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ABSTRACT

Magnesium oxide is one of the most products that used as fuel additive in
the treatment of heavy fuel oil. It has a good efficiency in the reduction of the
bad effects produced from burning heavy fuel oil. In this work, extraction of
magnesium oxide from wastewater of cation exchange regeneration unit was
studied. The extracted magnesium oxide was suspended in a solution of
gelatin as a suspension agent. Different doses of suspended magnesium oxide
were added to heavy fuel oil. The optimum dose for maximum reduction of
the free sulfuric acid (acidity) exists in the combustion products was
determine, also emission produced from burning treated and untreated heavy
fuel oil were investigated. By this treatment, the values of sulfur, sodium and
vanadium in the fuel were reduced, while physical properties of fuel were
approximately stable. The amount of reduction of some pollutants between
treated and untreated heavy fuel oil was calculated. However, sulfur in heavy
fuel oil was reduced from1.6 tol.2 ppm with a percent reduction of 25%. The
vanadium was reduced from 48 t037 ppm with percentage reduction of 9.1%
and sodium was reduced from 84 to 74 ppm with a percentage reduction of
11.9 %, also the value of free sulfuric acid is reduced from 67 to 50 ppm with
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percentage reduction of 28% and this is an indication for the reduction of SOx
emission.
Key words: Emission, Fuel additives, magnesium oxide, sodium, vanadium,
Sulphur.
INTRODUCTION

There are many techniques performed for emissions reduction from oil
fired installations like operating procedures, fuel selection, design and
installation, combustion modifications, new combustion procedures, and fuel
additives. Fuel additives have been one of the most prolific innovations of
liquid engineering as well as material science which can alter fuels burning
rate, increase surface area, and prevent corrosive effects. It gives also natural
fuel sources additional properties (Emara et al., 2016). The flue gas from
combustion of the fossil fuels is discharged to the air. This gas contains
carbon dioxide and water vapor, as well as other substances such as nitrogen
oxides (NOx), sulfur oxides (SOx) and carbon monoxide, for coal and heavy
fuel oil fired plants, fly ash as solid waste (Khalil et al., 2020) . Oil-Fired
Steam Power Plant using fossil fuels has destructive effects on environment.
Emission of pollutants such as SOx produced by burning fuel oil and coal in
power plants has bad effects on public health, water and forest ecosystem,
due to the acidification of soil and lakes. The emissions produced from the
burning of heavy fuel oil can be minimized according to some factor such as:

o Fuel switching from heavy oil to natural gas.

e Sulfur content reduction of heavy oil fuel.
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¢ Installation of Flue Gas Desulfurization (FGD) systems.

e Using fuel additives. (EIA , 2013).

e Fuel additives are chemicals, which alter the combustion parameters
including:

a) Provide boiler cleanliness.

b) High temperature vanadium corrosion protection.

C) Prevention of loss of operating capacity by maintaining design steam

temperatures.
d) Cold end (air heater) corrosion protection.

e) Reduction of stack emissions from hydrocarbon particulate matter and
SOs,

MgO-based additives are considered as the most promising additives that
can minimize sodium and vanadium related fouling problems in utility
boilers. Additives that fall into this category include MgO, Mg (OH) 2
MgCOs, and dolomite (Stas , 2007). The additives have been used in recovery
boilers to minimize deposit buildup on superheated and generating bank
tubes. In addition, the additive treatments are intended to prolong the boiler
operating time between washouts. In order to minimize fouling problems, the
additives are usually continuously injected into boilers during operation. The
additives were claimed to work either by forming a thin coating on the tube
surface to prevent deposits from building up, prevent the formation of

