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ABSTRACT

A membrane bioreactor is actually an advanced system of conventional
activated sludge system. The development of MBR systems has solved some of
the problems of conventional activated sludge systems that usually exist in the
secondary sedimentation unit and during the sludge separation from
wastewater. In the secondary sedimentation pond of the conventional activated
sludge system, gravity is used to settle the sludge. To set up the pilot membrane
bioreactor and easy access to the effluent, the pilot was placed near the
methanol to propylene conversion unit located in the center of the special area
of Petrochemical Research and Technology Company, and the effluent from
tower number 351 of the unit was fed into the unit using a flexible pipe. The
pilot feed tank is transferred. The effluent of Tower No. 351 used in this study
has a COD of about 20,000, a TDS of about 2,500 ppm, and a turbidity of about
110 NTU, which significantly decreased after membrane treatment. It shows
that its majority consists of methanol and a small amount of compounds such as
dimethyl ether, acetylene, and methyl ethyl ketone were also observed.

Introduction

ince the last years of the 20t century,

lack of water and drought have shown
themselves as a widespread crisis. In

2023, about 1.4 billion people in the

world will be deprived of access to safe
drinking water. World assemblies, especially
the United Nations, emphasized the importance
of the water crisis and the necessity of its
address by holding world conferences and
summits. This led to 2005 to 2015 being named
Water for Life [1]. The related predictions show

stress, which will have 7 billion people
popoulation by 2025, will be the first victims of
the water crisis [2].These predictions have been
made based on international indices, among
which we can mention the Falcon Mark index
and the United Nations index, which
respectively per capita water consumption is
less than 1000 cubic meters per year and the
withdrawal of more than 40% of the renewable
water sources have been identified as the water
crisis [3]. One of the main factors causing this
crisis is the lack of renewable water sources,
pollution of water sources caused by industrial,
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urban, and agricultural sewage, increasing
water consumption, and security issues
Nowadays, membrane bioreactors and other
new membrane technologies have been
suggested as a new way to prevent the
arbitrary extraction of fresh water, such as
running and underground water [4]. Our
country, Iran, is located in a dry and semi-arid
climate, so it seems that due to the growth of
population, industry, and agriculture, Iran will
also face the problem of water supply in the
future [5]. The conventional activated sludge
process generally consists of an aeration pond
in which the biological removal of pollution in
the wastewater is carried out and a
sedimentation pond in which the biomass
separation from the treated sewage is carried
out by gravity. The main problem in the
conventional activated sludge system is related
to the stage of separation of biomass from
wastewater, and the quality of the process of
separating sludge from wastewater is directly
related to its sedimentation characteristics, and
if the sludge in the aeration pond does not have
suitable sedimentation characteristics. The
water coming out of the sedimentation pond
will not be of good quality, and a large amount
of suspended solids will be observed in it, and it
will also be difficult to return the sludge from
the sedimentation pond to the aeration pond. In
the membrane bioreactor system, the role of
the sedimentation basin is entrusted to the
membrane. The relative density of sludge is
usually around 1.02, which is very close to the
relative density of water, and weak
sedimentation is observed in the secondary
sedimentation unit at normal hydraulic
retention times of 2 to 3 hours. The problem of
sludge settling is mostly related to the size of
particles (smaller than 10 micrometers) and
bacteria with stringy structures [6]. Lumping or
bulking sludge is a common problem in the
sedimentation  process of conventional
activated sludge systems in the conventional
activated sludge process. Likewise, membrane
modules can be used in two ways to separate
sludge from water. In the first case, the
membrane module is placed outside the
biological reactor chamber, and in the second
case, it is placed inside it. The first mode is
called the external membrane bioreactor and
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the second mode is called the submerged
membrane bioreactor [7]. In the external
bioreactors, the membrane is placed outside
the aeration chamber, and the filtered water
flows out from one side of the membrane and
the water with the sludge concentration in it is
the reason for the exit of some water in filtered
form from the membrane, increased, is
returned to the aeration chamber. In these
bioreactors, the pressure difference and the
flow rate on the membrane are two important
factors that affect the amount of water coming
out of the membrane. These types of systems
were used more in the early 1990s, but
gradually, due to the lack of use of a pump to
return the sludge to the submerged membrane
bioreactors and as a result, less energy
consumption, this type of bioreactors took their
place [8]. They were immersed in membrane
bioreactors. However, the use of these
bioreactors in special cases, such as
wastewaters with very high pollution load, high
temperature, very high or low pH, high toxicity,
and low filtration capacity, is still of interest
and has completely taken their place. The most
important difference between submerged and
external membrane bioreactors is their energy
consumption so that due to the absence of
sludge return pump in submerged membrane
bioreactors, these types of bioreactors consume
less energy [9,10]. The costs of the submerged
membrane bioreactor are lower than the
external membrane bioreactor in two aspects,
one in terms of less energy consumption and
the other in terms of the need for washing,
because the air used in the submerged
membrane bioreactor also plays a role in it is
responsible for the oxygen required for the
growth and metabolism of microorganisms and
also the role of washing the membrane. On the
other hand, since the submerged membrane
bioreactors operate at a lower flux, a larger
surface area of the membrane is needed, which
causes the initial cost of constructing the
submerged membrane bioreactor units to be
higher than the external case.

