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Abstract

Lubrication or tribology, which is the science of facilitating the relative motion of surfaces in contact with each other; is one of the
most important disciplines in science, technical knowledge, and engineering operations today. Regarding the vast application
of Industrial Paraffin (IP) in daily life and the existence of numerous oil wells, the current review discussed IP production
technologies and applications of IP in many human demands in the framework of a project and its public involvements. It
was summarized the recent technologies posed in IP production from valid and available databases to demystify the existing
alternatives. The information of assessed projects in the Environmental Impact Assessment (EIA) plan was offered to access
the framework of the initial assessment of the evaluator team in the screening step of project identification. The review of
developed technologies surged the interests of decision-maker for pushing the industrial projects towards decision theory to
make the matrix of data for further assessment depend on the quality and quantity of the requested product. The conclusion
of the current review ended up attracting decision-maker opinion to mitigate the hazardous and health effects of introduced

technologies by selecting the best alternative in IP production operation.
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Introduction

Lubrication or tribology, which is the science of
facilitating the relative motion of surfaces in contact with
each other, is one of the most important disciplines in
science, technical knowledge, and engineering operations
today. Whenever the surfaces of objects in relative proximity
and contact with each other are relatively moving, there will
be two phenomena of friction and wear. Friction is the force
of resistance to relative motion and the passage of surfaces
in contact with each other. Wear is the act of destruction and
rupture of material particles that results from the contact of
surfaces in relative motion and terms of the force of friction
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[1]. Let’s see what can be considered as a qualified lubricant.
Further efforts to find effective lubricants have a long history.
Many materials have been tested for this purpose over time
and then discarded and replaced with better materials.
But some of the lubricants used to date are surprisingly
old-fashioned alternatives. In 1400 BC, the Romans and
Egyptians boiled a mixture of melted fat and melted tallow
with lime soap and used it to lubricate vehicle axles and as
grease to the wheels of chariots. It was not until about the
middle of the last century that lime oil and soap became the
main lubricants for industrial purposes. Lubricants used
in today’s industrial world can be compared to gas; liquid;
Semi-solid, and solidified lubricants. In the production of raw
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materials for manufacturing IP, crude oil is used, which is of
special importance in determining the hydrocarbons present
in the processing of crude oil. Basically, the compounds
in petroleum products are components of hydrogen and
carbon. There are other compounds such as a small quantity
of sulfur, oxygen, and nitrogen. Oxygen is mostly present
in the form of naphthenic acids and nitrogen in the form
of naphthenic base oils. Sulfur can also be present in the
form of free sulfur, soluble or hydrogen sulfide, or organic
compounds. Metal compounds are reported in the PPM range.
The major hydrocarbons derived from crude oil are classified
into three main groups, and the characteristics of each base
oil vary depending on what percentage of it is present in
the oil. The paraffinic group is a linear chain or branched
saturated hydrocarbon compounds which are obtained in
large quantities from crude oils from paraffinic crude oil.
Naphthenic hydrocarbons are saturated hydrocarbons that
are similar to paraffin and are composed of the bonding of
methylene groups arranged in a ring. Aromatic hydrocarbons
contain a very wide range of cyclic compounds that are semi-
saturated. The cyclic compounds can be chain hydrocarbons,
thus creating a myriad of different compounds. This type of
structure reacts more easily than paraffin and naphthenic
compounds and turns into corrosive resin and asphalt
by-products. Another feature is that it is easier to form
emulsions with water due to less surface tension. In the
process of producing the IP from crude oil, distillation,
refining, chemical refining, asphalting, and de-waxing units
are implemented [2-4].

