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Present communication deals with evaluation of vari ous additives, formulations and chemicals that are 
either commercially available or synthesized in aut hors’ laboratory for cracked residual fuel oil. The  
objective of this study is to assess the suitabilit y of these additives and chemical components with 
regard to sediment and deposit inhibiting character istics and study the effect of the additives on act ual 
fuel combustion so that suitable type of additives can be identified for cracked residual fuel oil. Th e 
additives tested were found to cause considerable r eduction in total sediments almost 10 times and in 
un-filterable residue by 2.5 times. Low air pressur e (LAP) burner test in an actual furnace showed 
significant improvement in terms of combustion effi ciency (15.4%), fuel economy (26.7%) and 
particulates in flue gases (40%). It was concluded that the quality of cracked furnace oil can be 
improved to an acceptable performance level by the help of proper additive. 
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INTRODUCTION 
 
Furnace oil is a heaviest commercial fuel that can be 
obtained from petroleum crude oil, either as a distillate or 
a residue and it is burned in a furnace or boiler for the 
generation of heat or used in an engine for the generation 
of power. It is also known as fuel oil, residual fuel, marine 
fuel or bunker oil. Flash point of furnace oil should be 
approximately 40°C. Furnace oil is made of long cha ins 
hydrocarbon; particularly alkane, cycloalkane and 
aromatics (Wikipedia, 2010). The world’s furnace oil or 
residual fuel oil production in 2004 to 2005 was estimated 
around 2500 Million Metric Ton (Fuel oil, 2010). Even 
then, residual furnace oil is the most neglected 
hydrocarbon fuel. While in developed countries there is a 
tendency to use distillate fuel oils and up grade the 
residue so as to reduce sediments, asphaltenes, metal 
content and sulfur in the residual fuel oils. In developing 
countries,  industries are only using residual hydrocarbon  
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Abbreviations: LAP,  Low air pressure; MFA, multifunctional 
additive; BS, European standard; IS, Indian standard; HV, high 
viscosity. 

fractions, which are not suitable as furnace oils (Danilov 
et al., 2003). Furnace oils as a result of thermal and 
catalytic cracking, delayed coking and visbraking in 
heavy oil unit contain large quantities of mono and di 
cyclic olefins, polynuclear aromatics hydrocarbons, 
heterocyclic components, asphaltenes, sediments, metal 
and other contaminants (around 0.7 to 1.5% as against 
the required value of 0.25%) (Murphree, 1951). The oils 
usually have high pour points and require preheating. 
These characteristics cause heavy deposits during 
storage and causing heavy clogging of fuel lines (Notes, 
1984).  

The deposits are formed at the burner nozzles and fire 
side of the tubes also. Heavy corrosion is caused due to 
high sulfur content of the fuel. The soot content is high in 
flue gases and fuel economy is generally poor due to 
reduced-flow and insufficient atomization at the burner 
nozzles (Jones et al., 1958). These tendencies can be 
curbed by using suitable additives, which not only reduce 
deposits, sludge formation, polymerization and corrosion 
during storage but also improve the combustion efficiency 
and fuel economy of the fuel. A comparison of furnace 
oils characteristics in Table 1 of the furnace oils of 
European (BS) and Indian (IS) (BIS, 2002) origins is 
showing lack of control on various parameters such as 
sulfur, sediments, asphaltenes and olefins in furnace oils 
of  Indian  origin,  which  is  possible  only  if  the  refinery  
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Table 1. Specification for furnace oil.  
 

Characteristics Standard 
(IS- 1593 – 88) 1993 grade  (IS –Tentative) 1997 gr ade 

LV MV1 MV2  HV LV MV HV 

Kinematic viscosity at 50°c max    IS 80.0 125 180  370 80 125-180 370 

Kinematic viscosity at 80°c max    BS 13.5 35 -  85 - - - 

Sediments % by mass – max          IS 0.25 0.25 0.25  0.25 0.15 0.25 0.25 
Sediment % by mass – max            BS 0.15 0.25 -  - 0.10 0.20 0.20 
Sulfur % by Mass – max                  IS 3.50 4.00 4.0  4.5 2.0 4.0 4.0 
Sulfur % by mass – max                  BS 3.50 4.00 -  4.0 1.0 2.5 2.5 
Ash % by mass                                IS - - -  - 0.1 0.25 0.25 
Ash % by mass                                BS 0.10 0.15 -  0.25 0.1 0.15 0.15 
Bosch   BS - - -  - 0.85 0.90 1.0 

 

Note: IS – Indian standard, BS – British standard first came in 1982, now ISO 8217 from 2005. 
 
