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ABSTRACT
Coal which may be considered as the critical factor in the growth of the industrial age in the
1700s and the organic chemical industry in mid-1800s, is once again poised to attain a key role
in global chemical industry.
In the Indian Integrated Steel Plant more than 33.0 Mt/yr of coal is carbonized in coke oven
batteries with generation of substantial amount of crude benzol & coal tar – a concentrate of
numerous organic chemicals. The liquid by-product has close competition to petroleum – a
liquor fossil fuel. Owing to the presence of about four hundred compounds mostly aromatic
and heterocyclics in coal tar it assumes a parallel importance to petroleum. This is more so in
the Indian context with vast reserves of coal – no matter coking and non-coking in comparison
to small deposits of crude petroleum.
The theme of the paper is the recent scenario in developing and understanding coal chemicals
obtained via carbonization as potential source of chemical feedstocks which is to be fully
explored. Coal chemicals particularly crude tar and benzol generated during carbonization
can play an important role as feedstock supplement for Indian Chemical Industries thus
conserving the scarce crude petroleum source. Paper also emphasizes need to maximize
recovery of these coal chemicals in steel plants which will add appreciably to profit strategy of
steel plants and also will be an ideal way of efficient method of utilization of conventional fuel
which is of strategic importance to secure our future.
I.
Introduction
In Indian context as our petroleum and natural gas resources diminish we will come to rely
heavily on coal our most abundant remaining resources not only as alternate source of energy
but also of chemical feed stock.
There are three important routes to convert coal to useful chemicals. These are :
· Carbonisation or Pyrolysis
· Gasification
· Hydrogenation/ solvent extraction
Carbonisation or pyrolysis is the heat treatment of bituminous coal in the absence of air
(oxygen) in Coke Oven Batteries to yield gas and liquid products plus solid product coke. Coal
chemicals plants are technical necessity to clean the gaseous products generated during coal
carbonization in coke oven batteries.
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During coal carbonization process coal chemicals such as ammonia, crude tar, crude benzol
and coke oven gas are generated along with solid mass i.e. coke. Coke is used as reducing
agent and fuel in blast furnace for production of hot metal. The liquid by-products particularly
Crude Benzol & Crude tar which are complex mixtures of hydrocarbons particularly aromatic
and heterocyclic ring compounds are of particular interest and has enormous potential as a
chemical feed supplement to fast growing Indian chemical industries which is predominantly
based on petroleum feed-stock.
In India there are two major sources of chemicals, namely the by-product of high temperature
carbonization of coal and by-products of low temperature carbonization of coal/ lignite. High
temperature carbonization has a definite future in the country as it is directly linked with the
production of iron and steel. An expansion in the steel sector would mean an increase in the
conventional coal carbonization capacity and consequently greater availability of tar and
benzole for chemical processing.
The paper covers present scenario of coal chemical recovery and takes a close look at future
prospect of coal chemicals generated during coal carbonization in Indian Steel plants. It also
covers certain facts and figure regarding recovery, utilization and processing of coal chemicals
to fully exploit its immense potential as a chemical feedstock for synthesis organic industries.
II.

Carbonization Chemical – An Overview
Coal carbonization chemicals have traditionally been a valuable source of chemicals for
more than three centuries. With high temperature coal carbonization we get primary
coal chemicals such as crude tar, benzol, ammonia and also hydrogen sulphide (as
impurities) with yield per tonne of dry coal as depicted in following figure. However,
these yield figures can vary widely depending on coal blend quality, temperature of
carbonization and operational practices.

Figure - 1
Presently in most of the existing coal chemical unit of Indian Steel plants ammonia is recovered
as ammonium sulphate and some of the plants has facilities to process crude benzol & crude
tar to secondary chemicals.
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However, there has been certain notable changes in coal chemical recovery with introduction
of new pollution control norm limiting the sulphur content in clean coke oven gas to 800
mg/Nm3 for all green field project making its mandatory to recover hydrogen sulphide (H2S)
3
atleast to achieve a level of < 850 mg/Nm in clean coke oven gas. Therefore all new coal
3
chemical plants are being installed with facility to recover H2S to a level of 500-800 mg/Nm in
clean coke oven gas. Some of the units are based on Stretford/ modified Stretford process
employing oxidation process whereas new coal chemical unit at IISCO-SAIL & Bhilai Expansion
Project are based on combined Ammonia (NH3) and H2S recovery process employing physical
absorption and desorption followed by NH3 cracking and Claus unit to produce pure
elemental sulphur. This is also quite significant to note that most of these new units are being
installed only with Naphthalene recovery facilities (crude benzol getting burnt with clean coke
oven gas) basically to keep project cost at lower side.
III.