The characteristics of the pilot used in this study

The pilot designed and built in this study has
the following specifications:
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1- Two-stage process (anoxic and aerobic
wastewater treatment)

2- The volume of feed to be treated is 2000
liters per day

3- The membrane used in the reactor: flat
plate

4- The type of membrane used in the reactor:
Polyvinylidene difluoride

5- Equipped with a temperature, pH, dissolved
oxygen control system, automatic sludge
discharge, and automatic injection of materials
required for the biological process.

6- The system is portable and has been set up
in a shed.

Description

The initial inoculum sludge was prepared from
the aeration pond of the LOW TDS unit of FAJR
Persian Gulf Energy Petrochemical Company
and was poured into the reactor after altering
the concentration to 5500 ppm. The inoculation
sludge has a volumetric index (SVI) of 130 and
an initial concentration of about 2600 ppm. The
COD removal efficiency in the pilot is very good
and the output COD has always been below 100
mg/L, so it is necessary to have a standard for
environmental discharge. The value of the pH
parameter inside the bioreactor has been
maintained in the neutral range by injecting
sodium bicarbonate. Likewise, the nitrogen and
phosphorus required by the microorganisms
inside the bioreactor have been provided by
injecting di-ammonium phosphate chemical
fertilizer and phosphate fertilizer, respectively.
In this project, due to the limitedness of the
actual wastewater, the use of hydraulic
retention time (HRT) equal to 18 hours during
the operation period of one month was
considered. The TDS value of this effluent was
1430 and at the end of one month, it reached
1680, which was due to the injection of
nutrients and the source of carbon and
phosphorus. An infinite sludge retention time
(SRT) was employed in this project by avoiding
sludge return to the bioreactor.The only
operating variable used in this project is
hydraulic retention time. It should be noted
that according to the process data, the amount
of wastewater produced in the methanol to
propylene conversion demo unit is 84 kg per
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hour with a COD of about 150 ppm, in the
hundred and twenty thousand ton industrial
unit, 32110 kg per hour and in a 470 thousand
tons industrial unit is 120,000 kilograms per
hour, and by treating this amount of
wastewater, it is possible to save a lot in the
production of water needed for irrigation of
green spaces and water for cooling towers. The
unique characteristics of the effluent used in
this work distinguish it from those studied in
previous research, highlighting the innovative
nature of this study. Furthermore, similar
effluents were not seen at the level of
petrochemical companies. The effluent of
Tower No. 351 used in this research has a COD
of about 20000, TDS of about 2500 ppm, and a
turbidity of about 110 NTU. The results of the
analysis of the compounds of this effluent show
that the majority of it consists of methanol and
a small amount of compounds such as dimethyl
ether, acetone, and methyl ethyl ketone were
also observed. The amount of turbidity in the
diluted feed entering the membrane bioreactor
system was in the range of 60 NTU, and after
purification by the system, the turbidity in the
output was always in the range of 1.5 NTU.

The initial inoculum sludge was prepared from
the aeration pond of the LOW TDS unit of FAJR
Gulf Energy Petrochemical Company (Figure 1).
After being concentrated to 5500 ppm, it was
poured into the reactor. The volumetric index
(SVI) of the inoculation sludge is 130, and its
initial concentration is approximately 2600
ppm. The value of the pH parameter inside the
bioreactor has been maintained in the neutral
range by injecting sodium bicarbonate. In
addition, the nitrogen and phosphorus required
by the microorganisms inside the bioreactor
have been provided by injecting di-ammonium
phosphate chemical fertilizer and phosphate
fertilizer, respectively.

