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Abstract:

Demand for coke is on the rise and is predicted to go up further in the years to
come. As on today, among the various commercially established coke making
technologies, non-recovery/heat recovery ovens are established to be the
sustainable ones. It has been investigated that the north eastern region (NER) of
India has a number of coke ovens which are non recovery types and without heat
recovery systems. Huge volume of coke oven gases released from these ovens which
have high calorific values and contribute to major environmental degradation. In
this paper, an attempt has been made for maximum utilization of these coke oven
gases (COG) for heat recovery. The modern heat recovery ovens which are
environmentally sustainable and have ease in operation have minimized the
stringent environmental issues. This non-recovery/heat recovery coke making
technology developed for high sulphur, high volatile coals of NER India for caking
coals will be a promising technology for future, particularly in developing countries
that are facing power and coke shortages.

Keywords: Non-recovery/heat recovery; high sulfur coals; coke oven gases; energy
recovery
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Introduction

Coke making in beehive ovens is quite advantageous for NE coals which exhibit
special features i.e. high volatile matter and high caking index etc. A number of
commercial firms have successfully commissioned carbonization batteries in the NE
region and are producing quality cokes which find ready market specially by the
electrode industries [1]. However, with the increasing number of such units there is a
strong possibility of increased environmental pollution in and around the coke oven
sites. The present project aims at developing suitable strategy to combat such
pollution in commercial perspective.

Coke is manufactured conventionally by two methods i.e. by direct heating and
indirect heating. In indirect heating, coal is pyrolysed in absence of air indirectly.
Heat is supplied to the coal bed by some external source created by burning fuel gas
in the combustion chamber adjacent to the coking chamber. The volatile matters come
out of the coal bed after attaining the required temperature which subsequently cooled
at different stages to collect various products. The coke ovens which are based on this
technology are known as by-product oven [2]. The heat generated by the combustion
of volatiles is then penetrated into the bed after radiating from oven top and also by
conduction. The flue gas coming out of the oven carries a significant quantity of
sensible heat in addition to some combustibles. As nothing other than coke is
recovered it is called non-recovery coke oven and its potential of making power is
utilized by generating electricity, it may be called heat recovery oven. Coke making
started with the beehive ovens, which were later enhanced to non-recovery type of
coke ovens. The by-product ovens because of the value addition due to the recovery
of coal chemicals were preferred over non-recovery ovens as a more viable and
profitable investment. The stringent pollution laws and the high cost involved in the
installation of pollution control equipment led to many by-product coke oven plants to
face closure in the 80°s and 90’s. This led to the revival of interest in the non-recovery
coke oven technology as it was realized that it could be used with minimum
investment and complied with the pollution control regulations [3]. Non-recovery
coke ovens are used for production of coke, whereby products are not recovered.
Power can be generated by means of waste gas heat recovery. In this way waste can
be converted to wealth. Hence non-recovery type of coke oven is energy efficient and

environment friendly. The northeastern region of India has a substantial deposit of
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the four coal producing states of the region. Unlike most of the Indian coals, these
coals are of low ash content, high volatile matter, high sulphur, highly caking and
friable. These coals normally belong to the tertiary age [4]. The sulphur content in
these coals is in the range of 2-7% in general and majority of the sulphur is in organic
matrix, which is not easily removable. Because of the sulphur content, these coals do
not find easy in-take in the industries for stringent environmental regulations.
However, these coals have found applications in brick, cement, ferro silicon, ferro
alloys, tea garden etc. The production of coke from these coals in non-recovery coke
ovens has been established as a viable proposition and has been found to be
appropriate in the cement making by VSK technique.

The newly constructed oven specially for NER coals is provided with sufficient free
space between the oven top and the coal bed where the volatile matters coming out
from the coal charged during carbonization get combusted. The adequate free space as
well as controlled supply of air ensures efficient combustion of the hydrocarbons
present in the volatile matter [5-7]. The unburnt volatiles along with the hot flue goes
to the sole via volatile chamber provided at the side walls of the oven where
secondary air is injected to facilitate the complete combustion of the remaining
hydrocarbons. The burning of the volatile matter in the sole increases the temperature
of the coke oven bed that increases the efficiency of the coke oven. Also an additional
combustion chamber has been provided for complete combustion of volatiles and
settling down of particulate matters. All the above mentioned pollution control
devices are inbuilt in the oven system. The clean flue gas can also be utilized in heat
recovery units.

