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Abstract: The isoprene rubber is very much like natural rubber but made artificially or synthetically. Essentially similar to
natural rubber in properties, this rubber may be somewhat weaker because it is not 100% the cis-isomer. This rubber is used in
the same type of products as natural rubber. About 95% of isoprene production is used to produce cis-1,4-polyisoprene, a
synthetic version of natural rubber. The growing demand for fuel efficiency and eco-friendly tires is driving the tire industry
and in turn the demand for polyisoprene in the tire industry. The Isoprene Market was valued at USD 1.93 billion in 2015 and
is projected to reach USD 2.96 billion by 2021. The isoprene demand in Pakistan will increase up to 24.8% from 2018 to 2025
reportedly. The isoprene market is increasing due to its increasing applications in tires, conveyor belts, hoses, molded rubber,
and also in medical equipment such as gloves and balloons. Isoprene can manufacture from four different processes at
commercial scale, but Isoprene from formaldehyde is the prevailing process in the industries. This process has disadvantage of
low yield and by-products. So this process is further modified to improve the yield and the operating conditions. But still by-
products are the main problems which decreases the selectivity and yield. To overcome these issues, manufacturing of Isoprene
from propylene is studied in plant design project. It is found that this process has 65% yield and have selectivity of 95%. A cost
Analysis was made after the design of different plant equipment, and it is found that a plant of 12000 tons per year has payback
period of approximately 4 years.
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being readily available as a by-product of the thermal

1. Introduction

Isoprene is a typical name for the synthetic compound 2-
methylbuta-1,3-diene. At room temperature, purified isoprene
is an exceptionally combustible, colorless liquid that can be
effectively ignited. It is shaped normally in animals and
plants and is the most common hydrocarbon in the human
body. Natural rubber is a polymer of isoprene most often cis-
1,4-polyisoprene with a molecular weight ranging from
100,000 to 1,000,000 daltons. Normally, high quality natural
rubber additionally contains a couple of percent of different
materials, for example, proteins, fatty acids, resins, and
inorganic materials [1].

Some natural rubber sources (called gutta percha) are
composed of trans-1,4-polyisoprene, a structural isomer of
the cis form, with comparative yet not indistinguishable
properties. Isoprene is also an important industrial chemical,

cracking of naphtha or oil. Isoprene, be that as it may, can be
an unsafe natural contamination and toxicant when present in
abundance. It can form explosive mixtures in air and is
profoundly  responsive, equipped for polymerizing
explosively when heated. The United States Department of
Transportation considers isoprene a dangerous material that
should be stamped, marked, and moved with proper
consideration [2].

About 95 percent of isoprene production is used to
produce a synthetic version of natural rubber called poly-
isoprene or isoprene rubber (IR). Isoprene Rubber or
synthetic polyisoprene is used in a wide variety of industries
and applications requiring low water swell, high gum tensile
strength, good resilience, good tack and high hot tensile.
Gum compounds based on IR are used in rubber bands, cut
thread, baby bottle nipples, and extruded hose. Black loaded
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compounds of this rubber find use in tires, motor mounts,
shock absorber bushings, pipe gaskets, and many other
molded and mechanical goods. Mineral filled systems find
applications in footwear, sponge, and sporting goods. Recent
reports about allergic reactions to proteins present in natural
rubber have prompted increased usage of the more pure IR in
various applications.

There are two varieties of rubber natural rubber and
synthetic rubber. Natural rubber production is mainly
involved in three major areas Malaysia, Thailand and
Indonesia. In India, rubber production is at the rate of 6% per
annum. Growing and processing natural rubber is considered
to be one of the most complex agricultural industries. Natural
rubber production combines botany, chemistry, and
sophisticated machinery with dexterous skills of the people
who harvest the trees.

While natural rubber production is a part of the
agricultural industry, products made of synthetic rubber is
used for various purposes in the rubber industry. One of the
most common rubber product used in agricultural industry is
rubber tire. In fact, rubber tires account for 60-70% of all
natural and synthetic rubber used. There are agricultural tires
used for various agricultural purposes. The farm tractor,
wagon, forklift, backhoe, loader, combines, grain carts,
pivots etc. run on rubber tires and these are used for a wide
variety of special services such as gardening, moving,
municipal machines, terrain vehicles, snow groomers, etc.
The agricultural tires are designed with unique properties that
help them to operating on different soils composition and
moisture content. Another rubber product used in agricultural
industry is rubber flooring for stalls and livestock which can
take a lot of abuse.

Rubber and rubber products are widely used in the
aviation/aerospace industry. The ability to withstand extreme
temperatures makes rubber parts ideal for use in aircraft and
aerospace applications. Various synthetic rubber can
withstand aggressive aerospace fluids, including engine
lubrication oils, hydraulic fluids, jet fuels, oxidizers and
rocket propellants. Seals fabricated with elastomers like
Viton, Hypalon etc. are used regularly in commercial and
military aircraft turbine engines, hydraulic actuators,
auxiliary power units.

