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Abstract - In recent years, there has been growing interest in research on vacuum residue upgrading. There are two types of 
residues in an oil refinery, atmospheric residue (AR), and vacuum residue (VR). In this article, upgrading vacuum residue of 
an oil refinery using microwave technology has been performed and the effects of some parameters on asphaltene and 
viscosity reduction of vacuum residue have been evaluated. The investigated parameters include power level, process time, 
catalyst, hydrogen donor, and sensitizer amounts. The vacuum residue used in this research is from oil refinery of Tehran, 
Iran. In the best conditions, viscosity of vacuum residue decreased 87.26 percent and from 16391cSt at 60 C is reached 
2281cSt. The asphaltene contents of vacuum residue decreased 46.34 Percent and from 13.3 wt% based on heptane insoluble 
is reached 7 wt%. 
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I. INTRODUCTION 
 
Vacuum residue (VR) is the heaviest fraction of oil 
refinery processes. It is provided from bottom of a 
vacuum distillation column and has high molecular 
weight, high density, high viscosity, and low 
hydrogen to carbon ratio. Also, it has heteroatoms 
including sulfur, nitrogen, oxygen, and heavy metals 
such as vanadium, nickel, iron. Upgrading of vacuum 
residue has been emphasized since 1960’s.  Shell 
Company was as the start point for vacuum residue 
processing. Numerous researches have been 
performed regarding heavy petroleum and vacuum 
residue upgrading using conventional methods. 
The commercial processes of vacuum residue consist 
coking (22%), deasphalting (4%), catalytic cracking 
(19%), hydrogen processing (15%), and visbreaking 
(30%). These methods are not known as profitable 
processes due to low efficiency, and low quality 
products. So, there is a serious demand to new 
technologies to improve the quality of vacuum 
residue. Microwave energy has been considered as a 
new technology in heavy oil processes and converting 
vacuum residue to commercial products. Short 
process time, fast heating, high energy efficiency, and 
precise control are the advantages of microwave 
technology. 
 
There are many researches regarding heavy 
petroleum, sand and shale oils, and vacuum residue 
upgrading using microwave. Britten et al. (2005) 
applied microwave irradiation to upgrade heavy 
petroleum. Five samples of heavy oil from different 
parts of Alberta were investigated. In their research, 
light and heavy naphta were used as hydrogen donors 
[1].Fanson et al. (2005) represented a process to crack 
hydrocarbons using microwave in atmospheric 
pressure [2]. Bjørnseth (2013) performed some 
experiments to obtain the effects of metallic nano 

catalysts on viscosity of heavy crude oil using 
microwave energy.He results showed that with 
increase in catalyst amount heating rate of the sample 
 was raised and light fractions was produced [3]. 
Khan & Al-Shafei (2009) studied desulfurizartion of 
heavy crude oil using microwave [4]. Mohammed et 
al.(2011) investigated heavy crude oil distillation 
system using microwave heating [5]. Wang et al. 
(2011) concluded upgrading of asphalt utilizing 
microwave with iron carbonyl powder as additive [6]. 
Lam and Chase (2012) applied heating of microwave 
in pyrolysis of oil and plastic wastes. The results 
show that microwave has advantages of high 
production rate due to fast heating in comparison with 
conventional methods [7]. Abo-Dief (2014) 
investigated pyrolysis oil waste using microwave. 
The experiments were performed with addition of 
active carbon as sensitizer and the yield of products 
including gas and liquid were analyzed. The effect of 
nitrogen and oil flow rates on aliphatic and aromatic 
compositions were reported [8]. Miadonye and Mac 
Donald (2014) concluded viscosity reduction of 
heavy crude oil under microwave. the results show 
that the molecular structure of the samples has been 
changed and this alteration is more for the heavier 
crude oil [9]. Li et al. (2014) accomplished some 
experiments to upgrade heavy petroleum using 
microwave with addition of carbon particles of nano 
and micro sizes and produced light crude. Short 
process time (less than 1 hr), low temperature are 
reported the advantages of this method [10]. Caldiero 
et al. surveyed upgrading of vacuum residue using 
microwave and effects of some parameters including 
power, time, pressure and temperature were examined 
[11]. Ansari et al. (2015) have investigated upgrading 
of heavy petroleum applying microwave. The results 
show that cracking of heavy petroleum occurs under 
microwave irradiation [12].  
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In this article, application of microwave technology 
in asphaltene and viscosity reduction of vacuum 
residue has been performed.  
II. MATERIALS AND METHODS 
 
