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Abstract

One of the most important oil derivatives in our time, which all the world seeks to obtain
and produce a lot is lubricating oils, which are used for several important purposes and the most
important is to keep the thermal engines from damage or collapse due to the phenomenon of
friction of the moving parts mechanically at a high temperatures and pressure is relatively high
as well as the wear phenomenon This research effort focuses on a comparative study of five
types of mix crude Libyan oils (El-Feel Field, Al Wafa Field, Amina Field, Brega Field and Al-
Sedra Field) for produced the lubricated oil experimentally . Test carried out on the production
the lubrication oil by measuring the physical properties include: normal boiling point, pour

point, specific gravity (Sp. gr.), standard density (API), dynamic viscosity (r7) , kinematics

viscosity (v), Acentric factor and Watson factor (K or K ).

It’s found from the practical results of the production the lubricating oil from crude oil for
atmospheric distillation of crude oil practically depends on measurement two physical
properties very accurately Watson factor first and then the API. The results from the tests
showed that, mix crude oil of Amena, El-Sedra and El-Feel fields suitable than others for
production the lubricated oil at atmospheric and then use the vacuum distillation columns. Other
results observation, that’s two others types are impossible to produce the lubricated oil. Also,

the results observed that’s the useful mole percentage of lubricated oil cutoff has range very
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small from 2 to 17 % for these types of Libyan crude oils, this percentage will be increase when

use vacuum distillation with added some additives materials.

In addition, practical results have been found that not all the cutoff produced from
atmospheric distillation within the range of temperatures between 370 and 550 °C are
lubricating oils, but other compounds are oil derivatives suitable for different fuel depending
on the chemical structure of these extracts. The final conclusion of this work is that any crude

oil with a light Arabic class (has a relative density API less than 38 and a K lower than 12.1)

is suitable for the production of lubricated oils from the crude oil.

Keyword: physical properties of crude oil, lubricated oil, Libyan crude oil
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1. Introduction

It is important to determine the physical and chemical characterizations of crude oil through
a crude oil assay, since they are used in different areas in the petroleum refining industry. The

most common applications of petroleum assays are:

1. To supply engineering companies with detailed crude oil analyses for their process design
of petroleum refining plants.

2. To determine if during refining the crude oil will meet environmental and other standards.

3. To provide extensive detailed experimental data for refiners to establish the compatibility
of a crude oil for a particular petroleum refinery.

4. To anticipate if the crude oil will fulfill the required product yield, quality, and production.

5. To help refiners to make decisions about changes in plant operation, development of product
schedules, and examination of future processing ventures. The schematic diagram of

refinery process is illustrated in the next figure.
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Fig. 1 Production Process Schematic for Crude Oil Refining [10]

A crude oil assay is a compilation of laboratory (physical and chemical properties) and pilot
- plant (distillation and product fractionation) data that characterize a specific crude oil. Assay
analyses of whole crude oils are carried out by combining atmospheric and vacuum distillation
units, which when combined will provide a true boiling - point (TBP) distillation. These batch
distillation methods, although taking between 3 and 5 days, allow the collection of a sufficient
amount of distillation fractions for use in further testing. The values of the distillation ranges of

the distilled fractions are usually defined as summarized in the next table.

Table 1 Typical Distillation Range of Fractions in Petroleum Assays

TBP Distillation Range (° C) Distillate
TBP-71 Light straight - run naphtha
71-177 Medium straight - run naphtha
177 — 204 Heavy straight - run naphtha
204 — 274 Jet fuel
274 — 316 Kerosene
316 — 343 Straight - run gasoil
343 — 454 Light vacuum gasoil
454 — 538 Heavy vacuum gasoil
370 —550 Lubricated oil

