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Abstract 

Coal is an important source of energy in the form of heat for 

different application. Coke is used as a fuel and as a reducing 

agent in smelting iron ore in a blast furnace. The coke plays a 

significant part in production of hot metal as well as contribute 

significant cost in blast furnace. Hard coke is manufactured 

from raw coking coal by heating in absence of air. In hard coke 

carbon percentage is more than raw coal.  As a fuel, combustion 

of coke in blast furnace initiate at high temperature which 

require large amount of energy. Due to this, coke consumption 

is high and combustion of fuel is not completely done which 

directly affect the production of metal and production time. 

Upon using of catalyzing additives in hard cokes, it shows the 

combustion of coke start at a lower temperature and the 

calorific value of coke is increased. It is due to decrease in 

moisture and volatile content and also catalyzing effect of 

additives on the combustion reaction of coke towards complete 

combustion. No harmful or poisonous gases are released during 

the combustion of hard coke with additives and having no 

adverse effect on the constitution of hard coke.  

Keywords: Additives, Combustion, Hard coke, volatile matter, 

fixed carbon, ash content, moisture  

 

INTRODUCTION 

The Coking coal used in blast furnace, foundries and other steel 

plants. It is the solid carbon containing material obtained from 

calamitous distillation of low-ash, low-sulphur bituminous 

coal. Cokes made from coal are grey, hard, and porous solid 

substances. Problem with Combustion of fossil fuels releases 

in our atmosphere about sixty million metric tons of carbon 

dioxide CO2 per day that are responsible for the first large 

environmental problem known as  global warning or green 

house effect [1]. And causes the permanent removal from our 

atmosphere of breathable oxygen per day [2]. 

Coke is produced by heating coal blend in the absence of 

oxygen at about 1100°C.The most important chemical 

properties of coke are moisture, fixed carbon, ash, sulfur, 

phosphorus, and alkalis. Fixed carbon is the fuel parts of the 

coke. Higher the fixed carbon, the higher is the heat value of 

coke. Other components such as moisture, ash, sulphur, 

phosphorus, and alkalis are unwanted as they have detrimental 

effects on energy release, the three role of coke perform in a 

blast furnace are thermal, chemical and mechanical function. 

The coke providing the energy for completes the endothermic 

chemical reactions in blast furnace and for melting of iron and 

slag. The petroleum coke blending with coal used as a 

fuel additive in power plant, because petroleum coke has 

commercially low price, maximum heating value and low ash 

content than hard coke and the blending and handling of coal 

with pet coke is highly expensive and sulphur, nickel and 

vanadium content is high. Due to their low volatile matter and 

high sulphur content only 10-20% of pet cokes used as 

additives are blended with coals before burning in boilers [3]. 

The coke and coke oven pushing performance are affected by 

following coal quality and battery operating irregular: rank of 

coal, petro graphic, chemical and rheological characteristics of 

coal, particle size, moisture content, bulk density, weathering 

of coal, coking temperature and coking rate, soaking time, 

quenching practice, and coke handling. If all these factors are 

in controlled then the Coke quality changeable is low. Coke 

manufacturer uses differing coals and many coke 

manufacturers to increase the coke quality and also coke oven 

output and battery life. The result of alkaline elements on 

reactivity and strength of coke. The alkaline elements like 

sodium (Na) and potassium (K) distinct as disastrous for blast 

furnace performance because they catalyze the Boudouard 

Reaction [4, 5].  And the mechanical toughness of coke is 

decrease in the lower region of the furnace [6]. Which in turned 

into inconsistency in furnace resulting lower in productivity 

which cause commercially loss. Added small amount alkali, 

increase in CRI and decrease in CSR has been observed. It has 

been also observed that the sodium is more effective in 

lowering the CSR than potassium, this lead to coke becomes 

more weak. In blast furnace, input higher alkali greater the coke 

consumption rate, which cause economically loss [7]. 

Coal gangue, is a byproduct of coal mining and in coal 

processing plant. Studies on combustion behavior of coal 

gangue, including the ignition behavior, combustion behavior, 

and the kinetic limit. Showed that in the CO2/O2 environment 

ignition of coal gangue is hinderingly as compared to same in 

the N2/O2 environment and with the increase in O2 

concentration burning time is decreased [8]. Coal gangue is 

cleaner additive for coal than another fuel. The additive will be 

helpful for economically growth and clean process for coal 

fired power plants. Which is not restricted to any geographical 

and the only workable option is to add a right additive for 

cleaner combustion process. The hydrogen gas inject as an 

additive in the combustion process of fossil fuels burns the un-

combusted constituent of the exhausts in a way corresponding 

to the used percentage of hydrogen. But the use of hydrogen 

gas as an additive has many disadvantage and drawback. 