blocking layer between deposits and the tube surface and facilitating deposit
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removal by soot blowers (Vitolo, 2000). However, these claims have never
been verified nor supported by scientific evidence. In addition, the additives
have helped to alleviate fouling problems in their boilers tubs (Tsuboi , 1991).
On the other hand, demineralization of water or deionization of water process
is the removal of essentially all inorganic salts by ion exchange in the water
treatment processes. In this water treatment process, strong acid cation resin
in the hydrogen form replaced cations into their corresponding acids, and
strong base anion resin in the hydroxide form replaced anions (Sanciolo, et al
2010). The wastewater produced from regeneration process has a higher
amount of salts especially calcium and magnesium salts ( Peter, 2010). This
wastewater is like brine solution (saline solution). Previous studies have
shown that salts in brine can be recovered and purified as commercial
products. Salts have been recovered from salty lakes and sea water (Kilic,
2005 , Drioli et al , 2004 and Himawan, 2006), the maximum percentage
recovery of calcium salts obtained at pH value betweenl10-11, while
magnesium salts was between11-12.( Khalil et al , 2014), Magnesium oxide
has numerous applications in both agricultural and industrial fields. In
industry magnesium oxide is useful as a boiler feed additive and is one of the
primary reactant materials in many chemical process reactions, such as acid
neutralization, cation replacement, and hydration, for many of these uses and
application it would be advantageous to provide a high concentration agueous
magnesium oxide suspension to facilitate handling and ease of incorporation

into a resultant product or reaction, or for use as a direct application for boiler
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feed additives, The insoluble magnesium oxide, frequently settles and/or
causes formation of an immobile gel-like mixture, particularly at
concentrations above about six percent. So it requires a suspension
stabilization, the xanthan gum is said to provide suspension stabilization (
Van de Wale, 1989 ), also gelatin is an excellent suspension agent (Sylvester
et al, 2014) , in this work extracted magnesium oxide was suspended in
gelatin solution and it showed excellent suspension stabilization for
magnesium oxide. The suspended MgO was used as heavy fuel additive to

improve its properties and preventing combustion problems.

MATERIALS AND METHODS
Chemicals: Sodium hydroxide and potassium hydroxide were supplied by

(NC-0874 Science Company). Commercial gelatin from local market,
ammonia was supplied by UN 2672.

All chemicals used in the analysis of water and fuel were of laboratory
grades.
Analysis:
o Emission were determined by using land combustion analyzer model 6500
e Sulphur was determined by using LECO Tru-Spec analyzer.
e Sodium and vanadium was determined by using atomic absorption

spectrophotometer model Thermo SOLAAR S4.

¢ Density was determined according to ASTM D4052.

¢ Kinematic viscosity was determined according to ASTM D7042.
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o Water content was determined according to ASTM D95.

o Water and sediments was determined according to ASTM D4007.

¢ Ash content was determined according to ASTM D482.

e Carbon residue was determined according to ASTM 4530.

o Asphaltenes was determined according to ASTM D6560.

o X-ray analysis was determined by using energy dispersive X-ray model
FEI INSPECT S50.

e PH was determined by HACH sension3 PH Meter

Preparation of magnesium oxide as fuel additive:

Precipitation of Magnesium Salts from Wastewater of Demineralization

Plant: The main ingredients of cation regeneration wastewater are calcium

and magnesium ions. pH plays an important role in the precipitation of

calcium and magnesium salts from this water, thus ammonium & sodium

hydroxide which have the higher pH value can provide an excellent condition

for precipitation of calcium and magnesium salts when added to cation

regeneration wastewater. The calcium salts was firstly precipitated at pH of

10.5 by the addition of ammonium hydroxide. The increasing of (pH) by

further addition leads to increase the precipitation level of magnesium salts.

The magnesium salts were fully precipitated at pH of 11.5 and more.

Figure (1) shows the typical photograph of the extracted magnesium salt.
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Figure (1): Typical photograph of the extracted magnesium salt

The extracted magnesium salt was put in a muffle furnace at 650 °C for 4
hours to convert magnesium carbonate and hydroxide to magnesium oxide
(Khalil et al, 2014).
Preparation of magnesium oxide suspension solution: Gelatin is an
excellent suspended agent (Sylvester et al, 2014), thus it used for the
preparation of magnesium oxide suspension. A Solution of 10 % gelatin in
demineralized water was prepared. 2,4,6,8 and 10gm of extracted salts were
added to 100 ml of the aforementioned solution to prepare 2,4,6,8 and 10 %
suspended solutions of magnesium oxide.
Determination of rate of precipitation of magnesium oxide in suspended
solution: The rate of precipitation of magnesium oxide in suspended solution
was determined by using graduated cylinder. The distance of precipitation
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with time was measured visually (Sylvester et al, 2014).