R538° C + Vacuum residue

On the basis of their refinery product classifications. The most common distillation ranges
used in international assays of crude oils are reported in Table 1. There are various types of
assays, which vary considerably in the amount of experimental information determined. Some
include yields and properties of the streams used as feed for catalytic reforming (naphtha) and
catalytic cracking (gas oils). Others give additional details for the potential production of
lubricant oil or asphalt. At a minimum, the assay should contain a distillation curve (typically,
TBP distillation) for the crude oil and a specific gravity curve. The most complete assay
includes experimental characterization of the entire crude oil fraction and various boiling -
range fractions. Curves of TBP, specific gravity, and sulfur content are normal data contained

in a well — produced assay [13&14].
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It is clear that light and heavy crude oils have remarkable differences. Heavy petroleum is
characterized by low API gravity, large amounts of impurities, and low distillates yields; light
petroleum is of much better quality. In general, the lower the API gravity (i.e., the heavier the
crude oil), the higher the impurities content and the lower the distillates yield. Such properties
make processing of heavy petroleum different from that used for light crude oil refining. In
general, light crude oil is rich in light distillates, and heavy crude oil, in residuum. However,
the petroleum composition may vary with its API gravity and origin. Physical properties and
exact chemical composition of crude oil also vary from one source to another [Halder & et.al,
1984 and Malone, 1989]. Lubricated oil depend on viscosity. Viscosity is defined as the force
acting on a unit area where the velocity gradient is equal at a given density of the fluid. Viscosity
is strongly depending on the temperature. With increasing temperature, the viscosity has to be
stated for a certain temperature. It is the characteristic of a liquid which relates a shearing stress
to the viscosity gradient it produces in the liquid. Lubrication oils are identified by Society of
Automotive Engineers (SAE) number. The SAE viscosity numbers are used by most
automotive equipment manufacturers to describe the viscosity of the oil they recommend for
use in their products. The greater or higher the SAE viscosity numbers, the more viscous or
heavier is the lubricating oil (Coyler, (2000)). Viscosity numbers are given in terms of say bolt
second universal, SSU. The addition of certain additives is for the improvement of viscosity-
temperature characteristics. The important functions of lubricants are as follow (James, 2006).

1. It reduces wear and tear of the surfaces by avoiding direct metal to metal contact
between the rubbing surfaces, i.e. by introducing lubricants between the two surfaces.
It reduces expansion of metal due to frictional heat and destruction of material.

It acts as coolant of metal due to heat transfer media.

It avoids unsmooth relative motion.

It reduces maintenance cost.

2 e

It also reduces power loss in internal combustion engines.

A lubricating oil becomes unfit for further use for two main reasons: accumulation of
contaminants in the oil and chemical changes in the oil. The main contaminants are water
content, soot, carbon and lead. Lubricated oil usually consists of a base fluid, generally of

petroleum origin, combined with additive chemicals that enhance the various desirable
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properties of the base fluid. Base fluids are essentially obtained from two main sources: the
refining of petroleum crude oil and the synthesis of relatively pure compounds with properties
that are suitable for lubricants. Oil from the automotive sources will include mono and multi-
grade crankcase oils from petrol and diesel engines, together with industrial lubricants that have
been inadequately segregated may also be included (Gergel and La Tour, 1977). Lubrication
oil is used to provide a film between the moving parts of machine and engines to prevent wear
with little or no loss of power. The conventional steps in lubricating oil manufacture are
pretreatment of the crude oil charge, followed by distillation of the crude in two steps (an
atmospheric tower and vacuum tower), deasphalting (as required by the nature of the crude oil
charge), dewaxing, solvent extraction, filtering and blending including mixing various additives
with the final lubricating oil (Nadkarni, 1991). The prime objective in the production of
lubricating oil is the separation of wax distillate and cylinder stock without any decomposition
or cracking of the lubrication oil fractions, thus a vacuum distillation unit is used to separate
the wax distillate and the bottom stock at a lower temperature (Concawe 1993). The properties
which make the high boiling paraffin hydrocarbon suitable for lubricating manufacture include
stability at high temperatures, fluidity at low temperature, only a moderate change in viscosity
over a broad temperature range and sufficient adhesiveness to keep it in place under high shear
forces. The vacuum tower produces some fuel oil overhead which is sold as a separate product
or sent to another area of the refinery for further processing and blending (Concawe 1997). The
two main products from the vacuum tower are wax distillate and cylinder stock which is the
bottom product. Both streams contain desirable lubricating oil constituents as well as by-
products. The wax distillate is charged directly to the dewaxing unit. The vacuum tower
bottoms, or cylinder stock are charged to deasphalting unit. These two fractions from the basic
stock for lubricating oil manufacture (Hamad, 2005). Refining engineers analyze the True
Boiling Points (TBP) curves of the cuts present to determine the behavior of the crude distilled
and various saleable products [Liang & et.al, 2010]. Abdolhossein & et.al (2013) study the
effect of interfacial tension and miscibility of the CO. in Iranian crude oil and at vacuum
distillation system. Recently, Al-Jewaree, 2017 investigate a comparative work to measure the
physical properties by a modern software with the practically laboratory process results for