Rubber and rubber products are used in variety of purposes
in the automobile industry. In the automotive industry, the
presence of rubber is seen in fluid transfer systems, body
sealing systems, transmission systems, automotive
antivibration, sealants, adhesives & coatings, O-Rings,
molded parts, flat seals, foam and converting products, body
parts, spare parts etc. [3-5].

Rubber is a widely used product in the defense industry.
Rubber products are used for military use for personnel and
equipment mobility in extreme conditions. One of the most
common product used in the defense industry is the rubber
track. Rubber tracks when installed on military vehicles
provide mobility in snow, slush, mud, sand, swamp and
tundra conditions. Vehicles with rubber track is available to
your law enforcement, search and rescue, or fire fighters and

they gain an advantage over adverse weather conditions,
remote locations and seemingly impossible terrain.

A wide range of rubber products is used in the textile
industry. Rubber calendering is a normal process used in
textiles for making various types of fabrics. There are some
types of synthetic rubber like a special type of styrene
butadiene rubber latex specially developed for textile
finishing. Such rubber is specially manufactured using
specialty surface active agents which makes it applicable for
usage on a wide variety of fabrics like Nylon, Polyester, their
blends with cellulosic etc. There are rubber rollers for textile
printing, pressure hoses for textile spinning machinery,
rubber coating for screen coating applications, rubber molded
components for various other applications.

Isoprene can easily form explosive peroxides and can
polymerize (uncontrolled reaction) with heating or on contact
with many materials, resulting in fires, explosions, and
container rupture. For the safe handling, avoid formation of
aerosol. Do not breathe vapors/dust. Avoid exposure obtain
special instructions before use. Avoid contact with skin and
eyes. Smoking, eating and drinking should be prohibited in
the application area. Take precautionary measures against
static discharges. Provide sufficient air exchange and/or
exhaust in work rooms. Container may be opened only under
exhaust ventilation hood. Open drum carefully as content
may be under pressure. Dispose of rinse water in accordance
with local and national regulations. Do not spray on an open
flame or any other incandescent material. Take necessary
action to avoid static electricity discharge (which might cause
ignition of organic vapors). Use only explosion proof
equipment. Keep away from open flames, hot surfaces and
sources of ignition.

The Isoprene Market was valued at USD 1.93 billion in
2015 and is projected to reach USD 2.96 billion by 2021, at a
CAGR of 7.4%, from 2016 to 2021. About 70% of isoprene
is used to manufacture synthetic rubber called polyisoprene.
Polyisoprene has the same basic formula as natural rubber,
and thus it is a synthetic version of natural rubber, having the
same properties as natural rubber. Also, isoprene is largely
used in manufacturing SIS, IIR, and other derivatives. The
tire industry is experiencing high growth because of the
growing automotive industry.

The isoprene market is increasing due to its increasing
applications in tires, conveyor belts, hoses, molded rubber,
and also in medical equipment such as gloves and balloons.
The demand for isoprene in the automotive industry for
manufacturing of polyisoprene is expected to be driven by
the growing automotive sales in China and India. The
growing demand for fuel efficiency and eco-friendly tires is
driving the growth of the tire industry and in turn the growth
of the isoprene market.

The growth of the isoprene industry is directly related to
the growth of the synthetic rubber industry. Isoprene
manufacturers are impacted by the trends in the tire industry
and other related synthetic rubber products. The growth in
the tire industry is, in turn, dependent on the automotive
industry that is growing and projected to witness a global
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sales rise of 60% by 2020. The global rubber production has  growth in rubber production is projected to continue in the
been increasing since 2000 [6-9]. coming years, which will increase the demand for isoprene.

The world’s rubber production in 2010 was 23,680 The leading isoprene manufactures are expanding their
kilotons, which increased to 26,774 kilotons in 2015. This  production capacities.

Attractive Opportunities in the Isoprene Market

1.4+

* The gobal market size of Isoprene IS projected 10 reach USD 295
Dillon by 2023, at a CAGR of 7.4% between 2016 and 2021

The market growth Is attnbuted to InCreasing demand from tire
Incustry

* Expansion of production capacities is observed t0 be the key
InCustry trend during the study perod

2016 2021

Figure 1. Isoprene globally demand.