Treatment of heavy fuel oil with prepared magnesium oxide suspension
solution: Different concentrations of MgO (0, 0.03, 0.04, 0.06 and 0.08mg)
were added to one liter of heavy fuel oil. These mixtures were stirred very
well at 80 °C for 1/2 h. The mixtures were prepared to determine acidity as
H2SOs, pH of combustion products, S, V, Na and other physical properties.
Determination of pH of combustion products produced from burning
treated heavy fuel oil: The heavy fuel oils with MgO were burned. The
remaining ash was collected as combustion product. One gram of these
products for each concentration of MgO was dissolved in 100 ml deionized
water then the pH of this solution was determined.

Determination of free sulfuric acid in combustion products produced
from burning treated heavy fuel oil: The heavy fuel oils with MgO were
burned. The remaining ash was collected as combustion product. One gram of
these products for each concentration of MgO was dissolved in 100 ml
deionized water then filtrated and titrated with KOH (ASTM D664).

RESULTS AND DISCUSSIN
Extraction of Magnesium Salts from Waste Water of Regeneration
Process in demineralization Plant: Table (1) shows the chemical analysis of

cation regeneration wastewater.
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Table (1): Chemical analysis of cation regeneration wastewater

Analysis Value
pH 6.61
Total hardness mg/l (as CaCOs) 3000
Calcium hardness mg/l (as CaCQOs3) 1750
Magnesium hardness mg/l (as CaCQs) 1250
Sodium mg/l as Na 870
Iron mg/I 29

X-ray analysis of extracted salts: The extracted salts at pH (10.5) and (11.5)

were analyzed by using; Energy Dispersive X-ray System.
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Figure (2): X-ray of extracted salt at pH 10.5
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Figure (3): Energy Dispersive X-Ray of the extracted salts.

It is clearly seen that the chemical constituents of salt precipitated at
pH10.5 contains a large amount of calcium salt and small amount of other
elements as can be seen from figure (2), while the main element of
precipitated salt at 11.5 is magnesium element as can be seen from figure (3).
The magnesium salts burned in muffle furnace at 650 °C to produce
magnesium oxide with a concentration of 90%. The above-mentioned
magnesium oxide was used to reduce fuel pollutants such as Na, V, S, wax
and asphaltene. The effect of MgO was also confirmed in the laboratory for
the maximum reduction of heavy fuel pollutants. Also the rate of precipitation
of magnesium oxide in suspended solution using gelatin as suspending agent
with different concentration of gelatin was determined by using graduated

cylinder. The distance of precipitation with time was measured visually. The
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largest time of precipitation of magnesium oxide in gelatin, solution was at 10
% gelatin solution. This suspended solution was taken into consideration in
all prepared magnesium oxide suspension.

Rate of precipitation of suspended Magnesium oxide: The precipitation
rate of extracted magnesium oxide was determined by the distance of
precipitation salt in a graduated cylinder of 100 ml value and measure the
distance with respect to time (Sylvester et al, 2014).