 
 
operations are suitably geared to bring about these 
changes. The unstable components of cracked furnace 
oil are mainly responsible for thermo-oxidative 
degradation, which leads to polymerization in the form of 
sediment formation (Nixon, 1962). The Environmental 
Protection Agency of United States of America put an act 
in January 1995, which requires deposit control additives 
be added to all furnace-oil. This type of additive is a 
detergent additive that acts as a cleansing agent in small 
passages in the fuel injectors. This in turn serves to 
ensure a consistent air and fuel mixture that will 
contribute to better fuel efficiency. Thus, furnace-oil 
additives are designed to meet the challenges created by 
changing emissions regulations and fuel standards, and 
variable fuel quality. Fuel quality is affected by 
desulphurization, fuel instability and increases deposits in 
exhaust tracts, boilers and heat exchangers. As per 
international standard practice, all furnace oil must have 
at least one antioxidant and one detergent-dispersant or 
multifunctional additive (MFA) (Ford, 1968).  

The aim of present work is to improve operational 
efficiencies in residual fuel oil and cracked furnace oil 
burning by developing suitable additive. This fuel additive 
includes an antioxidant and MFA for residual fuel oil for 
improvement in fuel combustion quality. Thermo-
oxidation phenomena are the main cause for degradation 
of furnace oil and formation of non-soluble fine particles. 
Further, its deposition as sediment is phenomena of 
colloids or coagulation. Additives for furnace oil should be 
selected after considering both activities. The oxidation 
reactions in hydrocarbon proceed via three separate but 
related mechanisms (Dunn, 2005):  
 
R• + O2 → ROO•                  ROO• + RH    (I) RH = Hydrocarbon, R = Hydrocarbon radical 
ROO• + RH → ROOH + R•  (II)     ROO• = peroxy radical,   ROOH =Hydro peroxide  
 
The process involves (I) build up of hydro- peroxide 
moieties and other free radicals (II)  a free radical 
reaction with various hetero atom species (III) occurred 
such as condensations between organic  sulfur,  nitrogen, 

acidic and aldehyde species.  The following reactions are 
involved in radical formation in oxidative deterioration of 
hydrocarbons. These general equations apply to both 
saturated and unsaturated radicals. 
 
                                             |      | 
 ROO• + >C=C< → ROO – C – C• –                                                                               
(III) 
 
                                             |      | 
                          
                                                                    
ROO• + >C=C< → RO• + >C – C<                                                                                     
(IV) 
 
Peroxy radicals are thus mainly responsible for 
propagation of reaction chain. The inhibition of oxidation 
can be accomplished either by removal of peroxy radicals 
for breaking the oxidation chain reaction or by obviating 
free radical formation (Tenox, 2010). 

The well known and widely used antioxidants of the 
chain breaking class are alkyl phenols and aromatic 
amines. Recently Mannich bases/ guanidine derivatives 
and hydroxy aromatic nitrogen heterocyclic like azoles, 
azines and imidazolines derivatives have taken 
precedence over these classes of compounds because of 
their better effectiveness even at higher temperatures at 
which phenols and amines become ineffective. It is 
believed that these materials function by donating a 
hydrogen atom from their active centers to peroxy 
radicals; the initial reaction is (Aluyor et al., 2008): 
 
ROO• + AH → ROOH + A• ; ROO• + A• → ROOA 
 
The antioxidant properties of amine derivatives such as 
azoles, azines, guanidine and urea derivatives function 
by a combination of several modes of action such as 
oxygen and proton scavenging and hydro peroxide 
decomposition, azoles and azines are effective even in 
stabilizing the oxidation due to trace metallic components 