To provide the necessary elements for the
growth of microorganisms, the COD of the feed
tank inlet effluent was daily measured, and a
nitrogen source and a phosphorus source were
added to the system with a COD: N:P ratio of
100:5:1.

Micronutrients were further added to the
system according to Table 1. Although the
concentration of micronutrients is very low, it
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should be noted that their absence can reduce
the removal efficiency by 30%. According to the
feed COD, the amount of micronutrients
(nutrients) required for microorganisms will be
different. Therefore, stock solutions with
specific concentrations of these nutrients are
prepared, whose concentration is calculated
based on COD=1000 ppm of the feed, and for
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each 1000-liter feed tank of the MBR unit, 20 ml
of these nutrient solutions are added to the
feed. It is added to provide the nutrients needed
by the project. In this way, the concentration of
stock solutions and the final concentration of
the nutrient feed are calculated with the above
explanation for COD=1000 ppm in Table 1.

Figure 1: Sludge transfer from FAJR energy petrochemical company of the persian gulf

Table 1: The concentration of nutrient stock solutions used in the project

Stock solution concentration

Final concentration in the feed

No. Nutrient (g/1 or ml/1) (g/1 or ml/1)
1 Urea (CHsN20) 1071.734475 0.02143469
) H3PO4 182.8993563 0.003657987

CaCO3 66.6018038 0.001332036
3 KOH 95.72122062 0.001914424
4 MgS04.7Hz0 202.8641975 0.004057284
5 Fe(N03)5.9H20 86.82327663 0.001736466
MnCly.4H;0 0.468274481 9.36549E-6
Zn(N03)2.6H:0 1.81972778 3.63946E-5

; NiCl2.6H20 2.71367694 5.42735E-5
CuS04.5H20 0.275021243 5.50042E-6

CoCI2.6H20 2.018751061 4.0375E-5

H3BO; 2.859851989 5.7197E-5

In this project, the use of hydraulic retention
time (HRT) equal to 18 hours was considered
during the operation period. The TDS value of
this effluent was 1430 and at the end of the
one-month period it reached 1680. This
increase is due to the injection of nutrients and
carbon source and it was phosphorus.

Through this project, there is no return of
sludge to the bioreactor, which indicates the
infinite SRT. The amount of aeration in this

project has always been such that the amount
of dissolved oxygen in the bioreactor is
maintained between 2 and 5 ppm. Accordingly,
the airline connected to the flowmeter has been
used, set to half a cubic meter per hour.
Normally, the amount of NaHC03/1700-300
mg per liter of incoming wastewater can
provide conditions that prevent acidification of
the reactor environment. In this project, 500 mg
of sodium bicarbonate per liter of water was
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used for this purpose, 1000 mg/liter of di-
ammonium phosphate chemical fertilizer was
used as a nitrogen source and 200 mg/liter of
phosphate chemical fertilizer was used as a
phosphorus source. The material of the
membranes used in this work is polyvinylidene
di-fluoride in the number of 8 pieces with
dimensions of 1 meter by half a meter and
thickness of 5 cm. The filtration mechanism is
of ultrafiltration type.

Discussion

Laboratory results using real wastewater are
compiled in Table 2.

COD test results
The pilot consistently achieved a COD removal

efficiency exceeding 99%, indicating
compliance with environmental discharge
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standards. Initially, COD removal efficiency was
approximately 65%. However, microbial
acclimation occurred within four days, resulting
in a significant improvement in performance.ln
one month after the adaptation of the sludge,
the daily test results (30 days) show that the
COD removal efficiency was not less than 85%
(Table 2 and Figure 2).

MLSS and MLVSS test results

As indicated in Table 2, the MLSS/MLVSS ratio
was in the range of 0.6 to 0.85. This ratio shows
the accumulation of inorganic compounds
inside the system. An increase in this number
indicates that inorganic compounds have
accumulated less in the system. The decrease of
this number indicates the accumulation of
organic compounds inside the system (Figure
3).