several types of crude oil. The results were very close and the difference is simple.
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2. Experimental method:

The first step in petroleum refining is usually a desalting operation, followed by heating in a
furnace where the oil is partially vaporized. The mixture of hot liquid and vapor enters a
fractionating column operating at slightly above atmospheric pressure. This device separates
groups of hydrocarbons according to their boiling range. A heavy black residuum is drawn from
the bottom of the atmospheric tower. Because the residuum tends to decompose at temperatures
above 700°F (371°C), higher boiling oils such as lubricating oils must be distilled off in a
separate vacuum fractionating tower. The greatly reduced pressure in the tower markedly
lowers the boiling points of the desired oil compounds. Bottom materials from the vacuum
tower are either used for asphalt or are further processed for other materials such as bright
stocks. The fractions separated by crude distillation are referred to as "straight run" products.
Petroleum lubricating oils are made from the higher boiling portion of the crude oil that remains
after removal of the lighter fractions. They are prepared from crude oils obtained from most
parts of the world. These crude oils differ widely in properties. An example of the complexity
of the lubricating oil refining problem is the variation that can exist in a single hydrocarbon
molecule with a specific number of carbon atoms. A paraffinic molecule with 25 carbon atoms,
representing a compound falling well within the normal lubricating oil range, would have 52
hydrogen atoms and could have about 37 million different molecular arrangements. The
schematic diagram of two types of distillation tower are shown in figure 2, which are needed
for production the real weight percentage of lubricants.

Standard ASTM D-2887 is a simulated distillation standard up to approximately 540°C
(1,000°F) atmospheric equivalent boiling point. However, recent efforts have focused on
extending the range up to 650°C (1,200°F). This test method is one of a number of tests
conducted on a crude oil to determine its value. It provides an estimate of the yields of fractions
of various boiling ranges and is therefore valuable in technical discussions of a commercial

nature. The fractions produced can be analysed as produced or combined to produce samples
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for analytical studies, engineering, and product quality evaluations. The method used in this

work to obtain the experimental percentage weight curve was performed under conditions
established in ASTM D 482.The properties of most light weight distillate Arab oil are: API

grade density and specific gravity at 15.6 °C, Watson factor and other physical properties are
measured under standard ASTM D1298.
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Fig. 2 Schematic diagram of two distillation towers [10]

3. Results and Dissuasions:

Five types of Libyan crude oil are used for our experimental work to examine the possibility of

production the lubricated oil. This done by measured the physical properties at laboratories of

Libyan petroleum Institute. These types are named as follow: Blend-1 is El-Feel oil field mix,
Blend-2 is EI-Wafa oil field mix, Blend-3 is Amena oil field mix, Blend-4 is EI-Brega oil field

mix and Blend-5 is El-Sadra oil field mix. The experimental results for above physical

properties to these types of Libyan crude oil are done by automatic atmospheric distillation