Despite too many useful applications of paraffin
compounds, many studies moved towards removal options
in petroleum exploitation from oil wells. The dissociation
of paraffin deposits has been reported by Youssef, et al. [5]
via hydrocarbon metabolizing microorganisms. In research
of Jinfeng, et al. [6] used microorganisms to breakdown the
paraffin residues in an oil well. The supplementary nutrients
and required substrates have been added to the effective
growth of strains. Using Arthrobacter sp, Pseudomonas sp,
and Bacillus sp resulted in a decline of paraffin concentration
from 29.8 to 25.5% in 9 months. A significant dissociation
efficiency has been confirmed by the study of Lazar, et al. [7]
on both forms of solid and semi-solid paraffin components.
The same significance in paraffin removal efficiency reported
by Hao, et al. [8] and Nelson and Schneider [9]. Bailey, et
al. [10] asserted conversion of paraffin to unsaturated
olefins. The partial degradation of paraffin to intermediate
components has been reported by Lazar, et al. [7]. It
facilitated the dissociation of this compound to the final
products of bio-solvents and bio-surfactants. The reasons for
conducting these kinds of studies get back to challenges that
emerged in crude oil exploitation in many nations such as
Kuwait, Qatar, Uganda, and South Sudan with a high quantity
of paraffin wax concentration. The high-energy magnets of
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rare-earth materials impede the formation of the deposits of
asphalt, resin, and paraffin in oil wells via installing magnets
supported by electric charges into pipelines. The use of Eco-
wave TM, chemical inhibitors, dispersants, detergents, and
ultrasonic waves are other recommended practices in this
regard. The main methods of paraffin removal from oil wells
can be mentioned as (1) mechanical (cutting, scrapping,
erosion, and explosion, etc), (2) thermal (simple heating
methods to complex processes like using plasma flames),
(3) chemical (a variety of solvents, detergents, and similar
compounds), and (4) microbial [11-14].

The crude oil possessed various proportions of paraffin
wax ranged around 3-44%. The viscosity of crude oil deeply
depends on the concentration of paraffin wax. So, the high
existing viscosity in crude oil solidifies and crystallizes the
crude oil exploitation operation as well as other difficulties
such as pressure drop, gelation structure, lower mobility
that can cause higher outlays for pump stations [15,16]. The
composition of waxes made up mostly from aliphatic and
nonpolar components holding a heavy molecular chain with
restricted mobility in crude oil with relatively high ability in
the crystallization process. Both solid and semi-solid forms
of waxes vary depend on pressure and temperature to liquid
and even gas states [17]. The density and heat capacity of
paraffin waxes has been reported to be around 900 kg/m?
and 2.14-2.9 ].gL.K ! respectively. The prominent ingredients
of paraffin (Alkanes) are methane, ethane, propane, butane,
pentane, and hexane [18].

Paraffin is used to preserve and storage human body
tissues all over the world. This achievement is one of the
importantapplications of paraffin in medical usages [19]. The
interests surged towards the use of paraffin-based biofuel
in the aviation sector due to proper cooling conditions,
appropriate formulation for hydrocarbons structure, an
escalated energy yield, low level of impurities, and high
blending ability with other fuels [20].

The demand for industrial waxes followed a dramatic
growth of 1.5-2% annually and mainly for packaging usages.
Universally, the demand (for bio-based, synthetic, and
fossil-based waxes) ranged around 4.79 million tons with a
purchasing costof 6.7 billion USD in the market. The produced
waxes from petroleum are introduced as petrolatum, paraffin,
and microcrystalline waxes. The montan and ozokerite are
mineral waxes of fossil-based minerals derived from coal
that its origin refers to petroleum too. The Fischer-Tropsch
process produces synthetic waxes via chemical interaction
between gaseous products. Some other types of waxes were
derived from animals, vegetables, plants, castor, soy, etc.
But the majority of waxes (85-90%) available in the global
markets are originated from petroleum waxes. The synthetic
waxes placed the second rank in the demand of markets
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[21]. Paraffin waxes are released during refining lubricant
oils which are composed of saturated heavy hydrocarbons
possessing C,; to C,, and predominantly greater than C,,.
The industrial applications of paraffin waxes comprised from
candles (accounting for around 40-50% of global market
revenue), coatings for wood, paper, packaging, and food
products, cosmetics, chewing-gums, crayons, home-care
products, pharmaceuticals, polishes, hot-melt adhesives,
surf and ski waxes, electrical insulators and tires, plastic
and rubber additives (plasticizers), household chemicals,
match, inks and rubber industries, binders, flame retardants,
powder injection molding, hydrogen production, energy
storage, and rheology modifiers [21-23]. The recent studies
reported the presence of paraffin waxes at oceans and seas
with no further information of stability, retention time,
and biodegradability in the ambient. Initial assessments
of biodegradation of paraffin waxes deposits in the tanks
proved that it takes a time interval of 16 months to start up in
marine ambient. Regarding the wide applications of paraffin
waxes in packaging purposes, the health effects of these
compounds cannot be a serious problem in dermal exposers.
The results of both assays of chronic and sub-chronic feeding
studies on laboratory animals (like rats, mice, rabbits, etc)

