimized (at real
time: 16:00 to 17:00 hrs — see Figure 5 (a) and
Figure 5 (b)). Emissions of UHC rose about
17:00 hrs in Figure 5 (a) whereas NOy emission
dropped significantly indicating low tempera-
tures, which are characteristic of alcohol blends.
This trend was also observed beyond real time
18:00 hrs in Figure 5 (a). Emission of COy was
high (peak) depicting complete combustion of
the fuels with a high oxidation of CO (compar-
ing Figure 5 (b) with Figure 5 (¢)). Emission of
CO by all the test fuels was mostly identical

around the value of 500 ppm in real time; but
quite high at the beginning of experiments due to
the effects of the gasoline fuel during engine
warm-up (Figure 5 (b)). Engine-out oxygen var-
ied between 2 and 5 % (Figure 5 (d)) at mini-
mum CO emission whereas the oxygen-out with
MO depended on operating conditions such as en-
gine warm up.

Figure 6 (a-c) shows the regulated emission
for five blends: M20, M25, M30, M40, and M80.
There was a slight fall in the NOy emission when
the alcohol content in GF was increased (see also
Figure 5 (a)) due to the fall in temperature in-
troduced by the blends which have a higher la-
tent heat than GF (see Table 1). Emissions of
UHC were at minimum concentration when NOy
(Figure 6 (a)) was at its maximum level and vice
versa. Emission of NOy reduced slightly relative
to GF with the addition of methanol or both
methanol and n-butanol fractions into gasoline
fuel (Figures: 5 (a), 6 (a), 7 (a)). Theoretically
thermal NOy is a by-product of combustion and
its formation rate has exponential dependence on
temperature. Its formation, which is well studied
and understood [16] depends on the residence
time and higher temperatures.

Figure 7. Emission characteristics of n-butanol additive blended fuel vs real time.
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Figure 8: (a, b) Effect of methanol-gasoline and (c, d) dual alcohol blends on indicated pressure (ip) and heat release rate
(HRR) at & = 1.1.

Figure 9: (a, b) Effect of methanol-gasoline and (c, d) dual alcohol blends on indicated pressure (ip) and heat release rate
(HRR) at & = 1.0.
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As indicated before the minimum and level
emission of CO (Figure 6 (b)) implied that suffi-
cient oxidation of the pollutant occurred in high
temperature environment; in contrast the emis-
sion of CO, (Figure 6 (c)) correlating with that
of NO, (Figure 6 (a)) was high as expected.
However, engine-out oxygen Figure 6 (d) varied
between 2 and 6.5 % when CO emission was at
minimum concentration.

Figure 7 shows the effect of DAG blends:
from M-nB10:20 to M-nB 80:10 on emissions.
The results are similar to single alcohols de-
scribed in the section of Figure 6. However, the
engine-out oxygen is significantly reduced (1.0 to
2.5 %, see Figure 7 (d)) at minimizing emission
of CO indicating their superior quality of com-
bustion. Besides a reduced oxygen-out is a benefit
for downsizing the intake manifold.

In Figure 8 (a-d), the heat release rate
(HRR) of M10 (see Figure 8 (a)) and M-nB
30:20 (Figure 8 (c)) blends had the same com-
bustion duration in (CAD) as GF. Both blends
had the same indicated peak pressure. However,
blends: M25, M40, M-nB 40:20, M-nB 25:35 and
M-nB 80:10 had a shortened combustion dura-
tion; whereas blends: M15, M20, M30, M80,
M-nB 10:20, M-nB 15:25 and M-nB 20:30 had a
slightly prolonged combustion duration. Conse-
quently the effect of increased n-butanol fraction
on the combustion duration was to shorten it; that
is when the shared volume of both n-butanol and
methanol in GF was increased. However, combus-
tion duration was prolonged in the case of metha-
nol only-gasoline blends. The effect of n-butanol
was to improve the combustion efficiency due to
its higher heating value than methanol.

Figure 9 shows the effect of blends on HRR
for stoichiometric mixtures for both the n-butanol
additive and methanol-gasoline blends. The com-
bustion duration was prolonged more substan-
tially for both blends compared with their effects
in Figure 8.