Table 2: Laboratory results of the project using real wastewater

HRT (hr) Day COD feed COD permeate MLSS MLVSS SVI
(mg/L) (mg/L) (mg/L) (mg/L) MLVSS/MLSS (mL/g)
18 1 850 77 5710 3450 0.60420 131
18 2 810 72 5430 3505 0.64548 128
18 3 735 63 5620 3200 0.56939 114
18 5 770 59 5380 3705 0.68866 119
18 6 700 54 5050 3510 0.69504 108
18 8 910 94 4840 3620 0.74793 104
18 9 925 91 4970 3570 0.71830 109
18 11 890 75 5030 3510 0.69781 100
18 12 915 82 4280 3360 0.74793 105
18 14 725 67 4705 3450 0.73326 103
18 15 655 51 4410 3690 0.83673 98
18 16 670 59 5130 3270 0.63742 105
18 18 715 66 5050 3580 0.70891 95
18 19 705 68 5075 3240 0.63842 91
18 20 610 60 4890 3680 0.75255 94
18 21 665 56 5035 3510 0.69712 89
18 23 680 65 5005 3790 0.75724 91
18 24 730 74 4540 3840 0.84581 81
18 25 725 71 4680 3050 0.65170 87
18 26 830 77 4860 3450 0.70987 83
18 27 870 72 5020 3140 0.62549 90
18 28 890 70 5050 3015 0.59702 84
18 29 845 73 4810 3240 0.67359 79
18 30 905 86 4780 3310 0.69246 82
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Figure 3: Changes of MLSS and MLVSS using real effluent

Results of SVI tests

The sludge volumetric index (SVI) is a key
parameter used to characterize the morphology
of activated sludge, along with viscosity,
particle size, EPS, and SMP, and microscopic
observations. During the first operational
phase, SVI decreased roughly. The reduction of
SVI indicates the compaction of activated
sludge. In addition, due to the infinite SRT in the
system, it is expected that the ratio of protein to
polysaccharide in the floc will decrease, and as
a result, we predict the disintegration of the

aggregates and the increase of free
microorganisms.

In general, the disintegration of microbial
aggregates and the reduction in the size of flocs
can be justified by the fact that because bacteria
need to increase the mass transfer surface to
consume the substrate, by spreading and
becoming smaller, the surface of mass transfer
increases and the organic matter. They reach
their surface and come in contact with them
more easily and can consume organic materials

more easily (Figure 4).
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Figure 4: Variations of SVI using real effluent

Conclusion

Due to the limited amount of real effluent to
use in this project, the hydraulic retention time
(HRT) of 18 hours during one month of
operation was considered. The TDS value of this
effluent was 1430 at the start of the operation
and reached to 1680 after one month. The rise
was caused by the addition of nutrients and
carbon and phosphorus sources. There is no
sludge return to the bioreactor in this project,
indicating an indefinite SRT. The hydraulic
retention time is the only operational variable
in this project. Because the amount of real
effluent is limited and is only enough for one
hydraulic retention time, synthetic effluent
containing a mixture of 93 grams of methanol
and 297 grams of pyrolysis gasoline per 1000
liters of water was used to continue the project
(after a few months stop for pilot overhaul),
which began with inoculation of new activated
sludge. Since the new sludge was provided from
the same site of the Persian Gulf Fajr Energy
Company, the new activated sludge had
identical properties, and it was injected into the
reactor on January 15, 2022, after
concentrating to 5400 ppm. SVI of the
inoculated sludge was 130 with the initial
concentration of about 2500 ppm. Despite of
using 8 used membranes in this section of the
project before the overhaul process, acceptable

results were attained. After the overhaul
process of the pilot, the 8 used membranes
were removed and replaced with 5 new and
unused membranes. The pressure difference
between the two ends of the membranes was
always less than 200 millibar in the early
phases of the startup, indicating that the new
membranes are not blocked in the startup. The
COD value of the synthetic effluent employed in
this stage was 580, and the TDS value was 7.37
mg/l. The pilot's COD removal efficiency was
excellent, and the output COD was consistently
less than 20 mg/L. Consequently, the effluent
was standard to be discharged to the
environment or used as the makeup water for
cooling towers. To investigate the bacterial
content of the effluent, the treated effluent from
the MBR pilot was entered to the cooling tower
pilot as circulating water, and the effect of the
biocide number HE0085 developed by Abrizan
Industrial Research Company, was investigated
(this company has a multi-year cooperation
memorandum with a Petrochemical Research
and Technology Company). TBC and SRB
microbiological tests reveal that the treated
water in these circumstances meets the
required standard to be used as cooling tower
makeup water.