Disadvantage due to high cost of hydrogen gas and handling 

problem. Thus, magne gas found as suitable additive for co-

combustion with coal. The world energy requirement and 

dependency on coal for generating power, there is no 

alternative any in future. Thermal pollution causing in 

atmosphere due to changing of CO to CO2. Potential energy 
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loss is also caused by volatile matter. Thus the importance is to 

require clean and complete combustion of the fossil fuel and 

utilizing complete carbon of the fuel. Clean and complete 

combustion of fuel is done by using Magne gas (MG) [9, 10, 

11, 12, 13].  Magne gas is a better additive for cleaning and 

complete combustion of fuel because it produced from the 

recycling of water-based liquid wastes. Magne gas consists 

about 65% hydrogen and oxygen hence is a powerful additive 

to improve fossil fuel combustion process and decreases the 

large oxygen consumption. 

TG results showed the effects of CaO, Fe2O3, and MnO2 on the 

combustion behavior of anthracite and coal char that catalysts 

shows different effects on the combustion characteristics of 

fuels. For ignition temperature, with increasing amount of 

additives, the firstly ignition temperature get decreased and 

then increased. For combustion rate, with the increasing in 

amount of additive combustion rate was significantly 

increased. For burnout behavior, at an equal additive dose, the 

effects of the three catalysts on burnout behavior of two fuels 

varied greatly.  The degradation of Coke in a blast furnace is 

due to chemical, mechanical and thermal effects. The 

degradation behavior of coke is affected by coke reactivity 

which is dependent on three properties of coke. The three major 

properties of coke which affected the coke reactivity are 

porosity, carbon structure and constituent minerals the porosity 

of coke is modified by coalescence of pores, which is 

interconnected to parent coals fluidity and enlargement 

properties [14]. Coke undergoes convert into graphite 

especially at temperatures exceeding 1200°C, which is form by 

the catalytic effect of minerals such as iron, and is believed to 

weaken the abrasion resistance [15]. Iron in coke is also 

catalyzing the gasification reactions [16]. Alkalis are 

completely vaporized at path and their concentration to be low 

in coke at lower part of a furnace whereas the concentration of 

alkali is considerably high in the dead man coke due to this that 

the potassium content in total coke ash reaches up to 30% 

[17,18]. It has been known for over one hundred years that the 

reactivity of coal and char towards steam is promoted by the 

addition of alkalis, such as caustic soda or lime [19]. There are 

a number of processes under development today which utilize 

the catalytic properties of alkali carbonates to improve the 

reactivity of coal in the gasifier [20-21]. It was proclaiming that 

alkali Concentration in coke lump was to be responsible for 

stress erosion of alkali-content surface of coke.  On the basis of 

this study carbon structure and concentration of alkali species 

were increased, and were found to be the most notable changes 

in the coke properties The height of the carbon crystallite of 

coke was increased while amorphous carbon content was 

decreased in the hotter zones of the EBF. The alkali 

concentration of coke was increased with increasing 

temperature of the coke bed such that most of the alkalis were 

evenly distributed in the bulk coke rather than in the external 

coke layer. The CO2 reactivity of coke was found to increase 

during progressive movement of the coke from the thermal 

reserve zone to cohesive zone of the EBF, and was related to 

the catalytic effect of increased alkali concentration in coke. 

The results imply that alkalis could catalyze the coke reactivity 

without having any strong effect on graphitization or possibly 

any adverse effect on fines generation [22]. The effect of 

granule structure using modified made of coke and alumina, 

that nuclei coke particles increased the combustion rate as the 

adhesion layers thereon became thinner, and that fines cokes 

increased it as their concentration in the adhesion layer became 

denser [23]. The effect of various cohere fine materials on 

nuclei of coke particles and found that the materials fused at the 

higher temperature coke combustion rate decreased [24]. The 

effect of Thermact-BF was studied upon combustion of coke in 

different temperature and in different conditions it is observed 

that the combustion of coke starts at a lower temperature on 

addition of Thermact-BF and kinetic parameters of coke 

changes positively in relation to activation energy and heat of 

enthalpy upon addition of Thermact-BF [25]. 

 

EXPERIMENTAL METHOD 

1. Sample Preparation  

Coke sample were collected from different hard coke 

manufacturing unit and their details are given below in  

Table 1. 

Table 1.  Details of collected hard coke sample 

Sr. 