Conclusions

The shared volume (% v/v) of alcohol used
in conventional fuels such as gasoline is limited
by the lower energy content of the alcohol. How-
ever, when another alcohol such as n-butanol is
added in the methanol-gasoline blend, the energy
content of the fuel mixture is improved. The
lower volatility of n-butanol is reported [2] to re-
duce the problems of the fuel delivery system
caused by the higher volatility of methanol-gaso-
line blends used. The aim of this study was to de-
termine the advantages of firing additives of
n-butanol in methanol-gasoline (DAG) blends

over methanol-gasoline (SAG) blends. This was
done on a spark ignition single cylinder engine at
steady state operation. Regulated emissions and
combustion characteristics of the two types of
blends were compared.

A greater reduced emission of UHC with the
SAG blends was observed than DAG blends (con-
strained to the same total alcohol content). The
emission of UHC reduced by 9.2 % (relative to
gasoline fuel-GF) using blend: M-nB 10:30 (10 %
methanol, 30 % n-butanol, and 60 % gasoline)
and by 20 % using M30 blend at A = 1.1. Blend
M-nB 15:25 reduced by approximately 16.9 %
whereas M40 reduced by 26.9 % at L = 1.1. Emis-
sion of UHC for the blends was at minimum
when NOy was at its maximum and vice versa.

There was a slight fall in the NO emission
when the alcohol content in GF was increased.

Emission of CO by all the test fuels was gen-
erally around the value of 500 ppm in real time
but quite high at the beginning of experiments
due to the effects of the gasoline fuel during en-
gine warm-up.

A shortening of the combustion duration was
observed with DAG blends when the total shared
volume of methanol and n-butanol to GF was in-
creased. Besides these type of blends reduced the
leaning effect promoted by single alcohol (metha-
nol) gasoline blends. The methanol-gasoline
blends caused the combustion duration to be pro-
longed as the methanol shared volume to GF was
increased. Blends operating at stoichiometric
mixtures further prolonged combustion duration
than when operating at A = 1.1.

To compensate for the poor emission of UHC
reduced by DAG blends the total alcohol content
can be raised to greater than 40 % (v /v) needing
no engine modification.

The engine-out oxygen was significantly re-
duced using DAG blends indicating the superior
quality of combustion of the DAG blends. Be-
sides a reduced engine oxygen-out is a benefit for
downsizing the intake manifold.

The authors recommended the use of DAG
blends due to their effect of shortening combus-
tion duration and their higher energy content
than SAG blends.
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Nomenclature
ATDC —  after top dead center
ASTM —  American society for testing and materials
BTDC —  before top dead center
C/H —  carbon to hydrogen ratio
CAD —  crank angle degrees
CR —  compression ratio
DAG —  dual alcohol gasoline
FID —  flame ionization detection
GF —  gasoline fuel
HRR —  heat release rate
1P —  Indicated Pressure [bars]
LHV —  lower heating value [MJ /kg]
Mx — % methanol in gasoline fuel
RVP —  vapor pressure [kPa, psi] by Reid Method
SAG —  single alcohol gasoline
TDC —  top dead center
UHC —  unburned hydrocarbon
VP —  vapor pressure
A —  excess air ratio
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JloOaBjieHre HOPMaJbHOrO OyTaHOJIa K METaHO.I-0€H3MHOBBIM
CMeCsM, C’KHTaeMbIM B O/HOLIJIMHIAPOBOM /IBUTATEJE C
HCKPOBBIM 3a’KUraHueM : BumsiHme Ha XapaKTepUCTHKH