Coal Carbonisation vis-à-vis Steel Production
Amount of coal carbonized is directly linked with steel production as solid product of
coal carbonization i.e. Coke is used as feed stock in Blast Furnace as a source of energy
and redundant. India ranks 4th in 2010 amongst eight major steel producing countries
with production of 68.3 Mt of steel. India's National Steel Policy has visualized steel
demand in the country at 60.00 Mt in 2011-12 and 110.00 Mt by 2020. However, the
current crude steel production in India has already reached 69.6 Mt as illustrated in
following figure.

Figure - 2
Number of Greenfield steel plants are being installed in both private and public sector
together with expansion of existing capacity to achieve the 110.00 Mt capacity of steel
production by 2020.
Although figure for coking coal requirement in 2011-12 with steel production of more than
69.0 Mt are not readily available but Working Group for Coal & Lignite for formulation of XI plan
has assessed a coking coal demand of 68.50 Mt in 2011-12 required for production of coke in
steel plants. So it can be safely assumed that presently atleast 50 to 55 Mt of coal is being
carbonized in coke ovens to meet the coke demand of steel plant. The present National Steel
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Policy (NSP) announced in November, 2005 has sought to enhance indigenous steel
production to 110.0 Mt per annum by 2019-20. By the year 2020 with steel production of 110.0
Mt atleast 75-80 Mt of coal will be carbonized assuming approximately 70-75% of crude steel
will be produced through Blast Furnace route with immense potential to produce coal
chemicals.
The annual potential availability of various coal chemical in the year 2010-11 and 2012-13
have been indicated in Table-1 & 2 based on estimated coal carbonization capacity of steel
plants both existing and also under project stage.
IV.

Coal Carbonization Product as Chemical Feed Stock
India is a country rich in coal resources but with relatively inadequate oil and gas
reserves. Accordingly to latest National Inventory on Indian Coal Resources published
by Geological Survey of India as on 01.04.2011 the total coal resources are assessed at
about 285.86 x 109 tonnes with respect to 739 x 106 tonnes of crude oil and 686.0 Billion
Cubic Meters of Natural Gas.

Estimated Production (provisional) of petroleum crude in country in the year 2010-11 is only
37.7 Mt in comparison to coal production figure of 573.70 Mt. While country seeks to increase
its use of natural gas and also coal bed methane (CBM), there is little choice but to harness the
potential of coal as source of energy and chemicals.
Coal carbonization chemicals particularly Crude Benzol and Crude Tar has immense potential
to be used as feed supplement for chemical industries together with petroleum based
feedstock.
i)

Crude Benzol
Aromatics Benzene, Toluene & Xylenes (BTX) are the main constituents of crude benzol.
Crude Benzol fraction (approx 0.7 to 1% of dry coal) obtained during carbonization
contains benzene, toluene and xylenes besides several other minor constituents as
shown in following figure.

Figure - 3
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Benzene is an important aromatic chemical and feedstock for numerous petrochemicals and
chemical intermediates and products.
Although initially upto fifties worlds benzene requirements were mostly met from coal benzol,
at the present time catalytic reformation of petroleum feedstock provides the major source for
BTX. There are three categories of benzene producers in India and their share of production as
per information available for 2006-07 are as follows:

In 2005-06 the demand for benzene in India was around 0.53 x 106 tonnes in comparison to
6
world demand of approximately 35 x 10 tonnes. Demand for benzene in our country is
expected to increase marginally at a rate of 1.5%.
The country exported about 0.5 Mt of the material in 2010 showing an upward surge by 0.125
Mt from 2008. Considering the world demand of benzene there is enormous potential to
export it to Middle Eastern and European countries. The USA is also likely to obtain Indian
Benzene.
ii)
Toluene
Crude benzol contains about 10-13% of toluene. The other predominant source of toluene
being the Catalytic Reforming of Naptha, Aromatic Extraction and Splitting through an
Integrated Aromatics Complex where toluene is produced along with Benzene or Xylenes as a
by-product. The production of toluene from coal has been on decline.
In India only a small quantity approximately 6-7% of toluene is produced by Steel Plants based
on information available with us. Bulk of the toluene is produced in Refineries from petroleum
source.
Toluene has three principle uses.
I)
As a motor spirit blending component to boost the Octane Number.
ii)
As a solvent/ thinner and for production of dyes.
iii) Chemicals derived from Toluene – predominantly being TNT used as
explosives.
In US, Japan and Europe a large proportion of Toluene produced is used in Motor Sprit
blending and conversion to Benzene through the Hydro Dealkylation (HDA) process.
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In India Toluene is mainly used as solvent/ thinner for dye manufacture, chemicals production
and TNT production for Defence. Small quantities are also used for the manufacture of
pharmaceuticals, pesticides, printing inks, magnetic tapes, saccharin, adhesives. Amongst
chemicals are included Benzoic Acid, Benzyl Chloride, Para Toluene Sulfonic Acid (PSTA),
Toluene Di-Isocynate (TDI), Toluene Sulfonamide, Adhesives.
Naphtha cut in the distillation range of 90-110°C (TBP) are rich in Toluene precursors. All the
indigenous crude oils i.e., Bombay High, Assam and South Gujarat (Ankleshwar, Gandhar) are
rich in Aromatics precursors including that a Toluene (possessing high N+2A). Main source of
raw material for Benzene and Toluene production in India has been the Naphtha derived from
BH Crude. It is apprehended that the Toluene production potential may come down in case of
cut in supply of BH crude to refineries.
There are no. of green fields coal chemical units being installed with expansion of existing steel
plants as well as green field steel plants being installed in both public and private sector.
However, most of these coal chemical recovery plants are installed only with naphthalene
stripping unit and crude benzol are allowed to burn with coke oven gas as fuel only to keep the
project cost low.
iii)

Crude Tar :

For aromatic chemicals both coal tar and petroleum constitute important sources. However,
coal tar, due to its inherent aromatic character is considered to be more suitable source of polynuclear compounds in recent years.
For naphthalene, coal tar remains main & preferred source in comparison to petroleum. Coal
tar which contains on an average 8-15 wt% naphthalene provides approx. 85-90% of the world
requirement of naphthalene. Global production of naphthalene was estimated at 1.0 Mt in
1989. Similarly for alkylnapthalenes, anthracene, phenanthrene, carbazole, acenapthalene,
pyrene, quinoline, indole coal tar products essentially remains the only source. Besides
considerable quantity of the world demand for phenol homologues, hydrocarbon resins,
feedstock for carbon black and major share of the world production of binders for carbon and
graphite electrodes and wood preservation oils for pressure impregnation process are met
from coal tar sources. Good growth is expected for naphthalene sulfonates, particularly for use
in concrete admixture.
In 2008, over 90% of US naphthalene requirement was produced from coal tar. Similarly most
naphthalene in Western Europe and all naphthalene produced in Japan was from coal tar.
As on today Indian plants has potential to produce approx 1.1 Mt of crude tar per year, however
actual production of coal tar in 2010-11 is approx 0.85 Mt/yr.
Coal tar is considered most important source of aromatic compounds. Table–5 gives the
important chemicals present in coal tar. Crude tar processing plants in India are based on old
technologies where only primary distillates like naphthalene, phenol, wash oil, pitch and tar
oils are produced. In these plants recovery of naphthalene is poor and considerable quantity of