No. 

Name of hard coke  

manufacturing unit 

Quantity 

(in kg) 

Size 

(in mm) 

1. Akash Hard Coke, Govindpur, 

Dhanbad, Jharkhand, India 
5 60-80 

2. Lucky Coke Manufacturer,  

Purulia,West Bengal, India 
5 50-70 

3. Swati Steel and Power Pvt. 

Ltd. Giridih,  Jharkhand, India 
5 75-80 

 

The hard coke sampling was done as per the procedure describe 

in IS: 436 (Part-II) and grinded in 200 Mesh by manual crusher. 

The different types of additives namely Nitrate Salt of 

Ammonia (NSA), Nitrate Salt of Sodium (NSS), Nitrate Salt of 

Calcium (NSC) and Newly Designed Catalyst (NDC) was 

added in the grinded hard coke powder in the ratio1:100, 1:500 

and 1:1000 W/W. 

Table 2. Details of different additives mixed in the grinded 

hard coke 

Sl. No. Additives Ratio 

1 Nitrate salt of ammonia  (NSA)  1:100, 1:500, 1:1000 

2 Nitrate salt of sodium      (NSS)  1:100, 1:500, 1:1000 

3 Nitrate salt of calcium     (NSC)  1:100, 1:500, 1:1000 

4 Newly designed catalyst (NDC) 1:100, 1:500,  1:1000 

 

2. Proximate Analysis 

Proximate analysis of hard coke sample with and without 

additives was conducted for inherent moisture, ash, volatile 

matter and fixed carbon using Proximate analysis method 

prescribed in IS: 1350 (Part-1) 1984. The 200g of sample for 

study were prepared as per the method in IS: 436 (part 

1/Section 1)-1964 and IS:436 (Part II)-1965. The experimental 

results without additive and with additive are shown in Table 3 

and Table 4. 
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Table 3. Proximate analysis of hard coke sample with different additives 

Sl No. Additives Hard Coke- 

 Additives ratio 

Moisture 

(%) 

Volatile Matter 

(%) 

Ash (%) Fixed Carbon (%) 

1 NSA 1:100 1.60 1.2 39.15 58.05 

2 NSA 1:500 1.57 1.15 38.86 58.42 

3 NSA 1:1000 1.49 1.02 38.61 58.88 

4 NSS 1:100 1.39 1.17 39.01 58.43 

5 NSS 1:500 1.37 1.09 38.66 58.88 

6 NSS 1:1000 1.29 1.01 38.48 59.22 

7 NSC 1:100 1.40 1.10 38.82 58.68 

8 NSC 1:500 1.36 1.02 38.53 59.09 

9 NSC 1:1000 1.31 0.94 38.32 59.43 

10 NDC 1:100 1.50 0.95 38.07 59.48 

11 NDC 1:500 1.38 0.87 37.59 60.16 

12 NDC 1:1000 1.27 0.76 37.19 60.78 

 

Table 4. Proximate analysis of hard coke without additives 

Moisture (%) Volatile Matter (%) Ash (%) Fixed Carbon (%) 

1.67 1.31 39.52 57.5 

 

 

Graph 1. Shows the effect of diferent additives on moisture content of  hard coke 
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Graph 2. Shows the effect of diferent additives on volatile matter of  hard coke 

 

 

 

Graph 3.  Shows the effect of diferent additives on ash content of  hard coke 
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Graph  4. Shows the effect of diferent additives on fixed carbon of  hard coke 

 

3. Gross Calorific Value 

Gross calorific value of following samples was studied using 

bomb calorimeter and as per method prescribed in IS: 

1350(Part-2) 1984. The gross calorific value at constant volume 

is the one usually used in the characterization of energetic 

materials especially in case of coal and coke. It is assumed that 

all the heat produced is available, including the heat of 

condensation of any steam, resulting from the combustion of 

hydrogen of the fuel, to water at room temperature. Number of 

heat units liberated when a unit mass of the fuel is burnt at 

constant volume in oxygen saturated with water vapour, the 

original material and final products being at approximately 

25oC. The calorific value results of hard coke with different 

additives are given in Table 5 and without additives are given 

in Table 6. 