ropenusi 1 o0pa3oBaHHE BPEJAHbIX BEUIECTB

[lobGaBiienne [JO3UPOBAHHOI CIIUPTOBON JA00ABKHU, KOTOPAs HUCIIOJIb3YeTCsl B CTaHIAPTHBIX
GeH3MHOBBIX TOIJIMBAX, OTPAHMYMBAETCA B CBA3U C MOHMKEHHOI aHeprueil (remyoroit cro-
paHus) CoupTa, OJHAKO HHEPrUsl TOMJIMBA BO3PACTAET TP MCIIOJb30BAHUU B METaHOJ-GEH-
3MHOBOI CMecH, MOMUMO HMeloTelics, JApyroil cnupToBoil po6aBku — H-OyTanona. Ilpu
aTOM GJiaroiapsi MOHIKEHHOM JieTydecTn H-OyTaHoIa OCJAA0III0TCS TPOOJIEMbI C TOTLIMBHOMN
CUCTEMON JBUTATENsI, OOYCAOBIEHHDIE TIOBBINEHHON JIETYYECTbI0 METaHOJI-OEH3WHOBBIX CMe-
ceif. Ilesb paboThI cOCTOSIA B OINpE/eJeHIN TTPEUMYIIECTB UCITOJIb30BAHUS [IBOMHBIX CITUP-
ToBbIX cMeceit ¢ 6ensunom (DAG) 1o cpasuennio ¢ ognoctmprosbiMu cmecamu (SAG). Co-
Jepkanme cimproB B cMecy npesbrmano 30 % (06.). BosaelicTBue ropiounx CnupTOBBIX J10-
6aBok H-OyTanosa K MeraHos-OensnHoBbiM cMecaM (DAG) cpaBHHUBAETCS € TaKOBBIM INIPH
MCHOJIb30BAHUK MeTaHOI-6eH3nHOBbIX cMeceit (SAG) g ciydaeB cofep:KaHus CIIUPTOB OT
10 mo 90 % (06.) B GensunoBom Tommee. CpaBHEHHE OCHOBBIBAJOCH HA XapaKTEPUCTUKAX
TOPEHUS TI0 CTeTeHN MPHUOJIDKEHUST K perJaMeHTHPYEeMBbIM IOKa3aTesIsIM BPeIHBIX BBIOPO-
coB: NOy, CO, UHC (mecropesnme yrieBogopoabl). VcnbITaHus IPOBOAMIKNCH HA JIBHIA-
tene ¢pupmbl BASF ¢ mepecuerom mommoctn (o okramy). YcTaHOBJAEHO, YTO BBIGPOCHI
UHC cokpamanuch B Godbiieil crernenu npu padore ¢ SAG, yeM Tpu HMCIOJIb30BAHUU
DAG. IloBbitienne gom coupra B 6€EH3WHOBOM TOILIHBE COMPOBOSK/IAETCS HE3HAUNTETbHBIM
ymenbinerreM BbI6pocoB NOy. [Ipu atom Boi6pocer UHC s cmeceil MUHUMAJBHBI, KOTa
cogepxanne NOy MakcuMasibHO, W HaoGopotT. ¥Ycranosjeno, uto pocT NOy — (NOy)max
IpPH BBICOKUX TeMIlepaTypax cornpoBokaaercs munumusanueii Boi6pocoB CO u UHC. Pe-
KOMemjyeTcst jobaBJienne H-OyTaHOJIA JJisI COKDAIIEHUS [POJOJIKUTENbHOCTU TOPEHUsT U
CHIDKEHMS COJIEPKaHMs KUCJIOPO/ia Ha BBIXO/IEe U3 JIBUTATEJS KaK OCHOBA COKpalieHus rada-
puTOB BIycKHOTO (BCachiBaoIiero) TpyGoONpPOBOa W MOBBIIIEHHUS TEMJIOThI CTOPAHUS TOTI-
JuBHO# cmecu. buba. 17, puc. 9, maba. 2.

Kirouerbie cioBa: GeH3MHO-CIIMPTOBOE TOIIMBO, GuocnupThbi, Bpeanbie BoIOpochl (NOy,
CO, UHC), ropenne, ABAraTejib ¢ NUCKPOBBIM 3a5KUTAHHIEM.