68

valuable product is lost as drained naphthalene oil. There is no facility to recover high value
added chemicals from tar. In contrast to developed countries where coal tar aromatics
supplements the petrochemical raw material, in India on an average 60-70%, of tar and its
products are burnt as fuel.
V.
Coal Chemical Recovery in India – Present Scenario
Present status of coal chemicals recovery is far from satisfactory. These chemical plant (also
know as By-Product Plant) conceived and installed along with coke oven batteries in the steel
plants have become quite old and are beset with various problems associated with process,
operation and maintenance resulting in low yield of chemicals, frequent breakdown,
increased operating cost etc.
Most of the coal chemical recovery plant installed in sixties has outlived its useful life and are in
dilapidated condition due to ageing and corrosion. Plants are in urgent need of repair/
revamping to be taken up in a systematic manner.
Recovery of Crude Benzol vs Naphthalene Recovery
This is a very pertinent issue for India where presently most of the new coal chemical recovery
units being installed with new Greenfield (or under brownfield expansion) projects are being
envisaged only with naphthalene stripping facility and crude benzol are allowed to burn with
coke oven gas as fuel only to keep the project cost low. This way a valuable aromatic chemical
with enormous potential to be used as chemical feedstock for numerous products are burnt as
fuel.
There are distinct advantages of benzol recovery :
i) The gas is desulphurized and freed from aromatics. As a result there will be less
carbon deposition when the gas is used for under firing of coke ovens.
ii) The risk of blooming of sheet steel in annealing ovens will be minimized. If the gas is
carried in plastic pipes there will be no risk of softening and loss of mechanical
strength.
The only technical disadvantages are those associated with the actual operation of the
benzole recovery plant. Benzol removal from coke oven gas, of course, drops the calorific value
3
by about 135 kcal/Nm .
The overall conclusion must be that the benzol recovery plant has to be run at least at a low
efficiency to render the gas useable without expensive problems.
Benzole recovery plant costs are therefore bound to be incurred and the best way to minimize
these costs is to operate the benzole recovery plant is efficiently as possible, and further
process it to produce rectified products.
The adopted technology particularly for Crude Benzol & Crude Tar processing has become
obsolete with high product losses, inferior & inconsistent quality of products, high energy
consumption coupled with generation of pollutants. There is no product enhancement into
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value added chemicals.
VI.
Suggested Remedial Measures
The first and foremost would be to change our outlook on coal as being primarily a fuel with
coal chemical production being an incidental product. We need to recognize that coal is first
and foremost a good source of aromatic chemical. The need of the hour is to treat coal
chemicals generated in coal carbonization plant in the main stream of product chain in an
integrated steel plant and not as “By-Product” of plant operation. This emphasis will help to
release enormous potential for recovery and processing of coal chemicals providing feed
material to the host of chemical industries.
Some specific recommendation in this area are enumerated below :
i) To take up immediate systematic repair/ revamping of coal chemicals units.
ii) Technological up-gradation/ modernization to improve yield, productivity & quality
of primary coal chemicals i.e. ammonium sulphate, crude benzole and coal tar.
iii) In present scenario a defined guidelines and policy need to be framed for recovery of
coal chemicals generated with gaseous product with coal carbonization in line with
National Steel Policy or policy for Production of Hydrocarbons. It must be made
obligatory to recover crude beznol (in place of only stripping of naphthalene) from
coke oven gas and in no case it should be allowed to burn with coke oven gas. It is to
be noted that presence of naphthalene in coke oven gas chockes the pipe/ nozzle for
coke oven gas underfiring in batteries and therefore it becomes technical necessity
to remove naphthalene from coke oven gas before using it as fuel in steel plant
network. With benzol recovery unit naphthalene is also stripped along with crude
benzol and separate naphthalene stripping unit are not required.
iv) Production of value added secondary coal chemicals with installation of centralized
processing facilities for Crude Benzol Rectification & Tar Distillation Plant employing
state of art technology.
At present only few important chemicals namely benzene, toluene, xylene, naphthalene,
phenol, tar oils, pitch are recovered from the coal carbonization chemicals. Crude Benzol and
Crude Tar are complex mixture of hydrocarbons (refer table-5 & 6 for composition of benzol
and tar) particularly aromatic and hetrocyclic ring compounds and need to be processed
further to produce secondary chemicals employing latest technologies, such as :
a) Benzol Rectification Plant with Hydro-refining & Extractive Distillation Technology.
This employs state of art process using hydrogen at high pressure for purification of crude
benzol followed by Extractive Distillation using special solvent to produce synthesis grade
benzene, toluene & xylene. The product specification is quite comparable with BTX produced
through petroleum crude in Refineries and will fetch price linked with crude petroleum oil.
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Table-7 shows potential availability of BTX based on rated coal carbonization capacity in the
year 2012-13 and 2019-20.
b) Modern Crude Tar Processing Plant :
Modern Crude Tar processing plants are required to exploit the potential of crude tar through
recovery of value added aromatics and fine chemicals hither to untapped in India in contrast
to developed countries where large no. of chemicals are reported to be recovered finding use
as chemical feedstock for various industries.
In Japan, Nippon Steel Corporation and Nippon Oil Co. Ltd. have established Graphite Fibre
Corporation. It is reported company has developed high quality pitch based carbon fibre. The
development of high quality fibre especially higher modulus fibre has immensely helped
aerospace materials industry, construction, sports etc. resulting in high profitability for the
company.
Among the Asian countries China has recently entered in this area in a big way. ”China Coal Tar
Industry report, 2010-11” has identified about two hundred compounds present in tar which
could be economically extracted from coal tar. In 2010 china's coke output reached 387.571 Mt
and its total coal tar production accounted for approximately 62% of total world coal tar
produced. It has been reported that total coal tar distillation capacity of China has reached 15.0
Mt/yr in 2010 with respect to only 3.1 Mt/yr in the year 2004 to produce numerous secondary
tar products and chemicals.
VII. Economics of Recovery of Secondary Coal Chemicals
In order to make the recovery of various downstream chemicals from Primary coal
carbonization chemicals (i.e. crude benzol & crude tar) remunerative and competitive with
petroleum sources, the scale of operation should be sufficiently high. One of the main reason
for minimal recovery of various value added chemicals in Indian Plants has been due to the
fact that secondary processing becomes uneconomical due to small quantum of Crude
Benzol & Coal Tar generated in individual plants. The economy of scale is expected to improve
considerably if purification and rectification of crude benzol & tar collected from different
installations are pooled at a centralised processing unit.
In present scenario of scaling cost and high vulnerability of availability of crude petroleum
emphasis must be laid on secondary processing of crude benzol and crude tar for optimum
utilization of these chemicals for production of downstream products thus supplementing the
petroleum feedstock.
Potential availability of various secondary chemicals based on estimated coal carbonization
capacity in 2012-13 & 2019-20 has been indicated in Table-7, which can supplement the
feedstock for synthetic chemical industries.
VIII. Conclusion :
Coal Chemicals have vast potential to supplement the Crude Petroleum based feedstock
which are going to be scarce and high priced in coming years.
To fully harness this immense potential of coal chemicals following measures are
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suggested :
i) Planned repair, revamping and up-gradation of existing coal chemicals plant units to
maximise yield of primary chemicals such as tar, crude benzol and ammonium sulphate.
ii) Envisaging recovery of crude benzol in place of only naphthalene stripping from coke
oven gas
iii) Planning for installation of centralised processing units for processing of Crude Benzol
and Crude Tar (Pooled from SAIL plants and other steel plants) based on latest and
appropriate technology. This may require formation of separate corporate entity (on the
line of M/s. Petronet where all the plants may join hands ) and if necessary with private
participation for mobilization of resources and operation of centralized processing
unit.
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ANNUAL POTENTIAL AVAILABILITY OF COAL CHEMICALS FROM
INDIAN STEEL PLANTS BASED ON THEIR RATED CAPACITIES IN THE YEAR 2010-11