   O 
   / \ 
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(Barclay et al., 1999; Pedrielli et al., 2001). Recent work 
has been conducted on azine, azole and amide. These 
additives are highly effective in gum inhibition and 
prevention of oxidation at higher temperatures 
(Schwetlick et al., 2002; Antioxidant, 2010). Oxidative 
decomposition of hydrocarbon produces colloidal 
insoluble particles. The stability of colloidal particles is 
opposed by Vander Waals attractive force. Thus, in the 
absence of any forces opposing the Vander Waals force 
of attraction, the particles must be coagulating rapidly. 
When MFA present, coagulation does not takes place. 
Repulsion between colloid particles may be electrostatic 
with adsorption of ionized surfactants on the particles or 
steric phenomena of repulsion in the case of non-ionic or 
undissociated surfactant or polymers (Glavati et al., 
1979). Detergent-dispersant additives or MFA can 
solubilize oil-insoluble polymerized products formed due 
to oil and fuel decomposition or at least keep it as 
dispersion.  

This action prevents the precipitation and deposition of 
colloidal materials on metal surface in form of sludge, 
varnish and carbon deposit. MFA also form film on metal 
surface to avoid such deposition. Although a number of 
formulations have been described as furnace oil additives 
in the market but largest volume of additives sold in the 
market consists of the magnesium derivatives of 
sulfonates as furnace oil additives because of their ability 
to reduce smoke, act as corrosion inhibitors and 
detergents for maintaining over all cleanliness of burner 
parts (Sereda et al., 1981). However, residual fuel 
composition is being burnt in several stationary plants 
and furnaces having large quantities of asphaltenes do 
contain special formulations containing amine type of 
dispersants cum sedimentation inhibitors which are 
directly purchased by the consumers. Recent attention is 
being drawn towards clean fuel combustion and fuel 
economy. Although the use of combustion improvers and 
emission control additives are still limited but these are 
likely to grow at a rapid rate in future due to increasing 
stringency in control of emissions from thermal power 
plants oil fired boilers and trawlers. Present 
communication deals with evaluation of various additives, 
formulations and chemicals that are either commercially 
available or synthesized in authors’ laboratory for cracked 
residual fuel oil. The objective is to assess the suitability 
of these additives and chemical components with regard 
to sediment and deposit inhibiting characteristics and 
study the effect of the additives on actual fuel combustion 
so that suitable type of additives can be identified for 
cracked residual fuel oil. 
 
 
MATERIALS AND METHODS  
 
The cracked furnace oil (without additive) was collected from 
refinery. The additives, which are reported in this paper, are of 
three types given Table 2. Generally, alkylation was done to provide 
oil solubility in the compounds. In this way, either pure compounds 
or their derivatives were used in the present study. The  methods of  

 
 
 
 
derivative preparation were as follows: 
 
 
N-alkylation    
 
Amine compound (1mole), alcohol (1mole) and zerolite 225 catalyst 
(1%) refluxed in toluene with water trap for 8 h. The water of 
reaction was separated and the product cooled, filtered and toluene 
distilled off. Yield 70 to 80%. 
 
 
C-alkylation   
 
Compound (1 mole), olefin (4 moles) and anhydrous aluminium 
chloride (1mole) was taken in a reactor. Anhydrous aluminium 
chloride was added in several small portions to control the 
temperature between 60 to 80°C. The reaction was carri ed out for 
10 h. The reaction product was poured on ice and hydrochloric acid 
mixture and kept overnight then extracted by petroleum ether 60 to 
80°C. The solvent and olefin recovered by distillat ion. Yield 60 to 
70%.  
 
 
Mannich base   
 
Amine (1 mole) and phenol (1 mole) was taken in benzene and 
cooled to 20°C with constant stirring. To the stirred  mixture, 
formaldehyde (1mole) was added drop wise in 30 min with 
temperature maintained at 25 to 30°C. The benzene wa s removed 
to get the required mannich base. Yield 95%. 

Other branded additive obtained from market. It is a common 
practice to dope the furnace oil with additives in concentration 
range of 50 to 200 mg/liter. However, it was noticed during 
experiments that for this type of furnace oil, optimum dose would be 
around 1000 mg/liter (Stabilizer-500 mg/L + detergent /dispersant-
mg/liter). So, the results on 1000 mg/L dose and only valuable 
information’s are reported in this paper. 
 
