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Abstract- The core of the steel business is the coke manufacturing facility. Coke is produced at coke oven
facilities and utilised in blast furnaces as a reducing agent. Coke is a crucial ingredient that is a reducing agent.
The two main uses of coke are in the production of steel and metal extraction. Coke is a key ingredient in the
production of high-grade steels in an integrated steel plant. Unwanted gas emissions in coke-making
operations are currently considered a severe problem by national environmental requirements. The coke
production complex is a complex region where the majority of coke oven gas pollution is produced in a steel
industry of the integrated type. In this research paper up to 100 Nm3/hr COG flow can be reduced by using
proper chamber flue maintenance job in coke making industries. The saving of COG as energy is eco-friendly to
our open environment. It also include in the coke manufacturing plant, conserving coke oven gas energy aids
in lowering carbon emissions.
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Introduction

The coking coal is necessary for appropriate coal
carbonization  throughout the coke-making
process. Additionally, the coking coal needs to
exhibit good caking, swelling, and plastic
behaviour. Basically, the right values of the
crucible soiling index were required for coking coal
[1]. The final meeting of the two plastic layers
should ideally be equally spaced from the top and
bottom, which requires calibration of the coke
manufacturing plant's hydraulic regime and air
regulation. It is assumed that the passageways
have been designed with enough room to allow
the partially combusted flue gas to move from the
oven chamber to the solitary flue without
experiencing a considerable pressure reduction.
The uptake passageway's design must be sufficient
to provide minimal pressure drop. [2]. Two basic
plastic layers are created in any type of
carbonization, whether it be using standard
recovery slot ovens or none/heat recovery ovens,
and they move from the heating surfaces towards
the core of the coal lump. When the two plastic
layers converge in the middle of the coal lump,
caking time is over. Technically, it is the net coking
time, but the coke is ready to be pushed after
adding some soaking time to get to the gross

coking time [3]. In [4] this essay discusses coal
heating in the absence of outside air. The solid
substance that is discovered is known as
metallurgical coke. In a blast furnace, coke is a
crucial component for the creation of hot metal.
[5]. in [6] the latter damages the silica brickwork
and results in the development of clinker. The
oven brickwork could suffer early damage as a
result of this. However, when foul gas leaks into
the heating chamber, it causes gas and by product
losses, disruptions to the heating process, and
frequently melting of various materials depending
on the locations where this raw gas starts burning
in the heating chamber. In [7] under the influence
of the high temperature in the coking chamber,
the process of coal carbonization and the
dissociation of hydro-carbons present in the foul
gas may happen. The carbon that has been thusly
dissolved is deposited in any fractures that may
exist in the heating wall, sealing them off and
preventing leaks. This graphite deposition
becomes oxidized (by the oxygen of air) in the
event of cross leakages from the heating chamber
or outside atmosphere into the coking chamber,
disrupting the hermetic-cal sealing of coking
chambers. In addition, air entering the coking
chamber may result in localized coke burning and
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ash formation.. [8]. in [9] the pressure inside the
coking chamber and the suction at different
locations of the heating system must be controlled
in such a way that the likelihood of cross leakages
from either side is kept to a minimal. However,
occasionally a very small amount of foul gas
leakage from the coking chamber to the heating
chamber is allowed because it aids in the creation
of graphite and the subsequent closing of cracks,
etc. [10]. In [11] by modifying the reversal periods
cycle, coke manufacturing industries can save a
maximum of 300 to 400 (Nm3/hour) of coke oven
gas. In [12] the primary uses of coke are the
production of steel and the extraction of metals.
Coke is a key ingredient in the production of high-
grade steels in an integrated steel mill. The
calibration of the flow meter is changed in the
current study project. By changing the gas flow
meter calibration, the coke oven's gas flow was
reduced from 17100 Nm3/hour to 16900
Nm3/hour, saving 200 Nm3 per hour without
adding any further labour costs. In [13] in this
study, the appropriate upkeep of the gas channel
can solve the smoke pushing problem. Energy use
and economic expansion are entwined, and rising
energy prices invariably translate into rising energy
use. In blast furnaces, coke serves as a reducing
agent and a load-handling device. This correction
allowed the coke oven gas flow to be decreased
from 17600 Nm3/hour to 17300 Nm3/hour
without adding any additional labour costs. In [14]
researcher describes that, Following the correction
of coke oven gas leaks at various coke oven
battery locations, the coke oven gas flow was
lowered from 18500 Nm3/hr to 18400 Nm3/hr. As
a result, the overall gas consumption for the coke
oven is lowered by up to 100 Nm3/hr, and the
particular heating consumption value is also
decreased by up to 05 kcal/kg without harming the
quality of coke producing. This strategy can save
up to three lack’s twenty four thousand rupees
every month in Indian rupees. In [15] researcher
comprises that, The size distribution and strength
of metallurgical coke are crucial for the constant
and high-efficiency operation of a blast furnace
because these factors influence stack stacking
ability. The impact and abrasion that occur during
transfer to and descent in the blast furnace as well
as its influence on the coke layer fracture that
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takes place during carbonization and its effects on
the initial mean size and size distribution of the
feed coke all have an impact on lump coke size.
Therefore, it's crucial to comprehend the
connection between coke strength and the fissure
phonation phenomenon. Consequently, in this
work, the coke strength growth during
carbonization has been assessed together with a
variety of factors.