Here in this paper utilization of high sulphur coals of north-eastern region, non
recovery and heat recovery ovens for maximum utilization of these coals, temperature
profile across the reactor, composition of flue gases with respect to time, quality of
cement clinkers produced using these cokes and also maximum recovery of COG for

heat recovery are discussed.

Experimental
The experimental results in the non-recovery set-up for NE coals for conventional and

sole heating are compared in Table 2. The temperature profile inside the reactor using
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NE coals is given in the Figurel, and average temperature attained during the

carbonization period for various batches is given in Figure 2.

The overall material balance across the reactor for conventional ovens in terms of
weight % during coking period is given in Figure 3 and rate of computed gas
production in each hour based on material balance is given in Figure 4. Coking coals
from NECL, Margherita, Assam and Meghalaya are collected and their physico-
chemical characteristics evaluated as per standard methods are given in Table 1.

The process developed at NEIST, Jorhat for highly caking, low ash, high volatile and
high sulphur coals of NE region has been found to yield good quality coke suitable for
cement industries adopting vertical shaft technology. Coke samples have been
prepared, homogenized and nodulised. The nodules were then used for clinkerisation
under simulated condition as has been followed in VSK technology. The physico-
chemical properties show that good quality cement clinkers (as per standards) are
produced. The chemical composition of the clinkers obtained using NR cokes and

standard cement clinkers and coke ash are given in Table 3.
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Standard Composition of coke ash used in
C . Clinker using . Cement clinkers
onstituents NR coke (%) Clinker Meahalava
(%) Assam Coke ghaiay
Coke
LOI 3.58 0.75 -- --
SiO, 19.88 22.38 49.80 49.50
Al,O3 6.87 6.10 17.10 27.07
Fe,O3 3.98 410 18.60 18.99
CaO 63.30 65.80 5.90 1.20
MgO 1.86 1.37 3.40 0.90
SO; -- -- 4.40 --
Alkalis -- -- 0.80 --
Total 99.39 100.50 100.00 97.66
Table 3
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Figure 6: Flow sheet for Non-recovery Coke Oven for NER Coals.

Results And Discussion

It has been found that yield of coke has been found to improve in sole heating systems
for high volatile NE coals. The coking period has been found optimum at 24-26 hours
in the pilot plant scale (kg/batch). The temperature profile across the reactor has been
found to improve with continuous operation of the coke oven, which is more than
1000°C. The average sulphur retention value has been found to be 65%-70% in cokes.
The yield of CO,, O,, CO, sulphurous (SO, H,S) and NOy has been shown in the
figure (A-C). The rate of evolution of sulphurous gases during 24 hours coking period
has shown that critical period of S-evolution starts after 8 hours of coking time. The
overall material balance across the reactor for conventional reactor shows lower yield
of coke than newer type of oven with sole heating facility. The final weight loss
corresponding to % of coke produced in non-sole heating system is shown in Figure
3. The computed rate of gas production per hour is given in Figure 4.

Some experiments were conducted on absorption of sulfurous gases on zinc oxide and
other mixed oxide pellets prepared in the laboratory. The metal oxides i.e., zinc oxide
(Zn0), Zinc ferrite (ZnFe,04), Copper ferrite (CuO + Fe,O3) with 5% binder was
used for making the sorbent pellets. The sintered pellets were used to absorb H,S at
550°C - 600°C at reduced atmosphere and were found to desulphurize COG’s. A new
process has also been developed for further reduction of sulfurous gases and volatiles
i.e., an additional combustion chamber is constructed in the flue tunnel where

sufficient space is provided for flue gas combustion with additional air supply. For
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is constructed where sufficient space is provided for flue gas combustion with
additional air supply. The aqueous leaching of combusted flue gases can remove

sulfurous and carbonaceous gases from COG’s.

Conclusion

Good quality cement can be manufactured using coke produced from high sulphur
coal and of North-east region of India by Vertical Shaft Kiln process. Sulphur content
in the coke ultimately improves strength of produced cement due to improvement in
burnability of cement raw mix and the solid state reaction. These cokes are also used
in foundry and metallurgical industries. The non-recovery coke making process
developed for NER coals is a sustainable technology with low sulphur and carbon

emissions.
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