 
Characteristics of furnace oil   
 
A study of Physico Chemical characteristics of the cracked furnace 
oil stream (Table 3) showed that asphaltenes content of the sample 
as determined by IP 53/90 method was 0.8% which was quite high. 
A qualitative study of the furnace oil stability and deposit forming 
tendencies was made by heating it to 100°C and spotting it on a 
whatman no. 1 filter paper placed in a blotter test frame and dried at 
100°C in an oven for 1 h. The spot had a dark thick inner ring, 
which indicated the presence of large quantities of thermo-oxidative 
unstable constituents. This indicated that the cracked furnace oils 
besides containing large amounts of asphaltenes also contains 
unstable constituents and, therefore, require not only dispersant 
additives but also thermo-oxidation stabilizers (Nalco, 1963). 
 
 
Ageing test   
 
The aging was carried out by IP 390/90 and 375/86 in duplicate. 25 
± 1 g of aliquot of the homogenized sample was poured into the 
conical flask, attached with the air condenser by means of the cork, 
and the sample was placed in the well of the aging bath for 24± 
0.25 h at 100±0.5°C (IP, 1990; ASTM, 1982). The flask from bath 
was removed; air condenser was replaced by the rubber stopper 
and shaken vigorously until all the sludge was uniform. To check 
this, flask was inverted and bottom/wall of the flask was examined 
for any sludge deposit, after draining off the oil. Deposits from the 
wall/ bottom of the conical flask were removed by scraping with the 
spatula. Content of the flask was re-shaken and the specified 
procedure (IP 375 / 86) was initiated within 1 min. For each test two  
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Table 2. Source of three types of additives. 
 

Source of additives Compounds Code Remarks 

Synthesized in 
author’s lab by using 
chemicals from Merck 
and Aldrich 

• Mannich base of dodecyl phenol and poly isobutylene (PIB) 
succinimide of pentaethylenehexamine 

D1 
 

Detergent- Dispersant  

   

• Di dodecyl benzene sulfonate salt of 
pentaethylenehexamine 

D2 
 

-do- 
 

   

• Di dodecyl benzene sulfonate salt with tetraethylene 
pentamine 

D3 -do- 

   
• Di dodecyl benzene sulfonate salt with triethenetetramine D4 -do- 

• Phenylene diamine PIB succinimide mannich base D5 -do- 

• PIB succinimide of pentaethylenehexamine D6 -do- 

• Di dodecyl phenylene diamine S1 Stabilizer 

• 5- amino tetrazole and dodecyl phenol adduct S2 -do- 

• C- Alkylated dodecyl iH-benzotriazole S3 -do- 

• 2,5, di dodecyl amino phenol S4 -do- 

• N,N’ di dodecyl gunadine derivative S5 -do- 
  

Pure compound Octadecyl amines 
S6 
 

Merck 

    

Branded Additives 
• Commercial additive pack C1 Nalco 

• Commercial additive pack C2 Lubrizole 

• Commercial additive (2,6,di,tert. butyl-4methyl phenol) C3 Merck 

 
 
 

Table 3. Characteristics of residual fuel oil used for study 
 

Characteristics Method Values 

Kinematic viscosity  CST  at 100°C      ASTM D445/71 15.66 

Kinematic viscosity  CST  at 40°C        ASTM D445/71 236.61 

Water content % (Vol. /Vol.)                   ASTM D95/83 nil 
Ash ( Wt. % )                                          ASTM D482/91 0.11 
Sediments (existing)                              IP 53 / ASTM D 4730.6 

Rel. density  at 20°C                              ASTM D445/71 0.9582 

Sulfur  (Wt. % )                                       ASTM D129 1.42 
Asphaltenes    IP 143 - 
Sediment (potential) by (Wt. %)             IP 390 and 375 1.00 
Carbon (wt %)                                                                        86.88 
Hydrogen (wt %)                                                                    11.62 

Pour point °C                                          ASTM D97 30 

Flash point °C                                         ASTM D92 99.8 

Calorific value (Kcal/kg)                          ASTM D240 97.67 

 
 
 
filter media were dried at 110°C for 20 min. in the oven. Each paper 
were rapidly transferred separately to a numbered weighing bottle 
and  allowed to cool in the cooling vessel up to room temperature (5 

to 10 min). Pan balances were used for each weighing bottle plus 
filter medium by the tare method against an empty similar bottle, to 
nearest  0.001 g.  The  Whatman  GF/A  filter  media are fragile and  
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Table 4.  Study on additives for furnace oil stability. 
 