2.1 Materials 
The vacuum residue used in this research is from oil 
rwfinery of Tehran, Iran. The additives and catalysts 
including active carbon, Iron powder, NaBH4 have 
been provided from Merck, LobaChemie, and Rang 
Chem companies with analytical grade. 
 
2.2. Analysis Methods 
The viscosity has been determined using glass 
capillary viscometers, according to ASTM D445 test 
method (ASTM, 2003). The asphaltene content has 
been determined based on n-heptane insoluble 
fraction of petroleum according to ASTM D-4124 
test method (ASTM, 2001). Surface temperature of 
reactor has been measured with an IR-pyrometer 
(model No.CT029021). 
 
III. RESULTS AND DISCUSSION 
 
Table 1 shows the basic characteristics of vacuum 
residue used in this research. It should be noted that 
these properties are just related to the sample used in 
the experiments. 

 
Table 1: The basic characteristics of vacuum residue 

 
In all experiments the vacuum residue (120 gr) at first 
has been heated to fluidify. The additives including 
sensitizer, catalyst (in the required amounts) have 
been added into the reactor. The reactor is made of 
pyrex , 5 mm thickness, and 500 cc capacity. The 
used microwave system has 2450 MHz frequency and 
1000 W power and is adjustable to 10 power levels. 
A condenser has been vertically connected to the 
reactor in order to condensate and to recycle the 

rising vapors into the reactor. So, the system is in 
total reflux state. A Pyrex glass circular tube has been 
mounted in the middle of the condenser to inject 
nitrogen gas and to purge the reactor. So, the reaction 
has been performed in nitrogen atmosphere. Two 
other condensers have been attached to the vertical 
condenser to condense further the light vapors and to 
collect the condensates in a container, respectively. 
Cooling fluid has been circulated into three 
condensers by a circulating pump. The surface 
temperature has been measured and recorded by a 
non-contact thermometer. The system has been 
allowed to cool to ambient temperature for at least 2 
hr. The reactor has been come out of the microwave 
cavity and its contents have been diluted with 
chloroform. The diluted product has been centrifuged 
at 7000 rpm for 15 min to separate formed coke and 
additives from the product. Then chloroform has been 
evaporated under vacuum and the product has been 
maintained in the bottles to determine viscosity and 
asphaltene contents. 
 
The experiments can be divided into two sections. 
 
3.1. Upgrading vacuum residue without additives 
Table 2 shows the specifications and the results of 
experiments with no additives. In this section, the 
experiments have been performed without sensitizer, 
catalyst, and hydrogen source. To determine the 
impact of process time, all the experiments have been 
conducted at 50% power level. According to the 
results of Table 2, the final surface temperature is 
approximately similar in all experiments and is 
roughly 70 C. The asphaltene contents have been 
reduced ranging from 18 to 30 percent. The highest 
decrease is at 20 min process time. In this case the 
asphaltene contents decreased 30.62 percent. Also, 
the viscosity of irradiated vacuum residue nearly 
reduced 14 percent at 10 min process time. 
 