 

Table 5.  Gross calorific value of hard coke with different additives 

Sl. No. Additives Hard Coke - Additives  ratio Gross Calorific Value (kcal/kg) 

1 NSA 1:100 4285 

2 NSA 1:500 4376 

3 NSA 1:1000 4411 

4 NSS 1:100 4206 

5 NSS 1:500 4250 

6 NSS 1:1000 4409 

7 NSC 1:100 4304 

8 NSC 1:500 4377 

9 NSC 1:1000 4404 

10 NDC 1:100 4362 

11 NDC 1:500 4409 

12 NDC 1:1000 4449 

 

Table 6.  Gross calorific value of hard coke without additives 

Sample Gross Calorific Value (kcal/kg) 

Hard coke without  additives 4152 
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Graph 5. Shows the effect of diferent additives on calorific value  of  hard coke 

 

4. Ultimate Analysis (C H N S) 

Carbon Hydrogen Nitrogen Sulphur of hard coke with and 

without additives was conducted using ultimate analysis 

method prescribed in IS : 1360 (part- 4/set 1) - 1974 Ultimate 

analysis, which is more comprehensive, is dependent on 

quantitative analysis of various elements present in the coal , 

such as carbon, hydrogen, sulfur, oxygen, and nitrogen. The 

determination of nitrogen and sulfur contents can be used for 

evaluation of the nitric oxide and sulfur dioxide resulting from 

combustion of coal or coke. CHNS analysis requires high 

temperature combustion in an oxygen-rich environment and is 

based on the classical Pregl-Dumas method in ultimate 

analysis combustion to oxidize the sample into simple 

compounds which are then detected with thermal conductivity 

detection. The result of C, H, N, S content of hard coke with 

additives namely NSA, NSS, NSC, NDC and without additives 

are given below in Table -7. 

 

Table 7. Ultimate analysis (C H N S) of hard coke with different additives 

Sl No Additives Hard Coke With 

Additives In Ratio 

Carbon  % 

(C) 

Hydrogen% 

(H) 

Nitrogen% 

(N) 

Sulphur % 

(S) 

1 NSA 1:100 58.195 0.210 0.521 0.181 

2 NSA 1:500 57.213 0.206 0.420 0.126 

3 NSA 1:1000 60.166 0.199 0.538 0.185 

4 NSS 1:100 58.521 0.203 0.505 0.207 

5 NSS 1:500 57.114 0.196 0.466 0.252 

6 NSS 1:1000 61.660 0.187 0.441 0.165 

7 NSC 1:100 58.421 0.212 0.522 0.232 

8 NSC 1:500 59.753 0.201 0.480 0.264 

9 NSC 1:1000 61.197 0.198 0.534 0.233 

10 NDC 1:100 58.520 0.207 0.521 0.134 

11 NDC 1:500 64.990 0.205 0.514 0.112 

12 NDC 1:1000 69.770 0.211 0.489 0.073 
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Table 8. Ultimate analysis (C H N S) of hard coke without 

additives 

Carbon  % 

(C) 

Hydrogen% 

(H) 

Nitrogen% 

(N) 

 

Sulphur % 

(S) 

58.999 0.215 0.546 0.304 

 

RESULT AND DISCUSSION 

i. Proximate Analysis  

a. Moisture Content 

Results of investigation of different additives on combustion 

behavior of hard coke with additive ration 1:100, 1:500 and 

1:1000 showed in Table 3 and Table 4 and graphical 

representation showed in Graph-1 to Graph-4. The result of 

moisture content was in 1.67 % without using any additives and 

it was decreased to 1.60 %, 1.57 %, and 1.49% respectively for 

additive-NSA for 1:100, 1:500, and 1:1000 respectively. Same 

decreasing trend of moisture content was also observed in case 

of Additive-NSS and Additive-NSC. But reduction of moisture 

content with Additive-NDC was very significant and moisture 

content was decreased from 1.67 % (Without additive) to 1.27 

% (With Additive-NDC). 

b. Volatile Matters 

Volatile content plays negative role during reduction of iron ore 

and increased the coke rate for manufacturing of hot metal. 

Results showed in Table-4 indicated that volatile content in the 

hard coke was 1.31 %. By addition of Additive-NSA, additive-

NSS, Additive-NSC and Additive-NDC, it decreased to 1.02 

%, 1.01 %, 0.94 %, 0.76 % respectively for additive mixed with 

hard coke in the ratio of 1:1000. Results showed in Table-3 that 

additive-NDC showed excellent decrease of volatile matters 

even in the ration of 1:100 and 1:500 and it was 0.95 and 0.87 

respectively. 

c. Ash content 

Decreasing trend of ash content was observed and results 

shown in Table 3 indicate significant impact of different 

additives. 