Figures (4 & 5) show that the rate of precipitation depends on the
concentration of gelatin, so that the rate of precipitation decreases with
increase the concentration of gelatin. When the magnesium oxide suspended
in different concentrations of gelatin (0, 2, 4, 6, 8, and 10%) the concentration
of 2% gelatin showed the highest precipitation rate. Also the concentration of
10% has the lowest precipitation rate as can be seen from figures. This means
that as the concentration of gelatin increase the suspension stability of
magnesium oxide increase and the precipitation rate decrease as soon as, this
concentration of gelatin does not affect the physical properties of the heavy

fuel oil such as viscosity.
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Figure (4): Sedimentation Time For suspended MgO
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Figure (5): Sedimentation rate %
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Effect of added magnesium (MgO) on the properties of heavy fuel oil:
Effect of added magnesium (MgO) on the pH of combustion product
(ashes and fly ash):. The effect of addition of (MgO) on the pH of the

combustion products of examined heavy fuel oil was studied; Figure (6)

shows the increasing of pH of combustion products from burning heavy fuel
oil by using different doses of (MgO).

pH increasing with additives
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Figure (6): Effect of addition of (MgO) on the pH of combustion products

As can be seen from the curve, increasing of the dose of magnesium
oxide will increase the pH of combustion products -beginning from 2.19 and
reaching to 2.35. It is well known fact that as the pH of combustion product
of heavy fuel oil increase the effect of these ashes on the metal of boiler will
be neglected and reducing of bad effects on the environment.
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Effect of added magnesium oxide (MgO) on the removing of SOx gases of

combustion product: The effect of extracted magnesium oxide (MgO) on the

free sulfuric acid produced from combustion of heavy fuel oil (Mazout) was
studied:

Figure (7) shows the percentage reduction of free sulfuric acid produced
from burning heavy fuel oil by using different doses of (MgO) and this agree
with figure( 6) because of the well-known fact pH increase when acid
concentration decrease . The following equation confirmed the reaction of
(MgO) with SO2 as combustion product leads to form sulfuric acid.
4MgO +4S02 — 3MgSOs....... (1)

Figure (7) shows that the increase of magnesium oxide leading to

decrease the amount of free sulfuric acid.
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Figure (7): Effect of addition of (MgQO) on the removing of SOx gases of
combustion product.

As can be seen from the curve, increasing the dose of magnesium oxide
will reduce larger amount of free sulfuric acid beginning from 67 ppm and
reaching to 50 ppm with percentage reduction of 28 %, these results
compared with the certified used fuel additives in shoubra elkheima power
plant (FS-2940) the used give reduction of free sulfuric acid with 31% in the
laboratory tests.

Effect of added magnesium oxide on the specification of used heavy fuel

oil (Mazout): A collective table was made to compare the specification of
treated and untreated heavy fuel oil.

Vol.(49); 1ss.(8); No.(1); August 2020 131
ISSN 1110-0826



Journal of Environmental Sciences (JES)
Institute of Environmental Studies and Research, Ain Shams University

Mahmoud, Al-Shaymaa et al.

Table (2): Specification of heavy fuel oil with without magnesium oxide as

additive
Test Un treated heavy fuel oil | Treated heavy fuel oil
Ash content mass (%) 0.041 0.031
Carbon residue Mass (%) 4.6 4.45
Asphaltenes, m/m (%) 2,2 2
Sulfur (%) 1.6 1.2
Vanadium ( ppm) 47 38
Sodium (ppm) 84 74
Gross Calorific value Kcal/g 10597 10505
Net Calorific value Kcal/g 10005 9938
Flash point ( Closed) °C 92.1 103.2

According to table (2) the change of specification ash content, carbon
residue, asphaltenes, sodium, vanadium and sulfur of fuel was compared with
and without magnesium oxide as fuel additive, it show slightly change when
using magnesium oxide as fuel additives.

Determination of emission produced from burning of treated and
untreated heavy fuel oil at 250, 280 and 180 MW/H: The magnesium base
fuel additives cause significant improvement of the combustion
characteristics of local low-quality fuel approaching the combustion
characteristics of the high-quality imported fuel. Also reduced SOs and
controlled acid smut emission, Emissions of sulfur dioxide and nitrogen
oxides lowered after using the fuel additives which could lead to reduce the