Additives – 1000 mg/lit 
Total sediment % In  mg/100 ml Unfilterable in mg /  100 ml 

Test IP 390/ 370 Long storage 
Undoped fuel oil – Blank 920 3000 
Alkyl phenol succinimide   - D1 130 1598 
Alkyl aryl hexa-amine sulfonate  - D2 110 1382 
Alkyl aryl tetra-amine sulfonate  -  D3 120 274 
Alkyl aryl tri-amine sulfonate -  D4 120 1485 
Phenylene diamine succinimide - D5 80 1443 
Alkyl penta amine succinimide -  D6 40 2332 
Hindered phenylene diamine -  S1 180 1880 
Tetrazole phenol adduct  -  S2 150 1738 
Alkylated benzotriazole  -  S3 150 2052 
Hindered amino phenol  - S4 160 2002 
Gunadine derivative   - S5 150 - 
Alkylated amines  -  S6 260 - 
D6  +   S3     ( 50:50) 190 - 
D6  +   S2     ( 50:50) 160 - 
D6  +   S1    ( 50:50 170 - 
D5  +   S3     ( 50:50) 110 - 
D4  +   S6    ( 50:50) 90 - 
D4  +   D5    ( 50:50) 110 1155 
D1  +   D6     80 - 
D2 +    S3     100 1358 
D1 +    D2     140 1556 
D3  +   S3    ( 50:50) 80 1125 
D3 +    S4   ( 50:50) 100 1215 
Commercial additive pack  -C1 340 1638 
Commercial additive pack  -C2  380 2624 
Commercial additive pack  -C3 190 1950 

 

Note: name of additive is indicative and short. 
 
 
 
were handled with care. The aged furnace oil sample prepared as 
described above and weighed to the nearest 0.01 g.  

A portion of sample was poured (approximately 11 g) into a 30 ml 
beaker. Vacuum source was connected and vacuum was applied to  
an absolute pressure of 40 ± 2 kPa (minimum). The content of the 
beaker was heated up to 100 ± 2°C. Then the content  at 100 ± 2°C 
was transferred to the center of the filter medium, taking care that 
no sample touched the walls during transfer. The beaker was 
reweighed to the nearest 0.01 g. The quantity transferred should be 
10 ± 0.5 g. When filtration was not completed in 25 min., the test 
was discontinued and repeated again using 5 ± 0.3 g of sample. If 
filtration was not completed in 25 min. the result was reported as 
“filtration exceeds 25 min.” When the filtration was completed and 
the upper filter medium appeared dry, the steam and vacuum 
continued for further 5 min. The steam supply was discontinued and 
passing tap water through the coils cooled the apparatus. The 
filtration unit was carefully washed with two portion of 25 ± 1 ml of 
the solvent from a syringe or graduated wash bottle with a fine 
nozzle, care was taken to remove any adhered sample from the 
wall of the upper part of the apparatus. Top portion of the filtration 
unit was carefully removed and the rim of the filter was washed with 
10 ± 0.5 ml of the solvent in similar manner. Finally the whole of the 
filter medium area was washed with 10 ± 0.5 ml of n-heptane. Mass 
percentage of total sediment was calculated and reported in Table 
4.  

Thirteen weeks long storage test 
 
Because fuel was stored at reduced temperature, it was allowed to  
come to ambient temperature (DuPont, 1964). It was made certain 
that entire fuel sample was at least 5°C above its cloud point before 
proceeding, to dissolve any separated wax. Furnace oil sample was 
filtered through glass-fiber filters. Storage oven was adjusted to a 
temperature of 50±1°C. 400 ml of filtered fuel was placed into each 
bottle. The period for this accelerated storage test was 13 weeks. 
After 13 weeks of storage bottles were removed from the storage 
oven and allowed to cool to 21 to 27°C in a dark place for 4 to 24 h. 
After cooling the fuels were analyzed by filtering it through Gooch 
crucible containing glass-fiber filters. Bottles were rinsed by n-
heptane. Filter papers were weighed after drying and gum solvent 
was poured in to bottles for adherent gum determination. Results 
were reported in Table 4.  
 