3.2. Upgrading Vacuum Residue with Additives 
Table 3 shows the specifications and the results of 
experiments with additives. In this section, additives 
have been included in order to improve the process of 
upgrading. The additives are as follows: 

 

 
Table 2: The Specifications and the Results of Experiments with no Additives 
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Active carbon as sensitizer: Sensitizers can absorb 
microwave energy and transfer it to organic 
molecules to initiate chemical reactions. Sensitizers 
exhibit high dielectric loss. The best materials as 
sensitizers consist of activated or amorphous carbons, 
amorphous or highly dispersed metals, or transition 
metal oxides and salts.The sensitizers absorb 
microwaves and produce hot spots with local 
temperature which provide the conditions to perform 
free radical reactions at low bulk temperatures. In this 
research, active carbon has been included as 
sensitizer. 
 
Hydrogen donor: In this section two hydrogen 
sources including water and sodiumborohydride have 
been used. The aquaconversion process is a hydro 
visbreaking technology, in which the required 
hydrogen is supplied by water. Also, 
sodiumborohydride can produce hydrogen in the 
presence of metal catalysts. 
 
Catalyst: In this research Iron powder has been used 
as catalyst. 
 
Table 3 shows the results of experiments with 
additives including active carbon (as sensitizer), 
sodiumborohydride and water (as hydrogen sources), 
and Iron powder (as catalyst). 
 
a) Temperature 
 
According to results of Table 3when using water, the 
final surface temperature of reactor occurs ranging 
from 104 to 143 C. In these cases, however active 
carbon addition as sensitizer results in more 
increasing in temperature (in comparison with the 
experiments with no additives), water increment 
limits temperature.The comparison between the 
experiments with and without water shows that in 
conditions of no water, carbon and iron are more 
effective and the final surface temperature of reactor 
range is from 212 to 314 C. 

b) Asphaltene Decrease 
The comparison between the experiments with and 
without additives shows that in cases that active 
carbon and iron have been included, remarkable 
influence on asphaltene reduction has been occurred. 
The asphaltene decrease range is from 29 to 46 
percent. 
 
c) Viscosity Reduction 
The comparison between the results of experiments 
with and without additives on viscosity shows that 
additives addition results in viscosity reduction. In the 
presence of water as hydrogen source, viscosity has 
been decreased ranging from 21- 28.1 percent. In the 
experiments with absence of water as hydrogen 
source, viscosity reduction is remarkable. In these 
cases, viscosity has been decreased ranging from 
76.4-81.63 percent. 
 
CONCLUSIONS 
 
In this article upgrading vacuum residue of oil 
refinery has been performed using microwave 
irradiation. The used vacuum residue is from Tehran 
oil refinery, Iran. The experiments can be divided into 
two sections of with and without additives. In cases 
of without additives, the vacuum residue has been 
irradiated at 50 % power level of microwave and the 
effect of process time on temperature, asphaltene 
amount, and viscosity have been investigated. In 
these conditions the maximum asphaltene and 
viscosity reductions are 30.62% and 14% , 
respectively. 
 
In cases of with additives, active carbon as sensitizer, 
sodiumborohydrid as hydrogen source, Iron powder 
as catalyst have been added into the vacuum residue 
and then the reactor and its contents have been 
exposed to microwave irradiation. In these cases, the 
maximum asphaltene and viscosity reductions are 
46.34% and 87.26%, respectively. 

 

No. 
Power 
Level 
(%) 

Process 
Time 
(min) 

Additives (wt%) Surface 
Temperature 

(C) 

Asphaltene 
reduction 

(%) 

Viscosity 
Ratio C NaBH4 Fe water 

5 50 20 5 1 4 20 104 46.34 0.79 
6 100 20 10 4 4 20 144 29.72 0.72 
7 100 25 10 2 10 10 143 27.81 0.74 
8 100 30 10 2 4 - 212 40.04 0.18 
9 100 30 10 3 10 - 314 31.3 0.24 
10 100 60 10 5 10 - 306 35.58 0.13 

Table 3: The Specifications and the Results of Experiments with Additives 
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