Coke manufacturing plants have been working
tirelessly to reduce undesired emissions from both
the pusher side and the coke side of the oven
doors. The coke oven collective had previously
experimented with various door designs and door
regulating techniques to lower coke oven gas
emissions. PLD (percentage of leaky doors) is one
way to measure the coke oven gas leakage from
oven doors on the pusher side and the coke side.
This paper describes, the different methodology
can be adopted for reducing the coke oven gas
consumption for coke making plant. By reducing
the coke oven gas consumption, the specific heat
consumption can also be reduced which provides
the better prolongation and better health of the
coke making plant. Specific heat consumption
value of a coke making plant plays an important

role for reducing the cost of coke making.'® 17,18 and
19

2. objective-  Firstly in this research, the flue
maintenance activities like burner cleaning, orifice
cleaning and distribution pipe cleaning is done on
the only one time in a day like general shift wise.
After the rectification of SOP, flue maintenance
activities like burner cleaning, orifice cleaning and
distribution pipe cleaning job is done in a day
three times like A, B as well as C shift which is
beneficial for the heating chamber flue
temperature increment. After the temperature
increment in all 32 flues the COG flow is also
reduced in this research experiment. The COG flow
is reduced from 12900 Nm3/hr to 12800 Nm3/hr,
by the saving of COG flow in hourly basis of coke
making plant coke making cost also can be
reduced.

Methods

Experimental research details- in this research
flue maintenance of all 32 flues are a prime job to
improving the flue wise temperature. Firstly the
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flue maintenance activities like burner cleaning,
orifice cleaning and distribution pipe cleaning is
done on the only one time in a day like general
shift wise. After the rectification of SOP, flue
maintenance activities like burner cleaning, orifice
cleaning and distribution pipe cleaning job is done
in a day three times like A, B as well as C shift
which is beneficial for the heating chamber flue
temperature increment. In  this research
experiment there are 73 number of total
production target is taken in a day. The total coke
making time this is taken as 22.027 hours, on dry
basis coal charge per oven is 31 tones and pause
time is taken as 01 minutes. The different type’s
mathematical formula which is in this research is
given below.

3.1 Coke making time (CMT) formula in coke
making plant

It includes mathematical equation formula of coke
making period

(N1)x(24)
MT) = =22t
(CMT) o)

(equation 1)

Where N= number of
production target in a day
total number of oven

N1= total number of oven

3.2 number of production target (N) formula in a
day total number of oven

It includes mathematical equation formula of
determining the number of production target like
pushing and charging in a day wise schedule.