confirmed the safety of these kinds of exposures. But the
high concentration of paraffin waxes in feeding studies
had shown inflammatory responses and histopathological
reactions [24,25].

The present review collected the recent developments in
the way of IP production technologies all over the world. So,
the introduction chapter summarized a brief description of [P
toxicity, applications, global demands and production rates,
and similar information about it. The tabulated data picked
up from industrial projects assessed by the Iranian evaluator
team of both Iranian industries organization and the Iranian
Environmental Protection Agency in the EIA plan. Therefore,
it was implemented a diagram of project identification steps
in the EIA plan (in assessing the projects) in parallel with the
concept offered by the current review. According to Figure
1, the current review discussed the selected and relevant
technologies posed in the way of paraffin production
technologies and noticed the frameworks devised in Iranian
industrial projects for IP production and its application in
many other projects in Iran. The presented concept moved
from project identification information to post-EIA and
sustainability assessment in future developments of projects.

Figure 1: Flow diagram of current review and steps of project identification in EIA plan [26].

Additives Materialsand Recent Technologies

Formulation of paraffin has been recommended by
a combination of fatty acids and biosynthesis wax in an
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elongation operation. Wax is a prominent component of
plants that protects them against UV radiation. The produced
wax on the plant’s surfaces can be modified by additives,
biosynthetic gene cloning, crosslinking operation of plasma
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technology, and similar integrated practices. Also, a mixture of
raw and waste materials can be a boost in the manufacturing
process as additives materials to wax products as well as
employing nanomaterial and nano-composites in this regard
[27-31]. Paraffin introduces as a prominent material in the
structure of solar stills. The low thermal conductivity of this
matter has been modified using nanoparticle additives like
Graphene, copper oxide, Al and Fe oxides, Silicon Nitride,
Graphite, and Graphite nanofibres [32-34]. The research
of Tang, et al. [35] utilized carbon nanotubes as additives
in promoting thermal conductivity and declining cooling
properties of paraffin phase change materials [36-39].

Membrane Technology

A variety of membranes are used in paraffin (methane,
ethane, propane, among others)/olefins (ethene, propene,
among others) separation based on gaseous and liquid
mixtures such as membranes made of Carbon molecular
sieves, polymer membranes, Zeolites, Metal-organic
frameworks, and mixed matrix membranes. Membranes
can be utilized for cryogenic separation operations. It
demands a relatively high operation budget. There is a list
of advantages and disadvantages for applying membranes
in paraffin/olefins segregation technique (1) decline in
production outlays (2) decline in equipment and facilities
size (3) minimizing energy demand and waste production.
The difficulties in handling impurities, breakdown of the
segregated materials, low flows in operation, short lifetime,
poisoning the membrane surface by some pollutants, and
cut off and blockage of membrane surface are the main
drawbacks in the utilization of membrane technology [40-
42]. The decomposition of slack wax by thermal reactors of
plasma procures a valuable feedstock of gaseous products
for cryogenic and gas capturing operations. The released
gaseous products can be reformatted and converted to
paraffin and lots of other value-added products for industrial

demands [43].