dew point temperature and thus improves the thermal efficiency of the
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equipment which will use these additives in addition to the yield positive
impact on the environmental impact assessment (Emara et al, 2016). Figure
(8) shows the comparison between emissions of NOx, SOx, and CO for
Treated and un treated heavy fuel oil (Mazout) in Shoubra El-kheima power
station When using heavy fuel oil with approximately the same sulphur
content, chemical and physical properties at the same load (250 MW/H). A
significant change in the flue gases was observed. As can be seen from figure
(8). With respect to SOx the value was reduced from 3617 to 2523 mg/m?.
Also NOx reduced from 312 to 210. The carbon monoxide slightly reduced
from 40.8 to 40 mg/m?3 , Thus according to the above mentioned there is a
reduction in the concentration of NOx by 29 % and SOx by 30% produced
from burning treated fuel oil in Shoubra El-kheima power plant. The fuel
additives shows enhancement in the complete combustion of heavy fuel oil so
the carbon monoxide produced from un complete combustion was decreased,
also the required air for complete combustion was decreased and
subsequently the emitted nitrogen oxides was decreased , also using of fuel
additives has been reported to decrease the sox emission because of the

reaction between sox and magnesium oxide.
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Figure (8): Flue gas analysis of treated and untreated heavy fuel oil at 250
MWI/H

Figure (9) shows Comparison between emissions of NOx, SOx, and CO
for Treated fuel oil & un treated fuel oil burned in Shoubra El-kheima power
plant when using heavy fuel oil with approximately the same sulphur content,
chemical and physical properties at load of (280 MW/H).

As can be seen from figure (9), With respect to SOx the value was
reduced from 3685 to 3083 mg/m?. Also NOx reduced from 400 to 346. The
carbon monoxide was reduced from 30 to 19 mg/m3. Also there is a reduction
in the concentration of SOx by 16% and CO by 36% and 13.5% for NOX in
the flue gases produced from burning of treated fuel Oil with respect to un
treated one at 280 MW/H.
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Figure (9): Flue gas analysis of treated and untreated heavy fuel oil at
280MW/H
Figure (10) shows a comparison between gas emissions of NOx, SOx,
and CO for treated and untreated fuel oil burned in Shoubra El-kheima power
plant when using heavy fuel oil with approximately the same sulphur content,
chemical and physical properties at the same number of mazout burners (6
burners) and (10 NG burners) at the same load180MW/H.

1500

1000 o
500 = unTreated heavy fuel oil
T M treated heavy fuel oil

SOX NOX Cco
mg/m3>  mg/m®* mg/m?3

Figure (10): Flue gas comparison of treated and untreated heavy fuel oil at
180MW/H
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Figure (10) shows the variation of flue gases SOx , NOx and CO when
burning mixed fuel natural gas, treated and untreated heavy fuel oil at 6
burners mazout and (10) NG burners at 180MW/H . As can be seen from
Figure (10) there is a reduction in the concentration of CO by 37%, SOx by
21% and 2.6% for NOx produced from burning treated fuel oil in Shoubra
El-kheima power plant.

CONCLUSION

Extraction of magnesium oxide salt from cation regeneration wastewater
(CRWW) and using of extracted magnesium oxide as a fuel additive for
heavy fuel oil (mazout) to reduce some contaminants such as free sulfuric
acid and flue gases in combustion products produced from combustion of
heavy fuel oil in laboratory was studied. By using this salt the amount of
sulfur in heavy fuel oil reduced from 1.6 ppm to 1.2 ppm with a percent
reduction by 25%, for vanadium the reduction in its value is from 47% to 38
% with percentage reduction of 9.1%, the value of sodium reduced from 84
ppm to 74 ppm with percentage reduction of 11.9 , also the value of free
sulfuric acid is reduced 67 ppm to 50 with percentage reduction of 28% and
this is an indication for the reduction of SOx emission . in addition It was
show that the physical properties of fuel slightly changed when using
magnesium oxide as fuel additives. The observation of emission values for
fuel additives shows reduction in the harmful emission of SOx, NOx and CO.

Nevertheless, the fuel additives shows enhancement in the complete
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combustion of heavy fuel oil so the required air for complete combustion was
decreased and subsequently the emitted nitrogen oxides will decrease.
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