column as illustrated in next figure.
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Cutoff CL_JmuIative CL_JmuIative Cur\r;iléll?jtlve CL_JmuIative Cur_nulative
oC Yield wt.% Yield wt.% Wt.%% Yield wt.% Yield %
[Blend1] [Blend2] [Blends] [Blend4] [Blend5]
5-50 3.9 9.8 2.6 5.78 3.96
50-70 5.15 17.61 4,75 6.83 5.66
70-90 7.2 21.9 7.22 8.95 7.64
90-110 11.43 31 9.74 11.44 10.75
110-130 16.35 37.4 12.78 14.93 14.39
130-150 20.5 43.22 16 19.48 17.43
150-170 28.73 48.65 18.9 23.7 21.1
170-190 31.24 53.2 22.15 31.2 23.57
190-210 35.65 55.3 24.87 36.54 26.85
210-230 40.24 58.73 28.23 40.64 30.33
230-250 44.85 61.86 32.07 44.86 33.57
250-270 48.73 63.67 35.44 48.8 37.65
270-290 52.88 65.1 39.13 52.9 41.12
290-310 56.78 68.83 42.85 55.65 44.86
310-330 61.2 70.22 45.74 59.2 48.73
330-350 64.13 72.57 48.78 62.4 52.44
350-370 67 74.8 50.06 65.74 56.92
370-410 71.8 77.65 51.11 73.36 60.45
410-430 74 79.8 55.83 75.24 64.62
430-450 77.54 82.48 63.42 77.56 68.55
450-470 83.25 84.55 67.65 80.72 70.83
470-490 89.65 86.55 69.87 84.2 73.66
490-510 90.45 90.36 71.68 86.3 80.25
510-530 91.87 93.47 73.47 88.46 82.34
530-550 93.5 95.1 75.56 92.26 83.8
550-570 95.3 97.54 78.93 94.34 86.53
570-590 96.5 99.1 80.22 98.67 88.1
590-610 100 100 83.57 100 90.35
>610 100 100

Table 2 The results of atmospheric distillation for five Libyan crude oils
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Fig. 3 The cumulative yield of cutoff wt % for the range of distillation temperature to the five

Libyan crude oil mix Blends

Table 3 The results of the range of Lubricated oil cutoff to both methods of distillations the

suitable range of temperature from 370 to 550 °C

Wt % of Lubricated Actual wt.% of
oil Cutoff by Lubricated oil by Watson
Blend API Atmospheric Vacuum Factor
distillation distillation
Blend-1 38.4 21.75% 16.75% 11.85
Blend-2 56.3 17.48% 1.78% 12.57
Blend-3 36.7 24.45% 14.15% 12.3
Blend-4 42.6 18.9% 4.9 % 12.1
Blend-5 37.8 23.35% 14.75% 12

The results for five Libyan crude oils are drawn in the next bars figures. It can be deduce
from this results, that’s very different in physical properties due they comes from different area
and each of them has different geology and history. They have different APl and Watson factor

and these leads to different weight percentage of lubricated oil as summarized in table 3.
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In petroleum industry, API gravity is widely used to qualify the petroleum fractions which

was introduced by the American Petroleum Institute (API). The API gravity is defined as: [8]

API gravity = [141-5\ S.G (60 °F)] - 131.5

Generally, API gravity values are higher for light hydrocarbon fractions and lower for heavy
hydrocarbon fractions. Sometimes, it has been used as an input parameter with Watson
characterization factor (Kw) to predict the properties such as molecular weights and kinematic
viscosities of the fractions. But in our work these two parameters has predict and indicate the
lubricated oil cutoff.

60
50
40
u API 30
20
10
O T T T T 1
Blend-1 Blend-2 Blend-3 Blend-4 Blend-5

Fig. 4 Bar graph shown the experimentally of API to the five Libyan crude oil mix

The Watson characterization factor (K ) is one of the oldest characterization factors
w

originally defined by Watson et al. of the Universal Oil Products (UOP) in mid 1930s. This

parameter is defined as [7]:

1/3

Y SG

whereT, = normal boiling point °R

The naphthenic hydrocarbons have K values between paraffinic and aromatic

w

compounds. In general, aromatics have low K values while paraffin’s have high values.

w

The minimum value is found about 11.8 for El-Feel oil mix field and another’s two Blends

—
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(4& 5) has value less than 12.1, that’s means these crude oils have a paraffinic — naphthenic

compounds. While Blends (2 & 3) have paraffinic compounds only because the K more

w

than 12.1.

12.8
12.6
12.4

= Watson
Factor 12.2

12
11.8
11.6 I
114 . . . .