169



https://www.jeires.com/article_212413.html

2024, Volume 5, Issue 3

ORCID

Amin Ahmadpour
https://orcid.org/0009-0006-5676-6816

Reference

[1]. S. Jabari, Aghbolagh, investigating standard
environmental management in industries (case
stusy of oil industry), Journal of Engineering in
Industrial Research, 2020, 4, 9-21. [Crossref],
[Google Scholar], [Publisher]

[2]. K. Algheryani, A. Asweisi, Cloud point
extraction of trivalent chromium from aqueous
solutions using different nonionic surfactants,
Journal of Engineering in Industrial Research,
2020, 4, 68-76. [Crossref], [Google Scholar],
[Publisher]

[3]. M.S. Hashem, Treated Wastewater
Irrigation—A Review, Water, 2021. [Google
Scholar], [Publisher]

[4]. A. Johnson, Investigating the effect of
environmental applications on decomposition
of zein nanoparticles in adsorbents in industry,
Journal of Engineering in Industrial Research,
2020, 4, 92-108. [Crossref], [Google Scholar],
[Publisher]

Journal of Engineering in Industrial Research

[5]. S. Onyeka Malumi, Enhance and
performance evolution of silver- doped
titanium dioxide dyesensitized solar cells using
different dyes, Journal of Engineering in
Industrial Research, 2020, 4, 189-200.
[Crossref], [Google Scholar], [Publisher]

[6]. A. Pourabadeh, B. Nasrollahzadeh, R.
Razavi, A. Bozorgian, M. Najafi, Journal of
Structural Chemistry, 2018, 59, 1484-1491
[Crossref], [Google Scholar], [Publisher]

[7]- A. Bozorgian, Effect of additives on hydrate
formation, International Journal of Advanced
Studies in Humanities and Social Science, 2020,
9, 229-240. [Crossref], [Google Scholar],
[Publisher]

[8]. A. Bozorgian, Z. Arab Aboosadi, A.
Mohammadi, B. Honarvar, A. Azimi. Revue
Roumaine de Chimie, 2020, 65, 1061-1065.
[Crossref], [Google Scholar], [Publisher]

[9]. ]J. Knight, R. Mehlberg, Hydrocarbon
Processing, 2011, 9, 91-95. [Google Scholar],
[Publisher]

[10]. A. Bozorgian, Journal of Engineering in
Industrial Research, 2020, 1, 1-18. [Google
Scholar], [Publisher]

Copyright © 2024 by authors and SPC (Sami Publishing Company) + is an open access article distributed under
the Creative Commons Attribution License (CC BY) license which permits unrestricted use, distribution, and

reproduction in any medium, provided the original work is properly cited.