_ (Npx(24) ;
(N) = =p; (
equation 2)

Where N= number of production target in a day
total number of oven
N1=total number of oven

3.3 COG flow mathematical formula (V)
It determines mathematical equation formula for
determine the COG flow:

Q*lOOO*N*W]
C.VXT

V=g
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(equation 3)

Where, C.V =calorific value

W= dry basis per oven coal changing

Q= specific heat consumption in kcal/kg

All the above mathematical formula equation 01
to equation 03 is used in this research experiment,
and final output reading the shown in table
number 01 and table number 02 which is given
below.

Discussion

Results with discussion- after the rectification
process, the temperature of all 32 flues are
increased up to 20 °c to 30 °c. After the increment
of flue temperature of chamber wall the health of
the oven is also improved in this research
experiment. Before the rectification process the
COG flow is up to 12900 Nm3 on hourly basis.
After the rectification process in this research work
the COG flow is up to 12900 Nm3 on hourly basis
which is less flow before the rectification work. So
that COG flow is reduced up to 100 Nm3 on hourly
basis. The saving of COG on hourly basis in coke
making plant is also reducing the cost of coke
making. By using this research methodology the
specific heat consumption value is also reduced
from (545 kcal/kg) to (540 kcal/kg). The tabulation
for temperature for heating flue before and after
rectification process is given as table number 03.
Process parameters for before the rectification
process is described in table number 01

Table 01. Before rectification process parameters
of coke making plant

Nu Befor | Befor | Befor | Before
mbe | e e e rectific | Befor
r of | rectifi | rectifi | rectifi | ation e

day | cation | cation | cation | specifi | rectifi

S Coke COG pause | ¢ heat | cation
formi | Flow time consu Numb
ng mptio | er of
time n produ

value ction
target
achiev
ed in
a day

01 22.02 | 12900 | 01 545 73
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7 Nm3/ | minut | kcal/kg Before the rectification process the pause time is
hours | hr es also taken as 01 minute. The main aim of this
research work after the rectification process the
02 22.02 | 12900 | 01 545 73 .
. gas flow of COG have to reduced, due to which
7 Nm3/ | minut | kcal/kg o ]
specific heat consumption value also can be
hours | hr es I
reduced. After the rectification work the
03 22.02 | 12900 | 01 545 73 experimental reading is shown in table number 02
7 Nm3/ | minut | kcal/kg and 03 which are given below.
hours | hr es
! Table02. Before and after rectification process all
04 22.02 | 12900 | 01 545 73 heating wall average flue temperature
7 Nm3 inut | kcal/k
m3/ | minu cal/ke Flue | Before After Increment
hours | hr es e L. A -
No. | rectification | rectification | of flue wise
05 22.02 | 12900 | 01 545 73 chamber chamber temperature
7 Nm3/ | minut | kcal/kg flue flue
hours | hr es temperature | temperature
06 22.02 | 12900 | 01 545 73 01 1130°c 1160°c 30°c
7 Nm3 inut | kcal/k
m3/ | minut | keal/kg 02 | 1140° 1170°c 30°C
hours | hr es
03 1160°c 1190°c 30°
07 22.02 | 12900 | 01 545 73
7 Nm3/ | minut | kcal/kg 04 1170°c 1200°c 30°c
hours | hr e 05 | 1150° 1180°c 30°c
08 22.02 | 12900 | 01 545 73 06 1170°c 1190°c 20°c
7 Nm3/ | minut | kcal/kg
hours | hr es 07 1200°c 1220°c 20°c
09 |22.02 | 12900 | 01 545 73 08 | 1220°c 1240°c 20°c
7 Nm3/ | minut | kcal/kg 09 1230°c 1260°c 30°C
hours | hr es
10 1220°c 1250°c 30°
110 | 22.02 12900 | 01 545 73
7 Nm3/ | minut | kcal/kg 11 1220°c 1250°c 30°c
hours | hr es 12 | 1210% 1240°c 30°
13 1220°c 1250°c 30°
Table number 01 describes the experimental 14 1210°C 1240°C 30°C
research process parameters, which is used in this
research experiment. After the putting the value in 15 1220°c 1250°c 30%
equation 01, 02 and 03 of the mathematical 16 1210°c 1240°c 30°c
formula, the final mathematical reading is shown
in table number 01, these all reading is taken 1 1210°% 1240° 30°c
before the rectification process. After putting the 18 1210°c 1240°c 30°C
value in equation 01 formula, the coke making . . .
time is taken as 22.027 hours. The total number of 19 1230% 1260% 30%
production target is taken as 73. First of all we 20 1240°c 1270°c 30°%
have taken the previous data reading of 10 days
. . 21 1230°c 1260°c 30°
before the rectification process. After the putting
value in equation number 03, the specific heat 22 1240°c 1270°c 30°c