Pakistan rubber tyre market size was valued at $272.10  Goodyear Tyre & Rubber Company, Bridgestone group,
million in 2017, and is projected to reach $1,592.90 million  Pirelli Tyre S. p. A, Michelin, Ghauri Tyre & Tube Ltd.,
by 2025, registering a CAGR of 24.8% from 2018 to 2025.  Continental Corporation, Sumitomo Rubber Industries Ltd.,
The key players operating in the Pakistan rubber tyre market  and Yokohama Rubber Co., Ltd.
include General Tyre and Rubber Co. Ltd., Servis Tyre, the

l U.S. isoprene market volume by product, 2014 - 2025 (Kilo tons)
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Figure 2. Isoprene market volume by product.
Most of the industries are employing “production from

isobutylene and formaldehyde” for isoprene processes. This
process has low yield (22%) and high by-product formation.

2. Manufacturing Processes

There are four manufacturing processes available for the

isoprene: In order to improve yield of this process, different catalysts
1. Production from isobutylene and formaldehyde. and operating conditions were used. The improved version of
2. Good year scientific design process (isoprene from this process produces 60% yield ang about 85% selectivity.

propylene). But good year scientific design manufacturing process yields
about 65% with selectivity more than 95%. This process is
preferable as it is economically feasible, produces
comparatively high yield, by-products are negligible and has

3. Isoprene from acetone and acetylene.
4. Isoprene synthesis from ethylene and propylene.
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negligible environmental impacts. This Process was
implemented in the Goodyear Tires in Beaumont, Texas.
Good year and Scientific Design Co Inc. collaborated and set
a plant for the production of isoprene from propylene.
Isoprene is manufacture from propylene using three
consecutive reactions (Catalysts: tripropyl aluminium and
HBr with operating conditions of 200°C temperature and 202
bar pressure). These are:

1. Dimerization of propylene to obtain 2-methyl-1-
pentene.

CHz

2CH>—CH—CHy—————» CHr— l? — CH>—CH:—CH:s

Propylene 2-Methyl-1-pentene

2. Isomerization of 2-methyl-1-pentene to obtain 2-methyl-
2-pentene.

method is given in figure 3.

3. Cost Estimation

A complete plant design was made for a 12000 Tons/year
production capacity plant before economic analysis. All the
equipment shown in figure 3 are designed, complete material
and energy balances were made, all utilities were estimated.

The cost estimate is a “Preliminary Estimate” and is
calculated by “Module Costing Method”.

The cost indexes used were taken from
Engineering Magazine” for year 2019.

Total Equipment Cost

Equipment cost was calculated from cost indexes.

“Chemical

Table 1. Total Equipment Cost.

Equipment Cost ($)
CHs CH: Heat Exchanger (001) 76502
CHy— é— CHr— CHs— CHs ——» CHs— & = CH— CH —CH; Reactor (R-001) 178389
2-Methyl-1-pentene 2-Methyl-2-pentene Flash Column 41367
Heat Exchanger (002) 110265
3. Pyrolysis of 2-methyl-2-pentene to obtain isoprene Distillation Column (T-001) 360574
along with methane as a side product. Distillation Column (T-002) 65614
Distillation Column (T-003) 121991
CHs CH;
| Heat Exchanger (003) 18222
CH3— C=— CH— CHr—CH3; ——— CH»—C=—CH —CH: + CHs Reactor (R-002) 90653
2-Methyl-2-Pentene Isoprene Methane Heat Exchanger (004) 29778
Since three reactions are involved that have distinct  Distillation Column (T-004) il
operating conditions as well as catalyst requirements, the  eactor (R-003) Sl
. . Quenching Tower 644143
process involves a series of reactor-separator-recycle
Heat Exchanger (005) 278060
networks [9-12]. S
h technology consists of three major blocks D?St%uat%on iy G 00823
The process y J Distillation Column (T-006) 67623
namely Pump 39935
1. Dimerization-separator-recycle network (DSR). Total 2570185
2. Isomerization-separator-recycle network (ISR).
3. Pyrolysis-separator-recycle network (PSR).
Process flow diagram for good year scientific design
Table 2. Fixed Capital Investment.
Component Range Cost (8)
Direct Cost
Purchased Equipment 100% of Purchased Cost 2570185
Installation 39% of Purchased Cost 1002372.15
Instrumentation and Controls 28% of Purchased Cost 719651.8
Piping 31% of Purchased Cost 796757.35
Electrical 10% of Purchased Cost 257018.5
Buildings 22% of Purchased Cost 565440.7
Yard Improvements 10% of Purchased Cost 257018.5
Service Facilities 55% of Purchased Cost 1413601.75
Land 6% of Purchased Cost 154211.1
Total Direct Cost - 7736256.85
Indirect Cost
Engineering & Supervision 32% of Purchased Cost 822459.2
Construction Expense 34% of Purchased Cost 873862.9
Total Indirect Cost --- 1696322.1
Total (Direct Cost + Indirect Cost) - 9432578.95
Contractor's Fee 5% of (Direct + Indirect Cost) 471628.948
Contingency 10% of (Direct + Indirect Cost) 943257.895
Fixed Capital investment -—- 10847465.8
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Figure 3. Process flow diagram for the manufacturing of Isoprene from Propylene (Good year scientific Design Method).