https://www.jeires.com/article_212413.html
https://orcid.org/0009-0006-5676-6816
https://doi.org/10.48309/jeires.2023.1.2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D.+S+Jabari+Aghbolagh%2CInvestigating+Standard+Environmental+Management+in+Industries%28Case+Stusy+of+Oil+Industry%29%2C+2020%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.jeires.com/article_166267.html
https://doi.org/10.48309/JEIRES.2023.2.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B2%5D.+K.+Algheryani%2C+A.+Asweisi%2C+Cloud+point+extraction+of+trivalent+chromium+from+aqueous+solutions+using+different+nonionic+surfactants%2C+2020%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://www.jeires.com/article_176350.html
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=https%3A%2F%2Fwww.mdpi.com%2F2073-4441%2F13%2F11%2F1527%3Futm_source%3Dreleaseissue%26utm_medium%3Demail%26utm_campaign%3Dreleaseissue_water%26utm_term%3Ddoilink1%26recipient%3Daguadoc%40live.com%26subject%3DWater%2C%2520Volume%252013%2C%2520Issue%252011%2520%28June-1%25202021%29%2520Table%2520of%2520Contents%26campaign%3DReleaseIssue&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=https%3A%2F%2Fwww.mdpi.com%2F2073-4441%2F13%2F11%2F1527%3Futm_source%3Dreleaseissue%26utm_medium%3Demail%26utm_campaign%3Dreleaseissue_water%26utm_term%3Ddoilink1%26recipient%3Daguadoc%40live.com%26subject%3DWater%2C%2520Volume%252013%2C%2520Issue%252011%2520%28June-1%25202021%29%2520Table%2520of%2520Contents%26campaign%3DReleaseIssue&btnG=
https://www.mdpi.com/2073-4441/13/11/1527?utm_campaign=releaseissue_waterutm_medium=emailutm_source=releaseissueutm_term=doilink1
https://doi.org/10.48309/JEIRES.2023.2.4
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B4%5D.+A.+Johnson%2C+Invastigating+the+effect+of+environmental+applications+on+decomposition+of+zein+nanoparticles+in+adsorbents+in+industry%2C+2020%2C+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://www.jeires.com/article_177057.html
https://doi.org/10.48309/jeires.2023.4.1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B5%5D.+S.+Onyeka+Malumi%2C+Enhance+and+Performance+Evolution+of+Silver-+Doped+Titanium+Dioxide+DyeSensitized+Solar+Cells+Using+Different+Dyes%2C+2020%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D+&btnG=
https://www.jeires.com/article_186601.html
https://doi.org/10.1134/S0022476618060355
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B6%5D.+A+Pourabadeh%2C+B+Nasrollahzadeh%2C+R+Razavi%2C+A+Bozorgian%2C+M+Najafi%2C+Journal+of+Structural+Chemistry%2C+2018%2C+59%2C+1484-1491+%5BCrossref%5D%2C+%5BGoogle+Scholar%5D%2C+%5BPublisher%5D&btnG=
https://link.springer.com/article/10.1134/S0022476618060355
https://doi.org/10.22034/ijashss.2020.255478.1020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B1%5D.%09Pourabadeh%2C+A.%2C+B.+Nasrollahzadeh%2C+R.+Razavi%2C+A.+Bozorgian%2C+and+M.+Najafi.+%22Oxidation+of+FO+and+N+2+Molecules+on+the+Surfaces+of+Metal-Adopted+Boron+Nitride+Nanostructures+as+Efficient+Catalysts.%22+Journal+of+Structural+Chemistry+59+%282018%29%3A+1484-1491.&btnG=
https://www.ijashss.com/article_118786.html
http://10.0.129.200/rrch.2020.65.12.01
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=A%E2%80%8F.%E2%80%8F%E2%80%8E+Bozorgian%2C+Z%E2%80%8F.%E2%80%8F%E2%80%8E+Arab+Aboosadi%2C+A%E2%80%8F.%E2%80%8F%E2%80%8E+Mohammadi%2C+%E2%80%8EB%E2%80%8F.%E2%80%8F%E2%80%8E+Honarvar%2C+A%E2%80%8F.%E2%80%8F%E2%80%8E+Azimi.+Revue+Roumaine+de+%E2%80%8EChimie%2C+2020%2C+65%2C+1061-1065%E2%80%8E&btnG=
https://revroum.lew.ro/wp-content/uploads/2020/12/Art%2001.pdf
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=J.+Knight%2C+R.+Mehlberg%2C+Hydrocarbon+Processing%2C+%E2%80%8E%E2%80%8E2011%2C+9%2C+91-95%E2%80%8E&btnG=
https://pascal-francis.inist.fr/vibad/index.php?action=getRecordDetail&idt=24523537
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=A.+Bozorgian%2C+Journal+of+Engineering+in+%E2%80%8EIndustrial+Research%2C+2020%2C+1%2C+1-18%E2%80%8E&btnG=
https://scholar.google.com/scholar?hl=fa&as_sdt=0%2C5&q=A.+Bozorgian%2C+Journal+of+Engineering+in+%E2%80%8EIndustrial+Research%2C+2020%2C+1%2C+1-18%E2%80%8E&btnG=
https://www.researchgate.net/profile/Alireza-Bozorgian-2/publication/346787887_Investigation_of_the_History_of_Formation_of_Gas_Hydrates/links/5fd77a7445851553a0b5ae96/Investigation-of-the-History-of-Formation-of-Gas-Hydrates.pdf
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