Plasma Reformation

The reformation of H,, CH,, and CO, produces a feedstock
of syngas for further processing via Fischer Tropsch synthesis
(gasification operation) to produce paraffin wax. Then, using
microwave catalytic cracking the paraffin wax produces
an enriched gas of H, for fuel generation purposes. This
process can be accomplished by a variety of plasma forces
and reactors. The feedstock gas also can be selected from
other types of gaseous products of hydrocarbons chains.
Using various types of catalytic materials can enhance the
reformation operation. However, the efficiency of plasma
gasifies and reformers are comparable with catalytic plasma
reactors [44,45].

Slack Wax Production Technologies

To produce IP from crude we need the initial feedstock of
slack wax. At first crude oil passes through the fractionation
step that this step produces gaseous products, oil, naphtha,
gasoline, and kerosene. Then, part of crude oil goes to vacuum
fractionation step and the result of this process is lube oil
and asphalt. These products are sent to lube tower and
solvent de-asphalt towers to further clarification of products.
Using solvent is a supplementary step in the removal and
segregation of both asphalt and wax. The final product of
the solvent de-waxing tower is slack wax which is an initial
feed for producing the IP. Slack wax comprised 35-50% oil in
the content. The commercial slack wax holds concentrations
of paraffin and sulfur around 79-89%, and 0.5-0.7% weight
percentages respectively [46-48]. The melting point and
flash point of slack wax were reported to be around 48-55°C
and 150°C respectively [49,50]. The mentioned steps have
been implemented in Figure 2.

Crude oil
fractionation

Lube tower +
Solvent deasphalt

Solvent dewaxing

Gas, oil, naphtha,
gasoline, kerosine

Asphalt and ;
Solvent extraction

Slack wax

Figure 2: The layout units of slack wax production towards paraffin production units [51,52].

Vacuum
fractonation of
crude oil

Solvent recovery

Paraffin production
units
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They are certain types of thermoplastic products with
low molecular weight in comparison. But they do not fall into
both groups of plastics and polymers. The type of crude oil
applied in fractionation operation produces various types
of slack waxes in soft and hard enough structures. Also, the
quality and quantity of produced slack wax and IP depend
on the source of crude oil and slack wax and the rate of
assigned fractionation and treatment respectively [18,51].
According to Soliman [51] the purification and treatment
technologies of petroleum waxes comprised (1) slack wax
and petrolatum production by De-waxing products (2)
Refining of the wax products (3) De-oiling and fractional
crystallization (4) Percolation process (4) Hydro-finishing
process (5) Acid treatment (6) Adsorption process. A study
has fulfilled the de-oiling operation of slack wax using static
crystallization with the fast proceeding and low outlays [53].
The aforementioned technologies assign to the purification
of undesired pollutants and impurities depend on the quality
of applied and requested products. Therefore, various
configuration of processes, technologies, and facilities is
requested in treatment operation [54-57].

IP Production in Iranian Industries

The IP production processes may be in one of the
following ways: (1) Acid/solvent or individual treatment
process: In this method, slack wax after re-melting is exposed
to cold injection of acid/solvent and mixing by centrifugation
to separate impure paraffin. After this operation, the product
is dried and purified with sulfuric acid. To remove impurities
from the product, the final treatment is fulfilled via filtration.
They are molded and finally packed. (2) Sweating process:
In this method, slack wax is purified with sulfuric acid
after initial molding and lubricant removal. Due to the high
production efficiency in the acidic method, this design has
been mentioned as the selected method. Numerous samples
of slack No. 39 of Tehran Refinery and petroleum and Oil
Production and Refining companies of Pars are tested in
this regard. To do this, at first 1 kg of the sample must be
picked up and heated to 80°C until it becomes completely
liquid. Then, employing a spraying system, it is directed
into five liters of dichloroethane solvent, which is cooled to
-5°C. To segregate both solvent and oil phases is utilized the
centrifuge unit. Then, the solid residue of the filter is collected
and is desiccated into the beaker to be heated. In the next
step, after melting, the product is exposed to concentrated
sulfuric acid (98-96%) and is mixed thoroughly by stirring
until the acidic sludge phase remains completely at the
bottom of the container. The top layer is filtered by passing
through the soil (clay) filter. Thus, a pure sample is obtained.
One of the disadvantages of using chlorine compounds is that
it evaporates in the workplace, which requires the necessary
safety and installation of ventilation systems, which must
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be taken full care of. Another point that should be noted is
that the color of the product will change. In other words,
oxidizing agents are easily subjected to oxidation, and the
presence of such a solvent probably plays a catalytic role
against oxygenating agents. As a result, the above solvent can
be mixed with a mixture of solvents like a certain percentage
of methyl ethyl ketone. With this mixture, not only the color
of the product remains white, but all the color compounds
are separated from the current and cyclic hydrocarbons.
Figure 3 and Table 1 present the layout units and annual
requirements of paraffin production industries respectively
[58-60].