consumption value is taken as (545 kcal/kg).
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23 1240°c 1270°c 30°c da | Coke COG pause | specific | Numb
24 1230°C 1260°C 30°C ys | formin | Flow time heat er of
g time consu produ
25 1220°c 1250°c 30°c mption | ction
26 | 1220°C 1250°C 30°C value | target
achiev
27 1210°c 1240°c 30°c edina
28 | 12007 1230° 30° day
29 1190°C 1220°C 20°c 01 | 22.027 | 12800 | 01 540 73
hours | Nm3/ | minut | kcal/kg
30 1180°c 1210°c 30° hr es
31 | 1170°% 1200°c 30°c 02 | 22.027 | 12800 | 01 540 73
32 1160°c 1190°c 30° hours | Nm3/ | minut | kcal/kg
hr es
03 | 22.027 | 12800 | 01 540 73
The average temperature of the all heating wall is hours | Nm3/ | minut | keal/kg
described in Table number 02.table 02 comprises hr es
that the temperatures of each of the 16 flues on
the pusher side and the 16 flues on the coke side 04 | 22.027 | 12800 | 01 540 73
are measured. Prior to correction, the maximum hours | Nm3/ | minut | kecal/kg
temperature of the heating wall was measured to hr €s
be 1240°c. The heating wall's maximum 05 | 22.027 | 12800 | 01 540 73
temperature is taken as 1270°c. Prior to hours Nm3/ minut | kcal/kg
correction, the minimum temperature of the hr es
heating wall was measured to be 1150°c. After the
correction job the minimum temperature is 06 | 22.027 | 12800 | 01 540 73
improved as 1190°c. The end vertical in this hours | Nm3/ | minut | kcal/kg
research work considered as flue number 01, 02, hr es
31 and 32. This end vertical flue temperature is 07 | 22.027 | 12800 | 01 540 73
also improved in this research work. Before the hours | Nm3/ | minut | kcal/kg
rectification of work process the flue temperature hr es
of 01 and 02 is around 1130°c and 1140°c. After
the rectification process the flue temperature of 08 | 22.027 | 12800 | 01 240 /3
01 and 02 is around 1160°c and 1170°c which hours | Nm3/ | minut | keal/kg
shows that vertical flue 01 and 02 temperature is hr es
increased up to 30°c. Before the rectification of 09 | 22.027 | 12800 | 01 540 73
work process of the flue temperature of 31 and 32 hours | Nm3/ | minut | kcal/kg
is around 1170°c and 1160°. After the hr es
rectification process the flue temperature of 31
and 32 is around 1200°c and 1190°c which shows 10} 22.027 | 12800 01. >40 73
that vertical flue 31 and 32 temperature is hours | Nm3/ | minut | keal/kg
increased up to 30°c hr es
Table03. After rectification process parameters of
coke making plant Table number 03 describe that after the