Table - 1
Sheet 1 of 2
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:

1. Figures for annual dry coal carbonised in different steel plant does not consider capacity variation due to revamping /
expansion programme under implementation in different plants.
2. Figures indicated above are the potential availability of various coal chemicals from different steel plants computed on
the basis of certain accepted norms. The product mix and quantity are indicative and do not necessarily represent actual
production.
3. Pitch and tar oils are used for production of products like pitch creosote mixture, prepared tar, road tar, processed tar, pitch
of various grades, creosote oil etc. The production of these products depends on the use pattern for internal consumption
and off take for outside sales.
4. The above figures are for recovery type Coke Ovens. In addition to this no. of non-recovery type Coke Ovens are in
operation which has not been included in above table.
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ANNUAL POTENTIAL AVAILABILITY OF COAL CHEMICALS FROM
Table - 1
INDIAN STEEL PLANTS BASED ON THEIR RATED CAPACITIES IN THE YEAR 2010-11 Sheet 2 of 2
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ANNUAL POTENTIAL AVAILABILITY OF COAL CHEMICALS FROM INDIAN
STEEL PLANTS BASED ON THEIR RATED CAPACITIES IN THE YEAR 2012-13 WITH
COMPLETION OF BROWN FIELD EXPANSION AND GREEN FIELD PLANT
(NOW UNDER PROJECT STAGE)
Table - 2
Sheet 1 of 2