The Materials and Equipment Tota;:tlel:ual
Equipment and Devices
Centrifuge 800 P/N 5No
Mixer 60 m? 2 No
The tank of crude oil 60 m? 3 No
Solvent tank 10 m?3 2 No
The tank of extracted oil 60 m3 2 No
Sweating unit 1 No
Cooling unit 1 No
Required Materials
Slack wax 3000t
H2S04 /Solvent 30t
Products
[P consists of high saturated 3000t
hydrocarbons
Employees
Staff | 29 persons
Energy Consumption
Required water 11 m3/day
Power 56 kW/day
Required fuel (Stoves) 11 Gigz }], oule/
Required Land and Landscaping
Required land 7200 m?
Construction.of .infrastructure 2055 m?
(Buildings)

Table 1: The annual requirements of industries of paraffin
[58-60].
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IP as Feedstock of other Industries

Household Candle

Paraffin is usually marketed in molds of 5 kg. They
are melted in containers heated by electricity. The molten
paraffin is then pumped into a paraffin feed tank by a special
pump and from there it flows into the molds of the molding
machine. At this stage, the candle wick is already placed
inside the mold. As soon as the molds are filled, water flows
from the water cooler to the molding machine to harden the
paraffin inside the molds. Hardening of paraffin takes about
20 minutes, after which the finished candles are taken out
of the mold and are usually packed by hand in cellophane
bags or cardboard boxes. It should be noted that paraffin
is used as a raw material. The allowable concentration of

Figure 3: The layout units of paraffin production industries oil in the by-product of oil refining to produce high-quality

[58-60].

candles should not exceed 5%, otherwise, it produces smoke
when is used. Figure 4 display the layout units and annual
J requirements of household candle industries Table 2.

Figure 4: The layout units of household candle [58-60].

~

J

The Materials and Equipment Total Annual Rates
Equipment and Devices
Paraffin melting chamber 2 No
Paraffin transfer pump 1 No
Feed tanks 2 No
Molding machine for converting paraffin to candles 2 No
Cooling machine 1 No
Fitted lab 1 No
Required Materials
Paraffin, melting point = 56-640C 335t
Plastic bags, 25*5 cm? 7560000 No
Cardboard for packaging 1260000 No
Candlewick 1800000 meter
Products
Candle, h = 200 mm, d = 200 mm, weight=40 g 7560000 No
Hassanpour M. A Review of Industrial Paraffin Production Technologies Based on Recent Copyright© Hassanpour M.
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Employees
Staff | 10 persons
Energy Consumption
Required water 3 m3/day
Power 46 kW /day

Required fuel (Stoves)

2 Giga Joule/day

Required Land and Landscaping

Required land

1400 m?

Construction of infrastructure (Buildings)

405 m?

Table 2: The annual requirements of industries of household candle [58-60].