Blend-1 Blend-2 Blend-3 Blend-4 Blend-5

Fig. 5 Bar graph shown the experimentally of Watson factor [Kw] to the five Libyan crude oil

mix

30.00%

25.00%

20.00%
mWt% of 15.00%
Lubricated
oil Cutoff 10.00%
at useful
Temp. 5.00%
0.00% . . . .

Blend-1 Blend-2 Blend-3 Blend-4 Blend-5

Fig. 6 Bar graph shown of lubricated oil cutoff from the Atmospheric distillation at useful

range of temperature

Normally, the heavy hydrocarbons in crude oil undergo a cracking process beyond 370°C;
the cracking process where heavy hydrocarbons start to decompose in to small hydrocarbon
chains. To avoid this decomposition of hydrocarbons, the further distillation operations after
atmospheric (the distillation above 370°C) are conducted under vacuum or at reduced pressure.
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The vacuum distillation not only helps to avoid the cracking of hydrocarbons, but also reduces
the boiling points of heavy hydrocarbons in order to achieve more and more boiling points for
the crude oil without any significant cracking. The vacuum distillation column in the lab work
at pressure from 100 to 250 mm consist of (1) the feed input crude oil, (2) vacuum distillation

column, (3) the lubricated oil cutoff and (4) control pressure valve as illustrated in figure 7.

Fig. 7 Vacuums distillation for the useful cutoff come from the range of 370 to 550 °C

18.00%
16.00%

14.00%
m Actual wt.% of 12.00%
IC_:tljlt)Or;:(;ated oil 10.00%
practically 8.00%
6.00%
4.00%
2.00% I
0.00% T - ' ' '

Blend-1 Blend-2 Blend-3 Blend-4 Blend-5

Fig. 8 Bar graph shown actual wt% of lubricated oil gain from vacuum distillation
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The results of vacuum distillation are illustrated that’s, blends (1,3 and 5) are suitable for

production the lubricated oil cutoff due the API no. less than 40 and Watson factor less than
12.1.

NBP [°C] vs Mol wt

=—4—Blend [1]
=—Blend [2]
=== Blend [3]
=>=Blend [4]

NBP [°C]

==Blend [5]

fp 200 400 600 800 1000 1200 1400
Mol wt

Fig. 9 Normal boiling Point with Molecular weight for different Libyan Blends

NBP [°C] vs Density [Kg/m?3]

—o—Blend [1]
== Blend [2]
A= Blend [3]
Blend [4]
== Blend [5]

NBP [°C]

00

Density [Kg/m?]

Fig. 10 Normal Boiling Point with density for different Libyan oil Blends

It's clear from the above results at atmospheric distillation of five types of crude oil. Blend-
3 has a wide range of molecular weight from 22 to 1295 gm\mole due to the lowering stander
specific gravity API=36.7 with small different on Blend 5 at the normal boiling oil

temperatures. Blends 2 and 4 has lower molecular weight range for the same range of cutoff
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temperatures. Also, as shown in figure 7, the Blend -3 has a high range of cutoff densities from

600 to 1076 kg\m? and these also indication for suitable lubricated oil cutoff.

The normal boiling point is very important to approach the possibility of production the
lubricated oil by examine the molecular weights of distilled crude oil in the range between 370

to 550 C°, ® atmospheric distillation.
4. Conclusions

It can be concludes from this research work, that’s the experimental results of the production
of lubricating oil from any crude oils found that when the atmospheric distillation of crude oil
practically results depends on two physical properties must be calculated accurately Watson
factor first and then on the specific relative density APl as shown in table 3. Also, the possibility
of production lubricating oils from the Blend-1, Blend-3 and Blend-5 are suitable for
atmospheric distillation and this increasing, if we use the vacuum distillation. There is a clear
difference between the weight percentages of the plate’s cutoff, which are containing the
molecular weights of the lubricated oils within the range of temperature degrees [370 to 550
°C] in the atmospheric distillation tower with the actual that the quantities produced from the
lubricating oils to each crude oil by vacuum distillation tower. The final conclusion of this
research is that crude oils classify of medium and low light Arabic crude oil (i.e., API less than
38 and Watson factor less than 12.1) are suitable for the production of lubricating oils.

