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Abstract. Foundry coke is part of the mixture for melting of cast irons in coke oven and coke 
oven gas furnaces, which make up more than 37% of the domestic fleet of cast iron furnaces. It 
is obtained by sieving coal coke. Performing the function of fuel and providing the necessary 
heat, foundry coke has a significant impact on the stability of the melting process and the 
temperature of the cast iron. The share of energy and fuel in the cost of iron casting is 55-60%, 
so the reduction in coke consumption is of great importance for the energy efficiency of 
melting and the cost of castings. The requirements for foundry coke are currently set in the 
standard GOST 3340-88 “Foundry coke. Technical specifications ”, in which five indicators 

are normalized: mass fraction of total moisture, W_t^r , %; ash content of analytical sample, 
Аd, %; mass fraction of total sulfur, S_t^d, %; strength according to MIKUM, М40, %; 

fraction of pieces, less than 40 mm. 

1. Introduction 
Foundry coke is part of the mixture for melting of cast irons in coke oven and coke oven gas furnaces, 
which make up more than 37% of the domestic fleet of cast iron furnaces. It is obtained by sieving 
coal coke. Performing the function of fuel and providing the necessary heat, foundry coke has a 
significant impact on the stability of the melting process and the temperature of the cast iron. The 
share of energy and fuel in the cost of iron casting is 55-60%, so the reduction in coke consumption is 
of great importance for the energy efficiency of melting and the cost of castings. 
The requirements for foundry coke are currently set in the standard GOST 3340-88 “Foundry coke. 
Technical specifications ”, in which five indicators are normalized: mass fraction of total moisture, Wt

r 
, %; ash content of analytical sample, Аd, %; mass fraction of total sulfur, Std, %; strength according to 
MIKUM, М40, %; fraction of pieces, less than 40 mm. 
 
2. Literature overview 
In the literature, the requirements for coke include: reactivity [1-3]; ash content [1, 4-7]; humidity [8-
10]; strength [1-6]; porosity, density [1-6]; combustibility [5]; sulfur content [1-6]; the size of the 
pieces [1]; uniformity in size of pieces [2]. For example, it is believed that high-quality coke should 
have a piece size 10-12 times smaller than the cupola diameter [2]. As a rule, foundry coke has a piece 
size of more than 40 mm, and for cupolas with a diameter of more than 1.2 m - more than 80 mm to 
150 mm [1,8-10]. Abroad, the requirements for the size of foundry coke are almost the same. 
Two methods are currently used to assess the reactivity of coke: according to GOST R 54250-2010 
“Coke. Determination of coke reactivity index (CRI) and coke strength after reaction (CSR)” and 

according to GOST 10089-89 “Coal coke. The method of determining the reactivity” (Table 1). Coke 

reactivity index (%) (NSC method of Nippon Steel Corporation) is used in foreign practice and 
currently in Russia. 
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Table 1: Comparative characteristics of methods for assessing the reactivity of coke 

Distinction Methods for determining reactivity 
GOST Р 54250-2010  GOST 10089-89  

Indicator designation, 
units CRI, % К, cm3/g∙s 

Formula for calculating 
an indicator 

CRI = 100 ∙
m0−m1

m0
, where  

m0 – sample weight before 
reaction, g;  
m1 – sample weight after 
reaction, g.  

K =
V∙T

m∙T1
R, where 

V – carbon dioxide feed rate, cm3/s; 
T – test temperature according to test 
thermocouple, К; 
T1 – carbon dioxide temperature, К;  
m – mass of carbon in a sample of coke, 
g;  
R – reagent gas conversion.  

Indicator values 20-35 [11], 45,8; 38,0; 38,6; 36,8; 
30,3 (ERCI) 

0,51-0,76 [12] 

Sample requirements for 
analysis 

Weight 200±2 г g with a particle 
size of 19,0-22,4 mm 

Weight 7-10 g with a particle size of 1-3 
mm 

Analysis conditions Temperature 1100±3 0С; carbon 
dioxide feed rate 10±0,25 

dm3/min; test time 120 min 

Temperature 1000±5 0С; heating rate 
not less than 100 0С/min; carbon 
dioxide feed rate 3 cm3/s; test time 15 
min 

Reactivity determines the efficiency of coke use in the cupola [11-12]. The gasification reaction 
contributes to coke overspending and cupola cooling, besides, the formed carbon oxide cannot be used 
[13], which generally reduces the melting efficiency. Therefore, coke with the lowest possible 
reactivity (< 0,5 cm3/(g∙s) is required for foundry [14]. The best varieties of domestic foundry coke 
have a reactivity of 0,4-0,5 cm3/(g∙s) [2].  
The ash content (Аa, %) is an indicator of the quality of foundry coke according to the requirements of 
GOST 3340-88 and depends on the brand of foundry coke. The ash content should not exceed 12.0% 
for coke of the KL-1 brand, 11.0% - for coke of the KL-2 brand, and 11.5% - for coke of the KL-3 
brand. The composition of ash in coke is determined according to GOST 10538-87 “Solid fuel. 