PVC Pipes

In the production of PVC fittings, the steps are very
different from the pipe production. Due to the fixed form
of the parts, the existence of fixed molds, appropriate and
standard dimensions, they are closed on the clamp of the
machine, and the production process is run at high speed. The
main difference observed in the manufacturing processes of
pipes and fittings refers to this point that, each part of the
mentioned process is done continuously by the machine.
While the production line is working, all the components of
the line work simultaneously. In the process of producing
fittings to make each piece, the process is continuous. The
different stages of production are as follows: (1) Weighing
and mixing: First, a mixture with certain percentages of
materials is prepared: A mixer is used to make a uniform
and homogeneous composition. After that, materials are
transported to the granulating machine. (2) Granulation:
This device is similar to the tube extruder. It consists of a
cylinder and a coil with asymmetric coils, which produces
the necessary heat on the cylinder to perform the granulation
operation on several thermal elements. Granulation is
actually a pre-baking step and is done to achieve better
product quality. The material passes through a mesh plate
at the end of the machine cylinder and is taken out in the
form of granules or small lumps by a producing blade. It is
transformed from a dough form into a solid grain form by
a stream of air as it cools. (3) Extruder: Today, twin-screw
extruders with misaligned screws are used to produce
pipes. Molten PVC is injected into the extruder and fills a
relatively large volume of the head and flows around the
mandrel, which is fixed by a spider holder. By changing the
core of the mold, the pipes can be produced with different
thicknesses and diameters. (4) Pipe stabilization system:
The molten pipe must be cooled and its shape is maintained
after leaving the extruder unit. 5) Cooling bath: The pipes
should be cooled in the stabilization tank and the bath so
that their shapes are maintained and they can withstand
the stresses of the stretching, twisting, and cutting stages.
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6) Pipe pulling unit: This unit is responsible for pulling the
pipe at a constant speed with different diameters, different
raw materials, and traction units are used with different
designs, and usually, those are selected which create the
maximum friction capacity between the pipe, the tension
belt, and the contact length. 7) Cutting unit: Various systems
are available for cutting pipes. Simple vane cutters are often
used for small diameter pipes made of soft materials. Radial
saws are usually used for pipes with a diameter of up to 200
mm. 8) Connection unit: The selected device in this design
can be used for pipes with a diameter of 10 to 710 mm and
the pipes can be the same shape connects. 9) Connection
injection device: The injection device has a cylinder and a
helix. By reversing the reel by the helix that rotates inside the
cylinder. It returns the materials to the cylinder as needed
for a period of operation of the device. The doughy molten
forms at a temperature of about 65-73°C. 10) The first
steps of clamps and molds: In this stage, the mold, which
forms one of the types of joints such as elbows, tees, or
transformers are installed on another machine. After loading
and heating, the material inside the cylinder and helix is
prepared for injection. 11) Injection: After closing the mold
with a hydraulic clamp and ensuring complete closure of the
mold, the injection operation is performed. At this stage, the
molten materials enter into the mold bypassing. The nozzle
of the device is located in the cylinder head and the space
of the said mold will fill. 12) Drying: After the injection, the
material that fills the space inside the mold should be able to
completely take the shape of the mold and stabilize to cool.
13) The second stage of the clamp and mold operation: In
this stage, after cooling the mold is opened by the clamp and
the muscle system operates simultaneously and the muscles
come out of the part. Then, by the blade system, the piece is
taken out of the mold by the force that enters the piece from
the blade. 14) Packaging: After the piece is taken out of the
mold, the appendages of the piece are separated by a winner
and are placed in plastic bags in certain numbers for packing.
Figure 5 and Table 3 represent the layout units and annual
requirements of PVC pipes and fittings producing industries.
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Weighing | | Granulation | ,| Extusion |_,| Fixatim |—s| Cooling
and mixing

v, | Twisting |[—»| Stretching —» Cutting —» | Joining fittings

Packaging

Weighi . )
m@?g —+| Gramlation |—| Injection |—»| Cooling | —»| Packaging

Figure 5: The layout units of PVC pipes and fittings producing industries [58-60].