 
Combustion test   
 
A horizontal cylindrical oil fired furnace fitted with a low air pressure 
(LAP) atomizing burner (Figure 1) has been used for the evaluation 
work, which are commonly used in India (Madan et al., 1999). The 
furnace consists of a circular cylindrical refractory lined combustion 
chamber   (75 cm   dia   x   500   cm  length)  having  a  conical  exit  
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Figure 1. Experimental setup for combustion evaluation. 

 
 
 

Table 5.  Combustion study on additives for furnace oil stability. 
 

Additive 

Combustion efficiency  
Higher CO 2 % 

 Fuel economy less 
coke – less air  

 Particulate less 
smoke  

 

Remarks 
CO2 % CE %  

increase 
 Air % FE % 

increase 
 Smoke no PM % 

decrease 
 

Blank 13 -  15 -  2.5 -   
C3 13.5 3.80  14 6.7  3.0 - 20  Good for FE only 
D6+S2 ( 50:50) 15 15.4  11 26.7  1.5 40  Good for all 
D3+S3 ( 50:50) 14 7.70  19 -26.7  3.5 -40  Good for all 
D6 14 7.70  19 -26.7  3.5 -40  Improve CE  only 
S2 14 7.70  15 0  2.5 0  Improve CE  only 
D1+ D6 ( 50:50) 15 15.4  11 26.7  0.5 80  Improve CE  only 

 

CE- combustion efficiency, FE- fuel efficiency, PM – particulate matter. 
 
 
 
connected to a chimney with natural draught. A suitable damper 
has been provided in the chimney to control furnace pressure. The 
burner assembly has been mounted on the front plate of the 
furnace. Flue gas was sucked through a water-cooled sampling 
probe provided in the chimney and was analyzed for CO2% and 
‘Bacharach Smoke-Number’ at regular intervals. Exhaust gas 
analyzed at a point in the chimney where no flame was visible by 
using ‘Fyrite indicator’ and ‘Bacharach Smoke Meter’. Furnace wall 
temperature measured using Pt-Pt-Rh thermocouple. Specifications 
of burner were: capacity 10 to 65 lit/ h Turn down ratio 7:1; Furnace 
oil pressure-1 kg/cm2; Air pressure 700 mm WG max. ; Excess air 5 
to 10%, Furnace oil preheats temperature 80 to 90°C. The 
characteristics of furnace oil used for the evaluation are reported in 
Table 3. The additives were doped in furnace oil at 80 to 90°C with 
thorough mixing for 2 h. Initially the burner fired with HSDO for 
about 2 h to preheat the furnace and then switched over to 
untreated furnace oil. Fuel burning rate has been maintained by 
keeping  pressure  of  the  oil  constant  and  with  the  help of micro 

valve provided near the burner. After the furnace wall temperature 
got stabilized (above 1000°C), measurement for the products of 
combustion were made by sucking flue gases through the sampling 
probe provided in the chimney. These measurements have been 
repeated at regular intervals while maintaining smoke level of flue 
gases at 2 to 3 ‘Bacharach Smoke Number’. Results were reported 
in Table 5.    
 