Methods for determining the chemical composition of ash” and GOST R 54237-2010 “Solid mineral 

fuel. Determination of the chemical composition of ash by the method of atomic emission 
spectrometry with inductively coupled plasma”, ash content according to GOST R 55661-2013 “Solid 

mineral fuel. Ash determination”.  
 
3. Main part 
The coke ash in Russian plants is significantly higher than in European ones. This is explained by an 
increase in the ash content of coal concentrates from 9.6 to 10.5% according to GOST R 51588-2000 
“Coals and anthracites of the Kuznetsk and Gorlovsky basins for technological purposes. Technical 
specifications”, as well as the lack of price differentiation depending on the ash content of coal [15-
18]. Hence, the ash content in coke for foundry is in the range of 11-12%, and in some cases even 
higher (13-14%) [2].  
The moisture content according to the requirements of GOST 3340-88 is also an indicator of the 
quality of foundry coke. The share of total moisture in the working condition of the fuel (Wр, %) does 
not depend on the brand of coke and should not exceed 5.0%. The moisture content in coke is 
determined according to the requirements of GOST 27588-91 "Coal coke. Method for determination 
of total moisture", GOST 27589-91 "Coke. Method for determination of moisture in an analytical 
sample". 
Humidity of coke in the plants of the European Union varies in a significant range (7.0-3.5%). 
Particularly high humidity is in some varieties of coke imported from China (9.5%). Minimum 
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humidity (0.1-0.5%) is obtained by dry quenching of coke [4, 16, 19-21]. In Russia, the moisture 
content in coke is from 0.14-1.26 to 4.3-5.0%.  
The sulfur content according to the requirements of GOST 3340-88 is an indicator of the quality of 
foundry coke and depends on the brand of foundry coke. The mass fraction of total sulfur should not 
exceed 0.6% in the KL-1 brand foundry coke, not more than 1.0% - in the KL-2 brand coke, and not 
more than 1.4% - in the KL-3 brand coke. In the supplied domestic foundry coke, the total sulfur 
content (𝑆𝑡𝑎 , %) is on average 0.46-0.56%. Sulfur in coke passes from coal during coking. Methods for 
determining the forms of sulfur are presented in GOST 30404-2013 “Solid mineral fuel. 

Determination of sulfur forms”, the total sulfur content in coke - GOST 2059-95 “Solid mineral fuel. 

Method for determination of total sulfur by burning at high temperature”, GOST 8606-2015 “Solid 

mineral fuel. Determination of total sulfur. Ash's Method”.  
Phosphorus enters coke from a coal charge and is determined according to the requirements of GOST 
1932-93 “Solid fuel. Methods for the determination of phosphorus”. The phosphorus content in coke is 
very different and depends on the phosphorus content in the initial coals [4]. Mass fraction of 
phosphorus in coke ash at various metallurgical enterprises is presented in Table 2 [17, 21, 24-26]. 
 
Table 2: Mass fraction of phosphorus in coke ash at various metallurgical enterprises (P2O5), percent 
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0,35 0,65 1,00 0,70 1,10 0,65 0,25 0,60 0,60 0,31 0,55 