5. References

[1]. Gergel WC, La TGG. “Extended Engine oil Life through New technology”, Seminar
paper at the National Petroleum Refiners Association, Annual meeting, March 27 — 29,
San Francisco, California. (1977).

[2]. Halder, C.A., Warne, T.M., Little, R.Q., and Garvin, P.J., “Carcinogenicity of
Petroleum Lubricating Oil Distillates: Effects of Solvent Refining, Hydro processing
and Blending”. Am. J. of Indust. Med., p265-274. (1984).

[3]. Malone, L. J., “Basic Concepts of Chemistry”, 2nd- Edition, John Wiley & Sons, Inc.
(1989).

o
Web Site: www.kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

46




At oa or Pre S www.Kjps.isnra.org ]yl ot S |

[4]

[5]

[6]

[7]1

[8].

9.

[10].

[11].

[12].

[13].

[14]

[15].

Al-Kjtab Journal for Pure Science N

Vol.3 (1), ISSN: 2617-1260 (print), 2617-8141(online) -

— \ [

Kishore Nadkarni, R. A., “Guide to ASTM test methods for the analysis of Petroleum
Products and Lubricants”, American Society for Testing & Materials, ISBN: MNL44,
24 Edition, (2000).

Concawe “White Oil and Waxes Summary of 90-Day Studies”. Report No. 93/56,
Brussels. (1993).

Concawe. “Lubricating Oil Base Stocks”. Petroleum Product and Health Management
Groups, Dossier No. 97/108, Brussels. (1997).

Coyler, C.C. “Gasoline Engine Oils: Performance, Evaluation and Classification”,
10th World petroleum Congress, Moscow, p. 112-118, (2000).

Hamad A. “Used lubricating oil recycling using hydrocarbon solvents”, linking hub”.
Elservier.com/pii/56301479704. (2005).

James G, Speight “The Chemistry and Technology of Petroleum” (4" Edition.). CRC
Press. 0-8493-9067-2. (2006).

Kamal,A. and Khan,F. “Effect of Extraction & Adsorption on Re-refining of used
Lubricating oil ” .Oil and gas Science and Technology, Vol. 64, No.2, pp191-197,
(2009).

Liang B.A.l., Jiang Y., Huang D. and Liu X., “4 Novel Scheduling Strategy for Crude
Oil Blending”, Chinese Journal of Chemical Engineering, 18(5), pp. 777-86, (2010).
Abdolhossein H, Shahab A., Mohammad-Hossein G, and Mohsen M, “Experimental
Determination of Interfacial Tension and Miscibility of the CO,—Crude Oil System;
Temperature, Pressure, and Composition Effects”, J. Chem. Eng. Data, Vol. 59 (1), pp
61-69, 2014.

Martinez J., AleRuiz L., Vega J.M., M.C. Carrera M.C., Erdmann E. and Tarifa M.C.,
“Topping process using different methodologies “. IOSR Journal of Engineering, vol.
(4), pp. 30-40, (2014).

Gutierrez J.P., Benitez L.A., Martinez J., AleRuiz L. and Erdmann E., “Using different
methodology for crude oil distillation “. Int. Journal of Engineering Research and
Applications, Vol. (4), pp. 190-194, (2014).

Al-Jewaree, H.A.M.” “Use of Modern Software and Laboratory Equipment’s to Attain
Oil Lubricate from Petroleum”, University Al-Kitab College Conference, pp 22-28.,
Baghdad, Iraq. (2017).

o
Web Site: www.kjps.isnra.org E-mail: kjps@uoalkitab.edu.ig

47


https://pubs.acs.org/author/Hemmati-Sarapardeh%2C+Abdolhossein
https://pubs.acs.org/author/Ayatollahi%2C+Shahab
https://pubs.acs.org/author/Ghazanfari%2C+Mohammad-Hossein
https://pubs.acs.org/author/Masihi%2C+Mohsen