ITocrynuna B pegakuuio 22.09.13
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JlomaBaHHs HOPMAJIbHOTO OYTaHOJIA [0 METaHOJI-0€H3HHOBBIM
cyMmiimeil, 0 CHAJIOIOTbCS B OJAHOUMJIIHAPOBOMY /JBHUTYHi
3 ICKPOBUM 3amaJjieHHsIM : BIimB Ha XapaKTepHUCTHKH
TOPiHHSI Ta YTBOPEHHSI MIKiJJUBUX PEYOBUH

JlolaBaHHs 71030BaHOT CITMPTOBOI JIOMIIIIKK, SIKA BUKOPUCTOBYETHCS Y CTAHAAPTHUX OEH3U-
HOBHX IIaJMBaX, OOMEXKYETbCA y 3B’A3KYy 3i 3HMKEHOIO eHeprieio (TeIIoTon 3ropsHHs)
CITMPTY, IIPOTE EHEepPTis MaJiBa 3POCTAE IIPU BUKOPUCTAHHI y MeTaHOJ-O€H3WHOBIN CyMili,
oKkpiM Tiel, mo €, iHmoi cnuprToBoi MoMimku — H-O6yraHosa. [lpm 1boMy 3aBASKM 3HU-
JKeHi#l J1eTiouocTi H-6yTaHoJa 0cJaabJaIoloThess TPo6JeMn 3 MaJUBHOIO CHCTEMOIO JBHUIYHA,
3yMOBJIEH] I1i/[BUIIEHOIO JIETIOUiCTIO MeTaHoJ-6eH3MHOBUX cyMilieil. Mera po6otu moJsirania
y BU3HA4YeHHi MepeBar BUKOPUCTAHHS TOJABIHHUX cnupToBUX cyMimeil 3 Gensunom (DAG) y
nopiBHsiHHI 3 oxHoctmproBuMu cyMimamu (SAG). Bumict cnupriB y cymiiii nepeBuIiyBas
30 % (06.). [lig TOpIoYMNX CIUPTOBUX JOMIIIOK H-GyTaHO/IA /10 METaHOJ-GEH3UHOBUX CyMi-
meil (DAG) NOPIBHIOETHCA 3 TAKOIO NPU BUKOPUCTAHHI METAHOJ-GEH3UHOBUX CyMilleii
(SAG) g Bunagkis Bmicry crnmpriB Big 10 g0 90 % (06.) y GeH3UHOBOMY TaJIMBi.
[MopiBHsHHS TPYHTYBAIOCS HA XapaKTEPUCTUKAX TOPIHHS 32 Mipoio HAGJMKEHHS [0 PerJia-
MEHTOBaHUX MOKasHUKiB mKigmmeux Bukniis: NOy, CO, UHC (uesropimii ByrJeBojHi).
BunpoGysanns nposoauancs Ha asurydi ¢ipmu BASF 3 mepepaxynrom norysknocti (3a
okranom). Beranosseno, mo sukuan UHC ckopouyBasmes Gijbimion Mipoio npu po6Goti 3
SAG, nix npu Bukopucranii DAG. IligBuinenust o cnupty y GeH3MHOBOMY MaJuBi Cy-
MPOBO/IKY€ETbCsT HesHauHnM 3MeHnIeHHsSM BUKHAIB NOy. Ilpm mpomy Buruan UHC ans
cymimreir MiHimMabHi, Koan BMicT NOy MakcuMadbHUM, Ta HaBHaku. BcraHoBJieHO, 1O 3pO-
craunst NOy — (NOy)pnax TPU BECOKHX TeMIlepaTypax CyNpPOBOKYETbCS MiHiMisallieio Bu-
kuaie CO ta UHC. PekomenjoBano pogaBaHHs H-GyTaHOJA IS CKOPOUEHHS TPUBAJIOCTI
TOpPiHHS Ta 3HWKEHHS BMICTY KHCHIO Ha BUXOJi 3 JIBUTYHA SIK OCHOBA CKOpPOYeHHs raba-
pUTiB BIycKHOro (BCMOKTYIOUOT0) TPyGOIPOBOAY Ta IIiBUIICHHS TEIJIOTU 3TOPSHHS TaJIuB-
Hoi cymimi.Bi6a. 17, puc. 9, maba. 2.

KomouoBi caoBa: Gensuno-ciuproBe naaupo, Giocrmpru, mkigamsi sukugun (NOy, CO,
UHC), ropiHns, ABUTYH 3 iCKPOBHM 3allajICHHSIM.