Continued In Sheet 2 of 2
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Table - 2
Sheet 2 of 2

NOTES :
1. Figures indicated above are the potential availability of various coal chemicals from different steel plants
computed on the basis of certain accepted norms. The product mix and quantity are indicative and do not
necessarily represent actual production.
2. Pitch and tar oils are used for production of products like pitch creosote mixture, prepared tar, road tar,
processed tar, pitch of various grades, creosote oil etc. The production of these products depends on the use
pattern for internal consumption and off take for outside sales.
3. Some of the above data has been collected through personnel communication as published figures are not
readily available.

ANNUAL POTENTIAL AVAILABILITY OF COAL CHEMICALS FROM INDIAN STEEL PLANTS
BASED ON THEIR RATED CAPACITIES IN THE YEAR 2012-13 WITH COMPLETION OF
BROWN FIELD EXPANSION AND GREEN FIELD PLANT (NOW UNDER PROJECT STAGE)

Table - 3

ANNUAL PRODUCTION OF CRUDE TAR/ TAR PRODUCTS AND
CRUDE BENZOL/ BENZOL PRODUCTS FROM EXISTING PLANT
OF SAIL, RINL, NINL & TISCO FOR THE YEAR 2009-2010 (Tonne/ Year)
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Table - 4

ANNUAL PRODUCTION OF CRUDE TAR/ TAR PRODUCTS AND
CRUDE BENZOL/ BENZOL PRODUCTS FROM EXISTING PLANT
OF SAIL, RINL, NINL & TISCO FOR THE YEAR 2010-2011(Tonne/ Year)
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Table - 5

IMPORTANT CHEMICALS PRESENT IN HIGH TEMPERATURE COAL TAR
Hydrocarbons

Av.wt.% in
Tar

Oxygen Compounds

Av. Wt.% in
Tar

Benzene

0.10

Phenol

0.56

Toluene

0.03

o-cresol

0.29

o-xylene

0.03

m-cresol

0.35

m-xylene

0.07

p-cresol

0.25

p-xylene
Ethylbenzene

0.03
0.03

Xylenols
High boiling tar acid

0.40
0.87

Styrene

0.02

Coumarone

0.03

Indene

0.15

1-naphthol

0.05

Hydrindene

0.17

2-naphthol

0.03

Mesitylene

0.02

Diphenylene oxide

1.30

Naphthalene

8.80

1-Methylnaphthalene

0.60

Nitrogen Compounds

2-Methylnaphthalene

1.20

Pyridene

0.02

Dimethylnaphthalene
2-Phenylnaphthalene

0.60
0.30

2-Picoline
3-Picoline

0.01
0.01

Diphenyl

0.57

4-Picoline

0.02

Acenaphthene

1.70

Lutidines, Collidis and
ethylpyridine

0.22

Anthracene

1.80

Quinoline

0.35

Phenanthrene

5.00

Isoquinoline

0.20

Fluorene

1.75

Quinaldine

0.20

Fluoranthene
Pyrene

3.30
2.00

Indole
Carbazole

0.20
1.50

Chrysene
Sulphur Compounds

2.00

Acridine

0.60

Thionaphthene

0.30

Phenanthridine
7, 8-Benzoquinoline

0.20
0.20

Diphenylene sulphide

0.30
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Table - 6

IMPORTANT CHEMICAL PRESENT IN COKE OVEN BENZOL
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Estimated Potential Availability of Important Chemicals
from High Temperature Coal Carbonisation Plant

Table - 7

* These quantities are obtained from crude benzol and others are obtained from crude tar.
** This quantity is obtained from ammonical liquor generated in carbonization plant.
*** This quantity is obtained from saturator liquor.
Note :
Above figures are indicative only and may vary depending upon composition of coal blend
& operating regime maintained in coke oven batteries
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