N | After After after After After
rectific | rectific | rectific | rectific | rectific
of | ation ation ation ation ation

rectification process, the experimental reading is

taken in day wise like 10 days. After the putting

the experimental value in equation 01, 02 and 03

of the

mathematical

formula,

the final
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mathematical reading is shown in table number
03, these all reading is taken after the rectification
process. After putting the value in equation 01
formula, the coke making time is taken as 22.027
hours which is constant. The total number of
production target is taken as 73 are taken in this
experimental research work. First of all we have
taken the experimental data reading of 10 days
after the rectification process. After the putting
value in equation number 03, the specific heat
consumption value is taken as (540 kcal/kg). After
the rectification process the pause time is also
taken as 01 minute which is also constant with
respect to before rectification process. The main
aim of this research work after the rectification
process the gas flow of COG have to reduced, due
to which specific heat consumption value also can
be reduced . The COG flow is reduced from 12900
Nm3/hr to 12800 Nm3/hr. by the saving of COG
flow in hourly basis, the specific heat consumption
value is also reduced from (545 kcal/kg to540
kcal/kg). The comparison graph which is shown in
figure o1 and figure 02 is given below.

2

[ ] before recification
[ ] before rectification
[ Jafter recifcation

=
=
}
t

=

=

specific heat consumption in kcal/kg
1= P
s =
} }

100+

number of days

Figure01. Number of days with respect of specific
heat consumption value

Figure 01 describes that graphical representation
of number of days with respect to specific heat
consumption value. The experimental data
reading which is shown in table number 01 and
table 03 which is used in figure number 01. It

describe that the experimental reading before and
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after the rectification process for 10 days
experimental research work. The total number of
production target is taken as 73 are taken in this
experimental research work. First of all we have
taken the experimental data reading of 10 days
after the rectification process. After the putting
value in equation number 03, the specific heat
consumption value is taken as (540 kcal/kg). By the
saving of COG flow in hourly basis, the specific
heat consumption value is also reduced from (545
kcal/kg to540 kcal/kg). So that reduction of specific
heat consumption value also helpful for lowering
the production cost of coke making.

| I I (Y I U NP ——
L L L L D

before rectification COG flow
after rectification COG flow

14000 4+ .| after rectification COG flow 1

18000 4———

16000 +

LT

12000 + T

10000 + T

8000 + T

6000 + T

COG flow in Nm3/hr

40004 +

2000+ +

Wiy L
0 +—4 e e e

12 3 4 5 6 7 8 9 10
number of days

Figure02. Number of days with respect to COG
flow of coke making plant

Figure 02 describes the number of days count with
respect to COG flow before and after the
rectification of work process. X axis shows the
number of days count such as 10 days before and
after the rectification work on the experimental
basis. Y axis shows the COG flow comparing the
before and the after the rectification process for
10 days experimental basis. The COG flow is
reduced from 12900 Nm3/hr to 12800 Nm3/hr, by
the saving of COG flow in hourly basis of coke
making plant coke making cost also can be
reduced.

The main aim of this research work
after the rectification process the gas flow of COG
have to reduced, due to which specific heat
consumption value is also reduced . After the

137



Journal of Harbin Engineering University
ISSN: 1006-7043

rectification process, the temperatures of all 32
flues are increased up to 20 °c to 30 °c. After the
increment of flue temperature of chamber wall the
health of the oven is also improved in this research
experiment. The COG flow is reduced from 12900
Nm3/hr to 12800 Nm3/hr. by the saving of COG
flow in hourly basis, the specific heat consumption
value is also reduced from (545 kcal/kg to540
kcal/kg) of recovery type coke making industries.

Conclusion- In the coke manufacturing top
charging battery, COG flow can be decreased by
this research experiment from (12900 to 12800)
Nm3/hr. The average Specific Heat Consumption
value in kcal/kg of coke manufacturing facility can
be decreased from (545to 540). After the SOP has
been updated and corrected in this research
experiment, the cost of producing coke can be
decreased. Through this research study, up to 100
Nm3 of coke oven gas energy can be saved on an
hourly basis. In the coke manufacturing plant,
conserving coke oven gas energy aids in lowering
carbon emissions. The hating flue temperature is
improved by up to 20 to 30 degrees Celsius
employing the research approach described above
on a daily monitoring basis.
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