Total Capital Investment

Total Capital Investment = Fixed Capital Investment +
Working Capital Investment

Fixed Capital Investment = $ 10847465.8

Working Capital Investment = 20% of FCI =
20*10847465.8 = $ 2169493.159

Total Capital Investment = $ 13016958

Variable Cost

Variable Cost = Raw Materials Cost + Utilities Cost +
Miscellaneous Cost

Raw Materials Cost = § 60022782.57

Utilities Cost = $ 6939260.95

Miscellaneous Cost = $ 75932.26

Variable Cost = § 67037975.78

Table 3. Fixed Cost.

Maintenance 7% of FCI 759322.6055

Operating Cost of Labor ~ 10% of TCI 0.10 TCI

Laboratory Cost 1.50% of TCI 0.015 TCI

Supervision Cost 2% of TCIL 0.02 TCI

Plant Overheads 5% of TCI 0.05 TCI

Capital Charges 10% of FCI 1084746.579

Insurance 1% of FCI 108474.6579

Local Taxes 2% of FCI 216949.3159

Royalties 1% of FCI 108474.6579

Fixed Cost - 2277967.816 +0.185 TPC

Direct Production Cost=Variable Cost + Fixed Cost
=$67037975.78 + $ 2277967.816 + 0.185 (TPC)
=$69315943.6 + 0.185 (TPC)

Total production cost = Variable Cost + Fixed Cost +

Overhead Charges
Overhead charges are 60% of Direct Production Cost
Overhead charges = 0.60*(69315943.6 + 0.185 (TPC))
=41589566.16 + 0.111 (TPC)
TPC = $ 110905509.8 + 0.295 (TPC)
TPC - 0.295 (TPC) =§$ 110905509.8
TPC (1- 0.295) = § 110905509.8
TPC (0.705) = $ 110905509.8
Total Production Cost =$ 157312780 /yr.
General Expenses
Administrative Cost = 0.04*157312780
=$6292511.2
Distribution & Selling Cost = 0.11*%157312780
=$ 17304406
Research & Development Cost = 0.04*157312780
=$ 4719383
So, total product cost will become,
Total Production Cost = $ 185629080 /yr.
Total Production Rate = 120000 (ton/yr.)

Production Cost
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: Total Production Cost ($/yr.
Production cost ($/ton) = ————OLCIORES G/yr)

Total Production Rate (ton/yr.)
Production Cost ($/ton) = $ 1547 /ton

Below this, we cannot sale our product.
And the price of isoprene in market is 2000 $/ton
Selling Price

Our Selling Price of Product =$ 1607 /ton
Profitability Analysis
Profit = Selling price - Production cost
=3$ 60 /ton
Total Production Per Year = 120000 ton/year
Profit Per Year = $ 7210920 /yr
Total Income
Selling Price = § 1607 /ton
Total Production Per Year = 120000 ton/year
Total Income = $ 192840000 /yr.
Gross Profit
Gross Profit = Total Income - Total Production Cost
=$ 192840000 - $ 185629080
=$7210919.84
Net Profit
Net profit = Gross profit — Depreciation — Taxes
Depreciation
Machinery and equipment = 10% of FCI
=0.10* 10847465.8
=$ 1084746.5
Building = 2% of Building Cost
=0.02* 10847465.8
=$216949.31
Total Depreciation = $ 1084746.5 + $ 216949.31
=$1301695.89
Net Profit before Taxation
Net Profit before Taxation = Gross profit — Depreciation
=$7210919.84 - § 1301695.89
=$5909223.94

Taxes
Tax rate is 34% of Gross Profit

Taxes = 0.34*Gross Profit
=§$2451712.74
So, our net profit becomes,
Net Profit = Net profit before taxation — Taxes
=§$ 3457511.202
Rate of Return

Net Profit
Rate of Return = - x 100
Total Capital Investment

3457511.202
Rate of Return =———— X% 100
110905509.8

=26.56%

Payback Period

1

Payback Period = ——
ayback rerto Rate of Return

Payback period = 3.8 ~ 4 year

4. Conclusions

Isoprene can be manufactured from propylene (Good year
Scientific Design Method) because this process has
comparatively high yield and selectivity and all catalyst used
are inexpensive and easily available. This process has high
operating pressure (i.e., 202 Bar) to keep the propylene in
liquid phase. This is very safe process as compared to other
available manufacturing processes.

Economic Analysis was made for this process on plant of
12000 Tons/year capacity. It was found that this has 26.5%
ROR with pay back period of approximately 4 years that
make this process quite feasible and attractive to invest.
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