d. Fixed Carbon 

Fixed carbon with contribute the energy to the system where it 

utilized and it was 57.50 % in the hard coke investigated 

without using additives.  Results shown in Table 3 revealed that 

fixed carbon was significantly increased after addition of 

different additives. (i) When Additive-NSA mixed with hard 

coke in the ration of 1:100, 1:500 and 1:1000, fixed carbon was 

58.05 %, 58.42 % and 58.88 % respectively. (ii) When 

Additive-NSS mixed with hard coke in the ration of 1:100, 

1:500 and 1:1000, fixed carbon was 58.43 %, 58.88 % and 

59.22 % respectively. (iii) When Additive-NSC mixed with 

hard coke in the ration of 1:100, 1:500 and 1:1000, fixed carbon 

was 58.68 %, 59.09 % and 59.43 % respectively. (iv) When 

Additive-NDC mixed with hard coke in the ration of 1:100, 

1:500 and 1:1000, fixed carbon was 59.48 %, 60.16 % and 

60.78 % respectively. It is due to reduction of moisture and 

volatile content after using of catalytic additives. Results of 

Additive-NDC showed more reduction of volatile matter it 

decreased to less than 1 % leads to significant increase in the 

fixed carbon. 

 

ii. Calorific Value 

The results of calorific value of hard coke without using 

catalyzing additive and with using catalyzing additives are 

shown in Table 5 and Table 6. The results indicated that the 

calorific value of hard coke was 4142 kcal/kg without addition 

of any additive. With mixing of Additive-NSA, Additive-NSS, 

Additive-NSC and Additive-NDC in the ratio of 1:100, 1:500 

and 1:1000, calorific value was 4285, 4376 and 4411 kcal/kg 

(Additive-NSA), 4206, 4250, 4409 kcal/kg (Additive-NSS), 

4304, 4377, 4404 Kcal/kg (Additive-NSC) and 4362, 4409, 

4449 kcal/kg (Additive-NDC) respectively. Additive-NDC was 

found more effective in comparison to Additive-NSA, 

Additive-NSS and Additive-NSC 

 

iii. CHNS Analysis 

Table 7 & 8 showed the results of ultimate analysis i.e. for 

carbon, hydrogen, nitrogen and Sulphur content in the hard 

coke with using of catalytic additives and without catalytic 

additives. The results indicated that carbon content an increase 

in carbon content was observed with using of catalytic additives 

(Additive-NSA, Additive-NSS, Additive-NSC and Additive-

NDC). In case of Additive-NDC, carbon content was 58.52 %, 

64.99 % and 69.77 % for additive ratio 1:100, 1:500 and 1:1000 

respectively while it was 58.999 % carbon content without 

using any catalytic additive. 

Results shown in Table-7 indicated that there is very little 

change in hydrogen and nitrogen content with using catalytic 

additives. It was almost equal to the hydrogen and nitrogen 

content measured without using catalytic content. 

Sulphur content plays an important role in the process where 

hard coke is used as raw material such as steel making and 

foundries (Casting Units).There was significant reduction of 

Sulphur content was observed with using Additive-NSA, 

Additive-NSS, Additive-NSC and Additive-NDC. The Sulphur 

content was 0.304 % without using any catalytic additive. It 

was 0.185%, 0.165 %, 0.233% and 0.073 % upon using 

catalytic additives Additive-NSA, Additive-NSS, Additive-

NSC and Additive-NDC in the ratio 1:1000 w/w. 

 

CONCLUSIONS 

The following conclusions were drawn on the basis of 

investigation results on combustion behavior of hard coke 

with and without  catalytic additives: 

i. The performance of hard coke was studied using with 

and without catalytic additives in the ratio of 1:100, 

1:500 and 1:1000. 

ii. It is concluded that there is excellent reduction in the 

volatile and moisture content upon using catalytic 

additives in the ratio 1:1000 for Additive-NDC and 
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found better in comparison of Additive-NSA, 

Additive-NSS, Additive-NSC. 

iii. The calorific value of hard coke with and without 

additive showed increasing trends. The Additive-

NDC is again found satisfactory in significant 

increasing of calorific value. 

iv. Carbon, hydrogen, nitrogen and Sulphur content is 

determined and found that there is little impact on 

hydrogen and nitrogen content upon using additives. 

But all four Additive-NSA, Additive-NSS, Additive-

NSC and Additive-NDC found able to reduce Sulphur 

content. In case of Additive-NDC, Sulphur content is 

found less than 1 % which is very much suitable for 

reduction of Sulphur content in the hard coke having 

higher concentration of Sulphur. 

v. It is concluded that Additive-NDC is found most 

suitable additive for increasing the combustion 

behavior of hard coke or in the manufacturing of hard 

coke in the coke ovens. 
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