 
RESULTS  
 
This study was conducted into two parts. The first part 
related to the laboratory study for screening of the 
stabilizer additives and second part for combustion 
quality study at the pilot plant level. Table 1 indicates that 
BS  is  for  fuel  oil of better quality in comparison to IS. In  
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BS sediment old limit is 0.15 / 0.25 / - against IS limit of 
0.25 and future BS limit is -/ 0.1/ 0.2 / 0.2 against IS 0.25 
/ 0.15/ 0.25/ 0.25. It means, the furnace oil available in 
India is of lower quality in comparison to European 
furnace oil even though both are satisfying the respective 
standards. It is a matter of further concern that the 
sample of furnace oil taken for study has poor quality 
than IS standard. It is indicated in Table 3 that analysis of 
furnace oil sample shows the kinematic viscosity 
236.61cst at 40°C and 15.66 cst at 100°C indicates that it 
is high viscosity (HV) grade oil. It is meeting all 
specification except sediment, which is in higher side, 
4.73 against prescribed limit of 0.2. It is possible only due 
to unstable component of furnace oil, which was oxidized 
during transportation and storage. Thus common furnace 
oil in India needs more effective additives than what was 
developed on furnace oil of European standard. 
 
 
DISCUSSION 
 
Aging test   
 

Screening study was carried out with more than 100 
compounds but only few are discussed here. Table 4 
showing the results of evaluation of furnace oil performed 
under aging test in terms of total sediments with a 
number of additives and their combinations in cracked 
furnace oil samples. It was observed that dispersant 
additives D1, D2, D3, D4, D5 and D6 all reduce total 
sediment as determined by IP 390 and 375 after aging 
from 920 mg/100 ml in undoped furnace oil to the range 
190 to 80 mg/100 ml which is much below the requisite 
value of 250 mg/100 ml. Stabilizer type of additives S1, 
S2, S3, S4 and S5 all reduce total sediment. 
Combinations of dispersant and stabilizers (D6+S3), 
(D6+S2), (D6+S1), (D5+S3), (D4+S6), (D4+D5), 
(D1+D6), (D2+S3), (D1+D2), (D3+S3) and (D3+S4) all 
reduce total sediment. Commercial additive pack C1, C2 
and additive S6 are not so effective. It means alkylated 
amines will not be effective on aging phenomena. Phenol 
types of stabilizer (S3, S4 and C3,) are not so effective. 
Phenols are not effective in combination also. 
Succinimides are very effective as single additive or in 
combination. D1-Mannich base is better than phenol but 
less effective than succinimide. Sulfonates (D2, D3 and 
D4) are behaving similarly. So, first indication is, nitrogen 
carrying compounds (succinimides) are more effective 
than sulfur or oxygen carrying compounds (Sulfonates). 
Second, increase in number of nitrogen will be benefited. 
Order of effectiveness is (NH+

3)<(O-C-N)<(-NH2)<(-NH-
)<(-N-C2-N-)<(-N-C2-N-C2-N)<(-N-C2-N-C2-N-C2-N-)<(-N-
C2-N-C2-N-C2-N-C2-N-)<(-N-C2-N-C2-N-C2-N-C2-N-C2-N-).  

This trend indicates that chain length of multi-amine 
further increased, then a super additive will be produced, 
this can easily stabilize even furnace oil of poor quality 
with  highly  unstable  component. D6- PIB succinimide of  

 
 
 
 
pentaethylene hexamine is most effective. Therefore; this 
additive can be used successfully for improving the 
stability of cracked furnace oil at higher temperature. This 
test simulates the accelerated oxidation of furnace oil in 
presence of catalyst (metals).  
 
 
Long term storage stability 
 
Study was carried out with more than 100 compounds but 
only few are discussed here. Long term storage stability 
simulates auto-oxidation behavior of furnace oil in contact 
with air. Characteristics for 13 weeks at 50°C as per 
procedure and its results in Table 4 shows that 
dispersant additive such as D2, D3, D4 and D5 are likely 
to give extremely good performance in the actual field 
application also. It can be also inferred that stabilizers S1, 
S2, S3, S4, S5 and S6 all reduce the value of sediment in 
fuel oil at 1000 mg/lit concentration from 3000 to 2332 -
274 mg/100 ml which is reasonably good from the point 
of view of fuel stability characteristics as reflected by 
storage test. However, 13 week long term storage 
stability test shows that only stabilizers S2, S3 and S5 
are likely to perform satisfactorily alone. Generally rest of 
these additives should preferably be used in combination 
with dispersant additives.  