Volatile substances are substances formed during the decomposition of coal under heating without 
access to air [18]. Volatile substances consist of adsorbed gases, especially air oxygen and carbon 
oxide [13, 27-28]. The content of volatile substances in coke is determined according to the 
requirements of GOST R 55660-2013 "Solid mineral fuel. Determination of the yield of volatile 
substances". 
The amount of volatile substances of foundry coke (Vdaf, %) is from 0.5 to 1.5% [2, 16]. According to 
[20, 21, 29], the recommended amount of volatiles in foundry coke should not exceed 1.2%. The 
content of volatile substances in the supply of foundry coke according to GOST 3340-88 is not 
indicated. However, when technical specifications (TS) are developed, the developer usually adds the 
value of this indicator to the quality indicators for foundry coke. For example, according to the 
requirements of TS 0761-027-00187852-10 "Foundry coke. Specifications" the yield of volatile 
substances is normalized by a value of not more than 1.0%, and according to the requirements of TS 
0761-028-00187852-10 "Foundry coal, coke produced by PAO "Mechel". Specifications" for coke 
with a grain size of 40 mm or more - not more than 1.2%. 
Foundry coke strength is of great importance for the effectiveness of melting iron in a cupola furnace. 
For cupola melting, the strength of foundry coke against abrasion, discharge, shock loads, and also 
strength at high temperatures is of interest.  
The following values of strength indicators are characteristic of domestic coke: М40 – 69-77 %; М25 
– 83.7-92.3 %; М10 – 6.0-11.0 %; CSR – 32.6-58.2 %. For foundry coke, the strength value (М40, %) 

is established in GOST 3340-88 and ranges from 73 to 78% depending on the size class.  
The size of the coke provides charge permeability to gases and liquid melting products. The size of 
foundry coke according to the requirements of GOST 3340-88 is regulated by an indicator that limits 
the proportion of pieces smaller than 40 mm.  
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Coke porosity is determined by various methods and it is characterized by the parameters of porosity 
(𝑃𝑟, %), apparent porosity (Pa, %) and bulk density in a large container (Z, t/m3). 
Bulk mass in a large container according to the requirements of GOST ISO 1013-95 “Coke. Method 

for determination of bulk density in a large container” (Z, t/m3) is defined as the mass of coke per 
container volume. The bulk density depends on both the actual density and the apparent density and 
porosity. For cokes from Donetsk coals, the bulk density is 0.43-0.45 [16, 20], and 0.46-0.48 t/m3 - for 
cokes from eastern coals [20]. 
For foundry coke, the value of apparent porosity (Pa, %) according to various sources, ranges from 35 
to 45% [2, 4]. 
The degree of completeness of the molecular and supramolecular structure of coke determines its 
properties as a semiconductor, characterized by a certain amount of electrical resistance. The value of 
electrical resistance can serve as an indirect characteristic of a number of properties of coke [22, 31]. 
For example, in [23], the relationship was established between the number of volatile substances 
characterizing the degree of “readiness” of coke and the completeness of thermomechanical 

transformations during coking, and the coke electrical resistance (ρ, Ω·m). The reactivity of coke is 
known to be reflected in the value of electrical resistivity: the smaller the ρ value of coke samples, the 
lower the reactivity index K [12, 24]. The data presented in [25] indicate the presence of a connection 
between the specific electrical resistivity and the valid density of coke (the correlation coefficient was 
-0.82).   
The analysis of data on the rationing of requirements for foundry coke (Table 4) indicates the 
following: 
- foundry coke has a large number of properties that affect each other; 
 

Table 3: Foundry coke standardization 
Number Requirement  Designation  Units Optimum values 
1 2 3 4 5 

1 
Reactivity К cm3/g∙s < 0,4-0,5 
Reactivity after reaction with carbon 
dioxide 

CRI % Not established 

2 Ash content Аa % < 12,0 
3 Moisture of analytical test Wр % < 5,0  
4 Total sulfur content  St

a % < 0,6 
5 Phosphorus content P % < 1,2 
6 Devolatilization Vdaf % < 1,2 

7 

Abrasion of coke after reaction with 
carbon dioxide 

AV % Not established 

Coke strength after reaction with carbon 
dioxide 

CSR % Not established 

The strength of coke according to 
MIKUM 

M40 % ≥ 73 
≥ 78 

Strength dropping  Shl mm Not established 
8 Mass fraction of pieces less than 40 mm -   % ≤ 5 

9 
Porosity  𝑃𝑟, % Not established 
Apparent porosity Pa % < 45 
Bulk density in a large container Z t/m3 Not established 

10 Electrical resistivity ρ  Ω·m Not established 

 
4. Conclusion 



III Quality Management and Reliability of Technical Systems
IOP Conf. Series: Materials Science and Engineering 986 (2020) 012001

IOP Publishing
doi:10.1088/1757-899X/986/1/012001

5

Insufficient attention to foundry coke indicates the absence of standardized requirements for foundry 
coke indicators such as reactivity, strength and abrasion of coke after reaction with carbon dioxide, 
dropping strength, porosity, bulk density in a large container, electrical resistivity. 
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