The Materials and Equipment | Total Annual Rates
Equipment and devices
Weighbridge, 2000 kg 1 No
Miller, 1000 kg/h, 22 kW 1 No
Mixer, 300 kg/h, 32.5 kW, 14-28 m/s 1 No
Granule maker machine, 300 kg/h, 73 kW 1 No
Pipe production line, 200-250 kg/h, d= 40-250 mm 1 No
Injection machine, d= 48 mm, 1147 bar, maximum injected weight 242 g 1 No
Injection machine, d= 50 mm, 1510 bar, maximum injected weight, 374 g 1 No
Molds 10 No
Fitted lab and repair workshop 1and 1 No
Required materials
PVC powder 1287t
CaCo0, as filler 72t
Stabilizer 34t
Paraffin lubricant 7t
PE bag 4t
Products
PVC Pipes, d= 2-31.5 cm 1200t
PVC fittings, d=2-31.5 cm 200t
Employees
Staff 29 persons
Energy consumption
Required water 7 m?/day
Power 289 kW/day
Required fuel (Stoves) 5 Giga Joule/day
Required land and landscaping
Required land 3200 m?
Construction of infrastructure (Buildings) 925 m?
Table 3: The annual requirements of industries of PVC pipes and their fittings [58-60].
Hassanpour M. A Review of Industrial Paraffin Production Technologies Based on Recent Copyright© Hassanpour M.
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Shoe Wax

The process of producing wax is performed via mixing
and heating the raw materials with gradual cooling and
packing. All these operations are accomplished under
atmospheric pressure and temperature of 100. All equipment
and facilities are made of stainless steel. The completion of
the mixing process is related to the speed of the mixers, and
the production rate of the filling machine. After weighing, the
materials are directed to a double-walled tank thatincludes a
mixer and boiling water or water vapor within the chamber.
Since the melting point of most waxes is 50, the material
inside the tank reaches the melting temperature, and the
stirring causes them to mix better. The materials that are first

poured into the tank are petroleum and mineral solvents.
Then, paraffin wax, carnauba wax, and dye are added. After
ensuring the right running of the operation, the product is
transferred to the can filling machines by a stainless steel gear
pump. The process of filling the cans or tubs is automatic.
After filling, the wax cans enter the cooling tunnel. Because
the materials are almost liquid up to a temperature above
90, their gradual cooling takes longer, which in turn slows
down transportation and storage operation. At the time of
production of liquid wax, a temperature of 50°C is sufficient
and the boiler doesn't need to raise the temperature of the tank
to 100°C. Figure 6 and Table 4 denote the layout units and
annual requirements of shoe wax industries respectively.

-

—» | Fillinz machime | — Freezing tunnel

Pump of hqmd Filli hine | —s] Freezi 1

sy . | [Fumpofpasie
matenals

_+ | Capping bottles | —» | T2ck2ETE
itial  |—| Mmoo
materials

4 [Cappingbortes | [ PR ]

Figure 6: The production technology in shoe wax [58-60].

The Materials and Equipment | Total Annual Rates
Equipment and Devices
Wax production line along with double layers mixer 1 No
Tank equipped to the mixer, stainless steel 1 No
Pump for filling bottles containing 2 nozzles and semi-automatic 1 No
Conveyor of the cooling tunnel, L= 3 m 2 No
Liquid wax along with filling materials 11 No
Automatic mixing tank 1 No
Required Materials
Turpentine 42600 L
Solid paraffin 107000 kg
Artificial wax 33330 kg
Colophon 3640 kg
Hassanpour M. A Review of Industrial Paraffin Production Technologies Based on Recent Copyright© Hassanpour M.
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Polisher (carnauba wax) 37400 kg
Montana Wax 3500 kg
Softener (Kerosene) 1520 kg
Petroleum solvent 240000 L
Dye 4244 kg
Cans 200and 80 g 1010000 and 12622500
Plastic tube 1515000 No
Carton with the size of 39*¥36*18 cm?® 40168 No
Products
Paste wax, 200 g, 80g,and 100 g | 1000000, 1250000, 1500000 No
Employees
Staff | 10 persons
Energy Consumption
Required water 5 m3/day
Power 77 KW /day
Required fuel (Stoves) 20 Giga Joule/day
Required Land and Landscaping
Required land 1900 m?
Construction of infrastructure (Buildings) 541 m?

Table 4: The annual requirements of industries of shoe wax [58-60].