Table 4 gives the results of evaluation of combination 
of these additives in equal ratio with total additive dosage 
kept at 1000 mg/lit level in the fuel oil. Combinations of 
additives like (D4+S6), (D1+D6), (D2+D3) and (D3+D3) 
show synergistic performance characteristics. These 
combinations may prove highly effective and some of 
them commercially viable too. A pattern of behavior is 
also found in this test. Here, behavior of succinimides is 
still best. But behavior of D3 is surprising. It is not due to 
sulfonate portion because same effect is not seen in 
other sulfonate D2 and D4. It is not due to number in 
multi-amine chain as evident from D6. Then possibility is 
with structure of multi-amine chain (Figure 2). 
Teraethylene pentamine should have a different 
structural effect than other polyamine. It is a matter of 
further study. Both (aging test and long term test) was 
giving one important clue that cracked furnace oil is a 
highly unstable product. It starts degrading just after 
production. Once it degraded, it is very difficult to revert it 
or made it good fuel by any means. So, it advisable to 
use additive in furnace oil, just after its production to 
avoid major part of oxidation/ degradation.   
 
     
Combustion study   
 
Referring to Table 5, which give results of performance 
trials with undoped and doped residual fuel oil (with some 
of the additives prepared in bulk) on an LAP burner in an 
actual furnace. It can be observed that additives such as 
D6+S2  and  D1+D6  sows  significant  improvements   in  
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Figure 2. Molecular structure of PIB succinimide of tetraethylene pentamine. 
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Figure 3. Combustion efficiency comparison. Note: Here in this graph Commercial means–C3, 
Tetrazole means– D6+S2 and phenol means– D1+D6. 

 
 
 
terms of combustion efficiency (15.4% CO2 in exhaust 
air), fuel economy (26.7% excess air), particulates in flue 
gases (Smoke No. reduction 40%) and deposit forming 
tendencies. Thus, succinimides with tetrazole or phenol 
in combination will be the best choice. In Figure 3, the 
performance of these two combinations was compared 
with undoped fuel. While additives such as C1 and S2 do 
not significantly differ from performance of undoped fuel 
oil except with respect to deposit forming tendencies. 
Additive D3+S3 and D6 perform poorly as compared to 
undoped fuel oil with respect to combustion efficiency 
and fuel economy but shows great deposit reducing 
tendencies. HV which was excellent performer in aging 
test and long storage test was not effective in combustion 
test. It is very clear that only succinimide or phenol will 
not be effective in actual practice. A combination of 
amine and phenol is needed for efficient combustion.  

Succinimide    can     control      oxidation,      sediment,  

precipitation of polymerized fuel particles or deposit 
during transportation and storage. At low temperature 
and for longer period succinimide can stabilized the 
unstable component of furnace oil. Succinimide will resist 
the degradation. During combustion this resistance must 
be removed for quick and complete degradation or 
combustion. Here, phenol is acting as combustion 
controller. Succinimide is providing perfect atomized fuel 
and phenol is acting like a policeman for smooth 
combustion. This type of combination of additives may 
help in efficient combustion of furnace oil with more 
unstable component. It will be more beneficial to mix the 
additives in the refinery, immediately after its production. 
Cracked furnace oil is more unstable than distillates. So it 
needs high performing anti-oxidant. If the additives are 
doped in furnace oil at later stage, after transportation, 
then not only stabilizer but detergent-dispersant are also 
needed  to  disperse  the  already  degraded product. It is  
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better to add the additive pack during the production of 
furnace oil.    
 
 
Conclusion 
 
Cracked furnace oil not only has a high asphaltenes 
content but also thermo-oxidative unstable constituent 
which can cause large-scale deposits. Thus, general 
commercial additives, which are developed for good 
quality furnace oil, may not be able to enhance the 
combustion efficiency of the furnace oil having poor 
quality. A synergistic combination of dispersants and 
stabilizers (succinimide and phenol) are able to reduce 
the sediments to reasonably lower values of 80 to 100 
mg/100 ml which are almost 10 times lower than the un-
doped furnace oil. Many of these synergistic 
combinations of additives show almost 2.5 times the 
reduction in un-filterable residue after 13 weeks of 
storage at 50°C. It is possible to improve quality of 
cracked furnace oil to an acceptable performance level 
by doping it with a synergistic combination of additives at 
earlier stage/ during production.  
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