Matchstick Producing Industries

In the matchstick producing unit, the timbers are
configured in determining shapes, molds, and sizes. The
designed pieces are left to be dried to the lowest moisture
percentage of 7%. Then, they are sorted out based on
the quality of the body to be ready for taking up paraffin,

chemicals, and additives. There are some other units for
the final preparation of matchstick pieces such as making
boxes, labeling, storage of products, etc. Figure 7 shows
the layout of units of matchstick manufacturing industries.
Table 5 comprised the annual requirements of industries of
a matchstick.

Figure 7: The layout of units of matchstick manufacturing industries [58-60].
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The Materials and Equipment Total Annual Rates
Equipment and Devices
Circular saw, 2 kW 1 No
Peeling machine, Capacity of 18 million 1 No
A wood grinding machine, 2.5 kW, 18 million wood/h 1 No
Saturation and dyeing machine, 0.2 kW, 18 million woods 1 No
Drying chamber, 8 kW, capacity 18 million wood/h (1 No) 1 No
Casting and polishing machine, 0.6 kW, 18 million woods/h 1 No
Small chip separate, 0.2 kW, 18 million wood/h 1 No
Disassembly chips, 0.3 kW, 18 million wood/h 1 No
Buffing machine, 0.75 kW, 18 million woods/h 1 No
Chip collection device, 1.5 kW, 18 million woods/h 1 No
Match producing machine, 20 kW, 20000 matches box/h 1 No
Furnace, 20 kW 1 No
Air dryer, 10 kW 1 No
Disintegrating mixing device, 0.5 kW, 18 million woods/h 1 No
Gelatin melting machine, 200 L 1 No
Cutting machine, 2 kW, 18 million wood/h 1 No
Cutting machine, 2 kW, 18 million wood /h 1 No
Box machine, 1 kW, 20000 boxes/h 1 No
Matching sticker machine, 2 kW, 18 million wood/h 1 No
Box filling machine, 2 kW, 18 million wood/h 1 No
Milling chemical materials, 2 kW, 18 million wood/h 1 No
Chemical material coverage, 1.5 kW, 18 million wood/h 1 No
Brush making machine, 1.5 kW, 18 million wood/h 1 No
Packaging machine, 1.5 kW, 18 million woods/h 1 No
Materials Demands
Timber 970 m?
Potassium chlorate 92% 34t
Red phosphorous 14t
Paraffin wax 258t
Gum 9.7t
Sulfur 60% 8.1t
Resin powder 4.9 kg
MnO, 85% 36t
Antimony sulfide 60% 3.6t
Chemical additives 05t
Paper cans, 310 g/m? 2.2 million rolls
Paper cans, 240 g/m? 86.4 million rolls
Packaging paper 880 rolls
Products
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Matchsticks | 7776 packages
Employees
Staff | 41 persons
Energy Consumption

Required water 9 m3/day

Power 330 kW/day

Required fuel (Stoves) 48 Giga Joule/day
Required Land and Landscaping

Required land 5100 m?
Construction of infrastructure (Buildings) 1460 m?

Table 5: The annual requirements of industries of a matchstick [58-60].

Conclusion

The fractionation technology produces miscellaneous
products of petroleum waxes. Also, the miscellaneous
products are able to come out via fractions of slack wax.
A variety of products can be defined based on the layout
of units of technologies regarding the outputs produced
of fractionations of crude oil. The quality and quantity of
products are in close dependence on the layout of units of
different technologies and properties of initial feedstock.
Slack wax as a by-product of crude fractionation was taken
into consideration to produce value-added materials.
The data listed in tables facilitate the way to the financial
assessment of industrial projects by simple financial
equations or by using data envelopment analysis. Therefore,
future studies will assent to figure out which technology has
economic viability? And by the way, it will find the way for
completing the EIA plan. The existing concepts possess to
allocate too many criteria and alternatives for the decision-
makers in decision science theory. The sustainability of
future IP production technologies depends on findings of
decision science in introducing the best alternative. The
best alternative will mitigate the dangerous health effects of
implemented technology and its impacts on the environment
and human well-being. It also brings the sustainability of the
project for a long time.
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